—

TETRAHEDRON
Tetrahedron 54 (1998) 15305-15320

Received 7 August 1998; revised 25 September 1998; accepted 14 October 1998

High yields in the alkylation of dianions of a,-unsaturated carboxylic acids with secondary halides can be
obtained despite elimination reactions occurring. a-Regioselectivity for the alkylation of but-2-enoic acids (1-4)
is seldom obtained. Although double bond stereoselectivity is higher than 99% for y-alkylated products,
stereoselectivity is rather poor for most of the a-alkylated products. © 1998 Elsevier Science Ltd. All rights reserved.
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Double deprotonation of carboxylic acids by lithium dialkylamides is the most common
method of generation of their lithium dienolates [1,2]. Regio and stereoselectivity studies of
their reaction with several electrophiles have been reported [1-5]. Alkylation of the n-extended
enolates of unsaturated carboxylic acids with primary halides is known to proceed through the
han the y-carbon [6]. This selectivity can be reversed by counterion
interchange with copper(]) salts, though only when allylic halides are used as electrophiles [7].
Surprisingly, alkylation of these dienolates with secondary halides has remained unexplored

(Scheme 1), probably due to the elimination reactions which often compete under the basic

b Adiaa sx7lh A srnlanslhilin Attnnls 14 xramrr al~esy TZLT
1Calliull Hiculiulll wiICIL HUCICUPIHNLIC allaCk 15 VELY S10W |U].

Since alkylation should allow the easy synthesis of highly branched p,y-unsaturated
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carboxylic acids, key starting point for butenolide synthesis [8], we have attempted alkylation
of the enediolates of carboxylic acids with secondary bromides. Herein we report our results.
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Scheme 1

The present alkylations were carried out under a set of standard conditions [9], originally
devised for preparative purposes: usually 2.25 mmol of both the dienediolate and the halide, and
a slight excess (4.8 mmol) of lithium diethylamide (LDE) as base. After slow addition (about 5
minutes) of the halide in THF, to the dienediolate in the same solvent at -78°C, the solution was
stirred at room temperature for a period of time, between 7 and 24 hours, which was optimised
Enediolate generation is easier for unsaturated than for saturated acids. In the latter cases
generation of the enediolates must be carried out at low temperature, as warming up to room



temperature, causes reprotonation from the amine
The results obtained in the alkylation of phenylacetic acid (18), as a reference of «-
deprotonation acids, and several a,B-unsaturated acids (1-4) with 2-bromobutane a, 1-phenyl-

Alkylation of dienolates of carboxylic acids with secondary halides

Ratio of products
Entry Starting Bromide Yield* Starting a Y Deconjugated
acid (%) acid acid
1 1 a 52 100
2 p a 55 3i 29 6
3 3 a 71 82 18
4 4 a 68 25 54 8 13
5 18 a 76 11 75
6 1 b 67 83 17
7 2 b 83 45 55
8 3 b 75 73 27
9 4 b 65 37 32 31
10 18 b 80 13 87
11 i € 72 5 78 i7
12 2 ¢ 82 65 35
13 3 c 85 13 63 24
14 4 ¢ 72 7 61 26 6
15 18 ¢ 76 6 94

a.- Before isolation.

Whenever comparison is possible, lower a/y alkylation ratio is obtained in most cases when
ing pi’iux' Iy oro nides [ |_UJ and reactions are slower. Thus, for short
reaction times the starting material is recovered either in the original form, o,B-unsaturated

carboxylic acid (1-4), or as the deconjugated B,y-unsaturated carboxylic acid (14-17) (from

protonation at the a-position). As the alkylation becomes slower, lower yields are obtained,
most probably due to an elimination reaction. In some cases, the elimination products have been

detected in neutral fractions. Accordingly to what is usual [10-12], E-y-adducts are selectively
obtained from dianions of unsaturated carboxylic acids (1,2 and 4) with no furthe bstltuent at
the B-carbon, in contrast to the Z-y-adducts which are found on reaction of the 1

product 11b showed only a 2:1 Z/E ratio, probably due to the fact that obtention of a Z-y-adduct
implies, in this case, attack of a bulky electrophile onto a more crowded s-cis conformation of
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the dianion. The double bond geometry has been determined by nOe experiments, when
. . 1 . .
feasible, and by comparation of their 'H nmr chemical shift and coupling constants with those

of well stablished similar y adducts [6].
Most surprisingly, reactions of poorly reactive bromides with tiglic and phenylacetic acid
and 20 in 34% and 14% yield

pective] y (entries 2 and 5).

dianions afford a-hydroxyacids 1

atl 1L i QIUAYALILY

To rule out any contribution from the electrophile, a solution of the dianion of tiglic 2 or
phenylacetic acid 18, in THF, was left overnight under an argon atmosphere and similar yields

of a-hydroxyacids were obtained.

1@

Poor diastereoselectivity for most of the a-alkylated products has been observed. Thus
reaction with 2-bromobutane a lead to a similar diastereoisomeric ratio (R*S*, R*R* = 4:1
except for 6a, 1:1) (configurations determined by nOe

experiments, when feasible). With 1-phenyl-1- RZ R? |
. 3 R’ R °
bromoethane b and 3-bromocyclohexene ¢, a similar R\%Ki,cozH 3\/ﬁ-:COzH
ratio result (R*S*, R*R* = 2:1) in most cases. Higher R5'§|\R‘ RYR
diastereoselectivity was attained for products 7b v
D*O* D*D*
"o nr~

(8:1), 5S¢ (4:1) and, under optimised conditions, for 6b
(5:1).

carboxylic acids with primary halides improved results, in relation to the use of LDE as base,
had been obtained when the amide was generated from thienyl or butyllithium and 1,3,3-
trimethyl-6-azabicyclo-3.2.1-octane [7] (TABO). Accordingly, we have assayed these reaction

o

conditions for secondary bromides and some of the re

LA

Table 2
Alkylation of dienolates of carboxylic acids, generated from different bases, with 2-bromobutane
Entry Acid Amide generated from: Yield Ratio of products
Amine Organolithium (%) o y Other acids

i i DEA 2-thienyl 43 100

2 1 TABO butyl 51 57 43
3 1 TABO 2-thienyl 34 56 44°
4 2 TABO butyl 70 50 33 17"
5 2 TABO® 2-thienyl 82 42 42 16°

b.- a—Hydroxyaad 13
¢.- Dienolate generated from thienyllithium (2eq.) and this amine (0.3eq.)
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It may be noticed that under unoptimised reaction conditions, a poor yield and a higher a/y
regioselectivity ratio is observed (entry 2 of Tablel) but, as soon as a normal yield is attained,

the a/y ratio becomes similar to that of the other examples (entries 4 and 5 of Table 2). This can
be explained assuming that o-alkylation is quicker than y-alkylation and, as the reaction
proceeds y-alkylation predominates. This observation is in agreement with previous results on
alkylation with primary halides [6]. The regioselectivity shift along the progress of the reaction
may be due to the chemical species resulting from the alkylation, namely lithium bromide
and/or the lithium salt of the acid. When the alkylation of tiglic acid 2 with 1-
phenylbromoethane b was carried out in the presence of 2 equivalents of lithium bromide added

c-?
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atio resuited \H-/ % yield, a/y 40:60)

t
comparable results to those obtained when a stoichiometric amount is used which follows th

rr:xnr] f\Ff\l‘lf
Ll\-llu Vi vur

In conclusion, o,B-unsaturated acids can be alkylated, in good yield, with secondary halides
but regio- and diastereoselectivites are low except for a limited number of substrates. We have

found that the regioselectivity of the alkylation strongly depends on the reactivity of the
electrophile and, accordingly, the next step will be the study of other leaving groups in order to
increase both regio- and diastereoselectivities.
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Meltmg points were determined on a Reichert apparatus and are uncorrected. IR spectral data
ere obtained for li q_l_id_

or KBr discs. with a Perkin-Elmer 281 qnpnfrnnhnfnmeter M

22 2 3 YV EULAZ u a v;.sau. .-.4 LAAV; AR A 2R g T2 AR 2R o L NIVEAN

,,,,I e . ANN F¥aYa

ere recorded for CDCI; solutions, with Varian Unity 300 or Unity 400 spectrometers.
Elemental analyses were determined by “Servicio de Semimicroanalisis del Centro de
Investigacion y Desarrollo (CSIC) de Barcelona”. Mass spectra were determined with a UG
Autoespec spectrometer. Silica gel Merck 60 (230-400 mesh) was used for flash column

wxrid L nnnnnn /atle san Turds R

chr hexane/ether mixtures as eluent.

CAroma Gyapuy', Wit
All reactions were carried out under argon in oven dried glassware, in THF freshly distilled
from blue benzophenone ketyl and with diethylamine distilled from CaH,.
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General procedure for alkylation of carboxylic acids.- Carboxylic acid (2.25 mmol) in THF (2

+1u'-ar1 Tithinim Adiathel nm:Aa nr th
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ded to s
trimethyl-6-azabicyclo-3.2.1-octane (4.8 mmol) in THF (2 ml) at -78°C, by cooling w1th
CO,/acetone bath (prepared according to the method already described [9]). The solution was
stirred for 30 minutes at 0°C for unsaturated acids (-78°C for phenylacetic acid), and cooled
again at -78°C. Halide (2.25 mmol) in THF (2 ml) was added dropwise, and the solution stirred
at room temperature for a period which is indicated in each case. Water was added and extracted
with (3x15 ml) diethyl ether. The aqueous layer was acidified under ice-cooling by careful

addition of conc. HCI, and then extracted with (3x15 ml) ethyl acetate. The organic layer was

1 + A
a ied. Evaporation of the solvent gave crude
1

acid reaction mixture. For analytical purposes selected individual components of the mixtures
were isolated by column chromatography as free acids or, when convenient, after esterification

with methanol and catalytic sulphuric acid.
Alkviation nf 2-butenoic acid with 2-bromo

hutano . (F\.D)_hutenn
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mmol) and 2-bromobutane a (0.25 ml, 2.25 mmol) were added to the reaction mixture, and the
solution was stirred at room temperature for 16 h. Work-up gave a yellow oil (167 mg, 52%) as
a diastereoisomeric mixture (60% d.e.). Column chromatography led to isolation of a
diastereoisomeric mixture of 2-(1-methylpropyl)-3-butenoic acid 5a as a yellow thick oil.

N LN, TT Ve VaYaTe)

Found C, 67.60; H, 10.10. CgH,,0, requires C, 67.57; H, 9.92 %; HRMS found M" 14,5 0998,
CgH, 4,0, requires 142.0994; v,... 3300-2700, 1690, 1400, 1275, 1200 and 920 cm™; oy 5.81

(1H, ddd, J 18.0, 10.0 and 9.9 Hz, CH=CH,), 5.19 (1H, d, J 10.2 Hz, CH=CH,), 5.14 (1H, d, J
17.7 Hz, (“H—(“H,.) 2.28 (H—I dd JO6 and 7.2 Hv, CH-CO, I—I , 1.84 (1TH m CH.CH_.CO.H

1z, dd Hz 0,1 (1H, m, CH-CH-CO,H),
1.41 (1H, m, CH,CHj;), 1.19 (1H, m, CH,CH;), 0.91 (3H, t,J 7. 2 Hz, CH,CH,), 0.89 (3H, d, J
6.9 Hz, CH,CH) ppm; 6. (major diastereoisomer) 180.4 (CO,H), 133.8 (CH=CH,), 118.7
(CH=CH,), 55.8 (CH-CO,H), 36.7 (CH-CH-CO,H), 27.3 (CH,CH,), 15.8 (CH;-CH), 11.3
(CH;-CH,); 6¢ (minor diastereoisomer) 180.4 (CO,H), 134.6 (CH=CH,), 118.6 (CH=CH,), 56.5
(CH-CO,H), 36.8 (CH-CH-CO,H), 25.9 (CH,CHj;), 16.7 (CH;-CH), 10.9 (CH;-CH,) ppm.

NN

Alkylation of 2-methyl-2-butenoic acid with 2-bromobutane.- (E)-2-methyl-2-butenoic acid 2
(225 mg, 2.25 mmol) and 2-bromobutane a (0.25 ml, 2.25 mmol) were added to the reaction
mixture, and the solution was stirred at room temperature for 16 h. Work-up gave a yellow oil

o/ d.e)/1329:34. Column chr
\194 mg, 55% /0) as a mixture 6a {00/0 €. )/ 15 2F54, Loiumn Cr

omatography led to isolation of
a diastereoisomeric mixture of 2-methyl-2-(1- methylipropyli)-3-butenoic acid 6a as a colourless
oil. Found C, 69.28; H, 10.53. CoH,40, requires C, 69.19; H, 10.32 %; HRMS Found M" +l
157.1231, CoH,;0, requires 157.1229. v, 3300-2700, 1685, 1450, 1380, 1265 and 910 cm’ ;
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8y (minor diastereoisomer) 5.97 (1H, dd, J 17.7 and 10.8 Hz, CH=CH,), 5.17 (1H, dd, J 10.8
m~ANQ s MI=IT Y § 1IN AAd T17 7 andN QT MTI=IT Y 1 Q4 TQ (11T e I 1 AN
UdUv.r71 AlTNLA) ) eV AL, U, D L. V.7 by VLATOULLD )y 1.0 17 111y 111, 11}, 1.9V~

1 1
.36 (1H, m, CH,), 1.25 (3H, s, CH;-C), 1.10-1.00 (1H, m, CH,), 0.88 (3H, t, CH;-CH,), 0.85
(3H, d, J 6.9 Hz, CH;-CH) ppm. 8y (major diastereoisomer) 5.90 (1H, dd, J 17.7 and 10.8 Hz,
CH=CH,), 5.15 (1H, dd, J 10.8 and 0.6 Hz, CH=CH,), 5.09 (1H, dd, J 17.7 and 0.6 Hz,
CH=CH,), 1.84-1.79 (1H, m, CH), 1.44-1.43 (2H, m, CH,), 1.16 (3H, s, CH;-C), 0.88 (3H, t,
CH;-CH,), 0.80 (3H, d, J 6.6 Hz, CH;-CH) ppm; 8. (minor diastereoisomer) 183.0 (CO,H),
140.6 (CH=CH,), 115.2 (CH=CH,), 53.1 (C-CO,H), 41.6 (CH), 24.0 (CH,), 14.2 (CH;-C), 13.8
(CH;-CH), 12.6 (CH;-CH,). 8¢ (major diastereoisomer) 182.5 (CO,H), 141.0 (CH=CH,), 114.9

(=N SN (C_COY TN AT A(CTIN D8 /(CHIN 12Q (CLT Y 122 /0T M 197 (0T
(LI d I ), DIV (Lem VUit ), L9 (CH ), 0.4 (WD), 10,7 \Aed13~C ), 19.0 \Xi3-url), L./ (I3

CH,) ppm.
Further elution allowed isolation of 2-hydroxy-2-methyl-3-butenoic acid 13 as a yellow oil.
3300-2800, 1680, 1400, 1265, 1185, 1120, 920 and 730 cm™; Oy 6.03 (1H, dd, J 17.3 and

05 Hz CH=CH,) 547 (1H AA J170and 0.9 Hz CH=CHN 520(1H dd J105and 0.9 HZ

L Rdag NARTNAAD ]y T L1, U MaZ Liduy CRITN QL) ]y J&V (111, UG, I ailiu v.7 114,

CH=CH,), 1.53 (3H, s, CH3) ppm. 8. 180.2 (CO,H), 138.9 (CH=CH,), 115.1 (CH=CH,), 74.7
(C-CO,H), 25.7 (CH,).

Alkylation of 3-methyl-2-butenoic acid with 2-bromobutane.- 3-methyl-2-butenoic acid 3 (225
mg, 2.25 mmol) and 2-bromobutane a (0.25 ml, 2.25 mmol) were added to the reaction mixture,
and the solution was stirred at room temperature for 8 h. Work-up gave a yellow oil (249 mg,
71%) as a regioisomeric mixture a (58% d.e.) / y 82:18. Column chromatography led to

isolation of a diastereoisomeric mixture of 3-methyl-2-(1-methylpropyl)-3-butenoic acid 7a as a
oil. Found: C. 69.14: H. 10. 56. C.H. O, reguires C. 60.10:- H 10.32 %:- v 00-

qQ e
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0, 1620, 1380 and 890 cm™ ; Oy (R*,S* diastereoisomer) 4.96 (2H, s, C=CH,), 2.79

10.8 Hz, CH-CO,H), 1.94-1.84 (1H, m, CH-CH-CO,H), 1.77 (3H, s, CH;-C=), 1.55-
1.18-1 08(1HmCH,,)092(3HtJ75Hz CH;-CH,), 0.81 (3H, d, J 6.9

& &7

reoisomer) 496 (2H. s. C=CH.). 282 (1H. 4. J11.1 H
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H, m, CH-CH-CO,H), 1.77 (3H, s, CH;-C=), 1.55-1.48 (1H, m, CH,),
1.18-1. 08(1H m, CH2) 0.92 (3H, t,J 7.5 Hz, CH3-CH,), 0.81 (3H, d, J 6.9 Hz, CH;-CH) ppm;
dc (R*,S* diastereoisomer) 180.0 (CO,H), 141.4 (C=CH,), 115.9 (C=CH,), 60.1 (CH-CO,H),
34.1 (CH-CH-CO,H), 27.6 (CH,), 19.7 (CH,-C=), 15.7 (CH;-CH), 11.1 (CH;-CH,). 8. (R* R*
diastereoisomer) 180.0 (CO,H), 141.4 (C=CH,), 115.9 (C=CH,), 59.9 (CH-CO,H), 33.9 (CH-
CH-CO,H), 25.8 (CH,), 19.8 (CH;-C=), 16.9 (CH;-CH), 10.8 (CH;-CH,) ppm.

Separation of y alkylation product was not feasible, but spectral data for (Z)-3,5-dimethyl-2-
heptenoic acid 11a were obtained from the crude spectra. 8;; 5.90 (1H, s, C=CH), 2.15 (2H, d, J

R T A.-., ey v
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, 1.93 (3H, s, CH;-C=), 1.35 (1H, m, CH), 1.25-1.15 (2H, m, CH;-CH,), 0.95
(3H, d, J 7.6 Hz, CH;-CH), 0.86 (3H, t, J 7.2 Hz, CH;-CH,) ppm. . 170.7 (CO,H), 133.6
(C=CH), 98.6 (C=CH), 44.6 (CH,-C=), 34.0 (CH), 24.7 (CH,CH,), 20.9 (CH;-C=), 11.2 (CH;-

CH), 10.7 (CH,CHj;) ppm.

Alkylation of (E)-2-methyl-2-pentenoic acid with 2-bromobutane.- (E)-2-
acid 4 (257 me. 2.25 mmnl) and 2_-hramahnt ne

(23
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reaction mixture, and the solution was stirred at room temperature for 21 h. Work-up gave a
yellow oil (383 mg, 68%) as a regioisomeric mixture o (43% d.e.) / y 54:8. Column
chromatography led to isolation of a diastereoisomeric mixture of 2-(1-methylpropyl)-2-methyl-
3-pentenoic acid 8a as a colourless oil. Found C, 70.59; H, 10.59. C,,H,50, requires C, 70.55;
H, 10.66%. HRMS Found M"170.1306, t,mnlgu2 requires 170.1307. v,,, (NaCl) 3300-2400,
1680, 1445, 1350, 1260, 1145 and 950 cm™. 8, (minor diastereoisomer) 5.56-5.53 (2H, m,
CH=CH), 1.83-1.78 (1H, m, CH), 1.71 (3H, d, J 5.2 Hz, CH;-C=), 1.13 (3H, s, CH;-C), 1.08-
1.02 (2H, m, CH,), 0.90 (3H, t, J 7.2 Hz, CH;CH,), 0.80 (3H, d, J 6.8 Hz, CH;-CH) ppm; 3y
7

J 1,), 0. |

(major diastereoisomer) 5.56-5.53 (2H, m, CH=CH), 1.83-1.78 (1H, m, CH), 1.71 (3H, d, J 4.8

Hz, CH;-C=), 1.47-1.40 (1 , m, CH,), 1.39-1.30 (1H, m, CH,), 1.13 (3H, s, CH;-C), 0.86 (3H,
) ppm

00

¢ (minor diastereoisomer) 183.0

(COZH), 134.0 f—f”H-("\ 125.4 (CH;CH=), 523 (Q—COQU), 41.6 (CH), 25.3 (CH,), 18.2
(CH;C=), 14.4 (CH;3-C), 13.3 (CH;-CH), 12.7 (CH3CH,). 6 (major diastereoisomer) 183.0

(COzH) 133.6 (—gH-C) 125.7 (CH,CH=), 52.3 (C-C OZH) 41.7 (CH), 24.0 (CH,), 182

[ el

QPn ration gfw’/ aﬂ(vla ion n nd 1ct was not 5asihlp b
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ectral data for (m -2.4 S-trimethvl_
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2-heptenoic acid 12a can be deduced from the crude spectra. 8 6.71 (1H, d, J 10.8 Hz, CH=),
2.40 (1H, m, CH-C=), 1.84 (3H, s, CH;-C=), 1.60 (1H, m, CH-CH-C=), 1.50-1.20 (2H, m, CH,),
1.14 3H, d, J 6.8 Hz, CH;-CH-C=), 1.03 (3H, d, J 6.0 Hz, CH;-CH-CH), 0.83 (3H, t, J 7.2 Hz,
CH;CH,) ppm.
Alkylation of phenylacetic acid with 2-bromobutane.- Phenylacetic acid 18 (306mg, 2.25
mmol) and 2-bromobutane a (0.25 ml, 2.25 mmol) were added to the reaction mixture, and the
solution was stirred at room temperature for 21 h. Work-up gave a yellow oil (331 mg, 76%) as
62% d.e.)

76 U.C / 20 75:14. Recry
hydroxyphenylacetic acid 20 as a white solid; v,,,, (KBr) 34
7.25 (5H, m, Ph), 5.20 (1H, s, CH) ppm. 5. 180.0 (CO,H), 12

(2ArC3), 126.7 (ArC4), 72.7 (ArCCO,H) ppm.
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led to isolation of a diastereoisomeric mixture of 3-methyl-2-

lag 1 m S1_820M" Tannd O 78 N8 1T QAQ M 1T N
1S, HI.P. J1-J0 L. I'UUIIU L+, /J.VJ, 11, 0.90. L alli4\Up

requires C, 74.97; H, 8.39 %; HRMS Found M" 192.1156, C,,H,c0, requires 192.1150; vy,
3300-2700, 1690, 1410, 1285, 1210, 930 and 690 cm™; 8,; (2R*, 3R* diastereoisomer) 7.36-
7.26 (5H, m, Ph), 3.27 (1H, d, J 10.8 Hz, CH-CO,H), 2.19-2.10 (1H, m, CH-CH-CO,H), 1.61
(1H, qdd, J 13.4, 7.4 and 3.3 Hz, CH,), 1.23 (1H, m, CH,), 0.96 (3H, t, J 7.5 Hz, CH;-CH,),
0.68 (3H, d, J 6.6 Hz, CH;-CH). 8, (2R*, 3S* diastereoisomer) 7.36-7.26 (5H, m, Ph), 3.27
(1H, d, J 10.8 Hz, CH-CO,H), 2.20-2.10 (1H, m, CH-CH-CO,H), 1.28-1.17 (1H, m, CH,), 1.06

(3H, d, J 6.6 Hz, CH,-CH), 0.9-0.8 (1H, m, CH,), 0.79 (3H, t, J 7.2 Hz, CH,-CH,), 8 (2S*, 35*

Aiagtaranicnamar) 1204 /(COYIN 127 A AT 17 Q INA+YY 17Q A (D A+) and ATAN §Q A
QIaSiereOiSOmer) 10U.4 (L Uhilj, 157.0 {Al'L1j, 120.0 \LAILSj, 1£0.0 (£ATLL AT AlLA), J0.4

(CHCO,H), 37.5 (CHCHCO,H), 27.9 (CH,), 16.0 (CH;-CH), 11.1 (CH;-CH,); 8. (2R*, 3§*
diastereoisomer) 178.5 (CO,H), 137.6 (ArCl), 128.8 (2ArC3), 128.6 (2ArC2 and ArC4), 58.4
(CHCO,H), 37.4 (CHCHCO,H), 25.9 (CH,), 17.3 (CH;-CH), 10.6 (CH5-CH,) ppm.

7 vithh 1_nbhonnwl_1_hen
" x

sere

Allvlntiny D_hustownnis mers
ﬂtn_ylullult aTUMICIMUEIL UL

b 2774774
ucn sTATUIUIFWUCT

2.25 mmol) and 1-phenyl-1-bromoethane b (0.25 .25 mmol) were added to the reaction
mixture, and the solution was stirred at 0°C for 7 h. Work-up gave a yellow oil (300 mg, 67%)

t\)

as a regioisomeric mixture o (30% d.e.) / vy 83:17. Column chromatography led to isolation of a
diastereoisomeric mixture of 2-(l-phenylethyl)-3-butenoic acid Sb as a yellow oil. HRMS
Found M" wu 1002, C,H,40, requires 190.0994; v, 3400-2400, 1680, 1400, 1340, 915, 750
and 690 cm’’ ; Oy (major diastereoisomer) 7.28-7.12 (SH, m, Ph), 5.85 (1H, ddd, J 8.9, 10.7 and

17.1 Hz, CH=CH,), 5.24 (1H, d, J 10.7 Hz, CH=CH,), 5.20 (1H, d, J 17.2 Hz, CH=CH,), 3.1

(" m (‘T—Jr“ﬂ Hand CH-PhY 128 RRH 4 T 67 H» (CH.\ nnm- A.. (Iminor diactaranicamer)
\ L A 9 AL L SALINEG w2 A All, A v dw o \JL L, “, o T/t L“A’ A § Aj} l.ll.llll’ UH \llllll\ll WAL OVWE WAL IOWV L lvl’
-~y o) "1 1™ 707X R p I A L N 1YY 111 YT O 1N ANTYT__ O T no 7177 1 T 1NN
7.28-7.12 (5H, m, Ph), 5.59 (1H, ddd, J 8.6, 10.2 and 17.1 Hz, CH=CH,), 4.98 (1H, d, J 10.3

5
Hz, CH=CH,), 4.94 (1H, d, J 16.8 Hz, CH=CH,), 3.15 (2H, m, CHCO,H and CH-Ph), 1.30 (3H,
d, J 6.4 Hz, CH;) ppm. O (major diastereoisomer) 179.1 (CO,H), 143.9 (ArCl), 134.3
2 or 2ArC3). 1274 (2A 2ArC2), 126.6 (ArC4), 119.6

LRA ST g AL Nk Jy R A AR R S S L T I PR A L

3 o
.

"3

Z]

7T TN 1 Y £

(2Ar
(CHCO,H), 41.6 (CHPh), 18.9 (CH;). 6c (minor diastereoisomer) 180.0
(CO,H), 143.1 (ArC1), 134.0 (CH=CH,), 128.4 (2ArC2 or 2ArC3), 127.8 (2ArC3 or 2ArC2),
127.4 (ArC4), 118.7 (CH=CH,), 57.4 (CHCO,H), 42.3 (CHPh), 20.4 (CH;) ppm.
(E)-5-phenyl-2-hexenoic acid 9b was characterised from its crude spectral data: &y 7.30-7.11

rC
TY
H

YT e LN L 0O 11T ph 7 I (U ﬁT — LI TN £ 70 /11Y i | T 1& £ YTI_
(5H, m, Ph), 6.97 (1H, dt, J 15.6 and 7.6 Hz, CH=CHCO,H), 5.78 (1H, d, J 15.6 Hz,

CH=CHCO,H), 2.90 (1H, m, CH), 2.53 (1H, m, CH,), 2.48 (1H, m, CH,), 1.28 3H, d, J 6.8 Hz,
CH,);. 8¢ 171.3 (CO,H), 150.1 (CH=CHCO,H), 145.8 (ArC1), 128.5 (2ArC2 or 2ArC3), 126.8
( ArC3 or ’)Ar(“)\ 126 .4 (Ar(‘d\ 118.5 ((‘H—(‘H(‘ﬂ H\ 41.0 ((‘T—L\ 39.0 ((‘T—ﬂ 22.2 ((‘H \

ML VL LRI L gy 2LV RNy 2 2000 (AT i AR gaa 2]y e \ N
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Alkylation of 2-methyl-2-butenoic acid with 1-phenyl-1-bromoethane.- (E)-2-methyl-2-

r

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ l‘] q ,,< AT f’ ’,: mmr\‘\ ﬂﬂA I l‘\ Y krnmnnfknﬁ ™ "
ULu.GuUl\a aCid & (4«40 Mg, £.25 Mimody and 1 -pnényi- I-bromoethane b \V.<40 i, £.40 ITHTIO

added to the reaction mixture and the solution was stirred at a steady raise of temperature from -
47°C to 8°C for 15 h. Work-up gave a yellow oil (380 mg, 83%) as a regioisomeric mixture o
(68% d.e.) / y 45:55. Column chromatography led to isolation a diastereoisomeric mixture of 2-
methyl-2-(1-phenylethyl)-3-butenoic acid 6b as a yellow oil. HRMS Found M" 204.1153,

e Ve Ve NateZaval 4

C;3H 4O, requires 204.1150; v, 3300-2700, 1690, 1370 and 920 cm’. oy (R*, R*
diastereoisomer) 7.28-7.16 (5H, m, Ph), 6.24 (1H, dd, J 10.8 and 17.4 Hz, CH=CH,), 5.26 (1H,
d, J 10.8 Hz, CH=CH,), 5.05 (1H, d, J 17.6 Hz, CH=CH,), 3.34 (1H, q, J 7.2 Hz, CH), 1.28 (3H,

d.J72Hz CH-CHIN 1.17(3H 5. CH.-C)- §,, (R* Q*Aafrnn- omer) 7.28-7.16 {5H m. Ph

\
Ny & L1Ly LA3TAL), L1 7 \Jily, 0y 13T )y U LN, aSLeIUUlDUILIU J 74«07 1.1U \J11, 111, 1),
~

6.02 (1H, dd, J 10.8 and 17.4 Hz, CH=CH,), 5.11 (1H, d, J 10.8, CH=CH,), 4.95 (1H, d, J 17.
Hz, CH=CH,), 3.34 (1H, q, J 7.2 Hz, CH), 1.32 (3H, d, J 7.2 Hz, CH;-CH), 1.25 (3H, s, CH;-C).
d¢ (R*, R* diastereoisomer) 181.9 (CO,H), 140.0 (CH=CH,), 139.3 (ArCl), 129.3 (2ArC2),

1200 (’)Arr"i\ 127.0 {Ar("A\ 116.2 (("I—I——("I—I ). 533 I(‘(’ﬂ N 465 (CHY 164 (CH.-CH)

1 CH,), 53 O,H), 46.5 (CH), 16.4 (CH;-CH),
16.1 (CH;3-C); 8¢ (R*, S* diastereoisomer) 181.9 (CO,H), 141.8 (ArCl), 140.0 (CH=CH,),
129.5 (2ArC2), 127.9 (2ArC3), 126.9 (ArC4), 115.3 (CH=CH,), 53.3 (CCO,H), 46.5 (CH), 16.2
(CH;-CH), 16.0 (CH;-C) ppm.

(E)-2-methyl-5-phenyl-2-hexenoic acid 10b was isolated as methyl-ester: HRMS Found M"
218.1308, C,4H;50, requires 218.1307; vy, 3500, 3020, 2950, 1700, 1450, 1250, 920 and 690
cm’; dy 7.21-7.36 (SH, m, Ph), 6.77 (1H, t, J 7.5 Hz, CH=C), 3.72 (3H, s, CH;0), 2.90 (1H, m,
CH), 2.49 (2H, m, CH,), 1.80 (3H, s, CH;-C), 1.31 (3H, d, J 8.1 Hz, CH;-CH). 8. 168.3
(CO,H), 146.1 (C=CH and ArCl), 140.4 (C=CH), 128.3 (’7Ar("’1) 126.6 (2ArC2), 126.0

NSJA ALy TV A \Jm WA LAV ~ A Afy AT el MK Nt L haNT NI LRk Jy R LNIU

a
£ A VAN f1 L T T MY NN N ST A SLNTIT N N A MY 1" A 7MY ‘l

(2ArC4), 51.5 (CH;0), 35.2 (CH), 37.2 (CH,), 21.4 (CH;-C), 12.3 (CH;5-CH) ppm.
Alkylation of 3-methyl-2-butenoic acid with I-phenyl-l-bromoethane - 3-methyl-2-butenoic
acid 3 (225 mg, 2.25 mmol) and 1- phenyl 1 bromoethane b (0.25 ml, 2.25 mmol) were added to

the reaction mixture and the solution was stirred at room temperature for 8 h. Work-up gave a
colourless 1 YA o TICOSN Lo ﬂon/ 1\ 1 7T N1 A .ART
colourless oil (342 mg, 75%) as a regioisomeric mixture o (78% d.e.) / y (Z:E, 2:1) 73:27.

Column chromatography led to isolation of only one diastereoisomer of 3-methyl-2-(1-
phenylethyl) 3-butenoic acid 7b as a white solid, m.p. 64-66°C; v,,,, 3200-2700, 1680, 1380,

and 890 cm’'; HRMS Found M* 204.1144, C,5H,O, requires 204.1150. 8, 7.26-7.17 (5H, m,

L N9 11T — 1T, MAIYT AN TN 2 AN
I’[l), 2.U7/ \J.l_.l, b, \_/ bﬂz), J UD \11_1, D, \_; bﬂz), .) L‘l’ \l.l_l, U, J 11 / Iz, Lri-uupil), J.44- J LL

(1H, m, CHPh), 1.82 (3H, s, CH,-C=), 1.14 (3H, d, J 6.9 Hz, CH,-CH) ppm. 5 177.7 (CO,H),

144.8 (C=CH,), 141.0 (ArCl), 128.6 (2ArC2 or 2ArC3), 127.6 (2ArC3 or 2ArC2), 126.7
(ArC4), 116.8 (C=CH,), 61.0 (CH-CO,H), 39.7 (CHPh), 20.0 (CH;-C=), 19.8 (CH;-CH) ppm.
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(Z)-3-methyl-5-phenyl-2-hexenoic acid 11b was isolated from column chromatography as a
rless oil: HRMS Found M" 204.1154, C,3H, (O, requires 204.1150; v,,,, 3288-2800, 1620,

DUIUULIDDD Ull. LRIINAYED 1L UUWLIN LYY SQVTT. 1 1J7T, \/]3L 1]6\12 Lwu

1250 and 690 cm’"; &y 7.32-7.17 (5H, m, Ph), 5.72 (1H, s, CH=C), 3.15 (1H, dd, J 7.5 and 11.7
Hz, CH,), 3.06 (1H, m, CH), 2.78 (1H, dd, J 7.2 and 12.0 Hz, CH,), 1.77 (3H, s, CH;-C=), 1.30
(3H, d, J 6.6 Hz, CH;-CH) ppm. 6. 171.5 (COH), 162.3 (C=CH), 146.5 (ArCl), 128.3
(2ArC2), 127.0 (2ArC3), 126.2 (ArC4), 116.8 (C=CH), 41.7 (CH,), 39.2 (CH), 26.0 (CH5-C=),
21.7 (CH;-CH) ppm.

Alkylation of (E)-2-methyl-2-pentenoic acid with I-phenyl-1-bromoethane.- (E)-2-methyl-2-
pentenoic acid 4 (257 mg, 2.25 mmol) in THF (2 ml) and 1-phenyl-1-bromoethane b (0.25 ml,

2.25 mmol) were added to the reaction mixture, and the solution was stirred at room
temperature for 5 h. Work-up gave a yellow oil (318 mg, 65%) as a regioisomeric mixture o

(31% d.e.) / y 32:31. Column chromatography led to isolation of (E)-2-methyl-2-(1-

phenylethyl)-3-pentenoic acid 8b as a colourless oil. HRMS Found M" 180.1147, C,,H,(0,
requires 180.1150; v, 3200-280 i

es . 2 0, 1680, 1 an
b m 2 b
~Y 5 T

/71TY 1

CH;-C) ppm; 8” (ma1or dlasteremsomer) 730-7 14 (SH m, Ph) 5 63 (lH d, J 15.8 Hz
(“T—I—("‘T—ICT—I\ 5.35-5.26 flI—I m, PH- T-P—\ 3 35.% 25 (IH m, (‘H\ 16/.1 f’ZI—T A ] 6.4 Hz

41T Jy Ll T TS (A dy Rily MCREYNSRET Jy eSS T ek ixi. T 1Ay

CH;CH=), 1.30 (3H, d, J 7.5 Hz, CH;-CH), 1.19 (3H, s, CH;-C). §. (major diastereoisomer)
182.3 (CO,H), 141.8 (CH=CHCH,;), 132.9 (ArC1), 129.3 (2ArC2 or 2ArC3), 127.5 (2ArC3 or
2ArC2), 126.5 (ArC4), 125.5 (CH;CH=), 52.3 (CCO,H), 46.4 (CH), 18.1 (CH;C=), 16.3
(CH;CH), 15.7 (CH;-C), 6. (minor diastereoisomer) 182.3 (CO,H), 141.8 (CH=CHCH,), 132.9

LA M1 12909 7Y AL A V3N 1’\"!'1’ £ A M) -\ 1%L L A AN 17y ¥ MILY

(AL l), 127.4 \Lﬂl’bé or Lt’LILJ), 12471.1 (£ATLD or A[‘\ICL), 1£0.0 \1‘\1'\.,4), ILD D \L,I'I3L‘rl—),

52.3 (CCO,H), 46.4 (CH), 18.1 (CH;CH=), 16.9 (CH;CH), 15.9 (CH;-C) ppm.
(E)-2,4-dimethyl-5-phenyl-2-hexenoic acid 12b was characterised from the crude spectral

Oer (mmnr dlaqtere-mqnmer\ 7.30-7.14 (5H. m Ph\ 6.78 (IH d, J 10.8 Hz, CH —-(‘\ 2.75-

data: Oy (major diastereoisomer (5H, m, Ph), Hz, CH

N £ /YT 1 0% /12T AN N Y £ £ 1T MNIY MTINL\ on I")YT J T £ £

2.53 (2H, m, 2CH), 1.83 (3H, s, \,n3-\,), 1.20 (3H, d, J 6.6 Hz, CH;CHPh), 0.82 (3H, d, J 6.6
14 (5H, m, Ph), 6.65 (1H, d, J96Hz

Hz, CH;CHC=) ppm; dy (minor diastereoisomer) 7.30-7.
CH=C), 2.75-2.53 (2H, m, 2CH), 1.67 (3H, s, CH;-C), 1.20 (3H, d, J 6.6 Hz, CH;CHPh), 1.03

(mai r diastereoisomer) 174.0 (CQO.H), 149.1 (CH=C)

H, d, ] 6.3 Hz, CH.CHC=) npm. 8- (maior dia n o
, 4, , CH50CHC=) ppm. 0 10 a r) (CO,H), (CH=C),
TAE A FAAIY 190 2 MM AN 1YT A YA 174 & 7 AAN ‘I"DC(\ N IIYN AL Q /M1 DL
145.4 (ArCl), 128.3 (2ArC2), 127.4 (2A1C3), 126.5 (ArC4), 125.9 (C-CO,H), 45.8 (CH-Ph),

40.3 (CH-CH=), 20.0 (CH,-CH-Ph), 18.4 (CH,-CH-CH=), 12.3 (CH,-CH=) ppm. 8. (minor
diastereoisomer) 178.0 (CO,H), 148.9 (CH=C), 144.9 (ArC1), 128.1 (2ArC2), 127.6 (2ArC3),
126.2 (Ar(‘4\ 125.8 (F CO,H), 45.0 (FH-Ph\ 39.9 (('H_-CH”\; 17.4 (QHB--CI—I-C,I—I:)s 15.9
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(CE .3-CH-Ph)i 12.0( QI—L-CH=) ppm.

ATL..1.. Al sadenzassdienndia reasd sinsdls esde nzased T hse nélemuen _ Dhanmvlanatin anid 1 /MANAmao
filnyl j pnen_yuu. ublu wiin ‘P’ll‘:’lyl'l -OF UII".I lllul [ A § llCll‘y lauvTlLliv aviud 10 \JVULIIE,
2.25 mmol) and 1- phenyl 1-bromoethane b (0.25 ml, 2.25 mmol) were added to the reaction

mixture, and the solution was stirred at room temperature for 5 h. Work-up gave a white solid

(436 mg, 80%) as a diastereoisomeric mixture (31% d.e.). Recrystallization from hexane-diethyl

ether afforded the major diastereoisomer of 2,3-diphenylbutanoic acid 19b as white prisms,

m.p. 192-194°C; Found C, 79.97; H, 6.78. (,161-116()2 requires C, 79.96, H, 6.72 %; v, 3300-
2400, 1670, 1400, 1275, 1075, 900 and 680 cm ; Oy (R*, R* diastereoisomer) 7.44-6.94 (10H,
m, 2Ph) 3.67 (1H, d, J 13.2 Hz, CHCO,H), 3.42 (1H, m, CHCH,), 1.40 (3H, d, J 6.9 Hz, CHj;);

g I'D* D¥* Adiastaramiamiame) 1’70( (ON TIIY 1A 2 FAT1Y 12£4Q 7A ﬁI\ 1’)0’7 1’\’7'} 104 4
\[\ N aiaStercoisor 1) 1/77.0 (\LAUpll), 1900 (Advl ), 100V.7 (A 1), 14 2, 14U.0

(Ar), 59.2 (CHCO,H), 43.4 (CHCHj), 21.1 (CH;) ppm.
The minor diastereoisomer was characterised by comparison with crude spectral data. 8, (R*,
S* diastereoisomer) 7.42-7.16 (10H, m, 2Ph), 3.69 (1H, d, J 11.6 Hz, CHCO,H), 3.42 (1H, m,

CHCHNY 1TO00MH 4 T72 H CHYnm & (MR* Q% diactaranicamear) 178 & ff"ﬂ I 144 §
vy, LV O, G, 0 Joe 02, gy PP Oc (i, 7 GIaseréSistmery 1/0.0 \(\Lusr), 1440

(ArCl)), 137.1 (ArCl), 128.7, 127.3, 126.6 (Ar), 58.9 (CHCO,H ), 43.0 (CHCH;), 19.9 (CH,)
ppm.

Alkylation of 2-butenoic acid with 3-bromocyclohexene.- (E)-2-butenoic acid 1 (194 mg, 2.25
mmol) and 3-bromocyclohexene ¢ (0.26 ml, 2.25 mmol) were added to the reaction mixture,
and it was stirred at room temperature for 7 h. Work-up gave a yellow oil (267 mg, 72%) as a
regioisomeric mixture o (60% d.e.) / y 78:17. Column chromatography led to isolation of a

diastereoisomeric mixture of 2-(2-cyclohexenyl)-3-butenoic acid 5S¢ as a yellow oil. HRMS
+

Fannd M 146 NQQD (’ H. .. rannn'pc T1AA 0DQQA- ) Qﬁnn_’)7ﬂn 17NN 1/1nn 17N 171N and
round vi 100.U04, L 10E1[4V2 ICYULIUS 1UUWUTTTy Vipay JIUUSL /U, 1 /UU, 17UV, 140V, 141V dii
-~ -1 o rd ~ - gy~ re=% & 4 ek & ¢ STNW W I W Pan b i &Y - - PR o o
Y0 cm OH (ma_]or (llaSteremsomer D.88-0./2 ( H, m, LH—LHZ and C L«H (./u), J.54 (1 .
dd, J 10.2 and 1.8 Hz, CHCH=CH), 5.21-5.15 (2H, m, CH=CH,), 2.87 (1H, dd, J 9.0 and 9.3
Hz, CHCO,H), 2.60-2.45 (1H, m, CHCHCO,H), 1.98 (2H, m, CH,-C=), 1.79-1.65 (2H, m
=CCH,CH, ax and =CCH,CH, eq), 1.60-1.42 (IH. m. =CCH.CH, eqa). 1.40-122 (1H. m
VVL‘_ZV“ L e 2 g N LAVMZ v‘l b \‘-“., l‘l, \./\./ul\/ALz \/\.1], L TV A o ot ot \l‘ l, l’
AT T MY 4 OO0 £ M~ IMYY MY YMNTY

=CCH,CH, ax) ppm; &y (minor diastereoisomer) 5.88-5.72 (2H, m, CH=CH, and CHCH=CH)),
5.63 (1H, dd, J 10.2 and 2.1 Hz, CHCH=CH), 5.21-5.15 (2H, m, CH=CH,), 2.87 (1H, dd, J 9.0
and 9.3 Hz, CHCO,H), 2.60-2.45 (1H, m, CHCHCO,H), 1.98 (2H, m, CH,-C=), 1.79-1.65 (2H,
m, =CCH,CH, ax and =CCH,CH, eq), 1.60-1.42 (1H, m, =CCH,CH, eq), 1.40-1.22 (1H, m,
=CCH,CH, ax) ppm; &, (major diastereoisomer) 179.7 (CO,H), 134.3 (CH=CH,), 129.2
(CH=CH or CH=CH), 128.2 (CH=CH or CH=CH), 118.8 (CH=CH,), 56.1 (CHCO,H), 37.2
(CHCHCO,H), 25.9 (CH,CH=), 25.0 (CH,CH), 20.9 (CH,CH,CH); d (minor diastereoisomer)
179.7 {(“OAH\ 134.1 ((‘I—Iz(‘I—L\ 134.1 ((‘H—("H or (‘I—T....(’T—I\ 129.1 {("H_(‘H or CH=CH)

......... Jy +—ovex A RN A L)y
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(E)-4- (2-cyclohexenyl) 2-butenoic acid 9¢ was characterised from the crude spectral data: dy
7.05 (1H, dt, J 15.6 and 7.5 Hz, CH=CHCO,H), 5.84 (1H, d, J 14.1 Hz, =CHCO,H), 5.70 (1H,
m, CH,CH=CH), 5.60 ( 1H, dd, CH,CH=CH), 2.56-2.47 (1H, CH), 2.50-2.18 (2H, m,

ily 23, B A AW2 ___ 11

CH,CH=), 1.96 (2H, m, CH,CH,CH=), 1.80-1.67 (2H, m, CH,CH,CHax and CH,CH,CH eq),
1.56-1.44 (1H, m, CH,CH,CHeq), 1.38-1.19 (1H, m, CH,CH,CH ax) ppm; &, 174.4 (CO,H),
148.1 (CH=CHCO,H), 130.4 (CH=CHCO,H), 128.1 (CH,CH=CH), 122.1 (CHCH=CH), 38.9
(CH,CH=CHCO,H), 34.5 (CH), 28.8 (CH,C=), 27.2 (CH,CHCH,), 21.2 (CH,CH,CH,) ppm.

Lrsod reddnza saeadlas hasd¢nrsenstn oz . A tdle 2_hunsennisnlnl svnzen V_manthvl D _lanitanain

Alkylation of 2-methyl-2-butenvic acid with 3-bromocyclohexene.- (E)-2-methyl-2-butenoic

acid 2 (225 mg, 2.25 mmol) and 3-bromocyclohexene ¢ (0.26 mi, 2.25 mmol) were added to the

reaction mixture and the solution was stirred at room temperature for 7h. Work-up gave a

yellow oil (334 mg, 82%) as a regioisomeric mixture a (40% d.e.) / y 65:35. Column
T

7
f Adiact T 1 maris mivin nf I~ rnl
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atust P 1y

3200-2700, 1680, 1400, 1260 and 910 cm’! ; Oy (major dlasterelsomer) 6.00 (1H, dd, J17.3 and
10.8 Hz, CH=CH,), 5.82-5.74 (1H, m, CH=CH-CH), 5.46 (1H, dd, J 9.9 and 1.5 Hz, CH=CH-
CH), 5.25 (1H, d, J 11.0 Hz, CH,=CH), 5.15 (1H, d, J 17.1 Hz, CH,=CH), 2.78-2.60 (1H, m,
CH), 1.96 (2H, m, CH=CH-CH,), 1.85-1.63 (2H, m, CH,CH,CH,ax and CH,CH,CH,eq), 1.60-
1.42 (1H, m, CH,CH,CH,eq), 1.36-1.17 (1H, m, CH,CH,CH,ax), 1.20 (3H, s, CH;-C) ppm; oy
(minor diastereoisomer) 6.02 (1H, dd, J 17.5 and 10.8 Hz, CH,=CH), 5.82-5.74 (1H, m,
CH=CH-CH), 5.46 (1H, dd, Y 9.9 and 1.5 CH=CH-CH)
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5.20 (1H. d. J 11.0 Hz. CH,=CH)
. (@ s v
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5.17 (1H, d, J 17.6 Hz, Lﬂz-—CH), 2.78-2.60 (iH, m, CH), 1.96 (2ZH, m, CH=CH-CH,), 1.85-
1.63 (2H, m, CH,CH,CH,ax and CH,CH,CH,eq), 1.60-1.42 (1H, m, CH,CH,CH,eq), 1.36-1.17

(1H, m, CH,CH,CH,ax), 1.20 (3H, s, CH;-C) ppm; 6. (major diastereoisomer) 181.1 (CO,H),
140.0 (CH,=CH), 129.6 (CH=CH), 127.5 (CH=CH), 115.2 (CH,=CH), 51.8 (C), 42.6 (CH),

10.0 (CH,=CH), 129. CH), 12 115.2 (CH,=CH), 51.8 12.6 (CH)
el

Y MIY TY AT TY N 10 1 realhi

L&Y )
25.1 (CH,-CH=), 23.9 (CH,CH,CH,), 223 (CH,CH,CH,), 15.1 (CH;-C); dc (minor
diastereoisomer) 181.1 (CO,H), 140.2 (CH,=CH), 129.6 (CH=CH), 126.8 (CH=CH), 115.7
(CH,=CH), 51.8 (C), 42.4 (CH), 25.0 (CH,-CH=), 24.2 (CH,CH,CH,), 22.2 (CH,CH,CH,),
14.9 (CH;-C) ppm.

(2E)-4-(2-Cyclohexenyi)-2-methyi-2-butenoic acid 10c was characterised as methyi ester: oy
6.79 (1H, t, I 7.6 Hz, C=CH), 5.69 (1H, m, CH=CH-CH), 5.53 (1H, dd, J 10.4 and 1.6 Hz,
CH=CH-CH), 3.73 (3H, s, CH;0), 2.28-2.21 (1H, m, CH), 2.22-2.10 (2H, m, C=CH-CH,), 1.96
(2H, m, CH=CH-CH,), 1.83 ( 3H, s, CH;-C=), 1.80-1.66 (2H, m, CH,CH,CH,ax and

ikiy NraATTNLRRTRaaT gy 2.0 \ Teay D
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VI, 140V \T\" Uil J1.T7
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.1 (CH,-CH=CH), 25.4 (CH,-CH,-CH,), 21.5 (CH,-
QHZ-CH), 12.8 (CH;) ppm.
Alkylation of 3-methyl-2-butenoic acid with 3-bromocyclohexene.- 3-methyl-2-butenoic acid 3
(225 mg, 2.25 mmol) and 3-bromocyclohexene ¢ (0.26 ml, 2.25 mmol) were added to the
reaction mixture, and the solution stirred at room temperature for 7 h. Work-up gave a yeliow
oil (346 mg, 85%) as a regioisomeric mixture o (44% d.e.) / y 63:24. Column chromatography
led to isolation of 2-(2-cyclohexenyl)-3-methyl-3-butenoic acid 7¢ as a white solid. m.p. 54-

SA° HHRAC Fryiim dI\L 1N 1187 . I ) ran

nirag N118N0: v 220072200 1A00 and
JU L, rnuvios Coull 10V 1 1J4, ] L1]gWV) 1VHULIUD V.l1Jvy, v aiia

120 1 \ - Q
10 1 Vmax LIV LUUU, 197 (&)
rx .

em’. 8, (R*, R* diastereoisomer) 5.75 (1H, m, CH=CH-CH), 5.59 (iH, d, J 8.4 Hz, CH=CH-
CH), 4.98 (2H, s, CH,=C); 2.88 (1H, d, J 11.2 Hz, CH-CO,H), 2.60 (1H, m, CH-CH-CO,H),

1.99 (2H, m, CH=CH-CH,), 1.78 (3H, s, CH;-C=), 1.67 (2H, m, CH,CH,CH,ax and

CHOCH.(CH.ead) 1S3(IH m CH.CH.CCH.eqg) 124(1H m (CH.CH.OH._ avl n N M* Q%

\ 2 § .I.2L/l. 12\_/“2 \1} el \ Lily Rllg N1 12\1“2\./1 12U\1} L o ks™F \ 111y 1114 N1 .I.Z\_/l 12‘—’.&_&2 } Pylll, UH \1\ s .

diastereoisomer) 5.75 (1H, m, CH=CH-CH), 5.52 (1H, d, J 9.6 Hz, CH=CH-CH), 5.00 (2H, s,
CH,=C); 2.85 (1H, d, J 12.4 Hz, CH-CO,H), 2.60 (1H, m, CH-CH-CO,H), 1.99 (2H, m,
CH=CH-CH,), 1.82 (3H, s, CH;-C=), 1.67 (2H, m, CH,CH,CH,ax and CH,CH,CH,eq), 1.53
(1H, m, CH,CH,CH,eq), 1.24 (1H, m, CH,CH,CH,ax) ppm; &, (R*, R* diastereoisomer) 179.4
(CO,H), 140.7 (CH,=C), 129.1 (CH=CH-CH), 128.6 (CH=CH-CH), 116.0 (CH,=C), 59.0 (CH-
CO,H), 34.4 (CH-CH-CO,H), 25.9 (CH=CH-CH,), 25.2 (CH,CH,CH,), 20.5 (CH,CH,CH,),
19.6 (CH;-C=) ppm; 6. (R*, S* diastereoisomer) 179.4 (CO,H), 140.7 (CH,=C), 130.4

(CH=CH-CH). 127.5 ((‘I—I——(“H-(‘H\ 1163 ({“I-I =), 48.0 ((“ -CO.H). 348 (CH-CH-CO.H)
AN R ATN AL gy H SoAATN LA fy R AV L2y N Jy TTUY \Jgh 2ATNANSTE L Jg TTTAU Qg TR AT \4\1211}
27.6 (CH=CH-CHy,), 25.9 (CH,CH,CH,), 21.1 (CH,CH,CH,), 20.2 (CH;-C=) ppm.

(22)-4-(2-Cyclohexenyl)-3-methyl-2-butenoic acid 11l¢ was isolated from column
chromatography as a white solid. m.p. 35-37 °C; HRMS Found M" 180.1155, C,1H,60, requires

180.1150, Vyney 3200-2800, 1680, 1440, 930 and 870 cm™; 8y; 5.75 (1H, s, CH=C), 5.69 (1H, m,
MIT__MYY MY L' ™ /11X 11 T O A TIY. MII_NYIY AT N 177 /1Y 11 T 1"! £ O IT_- MTY_ M
CH=CH-CH), 5.52 (iH, da, J 9.4 Hz, CH=CH-CH), 2.77 (1H, dd, J 12.6 and 8.8 Hz, CH=C-

CH,), 2.56 (1H, dd, J 12.8 and 6.8 Hz, CH=C-CH,), 2.37 (1H, m, CH), 1.96 (2H, m, CH=CH-
CH,), 1.93 (3H, s, CH;-C=), 1.75-1.67 (2H, m, CH,CH,CH,ax and CH,CH,CH,eq), 1.54-1.42
(1H, m, CH,CH,CH,eq), 1.32-1.24 (1H, m, CH,CH,CH,ax) ppm; 8. 171.6 (COZH) 162.1

(CH=(); 131.0 (CH=CH), 127.6 (CH=CH), 117.0 (CH=0), 39.3 (CH=C-CH,), 34.2 (CH), 28.5

(CH=CH-CH,), 25.9 (CH,-C), 25.2 (CH,), 21.2 (CH,).
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added to the reaction mixture, and the solution was stirred at room temperature for 7 h. Column

chromatography led to isolation of a diastereoisomeric mixture of 2-(2-cyclohexenyl)-2-methyl-
3-pentenoic acid 8¢ (314 mg, 72%) as a colourless oil as a regioisomeric mixture o (30% d.e.) /

PRt QLI O V227 UE ddy d LOIUULICHD Uil ddy 4 1b VIoUIIICLIG 1I1IA

Y 61:26. HRMS Found M" 195.1385, C;,H,40, requires 195.1388; v,,,, 3200-2800, 1680, 1260
and 960 cm™; 8 (major diastereoisomer) 5.80-5.72 (1H, m, CH=CH-CH,), 5.57 (2H, m,
CH=CH-CH,;), 5.43 (1H, dd, J 9.4 and 1.2 Hz, CH=CH-CH,), 2.70 (1H, m, CH-CH=CH), 1.96

(2H, m, CH=CH-CH,), 1.81-1.63 (2H, m, CH,CH,CH,ax and CH,CH,CH,eq), 1.71 GH, d, J

CH,CH=CH). 1.59-1.43 (1H. m. CH am) 279110 (1 gl 8
4.4 Hz, coyin=Clin), 1.57-1.45 (111, i, \,nzbgz\.,nch) 1.32-1.19 \111, I, \_,nzx.,rl2\.,_112m\),

1.16 (3H, s, CH;-C-CO,H) ppm. &y (minor diastereoisomer) 5.80-5.72 (1H, m, CH=CH-CH,),
5.60 (2H, m, CH=CH-CH,), 5.47 (1H, dd, J 11.8 and 1.8 Hz, CH=CH-CH,), 2.62 (1H, m, CH-
CH=CH), 1.96 (2H, m, CH=CH-CH,), 1.81-1.63 (2H, m, CH,CH,CH,ax and CH,CH,CH,eq

N’

=5 Sm=L77 T=ONTS hadei A F=EEE 22 /5
172 I A 1T 44 13- TOAI=CTIY 1 8Q_1 A2 /110 N mn MLy 127.1 1Q (1LY s
1./ \J11y Uy J .7 114, \4“3\111 ill)y 1.27-1.90 (11 m 1, ©I 12\;“2\41 lch}, 1.24=1.127 (111, 11,

CH,CH,CH,ax), 1.13 (3H, s, CH;-C-CO,H); 6 (major diastereoisomer) 182.1 (CO,H), 133.0
(CH=CHCH;), 129.3 (CH=CHCH,), 128.0 (CH=CHCH,), 125.8 (CH=CHCH,), 51.2 (C-
CO,H), 42.7 (CH-CH=), 25.1 (CH,CH,CH,), 23.8 (=CH-CH,), 22.4 (CH,CH,CH,), 18.1 (CH;-

Y3 1 San NP5 B § R AL R ) S22 1 e 2 W A0 AW 2D 7y 202 (-2

CH=), 15.5 (CH;-C-CO,H) ppm. 0c (minor diastereoisomer) 182.1 (CO,H), 133.2
(CH=CHCH,), 129.2 (CH=CHCH,), 127.1 (CH=CHCH,), 126.2 (CH=CHCH,), 51.2 (C-
CO,H), 42.6 (CH-CH=), 25.1 (CH,CH,CH,), 24.3 (=CH-CH,), 22.3 (CH,CH,CH,), 18.1 (CH;-

CH=), 15.4 (CH,-C-CO,H) ppm.

(2E)-4-(2-Cyclohexenyl)-2-methyl-2-pentenoic acid 12¢ was characterised from the crude
spectral data. & 6.80 (1H, d, J 10.4 Hz, CH=C-CO,H), 5.67 (1H, m, CH,CH=CH), 5.55 (1H, m,
CH,CH=CH), 2.48-2.40 (1H, m, CH-CH), 1.96 (2H, m, CH=CH-CH,), 1.83 (3H, s, CH,CH=),
1.72-1.65 (2H, m, CH,CH,CH,ax and CH,CH,CH,eq), 1.60-1.48 (1H, m, CH,CH,CH,eq),
1.30-1.20 (1H, m, CH,CH,CH,ax), 1.03 (3H, d, J 6.8 Hz, CH;-CH); &, 173.0 (CO,H), 129.6
(=C-CO,H), 149.9 (CH=C-CO,H), 129.1 and 128.9 (CH=CH), 40.8 (CH,-CH=), 38.4 (CH-
CHj;), 27.0 (CH,-CH), 22.6 (CH,CH,CH,), 25.5 (CH,CH=), 25.4 (CH;-CH=), 17.1 (CH;-CH)

ppm.
Alkylation of phenylacetic acid with 3-bromocyclohexene.- Phenylacetic acid 18 (306 mg, 2.25
mmol) and 3-bromocyclohexene ¢ (0.26 mi, 2.25 mmol), were added to the reaction mixture,
and the solution was stirred at room temperature for 7 h. Work-up gave a yellow solid (371 mg,
76%) as a diastereoisomeric mixture (46% d.e.). Recrystallization from hexane-diethyl ether

. . . .
Q'F‘Fnrr!nr‘ 2 Aiaefnrpntenmpﬂr‘ mi ra n‘F '7 {’) oue ‘ hnvnn 1
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1LY

prisms. M.p. 133-135°C; HRMS Found M" 216.1150, C,4H,40, requires 216.1150; Vo, 3200-
2800, 1700, 1410, 1290, 1200, 940, 720 and 695 cr‘fl; Oy (major diastereoisomer) 7.35-7.25
(5H, m, Ph), 5.81-5.78 (1H, m, CH=CH-CH), 5.71 (1H, dd, J 10.2 and 1.6 Hz, CH=CH-CH),
3.31 (1H, d, J 11.2 Hz. CH-CO,H), 2.87-2.80 (1H, m, CH-CH-CO,H), 1.97 (2H, m, =CH-
CH,CH,), 1.60 (IH, m, =CH-CH,CH,), 1.45 (1H, m, =CH-CH,CH,), 1.40 (1H, m,
CH,CH,CH,eq), 1.05 (1H, m, CH,CH,CH,ax ) ppm; oy (mnar diastereoisomer) 7.35-7.25 (S5H,

m, Ph), 5.66-5.63 (1H, m, CH=CH-CH), 5.15 (1H, dd, J 10.2 and 1
(1H, d,J 11.2 Hz. CH-CO,H), 2.87-2.80 (1H, m, CH—CH—COzH) 1.97 (3H, m, 2 =CH-CH,CH,
and =CH-CH,CH,), 1.76 (1H, m, =CH-CH,CH,), 1.56 (1H, m, CH,CH,CH,eq), 1.40 (2H, m,

111, 111 Lidds

CH,CH,CH,ax) ppm; 6. (major diastereoisomer) 179.5 (CO,H), 137.0 (ArC1),131.7 (QH=QH)

.~ o~ —~ T 2~ T T NN TN ~T T T

129.2, 128.6, 127.5 (5Ar), 57.4 (CH-CO,H), 38.1 (CH-CH-CO,H), 26.2 (=CH-CH,CH,), 25.2
(=CH-CH,CH,), 20.6 (CH,CH,CH,) ppm; 8. (minor diastereoisomer) 179.5 (CO,H), 136.8
(ArC1), 131.7 (CH=CH), 129.2, 128.6, 127.5 (5Ar), 57.5 (CH-CO,H), 38.0 (CH-CH-CO,H),

28.0 (=CH-CH,CH,), 25.2 (=CH-CH,CH,), 20.5 (CH,CH,CH,) ppm.
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