
584 J.C.S. Perkin I 

Diels-Alder Reactions. Part 11.l Condensation of Methyl trans-a-Formyl- 
crotonate with Dienols and their Acetates 
By Barend V. Burger, Eberhard du Plessis, and Christoph F. Garbers," Department of Chemistry, Uni- 

versity of Stellenbosch, Republic of South Africa 
Klaus G .  R .  Pachler, N.C.R.L., C.S.I.R., Pretoria, Republic of South Africa 

Methyl trans-fLformylcrotonate gave Diels-Alder adducts with 3-methylpenta-trans-2.4-dien-l -ol and 3-methyl- 
penta-trans-2.4-dienyl acetate. The structures of the adducts were determined by their conversion into the 
corresponding y- and 8-lactones. A novel rearrangement of a trans-y-lactone to a cis-y-lactone is described. 

THE possible use of methyl trans-P-formylcrotonate (7) 
as an intermediate in the synthesis of kito1,3** a dimer 
of retinol, has been out1ined.l In  this reaction the 
dienophilic properties of the aldehyde-ester (7) are 
exploited. In order to obtain more information on the 
directive effects and relative reactivity of this dienophile 
in Diels-Alder reactions, its condensation with the model 
dienol (4) and diene-ester (6) was investigated. 

The synthesis of alcohol (4) and its acetate (6) from 
methyl vinyl ketone and acetylene has been described?6 
but yields are poor. The alcohol (4) was also obtained 

t-butoxide in tetrahydrofuraqs yielded a mixture of 
the cis- and trans-esters (2) and (3) in an approximate 
1 : 1 ratio, which on lithium aluminium hydride re- 
duction gave a mixture of the alcohols (4) and (5). 
Attempts to separate the higher boiling trans-isomer 
from the cis-isomer by fractional distillation failed, as 
the elevated temperature caused a gradual trans-cis- 
isomerisation, leading to increased yields of the cis- 
isomer in the distillate. The pure trans-isomer was 
finally obtained by preparative g.1.c. Similarly, cata- 
lytic reduction of 3-methylpent-trans-2-en-4-yn- 1-01 gave 

ErCH2COZE t -Zn 
+02Et + t w o  f u r t h e r  

i s o m e r i c  e s t e r s  
do 7 8 */a 

OH OAc 

SCHEME 1 

by reduction of the corresponding diene-ester (2), 
for which various syntheses have been elaborated.' 
The yield in the procedure whereby methyl vinyl ketone 
and ethyl bromoacetate are used in a Reformatsky 
reaction to synthesise the intermediate hydroxy-ester 
(l), was improved by employing ether as solvent. 
Similarly, improved yields were obtained in the de- 
hydration of ester (1) by avoiding acidic conditions. 
Thus acetylation of hydroxy-ester (1) in basic 
medium, followed by treatment with potassium 
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the pure trans-isomer (4). Acetylation of the tram- 
dienol (4) gave the trans-acetate (6). 

Since the mixture of cis- and trans-dienols (4) and (5) 
was more readily available than the pure trans-isomer 
and since it is known that cis-l-substituted dienes do not 
readily yield Diels-Alder ad duct^,^ the mixture of dienols 
(4) and (5) was utilised for the addition. In  order to 
establish whether only the trans-diene reacted, an 
adduct from the trans-diene (>96% purity) and the 
dienophile (7) was prepared for comparison. These 
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Diels-Alder reactions gave the addition products (A) 
and (B) respectively, in high yield. Analysis of the 
adducts by g.1.c. proved ineffective owing to extensive 
decomposition of the products. Oxidation of the 
aldehyde group to yield lactones was considered next, 
but proceeded unsatisfactorily, either catalytically 
with oxygen,lO or with silver oxidel1 in both neutral 
and basic media. However, oxidation with chromic 
acid12 gave lactone-esters in yields in the range 96- 
99%, which furthermore proved suitable €or g.1.c. 
analysis. According to such analyses both additions 
gave three products in approximately the same ratios, 
93:  4 :  3. These were separated by g.l.c., and i.r. 
measurements indicated the presence of two y-lactone- 
esters (ca. 93 and 3%) and a 8-lactone-ester (ca. 4--5%) 
in both cases. The structures (8),* (14), and (17) 
for the adducts from the diene synthesis were deduced 
as follows : 

Saponification of the products (A) gave a crystalline 
acid (11) in >goyo yield. Esterification of the acid 
(11) with diazomethane gave the methyl ester (€9, the 
n.m.r. spectrum of which was identical to that of the 
major constituent in product (A). The n.m.r. spectrum 
of product (A) provided evidence that this major 
constituent (ca. 90%) did not contain a free aldehyde 
group, since only two aldehyde resonances a t  7 0.54 
and 0-66 were observed, with a total intensity corre- 
sponding to ca. 10% of the value expected for one 
proton. Furthermore the resonance a t  T 4-45 (s) 
can be ascribed to a proton on a carbon atom attached 
to two oxygens and a quaternary carbon atom,l3 
leading to the conclusion that the hydroxymethyl 
and the aldehyde groups had interacted to form a hemi- 
acetal.14 Further support for this derives from the 
failure to prepare a dinitrophenylhydrazone and the 
difficulty in oxidising the compound with silver oxide in 
neutral or alkaline aqueous medium. 

The major product (9) from the oxidation of product 
(A) exhibited carbonyl absorptions in its i.r. spectrum 
at  1767 and 1728 cm-l, which were ascribed to  the 
presence of y-lactone l5 and ester groupings. Since 
the y-lactone band appeared at  a relatively low fre- 
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quency in the region where y-lactones normally absorb, 
and since on hydrogenation this absorption shifted to 
1762 cm-l, this lactone was regarded as a cis-y-lactone.lG 
Further work supported this assumption. 

C o n d e n s a t  ion p r o d u c t  ( 8 )  

C o n d e n s a t i o n  p r o d u c t  ( A )  + (5) 

' CO2Me ,CHO MeO2C ' \ .  

I i i  I i  11 I i i  

i n  

CO 

SCHEME 2 Reagents: i, CrO,; ii, OH- then H+; iii, p-TsOH in 
CeHe; iv, H,O-Me,CO; v, CH,N,; vi, concentrated OH- 
then H+; vii, heat 
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Saponification of the ester (9) gave the y-lactone-acid 

(lo), which could also be prepared from the hemi- 
acetal-acid (1 1) by chromic acid oxidation. Heating 
the acid (11) in vucuo led to the formation of a glassy 
solid, with gas evolution. This solid could not be dis- 
tilled, and on saponification the acid (11) could be re- 
covered. However, rapid heating of the acid (11) in 
vawo to temperatures just above its m.p. (150") gave a 
distillate in 47% yield together with a glassy solid, 
which could again be saponified to the starting acid (11). 
The distillate exhibited a strong absorption at  1785 cm-l, 
but no band due to a hydroxy-group. The n.m.r. 
spectrum again showed a singlet at T 4.46, ascribed to a 
proton on a carbon atom attached to two oxygens and a 
quaternary carbon atom. The trans-y-lactone struc- 
ture (13) was assigned to this product . 1 6 9  l7 Hydrolysis 
with water or dilute sulphuric acid, or successive treat- 
ment with dilute sodium hydroxide and sulphuric acid 
regenerated the hemiacetal-acid (11). The trans-y-lac- 
tone (13) gradually disappeared from a concentrated 
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acid (11). Treatment of this recovered acid with 
toluene-9-sulphonic acid led to the eventual isolation 
of the y-lactone (12) in 83% yield. The n.m.r. data 
for these lactones and related products are summarised 
in the Table. The conformation was deduced from the 
coupling constants of the AMX system (-O-CH,-CH=) 
in these products. Dreiding models show two possible 
conformations (12a) and (12b) for the cis-lactone (12). 
Analysis of the observed coupling constants (Jax 8.8 
and J M X  10-5 Hz) and those obtained from the modified 
Karplus equations l8 ( JAX 9.6 and JMx 10.7 Hz) favour 
structure (12a). 

The two minor constituents of the addition products 
(A) and (B), which on oxidation with chromic acid and 
g.1.c. separation gave 6- and y-lactone-esters, were 
identified as compounds (14) and (17) respectively, 
By chromatography of this lactone-ester mixture on 
alumina, the cis-y-lactone-ester (9), originating from the 
major adduct in (A) and (B), and the 8-lactone-ester 
(15) could be isolated. The latter on saponification 

1H N.m.r. data (7, JIHz) 
Assignment 

r I '  
-CMe 

4.43 (s) 4.56 (m) AMX J ~ x 9 . 6  6.27 (s) 8.43 8.90 (s) 

I 
Compound OCHO =CH CH,O OMe =Chle 

5-58 JAM 8 I 
6.41 JMX 9.2 (d, J ca. 2) 

(8) 

6.56 Jm 8.8 
4.21 (s) 4.45 (m) AMX J A X  8.8 

6.46 Jxx 10.6 
5.52 JAB 8-7 

(13) 4.46 (s) 4.63 (m) ABX .fax 8.7 . ,  I .  . .  
5.89 

solution in chloroform, with the formation of a poly- 
meric ester, a reaction probably catalysed by traces of 
hydrochloric acid in the chloroform. 

Successive treatment of the trans-y-lactone (13) with 
more concentrated sodium hydroxide ( 6 ~ )  and 3N- 
sulphuric acid yielded a new y-lactone (12) instead of 
the acid (11). A shift in the carbonyl absorption to 
1775 cm-1 was observed in the i.r. spectrum and the 
n.rn.r. spectrum again exhibited the singlet a t  T 4.21 
(1H) ascribed to the proton of the acetal group. This 
lactone (12) is less strained than the lactone (13) and 
its formation is best explained by assuming an in- 
version at C-4 of the trans-lactone (13) in the alkaline 
medium. Such base-induced epimerisations usually 
proceed to yield trans-substituted products. The strain 
in lactone (13) could be responsible for this isomerisa- 
tion, where epimerisation apparently proceeds more 
rapidly than saponification. Base treatment of acid (11) 
under a variety of conditions did not lead eventually 
to the formation of lactone (12). The cis-y-lactone 
(12) could, however, be obtained by treatment of the 
hydroxy-acid (1 1) with toluene-p-sulphonic acid. To- 
gether with lactone (12) a polymeric product was also 
formed which, on saponification, yielded the hydroxy- 

l7 W. Cocker, L. 0. Hopkins, T. B. H. McMurry, and M. A. 
Nisbet, J. Chem. SOL, 1961, 4721; J .  B. Hendrickson and 
T. L. Bogard, ibid., 1962, 1678. 

8.30 8.92 (s) 

gave the 8-lactone acid (16), m.p. 212", indicating the 
preferential formation of the 8-lactone over the trans- 
y-lactone. Although the n.m.r. spectra of the con- 
densation products (A) and (B) did indeed show the 

"\ u 

presence of two minor components having free alde- 
hyde groups, it remains an open question whether this 
adduct (14) should not be represented as the correspond- 
ing hemiacetal. 

The third component, v,,, 1766 and 1723 cm-l, 
obtained by oxidation of the addition products (A) 
and (B) could not be isolated (preparatively); but 
from the structure of the cis-y-lactone (9), and since 
only one further y-lactone-ester, viz. a trarts-y-lactone- 
ester, can be formed by oxidation of the Diels-Alder 
adducts under discussion, the third component in (A) 
and (B) must be adduct (17). This assumption was 
verified by the isolation of the 8-lactone-aldehyde (18) 

K. L. Williamson and W. S. Johnson, J. Amer. Chem. SOC., 
1961, 88, 4623. 
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from the saponified products (A) and (B), which on 
oxidation yielded a 8-lactone acid (19), m.p. 2 1 6  
215", mixed m.p. with a-lactone acid (16) 205-210". 

The preferential formation of the adduct (8) is in 
agreement with the expected stereochemical course 
of Diels-Alder reactions as established for other di- 
and tri-substituted dienophiles. The high yield of 
adduct (8) may, however, also be due to interaction of 
the primary hydroxy-group of the diene with the formyl 
group of the dienophile, either before, or subsequent 
to the 1,4-addition reaction, thereby favouring the direct 
formation of compound (8) or shifting the equilibrium 
in favour of this product. The Diels-Alder addition 
of the trans-dienyl acetate (6) with methyl trans+- 
formylcrotonate (7) under experimental conditions 
similar to those employed in the preparation of products 
(,4) and (33) yielded a mixture (C), which contained the 
adduct (20) as the major component. Hemiacetal 
formation therefore apparently promoted the formation 
of adduct (8) in the reaction yielding condensation 
products (A) and (B). The structure of adduct (20) 
was established by saponification of product (C) which 
gave, in addition to the acid (11) (60% isolated yield), 
an inseparable mixture of y- and 8-lactone-aldehydes. 
The n.m.r. spectrum of product (C) indicates the 
presence of three different components in the approxi- 
mate ratio of 74 : 19 : 7.  The aldehydic proton reson- 
ance (total intensity corresponding to 1H) appeared 
at  7 0.28-0.33. 

These results clearly demonstrate the utility of the 
lactonisation procedure for the determination of the 
relative stereochemistry of the adducts, and this in- 
formation was of great value in the structural elucida- 
tion of kitol as well as the adducts synthesised from the 
dienophile (7) and retinol acetate.ls 

EXPERIMENTAL 

Combustion analyses were by Dr. F. Pascher, Bonn, 
1.r. spectra were recorded on a Perkin-Elmer model 21 
spectrometer using chloroform as solvent. G.1.c. analyses 
were performed on a Perkin-Elmer model 116E gas chrom- 
atograph, using helium as carrier gas. U.V. spectra were 
recorded for solutions in 96% ethanol. 1H N.m.r. spectra 
were recorded with a Varian A-60 spectrometer with 
tetramethylsilane as internal reference. M.p.s were de- 
termined on a Fischer m.p. apparatus. 

Ethyl 3-Methy1-3-hydroxypent-4-enoate ( 1) .-A portion 
of a solution of ethyl bromoacetate (220 g) and methyl 
vinyl ketone (91 g) in ether (640 ml) was added to acti- 
vated 20 zinc (153 g) and once the reaction had commenced, 
the remainder of the solution was added a t  a rate allowing 
gentle refluxing. W-hen the addition was complete, 
the mixture was heated under reflux for 1 h, cooled, and 
excess of zinc was removed by filtration. The filtrate 
was treated with 1-7~-AcoH (1 1) and the aqueous layer 
was saturated with ammonium chloride. The ether layer 
was separated and the aqueous phase repeatedly extracted 
with ether. The combined extracts were washed with 
aqueous sodium bicarbonate and water, and dried. The 
ether was evaporated and the residue distilled to give the 
hydroxy-ester (1) (159 g, 78y0), b.p. 82" a t  15 mmHg, 

nD20 1.4341, vmx. (film) 3490 (OH), 1715 (GO) ,  1640, and 
923 cm-1 (CH=CH,) [lit.,7C 57-66" a t  4.5 mmHg, nD20 

1.4366-1.4372, vmx. (film) 3485, 1644, 995, and 924 
cm-l J . 

cis- and trans-Ethyl S-Methylfienta-2,4-dienoates (2) and 
(3) .-A suspension of N-acetylpyridinium chloride 8 was 
prepared by the gradual addition of acetyl chloride (124 g) 
in benzene (800 ml) to a solution of pyridine (248 g) in 
benzene (800 rnl). To this stirred suspension the hydroxy- 
ester (1) (124 g) was added slowly and the resulting mixture 
was heated at 80" for 12 h and left overnight a t  room 
temperature. Solids were removed by filtration and the 
benzene solution was washed successively with 2~-hydro- 
chloric acid and aqueous sodium carbonate. The extract 
was dried and the benzene evaporated in vacuo. Distilla- 
tion of the residue yielded a mixture of ethyl 3-methyl- 
acetoxy pentenoates (134.5 g, 86%), b.p. 104-105° a t  13 
mmHg, nDZo 1.4353; vmx. (film) 1733 (GO), 1648 (C=C), 
and 837 cni-l (CH=CH2) (Found: C, 60.4; H, 8.1. Calc. 
for ClOHl6OQ: C, 60.0; H, 8.1%). G.1.c. (2 m; 20% 
PEGS on 60-80 mesh Chromosorb P) showed the product 
t o  be a mixture of three isomeric esters in the ratio 82 : 10 : 8. 

t-Butyl alcohol (15.3 g) was slowly added to a suspension 
of sodamide (8.1 g) in dry tetrahydrofuran, and the ammonia 
which formed was removed in a stream of nitrogen. The 
resulting sodium t-butoxide was cooled and added over 
15 min to a cold (-3") solution of the methylacetoxy- 
pentenoates (39 g) in tetrahydrofuran (130 ml). The 
temperature was then allowed to rise to 12" (1.5 h), where- 
upon ice-water was added and the ether layer separated. 
This was washed, dried, the ether evaporated, and the 
residue was distilled to yield the cis-trans mixture of 
ethyl 3-methylpenta-2,4-dienoate (22 g, Slyo), b.p. 70- 
74" a t  14 mmHg, wDZo 1.4811, hmK 251 nm (E 21,000), vmx. 
(film) 1715 (GO), 1643 ( G C ) ,  988, and 918 cm-l (CH%H2) 
(Found: C, 68.7; H, 8-65. Calc. for C,H,,O,: C, 68.55; 
H, 8-55'-70). G.1.c. (2 m; 20% PEGS on 60-80 mesh 
Chromosorb P) showed the presence of only two components 
in the ratio 52 : 48. 

3-Methyl$cnta-trans-2,4-dzen-l-oZ (4) .-(a) A solution of the 
isomeric dienoates (2) and (3) (35.4 g) in ether (500 ml) 
was added to a solution of lithium aluminium hydride 
(6.68 g) in ether (500 ml) while the temperature was main- 
tained a t  -20". The mixture was subsequently stirred 
at room temperature for 30 min, excess of reducing agent 
was decomposed with ethyl acetate (10 ml), and a saturated 
solution of ammonium chloride (200 ml) added. The 
ether layer was separated and the aqueous layer extracted 
with ether. The combined ether layers were washed, 
dried, the ether evaporated, and the residue was distilled 
to yield the cis- and trans-alcohols (4) and (5) (15.5 g, 
62y0), which still contained unchanged esters (2) and (3) 
(3%) (g.1.c. analysis). Chromatography on alumina gave 
a mixture of the pure pentadienols (4) and (5), b.p. 75- 
76" at 15 mmHg, nD20 1-4955, A,, 230 nm (E 23,000). 
G.1.c. showed the presence of the trans- and cis-alcohols in a 
ratio of 58 : 42. This mixture was separated by preparative 
g.1.c. [2-7 m;  Perkin-Elmer preparative column K (Carbo- 
wax 1500)], and distilled to give 3-methylpenta-trans- 
2,4-dien-l-o1 (4), b.p. 76" a t  16 mmHg, nD20 1.4932, Amx 
229.5 nm (E 24,600) (Found: C, 73-55; H, 10.1. Calc. 
for C,HloO: C, 73.4; H, 10.2'70). Efforts to separate 

l9 B. V. Burger and C. F. Garbers, following paper. 
2o E. B. Reid and W. R. Ruby, J. Amer. Chem. SOL, 1961, 

78, 1064. 
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the cis- and trans-dienols by fractional distillation under 
vacuum using a 1 in micro spinning-band fractionating 
column (E. Haage) led to an enrichment of the cis-isomer 
in the distillate by a gradual isomerisation of the trans- 
isomer. Repeated distillation gave the pure cis-dienol 
(5), b.p. 73" a t  13 mmHg, nD25 1.4891, A,,, 230.5 nm (E 

18,500). 
(b) 3-Methylpent-trans-2-en-4-yn-3[-01* (15.5 g) in dry 

methanol was hydrogenated in the presence of Lindlar 
catalyst 21 until no further hydrogen was absorbed (5 
days). The catalyst was filtered off and the solvent was 
evaporated in vacuo. Distillation gave the pure trans- 
dienol (4) (15.1 g), b.p. 74" a t  14 mmHg, nD25 1.4930. 

3-Methyl+enta-trans-2,4-dienyl Acetate (6) .-The trans- 
dienol (4) (12 g) in dry pyridine (11 g) was cooled to 0" 
and acetic anhydride (12.5 g) was added. After 3 days at  
room temperature water was added, the product was 
extracted with ether, and the ether extracts dried. Evapor- 
ation of the ether and distillation of the residue gave 
the trans-dienyl acetate (6) (12.5 g), b.p. 73" at  12 mmHg, 
n,25 1.4662, A,,, 228 nm (c 22,700), vmx. (film) 1730 cm-l 
((2x0) (Found: C, 68.0; H, 8-6. Calc. for C,H1202: C, 

Diels-Alder Addition of Methyl trans-/3-FormyZcrotonate 
(7) to a Mixture of cis- and trans-3-Methylpenta-2,4-dien-l-ols 
(4) and (5).-A mixture of the dienophile (7) (7.5 g, 0.06 
mol), 3-methylpenta-2,4-dien-l-o1 (1 1 g, 0.1 12 mol; con- 
sisting of 58% trans- and 42% cis-isomer), and hydro- 
quinone was heated in a sealed tube in a nitrogen atmo- 
sphere a t  90" for 72 h. Unchanged starting material 
(4.1 g) was recovered by fractional distillation, and further 
distillation of the residue gave the condensation product 
(A) (12.5 g, 94y0), b.p. 128-129' a t  mmHg, nD20 

1.5008, vmx. (film) 3465 (OH) and 1726 cm-l (GO) (Found: 
C, 63.6; H, 8.0. Calc. for C12H1804: C, 63.7; H, S.Oyo). 
The recovered starting material was treated with a satur- 
ated solution of sodium hydrogen sulphite and filtered. 
The filtrate was extracted with ether, the ether extracts 
were washed, dried, and the ether evaporated. Distillation 
of the residue gave 3-methylpenta-2,4-dien-l-o1, b.p. 82- 
84" at  22 mmHg, hmx 230 nm (E 21,000) (Found: C, 72.9; 
H, 10-l~o). G.1.c. showed the presence of 75% cis- (5) 
and 25% trans-isomer (4). 

Composition of Addition Product (A) .-Chromic acid 
(0.74 ml of a soh. containing 39.887 g CrO, in 200 ml 6 ~ -  
€€,SO4) was gradually added to a stirred solution of ad- 
dition product (A) (500 mg) in acetone (42 ml) a t  room 
temperature. Water (100 ml) was added, the mixture 
was saturated with ammonium chloride, and repeatedly 
extracted with ether. The combined extracts were washed 
with water, dried, and the ether evaporated. The resulting 
oxidation product (476 mg. 96%) was analysed by g.1.c. 
(2 m Perkin-Elmer column Q; Apiezon L; 20% on 60- 
100 mesh Celite) and the individual components collected : 
(i) a y-lactone-ester (3y0), vmx- (CHCl,) ca. 1766 and 1723 
cm-l; (ii) a y-lactone-ester (93%), v,, (CHC1,) 1767 and 
1728 cm-l; and (iii) a 8-lactone-ester (a%), vmax (CHC1,) 
ca. 1725 cm-l. 

The components in the oxidation product (466 mg) 
were also separated by chromatography on acidic alumina 
(activity I) 22 and the following two components were 

68.6; H, 8.6%). 

* Kindly made available by Hoffman-La Roche. 

21 H. Lindlar, Helv. Chim. Ada ,  1962, 35, 446. 
28 H. Brockmann and H. Schodder, Chem. Ber., 1941, 74, 73. 

obtained: (i) a y-lactone-ester (9) (306 mg). This was 
eluted with 15-22% ether in light petroleum, and was 
recrystallised from ether-light petroleum, m.p. 77*5", 
v,, (CHC1,) 1765 (y-lactone) and 1728 cm-l (ester) (Found: 
C, 64.3; H, 7.1. Calc. for C12H1,0,: C, 64.3; H, 7.2%); 
(ii) a 8-lactone-ester (15) which was eluted with 35-45y0 
ether in light petroleum. Evaporation of the solvent 
and distillation of the residue gave the &lactone-ester 
(15), b.p. (air-bath) 110-115" a t  mmHg, v,, (CHC1,) 
1725 cm-1 (s-lactone and ester) (Found: C, 64.8; H, 7.2. 
Calc. for C,,H,,O,: C, 64.3; H, 7.2%). 

The third component could not be isolated by column 
chromatography. 

Diels-Alder Addition of Metlayl-trans-p-formylcrotonate 
(7) with 3-Methylpenta-trans-2,4-dien-l-ol (4) .-The ester (7) 
(8.4 g), alcohol (4) (3.25 g), and a drop of a-tocopherol were 
mixed and heated in a sealed tube in a nitrogen atmosphere 
at 90" for 80 h. The reaction product was distilled and 
gave unchanged starting material (4.4 g), b.p, 75" at  13 
mmHg and an addition product (B) (6-1 g, Slyo), b.p. 
128-129" a t  mmHg, nD20 1.5034 (Found: C, 63.95; 
H, 8-Oyo). This product (B) (500 mg) was oxidised with 
chromic acid as before. Separation of the components 
of the oxidation product by g.l.c., and i.r. analysis of the 
individual components again indicated the presence of a 
y-lactone-ester (ca. 3%), another y-lactone-ester (93y0), and 
a &lactone (GU. 5%). By chromatography on acidic 
alumina (activity I) 22 the y-lactone-ester (9) and 8-lactone 
(15) could be isolated and were found to be identical 
[g.l.c. and i.r., as well as m.p. in the case of lactone-ester 
(9)] with the components obtained by oxidation of the 
product (A). The y-lactone (3%) could not be separated 
by chromatography. 

Saponi$cation of Product (A) .-Sodium hydroxide (0.4 g) 
in water (4 ml) was added to a solution of product (A) 
(1.78 g) in ethanol (4 ml), and after addition of a small 
amount of hydroquinone, the mixture was stirred under 
nitrogen a t  room temperature for 36 h. Water (5 ml) 
was added and the saponified components were extracted 
with ether. The aqueous layer was acidified (~N-H,SO,), 
saturated with ammonium chloride, and extracted with 
ether. The ether extracts were washed, dried, and the 
ether was evaporated to yield a crystalline product (1695 g). 
Recrystallisation from ether or chloroform yielded : (i) 
hemiacetal-acid (11) (1.487 g, 93y0), m.p. 146-147' (with 
decomp.), vmax (CHC1,) 3590 (free OH), 3350 (bonded OH), 
and 1707 cm-l (acid) (Found: C, 61.65; H, 7.3. Calc. 
for C11Hi,O*: C, 62-25; H, 7.6%), (ii) an oily fraction (7%). 
The i.r. spectrum showed the presence of both y- and 
S-lactones as well as acid carbonyl bands. This oily fraction 
was accumulated from various experiments (498 mg) and 
chromatographed on silica gel. Two lactones were eluted 
with 25% petroleum in chloroform, viz. (a) a y-lactone b.p. 
(air-bath) 85" a t  mmHg, vmx. (CHCl,) 1772 cm-1. 
No aldehyde bands were observed. The structure of this 
lactone is uncertain (Found: C, 67.85; H, 7.4. Calc. 
for C11H&: C, 68-0; H, 7.3%) and (b) a B-lactone (18) 
which was further purified by chromatography on alumina, 
b.p. (air-bath) 105-110" at  0.05 mmHg, vmX. (CHCl,) 1725 
cm-l (blactone and aldehyde) (Found: C, 68.0; H, 7.45. 
Calc. for CllH1403: C, 68.0; H, 7.3%). 

Hydrolysis of Lactone-ester (9).-The ester (9) (100 mg) 
was saponified with aqueous 2~-sodium hydroxide solution 
(1 ml) for 2-5 h a t  room temperature and 0.75 h a t  95". 
The product was isolated in the usual manner and purified 
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by recrystallisation from ether and vacuum sublimation 
to yield the y-lactone-acid (lo), m.p. 150-151", vmK 
(CHC1,) 1769 (y-lactone) and 1710 cm-l (acid) (Found: 
C, 62-85; H, 7-0. Calc. for C,,H,,O,: C, 62.8; H, 6.7%). 

Oxidation of Herniacetal-acid (1  I) .-Hemiacetal-acid (1 1) 
(23 mg) in acetone (3 ml) was oxidised with chromic acid as 
described for product (A). The product was isolated and 
recrystallised from ether to yield the y-lactone-acid (lo), 
m.p. and mixed m.p. 150-151". 

Pyrolysis of the Hemiacetal-acid (1 1) .-(a) On gradually 
heating the acid (11) (224 mg) to 120-130° at  10 mmHg 
in an air-bath and maintaining the product a t  this tem- 
perature for a further 30 min, only a resinous residue was 
obtained which showed vmX. (CHCl,) 1730s and 1706w 
cm-l. Attempted sublimation at  100" (air-bath a t  0.3 
mmHg) gave only starting material (8 mg). 

(b) The hemiacetal-acid (11) (192 mg) was pyrolysed 
in a glass tube at  0.2 mmHg by placing it in a preheated 
oven a t  145-150". The y-lactone (13) which formed 
distilled. After 15 min no further distillable products 
formed. The distillate was dissolved in chloroform and 
cooled and a small quantity of unchanged acid (11) was 
removed by filtration. The chloroform was evaporated 
and distillation of the residue yielded the trans-y-lactone 
(13) (82 mg), b.p. 80" a t  0.01 mmHg, which gradually 
crystallised, m.p. 69-70", vmK (CHC1,) 1785 (y-lactone) 
and a strong triplet a t  958, 947, and 932 cm-l (Found: 
C, 68.1; H, 7.4. Calc. for C,,H,,O,: C, 68.0; H, 7.3%). 
The glassy residue from the pyrolysis experiment was 
dissolved in methanol (1 ml) and 3~-sodium hydroxide 
solution (1.5 ml) was added. The mixture was shaken 
at  room temperature for 24 h. The saponifiable material 
was isolated and identified as the hemiacetal-acid (11) 
(m.p. and mixed m.p., i.r. spectrum), which could again 
be partially converted into trans-lactone (13) and a residue. 

Hydrolysis of the lactone (13) with aqueous acetone, 
acidic aqueous acetone, or 2~-sodium hydroxide solution 
gave the starting hemiacetal-acid (11). The use of more 
concentrated sodium hydroxide solutions (e.g. 4 ~ )  led to the 
formation of the cisy-lactone (12). However, treatment 
of the hemiacetal-acid (1 1) under similar conditions did 
not give the cis-y-lactone (12). 

Synthesis of the cis-y-Lactone (12).-(a) A mixture of 
the acid (11) (819 mg), toluene-9-sulphonic acid (130 mg), 
and benzene (150 ml) was refluxed for 45 min and the 
water which formed was removed as an azeotrope. The 
mixture was treated with anhydrous potassium carbonate, 
the solid material filtered off, and the benzene was 
evaporated from the filtrate. Distillation of the residue 
gave a y-lactone (130 mg), b.p. 90-110" (air-bath) a t  
0.01 mmHg, vmX. (CHC1,) 1775 cm-l, and a residue, vmX 
1769w, 1728s, and ca. 1705w cm-1. The latter was saponi- 
fied and the saponifiable material treated with toluene- 
$-sulphonic acid in benzene as before. This process was 
repeated and eventually gave the cis-y-lactone (12) (83%), 
b.p. 110-112° (air-bath) a t  0.01 mmHg, vmx. 1775 (y-lac- 

tone) and a strong triplet a t  963, 947, and 932 cm-1 
(Found: C, 67-7; H, 7.6. Calc. for C,,H,,O,: C, 68.0; 
H, 763%). From the product obtained by saponification 
of the residue the acid (11) was isolated and identified 
(mixed m.p. and i.r. spectrum). 

(b) The trans-y-lactone (13) (18 mg) in ether (5 ml) was 
shaken with 6~-sodiuin hydroxide solution (0.5 ml) for 
3 min. Water (4.5 ml) was added, the mixture was acidi- 
fied, the aqueous layer saturated with ammonium chloride, 
and extracted with ether. The extracts were dried, the 
ether evaporated, and the residue was distilled to yield the 
cis-y-lactone (12) (11 mg), b.p. 75" (air-bath) a t  0.01 mmHg, 
vm= (CHC1,) 1775 (y-lactone), and a triplet a t  963, 947, 
and 932 cm-l (Found: C, 67.85; H, 7.4%). 

Saponi$cation of 6-Lactone-ester ( 15) .-The %lactone- 
ester (15) (26 mg) in ethanol (0.5 ml) was treated with 
sodium hydroxide (0.05 g) in water (0.5 ml) and the mix- 
ture was shaken for 27 h. The product (21 mg) was 
isolated in the usual manner and was purified by distillation 
a t  130-160" (air-bath) a t  0.01 mmHg and recrystallisation 
from ether. Sublimation gave the acid (16), m.p. 212", 
vmK 1725-1715 cm-l (blactone and acid) (Found: C, 
63-3; H, 6.3. 

Oxidation of 6-Lactone (18).-This &lactone (18) (60 mg) 
in acetone was oxidised with chromic acid and the product 
was purified as described for acid (16). Final Sublimation 
in vacuum (140-150" at  0.01 mmHg) gave the &lactone- 
acid (19), m.p. 214-215", v,, (CHCl,) 1726-1708 cni-1 
(blactone and acid). Acids (1 6) and (1  9) were not identical 
(mixed m.p. 205-210"). On cooling, the melt did not 
crystallise, in contrast to the melts of the individual 
%lac tone-acids. 

Diels-Alder Addition of Methyl trans-p-Formylcrotonate 
(7) with 3-Methylpenta-trans-2,4-dienyl Acetate (6) .-A 
mixture of the formylcrotonate (7) (9.0 g), the dienyl 
acetate (6) (10 g), and some hydroquinone was heated in a 
sealed evacuated tube a t  90" for 92 h. Distillation of this 
mixture gave the product (C) (12-8 g, 67.5y0), b.p. 115" 
a t  0.01 mmHg (Found: C, 62.4; H, 7-5. Calc. for 
C14H,,0,: C, 62.7; H, 7.5%). 

Composition of Product (C).-This product (1.46 g) in 
ethanol (2 ml) was mixed with sodium hydroxide (0.31 g )  
in water (3 ml) and the mixture was shaken in a nitrogen 
atmosphere at room temperature for 52 h. Water (5 ml) 
was added and the saponifiable material (0-862 g) isolated 
in the usual way. Repeated crystallisations yielded the 
hemiacetal-acid (11) (0.455 g), m.p. and mixed m.p. 140". 
The mother liquor showed the presence of y-lactone, 
s-lactone, and aldehyde groups, vmx. (CHCl,) 1760, 1730, 
and 1715 cm-l. Attempted separation of these com- 
ponents failed. 
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Calc. for C,,H,,O,: C, 62-8; H, 6.7%). 




