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Abstract:- The 400 kHz 1H Wik spectra of the diesters (IIa-c),
their enhydrides {IVa-c) end isomeric hemiesters (Va-c) are
presented, The ratio of (E): (2) -(IIa-c) 1s 2:1, 2:1 and
10:1, respectively. (IVe-c) ere only (E)-isomers. The
hemiester (Ve) is only (E)-iscmer, (Vb or ¢) is a mixture of
(EQ and (gg-isomere with e ratio of 10:1 end 4:1, respectively.
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Recently we described the reaction of furfural or thiophene

2-carbaldehyde with g-uubstituted-S—benzoyl proplonie acids
1

(Perkin vonditions), to obtain the enol lactones 2, ¥We
also described the reaction of p-substituted benzaldehyde or

naphthalene—1- or 2-carbaldehyde with puccinic esters to efford

the (2/E)-heniesters and their derivatives 2,3 | Por the first

time the ratios of isomers and the structural 2ssignvent could
be determined by 1H NMR (400 MHz) spectroscopy. We proved that
the chemical evidence is not the crucial element to determine
the configuration and the ratios of QECE’ isomers. Therefore
we were interested to study the Tu R specira of (E/2)-isomeric

compounds (II-V) together with the meacurements of their I.R.

and S specira which have not veen previsusly reported.

Condeasation of acetophenone, 4-methyl and 4-chloroaceto-
pbencne with dimethyl succinate under Stobbe conditians 55
yielded 4he isomeric hemiesters (Ia-c) which were characterised
as their diesters (Ila-c). Anelyagils of 1 im { 400 Miz )
spectra showed that (IIa-c) eve mixztures of (/2) isomers with
a ratic of 2:1, 2:1 and 10:1 , respectively. QE—IbJ and (2-Ic)
could be separated frow the crude hemlesters (Ib) and (Ic).;y
fractional crystallisation from benzene-light petroleun {60-80°C)

and were characterised as their diesters QE:IIb) and (ETIIc).
5

This is coptrary to the publication of El-Wahhab et al. who

assigned (E- Ic)Zfor (Z- Ic)

The most obvious differences between (E-Ila-c) from
EEPIIQ—C) are given by the & -values of —GHS' ~CHy , '002R1 and
COR%. The down field shift of CH5 protons ( % = 2.37-2.40)
and 002R2 protons (R%cie)(S = 3.78-3.80) of the (E)-isomers
confirm the cis-position of the methyl group to the carbomethoxy

group in comparison to CHy protens (5= 2.10-2.20) and 002112
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protons (R°= He)( = 3.40-3.43) of the (z)-isomers. Vice versa
the CH, protona (&= 3.16-3.30) and thc-EDQR1 pretons (R1=Me)
(& « 3.65) of the £§)~isomer5 are shielded ir cooparison to

CH, protons (b = 3:;}—3‘50), and 30231 protons (3 =3.70-3,73)

of the (Z)~isczers (see experimental).

The crude hemiesiers (Xa-c) or the pure (E-Ib) or (E-Ic)
were bydrolyaed to the diacids.(IIIa-c) which were directly

cyclised to the anhydrides (IVa-c). . Analvsis of 13 HMR

(400 HMz) spectra proved that the structure of the anhydrides

is (P) and ther: is no any detectable amounts of the (z)—_somer¢.

aoat prcbably isemer;sa.ion has occurred to the more stable

(E)-isomers during cyclisation. The methyl.protons of (E-IVa-c)

(Sc 2.24-2.68) ars reparkabdly deshielded due to the adjacent

carbonyl group.
Meshanolysie eof the znhydrides QEfIVa-c) gave the isomerie

heoiesters {¥a~c).. The high rcsolutim11H KIfR spectra showed thet

- (va)vaa ooly’(Z)-iscoer and (Vb) was mainly (E)~-iscmer and
the (Z)-isozer was 10¥ only. {Vc) showed a mixed of (E/2)-

isomer with a ratic (B) (z) e 4:1. The difference beiween the
S values of methyl

(z}— and (E) hemicsters (Vd—c) is shown by the &5
protons. Ehe pethyl protons of the (B)-isomers ( & = 2.35-2.55)
. =

are deshielded due to the adjacent carboxylgroup In comparison

to those of (2)-isowers (2-Vb and c)( &'= 2.15 asd 2.05)(sece

experimental).
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EXTER IHMERTAL
Al1 melting points are uncorrected. The 1H NHMR spectra were
determined with a Bruker WH-400 instrumént (THS as internal
standard). Numbering for proton chemical shift can be found in

the structural formula, Mass spectra were recorded with a Varian-

MAT 714 spectrometer (70 e¥). IR specira were measured with a

specord Model, VEB Carl Zeiss, Jdenas Microanglyses were performed
by Dr. A. Bernhardi, Microenslytiisches Laboxatorium, D-5250
Epgelgkirchen, W.Germany. i

Preparation of the hemiesters (13—2)4'5.- A mixture of the approp~
dimethyl succinate ( 0,012

riate acetophenonz { 0.0L mole ) .

_mole ) in tert-butanol (10 =) and potassium tert-butoxide (from

metallic potassiva 0.58 g 4in 15 ml tert- butenol ) was trsated

as usual’’’ to give an oily mixture of E;{g)-isomera (Ia-c)
(yield 70-80%).

(Iﬂ; R1=R3=H. H?=Me)— pale viscous oil, failed to solidify.

(Ib; Ri=H; R2=R3=Mej- yellow viscous oil froz whach g&rIb}, @ePs
120°d was separated Ifrom the 2545) pixture by fractional crystel-

lisation from benzene-1light petroleum (40-60°C) .

" {Ic; R1=H; R2=Hé; R3=01}.- Brown viscous oil of gglgj—mixture from

which (Zlc), m.p.-130DC was separated by fractional crystallisation

from benzene-light petroleum (60-86°C).
The (E/2) mixture (Ia-c) or the pure (E-1Ib) or gg-Ic) were

characterised as their diesters (Ila-cj.

Esterification of the hemiesters (Ia-c):~ The crude hemiesters

(fa-¢) or the pure (E-Ib) or {2z-Ic) ~( 0.0L mole ) were refluxed
( 0.05 mole ) and anhydrous potassium carbonate

with methyl iodide
( 0.08 mole )in 20 ml dry acetene. After working up, the product

gave a pale yellow oil in nearly auantitative yield.
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Dimethyl 4-methyl-4-phenyl-but-3-endicate (Ila R‘:ﬂzgme; Rz'nn).—

(E):(Z2) = 2:1 (by T NMR).- IR (Nujol):1746,1712 cm'1(gg)'_1a HMR
(CD013; data from the mixture) E_E-—IIaJ: S= 3.65 (s, COZR1J.

3.30 (8; CHy), 3.80 (s, CO,R"), 2.40 (s, Me), 7.20 (dd; J= 9;

1.5 Hz; 1-H), 7.46 (mci 2, 3-H)- (2-IIa): &= 3.70 (s; COR'),
3.60 (si CHp), 3.40 (s; CO,a%), 2.20 (s; Me), 7.25 (dd; J = 8;
1.5 Hz; 1-H), 7.46 (mc; 2, 3-H).- HS= m/z = 248 (N*, 54),

238 (40), 166 (27), 165 (100), 164 (20), 115 (13), 111

(20), 83 (38), 82 (46), 81 (24). (Found: C 67.41; H 6.39.
Cy4By40, (248.3) Caled. : C 67.72; H 6.45).

Dimethyl 4-methyl-4-(4-methylghenyl)~but-3-endicate (IIb R'=R2=

R7= lie}.=(E):(2)= 2:1 (by H mR)~ 1R 1735,1715 cp” (CO).~
1y "T‘_R (C‘.‘DClj, data from the :rlxture) (_I_‘,_-.'!I'b): £ = 3.65 {s;
0023 ), 3.21 (s; Ciy), 3.79 (s; COR ) 2.40 (5; me), 7.03, 7.16
(AA' BB' system; T = 8 Hz; 1, 2-H), 2.35 (s; Ar-ie).- (Z—IIb)

&= 3.7 (35 CORY), 3.53 (35 CHy), 3.42 (35 CORD), 2.12 (s;

Me), 7.04, 7.12 (AA' B3' system; J= 9 Hz; 1, 2~H), 2.34 (s;

Ar-Me). - MS: m/z = 262 (M", 30%), 211 (50), 188 (22),

138 (20), 137 (100), 125 (21), 124 (34), 112 (10).

(Found: C 68.45; H 6.71 C;5Hy50, (262.3) Celed. :

C 68.70; H 6.90),
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Dimethyl (E)~4-methyl-4-(4-methylphenyl)-but-3-endicate (E-Ilb

R'=R?-R7=Me).~ Yellow viscous oil- IR 1735, 1715 ea~! {€0).-

'H NMR (CDC1y; data obtained from the diester of the pure (E-Tb)):
& = 3.65 (55 COR'), 3.20 (55 CHp), 3.76 (s; 00232). 2.40

(s; Me), 7.C, 7.14 (AA' BB' system; J= B Hz; 1, 2-H), 2.35 (s;
Ar=te), (Pound : C €8.68; R 6,82, CyzH,g0, (262.3) Calcd.:

C €6.70; H 6€.90).

Dimet'hxl 4-methvl~4~(4-chlororhenyl)-but-3-endiocate (Ile R1=P.2=
Me; Ro= C1)(E):(2)= 10:1 (by 'K NMR).- IR (Nujol) 1740,1720 cq™’
(co).- 'H NMR (c9013. date from the mixture).(E-IIc): 5 = 5465
(cozn )y 2.16 (s; CHy), 3.78 (s; 002R )s 2.37 (85 Me), 7.09,
7.35 (AA' BB' system, J= 9 Hz; 1, -H) - (z-u.c) S = 3,72 (s;
cozn )» 3.52 (s; CHp), 3.42 (s; CO,R 2), 2.10 (s, He), 7.06;
7.28 (#4' B3* system; J = 9 Hz; 1, 2-H)~ MS: o/z= 2668 (M'= 14,
8%), 270 (3), 25C (90), 252 (28), 257 (20), 239 (6), 222 (43),
165 (45), 163 (200), 162 (15), 130 (40), 125 (16), 115

(22), 114 (1), 103 (8), 101 (10), 78 (10), 75 (15),

62 (20), 59 (20), 51 (30). (Found: C 59.39; H 5.27;

Cl 12.37. ©y,i,0, C1 (282.7) Calcd. : C 59.50; H 5.35;

Cl 12.55).

Dimethyl (Z)-4-methyl~4-(4- chlorochenyl)-bt.t-'.'z-endioate (2-1Ic
R'-R2Me; RJ=C1)~ IR (Rujol) 1740,1720 ca” Y (c0).- 'H mm (eDel,;
data obtained frow the diester of the pur (z-Ic)) & = 3.75 (s;
co,R'), 3.60 (s; CHp), 3.45 (5; COR®), 2.10 (s; Me), 7.06

7.30 (AA' BB' system, J = 9 Kz; 1, 2-H).~ MS: ©/z = 256 (n -

26, T0%), 258 (25), 231 (12), 229 (32), 180 (15), 179 {100),

171 (23), 173 (70}, 139 (31), 138 (47), 137 (38), 116

(20), 105 (11), 78 (20), 73 (9), 68 (9), 57 (15),

25 (20), 53 (9). (Found:C 52.37; K 5.29; ¢l 12.47. 0143150401

(282.7) caled.: C 59.50; H, 5.35; G1 12.54.
-192-
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Freparation of the diacids (IIla~c) .. 0,5 g ol the crude hepj-

esters (Ia-¢) or the pure (E-Ib) or (Z-Ic) were hydrolysed wity
aQueous aleoholic (15% v/v)—potassiur._hydroxide (2 brs. reflux)
to give the diacigs (Illa-c) as colourless crystals in B5-9C3
yield. - (IIIa), p.p, 140%, (1110), D.F. 180% znd(IIIc) m.p.
183°%C, % | The crude aclds were converted to theip corresponding

anhydrides.

Pregaratien ef the anhydrides (E-IVa-c) «= The above crude di-
acids (IIla-c) (0.5 g) and 5 1 acetyl chloride (2 hrs reflux).
The solis materia] (80-90% yield) was c¢rystazllised from benzene

to give the appropriate anhydride,

Eg)-4ﬁ533§11-4jgﬂggxgégg£-3135—1,3—dicarboxylic anhydride (IVa;
R=H).- Yellow crystals, m.p. 112%,- 1 {(Nujol): 1830, 1760 on™!
(€0).- ' nmm (cbcij): £=3.49 (g5 J = 1 Has CH,), 2.68 (t;

J= 1 Hz; Me), 7.25 (dd; 7= 8; 1.5 jg; 1-H), T.4¢ (uwe; 2, 3-RH).-
HS: m/z = 202 (5%, soxy, 174 (24), 129 (100), 128 (44), 127
(16}, 114 (23), 89 (9), 78 (10}, 77 (21), 65 (15), &4 (26),

63 (23), 51 (45). (Founa: ¢ 71.28; H 4.90, C12Hy 005 (202.2)

gg)-q1E£Ehxl-4-(4-methxlphenxl)1223-3159-1,3—dicarb0xglég.ggpydridé
(Ivb R=Me)5 +~ yellow crystals, m,p. 155%.- 13 (Nujol):

1830, 1770 e’ (Co):- 'y mm (CDCL3): & = 3.66 (q, 5= 1 pg; CH,),
2.26 (t: J= 1 Hz; Me;, T7.18, 7T.2? (AA' BB system, J= 8 Hz; 5
2-H), 2.38 (5; Ar-Me).- ms. /2 = 216 (W', 66%), 215 (8), 188

(22), 144 (70), 143 (54), 129 (100), 128 (59), 127 (20),115
(203, 91 (16), 78 (29), 77 (18), (20), 65 (15), 57 (28),

~193-



——,

A
R

Univ. Coll. Ann. Rev.
Vol 17 (199%2}. -6 -

51 (13). (Found : C 72.18; K 5.62. C,5H,,C; (216.2) Caled.:
C 72.22; H 5.80).

(E)—q-methyl-é—(4-chlorcphenyl)-but-3-59—1,3-dicarboxxlic

anhydride (IVc R=Cl) ° ,-colourless crystals, m.p. 127°C.- IR
(Mujol): 1630, 1770 en~! (€O).- 'H XMA (CDCly): S = 3.65 (q;

J= 1 Hz, CHZ), 2,24 (%; J= 1 Hz; Me), 7.22, 7.38 (AA' BB' systen;
J= 8 Bz; 1, 2-H).- MS: m/z = 236 (M*, 52%), 238 (16), 208 (25),
166 (16), 154 (48), 163 (26), 145 (16), 123 (100), 128

(57), 127 (28),77 (15), 64 (35), 63 (30), S8 (24), 57

(19). (Found: C 60.81; H 3.76; Cl1 14.38. C,,840,C1

(236.7) Caled.: C 60.92; H 3.80; C1 14.99).

Preparation of the lsoseric hamiesters (Iz-c):- 0.5 g of the

sbove QE)-anhydriﬁes {IVa-c) were railuxed with 20 nl zbsocluis
methanol (2 hrs)., The alcohol was 4istilled to give the approp-
riate hemiesters (Va-c) after crystallisation from benzene~

light petrolevm (60-80°C) (7G-30% yield).

Methyl (T)-S-caronxy—4-nethv -{~-phenyl=-but=-3-enoate (E—Va R =CH s

=R3-H). colourless crystals, O.p. 13000.- IR (Hujol): 1750,
1630 cm™' (CO).~ 'H MR (CBCLy): § = 3.72 (3; COR'); 3.30 (s;
Ci}, 10.56 (55 COR?), 2.55 (s; Me}, 7.20 (4d; J= 9; 1.5 Hz;
1-H), 7.45 (me; 2,3-H).- MS: m/z = 234 (MY, 44), 216 (49),
188 (18), 131 (23), 130 (32), 129 (100), 128 (39), 115
(23), 91 (23), 78 (18), 77 (15), S7 (8), 51 (18).

(Found: C 66.64; H 5,97. Cy5H 0, (234.2) Celed.:
C 66.64; H 6.04).
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Hethyl 3-carboxy-4-methyl-4-(4-methylphenyl)-but-3-enoate (Vb

R1=R}=l-le; E2=H).5-.colour1ess crystals,m.p. 171°C ("‘_.,=):(___z__)= 10:1
(by 'H FMR.- IR (Nujol): 1740, 1690 ca™' (€0).- 'H NMR (CDC1,,
data from the mixture}:-g-‘."b): S= 3,67 (55 002!11),3.22 (383
CHy), 11.0 (83 br.; CO,R?), 2.45 (s; Me), 7.14, 7.27 (AA' BB
system, J= 8 Hz; 1, 2-H), 2.36 (s; Ar-Me).- (,_E_-V'b): S=3.74
(si COR'), 3.56 (s; CHy), 11.0 (s; br.; 00233); 2.15 (s; Me),
7.19, 7.24 (AA' BB' system; J= 8 Hz; 1, 2-R), 2.36 (s; Ar-Me).-
MS: m/z = 248 (M, 12%), 230 (52), 202 (22), 145 (29), 142
(100), 130 (14), 129 (35), 128 (52), 115 (18), 105 (13),

91 (16), 77 (9), 53 (7). (Found: C 67.72; H 6.41 .C,y,H,c0,
(248.3) Caled.: C 67.77; H 6.50).

Methyl 3-carboxy-4-methyl-4-{4-chlorophen yl)-but-3-encate (Ve

R1=OH3; ﬁ2=H: Hj-=01) 5 :colourless crystals,m.E. 155°c.-(_5_‘);(_3_)_
4:1 by "H NPR.- TR (Nujol): 1750, 1690 co~' (¢G).- 'H uné_(c5513.
data irom the mixtures). (‘E-Vc): £ = '31.57 (s; Cczﬁ1), 3.09 (s
CHy), 11.0 (s; br.; CO,RZ), 2.35 (s; Me), 7.09, 7.25 (4A' BB
system; J= 9 Hz; 1, 2-H).- (E__—VC): &= 3.64 (s; 002311. 3.45
{s; -Cli;), 11.0 (s; br.; COR%), 2.05 (s; Me), 7.01, 7.20 (4a!
BB' system; J = 8 Hz; 1, 2-E).- M5: n/z = 266 (M*, 10%), 270
(3), 252 (26), 250 (84), 224 (14), 222 (43), 165 (40), 163

" (98), 162 (22), 128 (100), 125 (17), 115 (22), 101 (14),
77 (25), 75 (55), 64 (24), 63 (20), 59(30), 51 (35).
(Found: C 58.00; H 4.67; C1 13.00. Cy3H; 30,C1 (268.7)
Calcd.: C 58.14; H 4.84; Cl 13.20).
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