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SUMMARY 

This study was undertaken in order to clarify the uncertainties 
1 2 3 

existing in the literature 9 9 regarding the structures and stereo­

chemistry of the products formed in the reactions of various Diels-

Alder adducts of levopimaric acid with peroxyacids. The epoxides 7_ 

and 15 were unequivocally prepared and correlated with the products 

7 15 

obtained directly by treatment of trimethyl fumaropimarate (6) and tri-

methyl maleopimarate (5_) with trifluoroperacetic acid, respectively. 

In addition, 15_ was converted into 14_, and 7_ was converted into 8_, thus 
2 3 

verifying these previously proposed 9 structures and providing evi­

dence for the intermediacy of 1_ and 15_ in the formation of 8 and 14_ 

directly from 6 and 5̂, respectively. 
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CHAPTER I 

INTRODUCTION 

This study is concerned with the reinvestigation of some of the 
1 2 3 

discrepancies in the literature ' ' of the structures reported for the 

epoxidation of certain Diels-Alder adducts of levopimaric acid. 

The first work in this area was the investigation of the ozono-
4 

lysis of methyl maleopimarate (1_) by Wienhaus and Sandermann in 1936. 

These workers found that the ozonolysis of methyl maleopimarate, the 

Diels-Alder adduct of levopimaric acid methyl ester and maleic anhy-
1 5 dride, gave a methyl ester, C o cH 0 o 2, ' m.p. 250°. Several years 

2b 34 o — 

later, Ruzicka and LaLande reinvestigated the reaction and found in 

addition to the previous product, two other isomeric monomethyl esters 

of molecular formular C o , H o l 0 r , m.p. 226-227° and m.p. 289-290°.7 With 
2b 34 b 

the help of NMR and additional chemical evidence, Zalkow and coworkers 
8 9 

assigned structure 3_ ' for the product of m.p. 226-227° and structure 

4 1 for the product of m.p. 289-290°. 

The structure elucidation of 4 proved to be interesting. In the 

elucidation, it was observed that 4_ could be prepared from 1 by treat­

ment with trifluoroperacetic acid,1^ but other peracids such as mono-

perphthatic or m-chloroperbenzoic were ineffective under the conditions 

then used.1 In this study, the reaction of 1_with m-chloroperbenzoic 

acid was found to proceed very slowly. Treatment of the related 



2 

compounds, trimethyl maleopimarate (5_) and trimethyl fumaropimarate (6) 

with trifluoroperacetic acid did not give epoxides as expected, but an 
1 3" 1 "epoxide 7_H (actually a ketone 8_) and a hydroxy lactone were obtained. 

To establish the correct stereochemistry of these two products and a 

"The identification of the product as an epoxide was simultane­
ously carried out in our laboratory and by Herz and Blackstone.3 
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strengthening of the stereochemical assignment of 4_ were some of the 

purposes of this research. 

The treatment of trimethyl fumaropimarate (6) with trifluoro-

peracetic acid was reported1 to yield epoxide 7_. According to work in 
3 

our laboratory and by Herz, et at.* the presumed "epoxide 7" showed 

properties of a ketone (weak positive Cotton effect in the ORD 

curve) and therefore based on this and other evidence (presented below) 

the structure 8_ was proposed. Herz reasoned that the misidentification 

of 8_ as an epoxide was due to the NMR signal at 6 3.13 which was 

assigned to the proton at C-14, but which was actually due to the proton 

at C-15 or C-16. The above conclusion was suggested after comparison of 



4 

the NMR spectrum of compound 9_, with that of its dihydro derivative 
3 

10. In the NMR spectrum of 9_, the signal at 6 3.30 was assigned to 

the allylic proton at C-12, while in compound 10_ a two proton signal 

at <S 3.10 was assigned to protons at C-15 and C-16, and a one proton 
3 

signal at 6 2.70 was assigned to the C-12 proton. 

The reaction of trimethyl fumaropimarate (6) with m-chloro-

perbenzoic acid was slow, but a product in harmony (IR and NMR) to the 

previously postulated structure 7 was obtained. The most convincing 
1 2 

evidence for structure 7_, came from the observation that epoxide 4_ ' 

could be converted into epoxide 1_ and treatment of epoxide 1_ with tri-
A A 

fluoroacetic acid resulted in the formation of ketone 8. With 
3 

trifluoroperacetic acid the first step proposed is the formation of 
A 

"Epoxide 7 was prepared independently in our laboratory and by 
Herz and Blackstone.3 

A A 

This reaction was observed independently in our laboratory and 
by Herz and Blackstone.3 
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the epoxide 7 which in the presence of the Lewis acid, trifluoroacetic 

acid, rearranges by a pinacol rearrangement to the ketone 8. The 

preference of a pinacol rearrangement over rearside attack by an 

external nucleophile was believed due to the severe hindrance for the 

displacement of the epoxide function once it has coordinated with the 

acidic reagent. The stereochemistry of ketone 8_ at C-13 was suggested 

by the inversion at C-13 due to the intramolecular rearside attack by 

the hydride ion, an arrangement which from inspection of the models 

should be favored thermodynamically. 

Treatment of 5_ with trifluoroperacetic acid in methylene 

chloride did not give either an epoxide or a ketone, but rather a 

hydroxy lactone.1 The suggested structure 11"*" was postulated to have 

arisen via the intermediate epoxide 12_ which in the presence of tri-

fluoroacetic acid undergoes rearside attack by the 3-oriented C-15 

carbomethoxy nucleophile. 
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The apparent stereospecificity observed in the epoxidation of 5_ 

and 6 was explained1 in the following manner. Looking at a model of 6_, 

the face of the double bond anti to the angular C-10 methyl group 

appeared less hindered than the syn side. In 5, however, the syn face 

appeared less hindered. To explain the epoxidation of 1_ from the anti 

face, it was postulated that the anhydride ring was converted by tri-

fluoroperacetic acid or ozone in acetic acid, into an intermediate 

peroxide, such as 13_, which then reacted by an intramolecular rearrange­

ment to give 4. 

13 

However, recent work carried out on bicyclic systems by Zalkow 

and Gabriel, 1 1 indicate that steric factors, rather than anhydride 
12 

participation, first postulated by Henbest are involved in epoxida-

tions of bicyclic anhydrides. 
2 . 

Langlois and Gastambide, m 1965, investigated a product 

obtained both by the action of methanol-sulfuric acid upon 4_ and by 

the action of p-nitroperbenzoic acid upon 5_, that had similar properties 
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to the hydroxy lactone reported by Zalkow, et dl.3 but their work did 

not support the previously assigned structure. These workers maintained 

that the hydroxyl group was both endo and secondary and proposed struc-
2 

ture 14 for this product. The hydroxyl group was assigned the endo 

configuration on the basis of an infrared band at 3460 cm 1 which indi­

cated intramolecular hydrogen bonding and secondary and hindered by the 

observation that the hydroxyl function could not be oxidized in good 

yield except under strenuous conditions. 
2 

Langlois and Gastambide rationalized that 14_ arose via the 
intermediate 15, which undergoes an unusual cis opening of the epoxide 

13 14 

ring, rather than the classical ' backside opening to give trans 

diaxial products. 

Evidence obtained in our laboratory supports the rationalization 
2 

of Langlois and Gastambide for the formation of hydroxy lactone 14. 

It was found that epoxide 15, obtained by the treatment of 5_ with 

m-chloroperbenzoic acid, on treatment with trifluoroacetic acid gave a 

hydroxy lactone identical to the hydroxy lactone prepared by the 



8 

15_ 

1 2 procedure of Zalkow et al.9 and by the procedure of Langois et al.> 

involving conversion of 4 into 14 by treatment with methanolic sulfuric 

acid. 
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CHAPTER II 

INSTRUMENTATION AND EQUIPMENT 

Melting points were determined using a Thomas-Hoover capillary-

melting point apparatus and are uncorrected. Elemental microanalyses 

were performed by Alfred Bernhardt Microanalytical Laboratories, Mul-

heim, West Germany. 

Infrared spectra were recorded using a Perkin-Elmer 237B 

spectrophotometer. The infrared spectra of liquids were taken as a 

thin film between two sodium chloride plates, and with solids in the 

form of potassium bromide pellets. The band at 1601 cm 1 of a poly­

styrene film (0.05 mm) was used as a reference point. 

Nuclear magnetic resonance (NMR) spectra were obtained using a 

Varian Associates Model A-60 spectrometer (60 Mc spectra), or a JEOL 

Company Model 4-H-100 spectrometer (100 Mc spectra ). Chemical shifts are 

reported in ppm downfield from the internal standard, tetramethylsilane. 

Mass spectral data were obtained using a Varian Associates Model 

M-66 mass spectrometer. 

The optical rotary dispersion and circular dichroism spectra 

were obtained with a Jasco Model 0RD/UV-5 spectrophotometer. 

Gas-liquid chromatography (GLC) was performed using a F6M Model 

400 Biomedical gas chromatograph with a glass column and a hydrogen 

These spectra were run by Mr. George Turner. 

These spectra were run by Mr. Kenneth French. 
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flame detector. All GLC analyses were performed on a glass column 

(6 ft. x 1/8 in. inside diameter) bent in a U shape and packed with 

10 per cent SE-30 on 100-120 mesh Gas-Chrom Q unless otherwise stated. 

The relative peak areas were measured using a Gelman Instruments 

Company planimeter or by accurately cutting out the peaks and weighing 

them on an analytical balance. The column substrates and solid supports 

used in the GLC analyses were obtained from Applied Science Laboratories 

or from Hewlett Packard Analytical Instruments. GLC analyses were per­

formed on all products of reactions and for the compounds being compared 

a mixed injection was also carried out. 
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CHAPTER III 

EXPERIMENTAL 

Preparation of Epoxide 4_ 

Procedure I—Reaction of Methyl Maleopimarate (1_) with 
Trifluoroperacetic Acid 1* 1 0 

g 

Methyl maleopimarate (1) (2.5g) was dissolved in methylene 

chloride (30 ml), containing a suspension of anhydrous disodium hydro­

gen phosphate (4 g). To this was added with stirring a solution of 

trifluoroperacetic acid over an interval of 20 minutes. The trifluoro­

peracetic acid was prepared by the dropwise addition at 0°C of 90 per 

cent hydrogen peroxide (1 ml) to a suspension of trifluoroacetic anhy­

dride (3 ml) in 10 ml of methylene chloride.1*^ After the addition was 

complete, the solution was refluxed for 45 minutes and then stirred an 

additional 48 hours at room temperature. The solution was washed with 

10 per cent aqueous sodium sulfite (100 ml), followed by 10 per cent 

aqueous sodium bicarbonate (150 ml) and then the solution was filtered 

(very little material remained on the filter paper and this was dis­

carded). The organic filtrate was washed with water (200 ml), dried 

over anhydrous magnesium sulfate, and concentrated with a rotary 

evaporator to yield 2.2 g of crude crystalline product. Fast recrystal-

lization of the product from hot acetone gave 4 as well formed rhombic 
1 KBr1 

shaped crystals, m.p. 291-294°C (lit. m.p. 289-290°C); v ^ 2950, 

1775 and 1720 cm"1. The NMR spectrum (60 Mc Instrument, CDC1 ) showed 
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signals 6 0.71 (3H, d, isopropyl, J=7 cps), 0.83 (3H, s, C-10 methyl 

group, 1.05 (3H, d, isopropyl, J=7 cps), 1.17 (3H, s, C-4 methyl group), 

3.20 (1H, s, H-14) and 3.67 (3H, s, ester, 0-CH ). Using a 100 Mc 

instrument the following signals were observed: 6 0.70 (d, isopropyl, 

J=7 cps) 0.83 (s, C-10 methyl group), 1.02 (d, isopropyl, J=7 cps), 

1.18 (s, C-4 methyl group), 3.19 (s, H-14) and 3.66 (s, ester, 0-CH ). 

This material was identical (GLC, IR, and NMR) to a sample prepared 

by Kulkarni and Girotra. 

Procedure II--Reaction of Methyl Maleopimarate (1) 
with m-Chloroperbenzoic Acid 

m-Chloroperbenzoic acid (0.721 g, 85%, Aldrich Company) was added 

to a stirred solution of methyl maleopimarate (1_) (1.5 g) in methylene 
A A A 

chloride (30 ml). GLC analysis (C.T. 250°C, H.F.R. 67 m l / m i n . ) f i v e 

days after the reaction was started, showed the presence of starting 

material, R̂_ 4.2 min (65%) and one compound with R 8.8 min (35%) which 

was identical by mixed injections with epoxide 4_ prepared from methyl 

maleopimarate and trifluoroperacetic acid (Procedure I). Since the 

reaction was progressing slowly, 15 days after the reaction was started 

additional m-chloroperbenzoic acid (0.480 g) was added. After 17 days, 

As stated in the Instrumentation and Equipment Section, all GLC 
analyses were done on the compounds alone and by mixed injections with 
the compound being compared. 

The author is grateful to M. V. Kulkarni and N. N. Girotra for 
a sample of compound 4_. 

Unless otherwise stated, all GLC analyses as explained in the 
Instrumentation and Equipment section are performed on a glass column 
packed with 10 per cent SE-30 on 100-120 mesh Gas Chrom Q. 
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a GLC analysis (3% OV-1 on 100/120 mesh GCQ column, C.T. 260°C, H.F.R. 

73 ml/min) showed five components. Mixed injections showed that the 

compound with R 4.2 min (5.4%) was starting material, methyl maleo­

pimarate and the major component with R 9.2 min (69%) was epoxide 4_. 

Approximately three-fourths (3/4) of the solution was removed and 

filtered. The filtrate was washed with 10 per cent aqueous sodium 

sulfite (70 ml), followed by 10 per cent aqueous sodium bicarbonate 

(100 ml) and finally with cold water (120 ml). The methylene chloride 

was dried over anhydrous magnesium sulfate and concentrated with a 

rotary evaporator to yield 0.78 g of semicrystalline material. Slow 

recrystallization from hot acetone gave pure compound _4 as well formed 

rhombic shaped crystals, m.p. 273-279°C. The product was identical by 

IR and in mixed injections on the GLC to product 4_ prepared by Procedure 

I. 

The solution that was not worked up at first was later worked up 

in the same manner as was described above and an additional 0.142 g of 

product was obtained. 

Preparation of Epoxide 1_ 

Procedure I--React ion of Trimethyl Fumaropimarate (6.) 
with m-Chloroperbenzoic Acid 

m-Chloroperbenzoic acid (0.644 g, 85%, Aldrich Company) was added 

to a stirred solution of trimethyl fumaropimarate (6_) (1.5 g) in methy­

lene chloride (30 ml). Additional m-chloroperbenzoic acid (0.644 g) 

was added 24 hours after the reaction was started. The reaction was 

followed by GLC and after 24 days, stirring at room temperature, a GLC 
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analysis (C.T. 255°C, H.F.R. 80 ml/min) showed one peak, R 5.2 min 

(100%). During this period of time a large amount of the solvent had 

evaporated and this gave rise to a large precipitate of m-chlorobenzoic 

acid. The solution was filtered to remove the precipitated m-chloro­

benzoic acid and the resulting filtrate was washed with 10 per cent 

aqueous sodium sulfite (80 ml). The solution was filtered again (nothing 

was removed) and the filtrate was further washed with 10 per cent aqueous 

sodium bicarbonate (100 ml) and water (70 ml). The methylene chloride, 

was dried over anhydrous magnesium sulfate and concentrated to dryness 

to yield 1.36 g of a clear oily product. A number of different solvents 

were tried, but the product could not be crystallized from them. 

However, crystals were obtained by the following procedure: the product 

was dissolved in hot hexane and the solution was allowed to stand until 

a turbid solution was obtained. The turbid solution was filtered slowly 

and the filtrate was allowed to stand for several days allowing a slow 

evaporation of solvent. Compound 8_, identical (IR and NMR) with the 

non-crystalline material, was obtained as a crystalline solid, m.p. 
« KR"P — 1 130.5-132.5°C; v 2950, 1750, 1738 and 1727 cm . The NMR spectrum max r 

(60 Mc, CDC1 3) showed signals at 6 0.77 (3H, d, isopropyl, J=6.5 cps), 

0.82 (3H, s, C-10 methyl group), 1.10 (3H, d, isopropyl, J=6.5 cps), 

1.17 (3H, s, C-4 methyl group) 3.13 (1H, s, H-14), 3.64 (3H, 

s, ester, 0-CH o), 3.67 (3H, s, ester, 0-CH.), 3.74 (3H, s, ester, o o 

Epoxide 7_ was prepared independently in our laboratory and by 
Herz and Blackstone.3 The material reported by the latter workers was 
noncrystalline, and therefore a comparison of melting points was not 
possible. 
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0-CH 3); 100 Mc: 6 0.77 (d, isopropyl, J=6.0 cps), 0.79 (s, C-10 methyl 

group), 1.08 (3H, d, isopropyl, J=6.0 cps), 1.16 (s, C-4 methyl group), 

3.13 (s, H-14), 3.60 (s, ester, 0-CH-), 3.70 (s, ester, 0-CH-), 3.73 

(s, ester, 0-CH^). The compound did not show a Cotton effect in its 

CD and ORD curves. 

Anal. Calcd. for C H 0 7 : C, 68.12; H, 8.47 

Found: C, 67.96; H, 8.28. 

Procedure II—Treatment of Anhydride Epoxide 4, 
with Sodium Hydroxide and Methanol 

The anhydride epoxide 4_ (440 mg) was added to a stirred solution 

of 25 per cent aqueous sodium hydroxide (12.5 ml) in methanol (12.5 ml). 

After the solution had been refluxed on a steam bath for 48 hours, it 

was diluted with water (100 ml) and filtered. The filtrate was acidi­

fied with dilute hydrochloric acid until a pH of 2 was obtained (pH 

paper) and extracted with ether. The organic layer, after drying with 

magnesium sulfate, was evaporated to give 315 mg of a clear glassy 

material. This material (315 mg) was dissolved in ether and to this 

solution, diazomethane in ether was added until a yellow color persisted. 

The excess diazomethane and ether were allowed to evaporate very slowly 

during which time a semicrystalline material was formed which could not 

be recrystallized from ether. Recrystallization from hexane, by the 

method described in the preparation of 7_ with m-chloroperbenzoic acid 

(Procedure I above), gave 100 mg of pure compound 1_ as a crystalline 

solid, m.p. 134-136°C. The material was identical in melting point, 

IR and NMR spectra with epoxide 7_ obtained by the action of m-chloro­

perbenzoic acid on trimethyl fumaropimarate. 
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Preparation of Ketone 8_ 

Procedure I--Reaction of Trimethyl Fumaropimarate (6_) 
with Trifluoroperacetic Acid1 

g 

Trimethyl fumaropimarate (6) (1.08 g) was dissolved in methylene 

chloride (30 ml), containing a suspension of anhydrous disodium hydrogen 

phosphate (4 g). To this was added with stirring a solution of tri-

fluoroperacetic acid over an interval of 20 minutes. After the addi­

tion was complete, the solution was refluxed for 45 minutes and then 

stirred at room temperature an additional 48 hours. The solution was 

washed with 10 per cent aqueous sodium sulfite (100 ml) and then fil­

tered (nothing was removed by the filtrat ion). The filtrate was 

further washed with 10 per cent aqueous sodium bicarbonate (200 ml) and 

finally with water. The organic layer was dried over anhydrous magne­

sium sulfate and concentrated to yield a colorless glassy solid (0.67 

g). This solid on recrystallization from ether gave 8_ as a crystalline 
1 KRr product, m.p. 183-184°C (lit. m.p. 179-181°C); v 2945, 1728, and r max 

1705 cm" 1. The NMR spectrum (60 Mc, CDClg) showed signals at 6 0.72 

(3H, s, C-10 methyl group), 0.99 (3H, d, isopropyl, J=6 cps), 1.11 

(3H, s, C-4 methyl group), 1.31 (3H, d, isopropyl, J=6 cps), 3.62 (3H, 

s, ester, 0-CH^), 3.66 (3H, s, ester, 0-CH^), 3.75 (3H, s, ester, 

0-CH,,); 100 Mc: 6 0.70 (s, C-10 methyl group), 0.86 (d, isopropyl, 

J=6 cps), 1.11 (s, C-4 methyl group), 1.30 (d, isopropyl, J=6 cps), 

3.61 (s, ester, 0-CH^), 3.65 (s, ester, 0-CHg), 3.75 (s, ester, 0-CH^); 

Trifluoroperacetic acid was prepared as in Procedure I, prepa­
ration of epoxide 4. 
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ORD (c, 0.19745, CF^OH) : C * ] 5 8 g - 120.4, [*] 3 3 6 - 615, M 3 2 6 > 5 -

386, M 3 1 4 - 940, [^] 2 g 6 - 1568, W2QQ - 1373, a = +11.8. 

Procedure II--Reaction of Epoxide 7, with Trifluoroacetic Acid 

The epoxide 7 (97.5 mg) was dissolved in methylene chloride 

(10 ml) and to this stirred solution was added two drops of trifluoro­

acetic acid. The reaction was followed by GLC analysis and was shown 

to yield the following percent product in the indicated time: 6 hours, 

3%; 1 day 11%; 11 days 64%. GLC analysis (C.T. 250°, H.F.R. 92 ml/min) 

of the reaction mixture of 11 days showed the presence of four compo­

nents with R 3.8, 5.2, 5.3, 7.3 min (9:64:10:17). Mixed injections 

showed that the compound with R 5.2 min was ketone 8_ and the compound 

with R 5.3 min was starting material, epoxide 7_. The organic layer 

was washed with a small amount of 10 per cent aqueous sodium bicarbon­

ate, followed by water. The solution was dried over anhydrous magnesi­

um sulfate and concentrated to give 101.7 mg of semicrystalline product. 

Recrystallization from ether gave 25.9 mg of compound 8_ as well formed 

crystals, m.p. 184.5-186°C (lit. m.p. 1 179-181°C); v K B r 2945, 1730 and 
^ max 

1707 cm 1 . This product showed no depression in a mixed melting point 

determination with the material from Procedure I above. 

Preparation of Hydroxy Lactone 1_4 

Procedure I—Reaction of Trimethyl Maleopimarate (5_) 
with Trifluoroperacetic Acid1 

Trimethyl maleopimarate (5_) (2.5 g) was dissolved in methylene 

chloride (30 ml), containing a suspension of anhydrous disodium hydrogen 

phosphate (4 g). To this was added with stirring a trifluoroperacetic 
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acid" solution over an interval of 20 minutes at room temperature. 

After the addition was complete, the solution was refluxed for 45 

minutes and then stirred an additional 48 hours at room temperature. 

The solution was washed with 10 per cent sodium sulfite (220 ml), 

filtered (nothing was removed by the filtration) , and the filtrate 

was washed with 10 per cent aqueous sodium bicarbonate (130 ml) and 

finally with water (350 ml). The methylene chloride solution was 

dried over anhydrous magnesium sulfate and concentrated with a rotary 

evaporator to yield 2.55 g of a clear glassy product. Crystallization 

from methanol gave pure compound J_4_ as well-formed, needle-shaped 
I KT-5T1 

crystals, m.p. 146-147.5°C (lit. m.p. 146-148°C); v 2940, 1778 and 
max 

1715 cm" 1. The NMR spectrum (60 Mc, CDClg) showed signals at 6 0.99 

(3H, s, C-10 methyl group), 1.00 (3H, d, isopropyl, J=6.5 cps), 1.16 

(3H, s, C-4 methyl group), 1.21 (3H, d, isopropyl J=6.5 cps), 3.66 
(3H, s, ester, 0-CH o), 3.71 (3H, s, ester, 0-CH„), 3.96 (1H, d, H-14, 

— - o o 

J=13 cps), (changed to a singlet, 3.98 upon addition of D 20), 4.31 

(1H, d, OH-14, J=13 cps) (disappeared on an addition of D 20); 100 Mc : 

6 0.96 (d, isopropyl, J=6.0 cps), 0.97 (s, C-10 methyl group), 1.15 

(s, C-4 methyl group), 1.19 (d, isopropyl, J=6.0 cps), 3.65 (s, ester, 

0-CH_3), 3.70 (s, ester, 0-CH ), 3.95 (d, H-14, J = 12.5 cps) and 4.29 

(d, OH-14, J=12.5 cps). 

Trifluoroperacetic acid was prepared as in Procedure I, prepa­
ration of epoxide 4. 
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Procedure II--Treatment of Anhydride Epoxide 4. 
with Sulfuric Acid and Methanol2 

The anhydride epoxide 4 (400 mg) was dissolved in methanol 

(8 ml) and concentrated sulfuric acid (0.08 ml) was added. The solution 

was refluxed in an oil bath for 17 hours. After cooling, the solution 

was diluted with water (100 ml) and then extracted twice with chloro­

form (200 ml, total). The chloroform layer was washed three times with 

0.25 N potassium hydroxide (100 ml, total) and finally with water (50 

ml). The chloroform solution was evaporated with a rotary evaporator 

to yield 0.61 mg of a light yellow liquid. Repeated recrystallizations 
KBr from methanol gave material with m.p. 119-138°C: v 2940, 1775 and to r max 

1715 cm" 1. GLC analysis (C.T. 255°C, H.F.R. 83 ml/min) of this material 

(m.p. 119-138°C) showed the presence of four components with R^ 3.7, 

5.9, 7.4, 11.9 min (11:14:65:10). Mixed injections showed that the 

compound with R 7.4 min (65%) was hydroxy lactone 14. 

Procedure Ill—Reaction of Epoxide 15 with Trifluoroacetic Acid 

Trifluoroacetic acid (5 drops) was added dropwise with stirring 

to a solution of epoxide 15_ (100 mg) in methylene chloride (10 ml). The 

solution was then allowed to stir at room temperature for three days. 

The organic layer was washed with a small amount of 10 per cent aqueous 

sodium bicarbonate, and with cold water, then dried over anhydrous 

magnesium sulfate and concentrated with a rotary evaporator to give 

47.5 mg of a clear oily material, which on standing became a clear 

glassy solid. GLC analysis (C.T. 255°C, H.F.R. 60 ml/min) showed the 

Preparation of this is described in the next section. 
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clear glassy solid to be a mixture containing three components with 

R 4.5, 6.9, 10.0 min (15:12:73). Mixed injections showed that the 

compound with R 10.0 min (73%) was hydroxy lactone 14_, identical with 

hydroxy lactone prepared in Procedure I above. Recrystallization from 

methanol a number of times gave pure compound 14 as crystals, m.p. 
1 KR"P — 1 144-146.5°C (lit. m.p. 146-148°C); v 2940, 1780 and 1715 cm . The 

max 

product showed no appreciable depression in a mixed melting point 

determination with the material from Procedure I above. 

Preparation of Epoxide 15 

Reaction of Trimethyl Maleopimarate (5.) with m-Chloroperbenzoic Acid 

First Run. Methyl maleopimarate (5) (1.5 g) was dissolved in 

methylene chloride (30 ml), and to this solution m-chloroperbenzoic 

acid (0.644 g, 85%, Aldrich Company) was added with stirring. From GLC 

the reaction was shown to be progressing slowly. After 11 days an 

additional 0.214 g of m-chloroperbenzoic acid was added and after 14 

days GLC analysis indicated the presence of only 44% 15. After 19 days 

57% lb_ was present and an additional 0.214 g of m-chloroperbenzoic acid 

was added. After 25 days 62% 15_ was present and again 0.214 g of per-

acid was added; finally, after 44 days, GLC analysis indicated the 

presence of 87% 15_. The organic layer was washed with 10 per cent 

aqueous sodium sulfite (90 ml) and then filtered (nothing was removed 

by the filtration). The filtrate was further washed with 10 per cent 

aqueous sodium bicarbonate (320 ml), then water (300 ml) and finally 

dried over anhydrous magnesium sulfate and concentrated with a rotary 

evaporator to yield a light yellow syrup (1.05 g). A GLC analysis 
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(C.T. 250°C, H.F.R. 87 ml/min) after work-up showed the light yellow 

syrup to be a complex mixture containing five components with R̂_ 6.4, 

7.6, 10.0, 11.0, 13.0 min (9:5:16:62:8). The major component with 

R 11.0 min (62%) was the desired epoxide 15. As can be seen from 

the GLC analysis of the product, the desired product was obtained but 

a number of additional products were introduced during the work-up. 

The product resisted all attempts at crystallization and because of 

this a new reaction was set up in which the product would be isolated 

in a different manner. 

Second Run. m-Chloroperbenzoic acid (0.644 g, 85%, Aldrich 

Company) was added to a stirred solution of trimethyl maleopimarate 

(5_) (1.5 g) in methylene chloride (30 ml). Additional m-chloroper­

benzoic acid was added one day after the reaction was started to help 

speed up the reaction as had been previously done. The progress of the 

reaction was followed by GLC and at the end of 28 days, stirring at 

room temperature, a GLC analysis (C.T. 250°C, H.F.R. 87 ml/min) showed 

the solution to be a mixture containing five components with R 7.5, 

9.8, 10.8, 13.2, 15.0 min (6:6:83:3:3). The major component with 

R̂_ 10.8 min was the desired epoxide 15. Evaporation of part of the 

solvent and then filtration, removed a large amount of the m-chloro-

benzoic acid. With a large amount of the m-chlorobenzoic acid removed, 

crystallization of the product from a number of different solvents was 

tried, but with no success. An analytical sample was obtained by chroma-

tographing the mixture over silica gel (40 g) (made up in benzene) and 

eluting with chloroform-benzene solvent. Concentration of the 
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chloroform-benzene (30-"70) fraction gave epoxide 15, as a clear 
KBr —1 viscous substance, v 2945, 1740 and 1717 cm . The NMR spectrum max ^ 

(60 Mc, CDCl^) showed signals at 6 0.76 (3H, d, isopropyl, J=6.5 cps), 

0.82 (3H, s, C-10 methyl group), 1.09 (3H, d, isopropyl, J=6.5 cps), 

1.17 (3H, s, C-4 methyl group, 3.10 (1H, s, H-14), 3.64 (3H, s, ester, 

0-CH ), 3.65 (3H, s, ester, 0-CHg), 3.67 (3H, s, ester, 0-CH^); 100 Mc 

6 0.72 (d, isopropyl, J=6.0 cps), 0.80 (s, C-10 methyl group), 1.07 

(d, isopropyl, J=6.0cps), 1.15 (s, C-4 methyl group), 3.08 (1H, s, 

H-14), 3.62 ( s, ester, 0-CH^), 3.63 (s, ester, 0-CH^), 3.66 (s, ester, 

0-CH ). The mass spectrum gave a parent ion at M + = 476 (7.2%, base 

peak at m/e 156) (calcd. for C 2 7H 0 ; M + = 476). This material could 

not be crystallized. 
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CHAPTER IV 

DISCUSSION OF RESULTS 

As previously stated, the goal of this work was to firmly 

establish the structures and stereochemistry of the products from the 

reaction of trifluoroperacetic acid with trimethyl maleopimarate (5) 

and trimethyl fumaropimarate (6_). Since the epoxides derived from 

trimethyl maleopimarate, 15, and from trimethyl fumaropimarate, 7_, 
2 3 

were suggested 9 as intermediates which could lead to the products 

obtained by the action of trifluoroperacetic acid on 5_ and 6, respec­

tively, it was decided to unequivocally synthesis these epoxides and 

determine if in fact they could be converted into the above mentioned 

products. Further, if it was possible to convert the epoxides into 

the products obtained with trifluoroperacetic acid the proposed 

mechanisms would be strongly supported. 

Four major steps were visualized as being necessary to solve 

the problem. First, preparation and characterization of authentic 

samples of the products obtained from the reaction of trifluoroperacetic 

acid with trimethyl maleopimarate and trimethyl fumaropimarate. Second, 
2 

preparation of the hydroxy lactone of Langlois and Gastambide by the 

treatment of anhydride epoxide M_ with methanolic sulfuric acid as 

previously described by them and comparison of the lactone so obtained 

with the one reported by Zalkow et at?' Third, the preparation and 

structure elucidation of the epoxides of trimethyl maleopimarate and 
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trimethyl fumaropimarate. Fourth, conversion of the epoxides obtained 

above in an unambiguous manner into the products obtained with tri­

fluoroperacetic acid. 

Epoxidation of methyl maleopimarate (1) with trifluoroperacetic 

acid in methylene chloride gave 4_ as rhombic shaped crystals, m.p. 

291-294°C (lit.1 m.p. 289-290°C). The infrared spectrum of _4 showed 

bands at 177 5 (anhydride) and 1720 (double bond) cm"1. The NMR*" 

spectrum showed a singlet at 6 0.83 assigned to the C-10 methyl group, 

a pair of doublets (J=7 cps) centered at 6 0.71 and 6 1.05 assigned to 

the isopropyl methyl groups, and a sharp singlet at 6 3.20 assigned to 

the proton at C-14. 

It was previously reported1 that no reaction of 1 was observed 

with m-chloroperbenzoic acid. However, in this study the reaction was 

found to occur very slowly. Thus, even in the presence of excess 

m-chloroperbenzoic acid the reaction proceeded to 69 per cent completion 

at room temperature only after 17 days. The epoxide obtained was 

identical in all respects (m.p., IR, and GLC) with the epoxide 

obtained with trifluoroperacetic acid. 

The treatment of trimethyl maleopimarate (5) with trifluoroper-
1 2 acetic acid m methylene chloride gave a hydroxy lactone 14 in the 

The method of preparation of trifluoroperacetic acid is given 
in the experimental section. 

All NMR data given are for samples run in CDCI3 and on the 
60 Mc NMR instrument unless otherwise stated. 

As stated in the Instrumentation and Equipment section, all 
GLC analyses were done both on the compound alone and as a mixed injec­
tion with the compound being compared. 
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the form of needle shaped crystals, m.p. 146-147.5°C (lit. m.p. 146-

148°C). The infrared spectrum of 14_ showed bands at 3460 (intramolecular 
2 -1 hydrogen bonding), 1778 (y-lactone) and 1715 (ester) cm . The NMR 

spectrum showed a singlet at <5 0.99 (C-10 methyl group), a pair of 

doublets (J=6.5 cps) centered at 6 1.00 and 6 1.21 (isopropyl methyl 

groups), a doublet (J=13 cps) at 6 3.96 (H-14) which upon addition of 

D^O changed to a singlet, centered at 6 3.98 and a doublet at 6 4.31 

(OH-14) which disappeared on addition of D^O. 

The treatment of trimethyl fumaropimarate (6) with trifluoro-
3 

peracetic acid m methylene chloride yielded 8_ as a crystalline 

product, m.p. 183-184°C (lit.1 m.p. 179-181°C). Product 8_ showed bands 

in its infrared spectrum at 1728 (ester) and 1705 (ketone) cm The 

NMR spectrum exhibited a singlet at 6 0.72 (C-10 methyl group), and a 

pair of doublets (J=6 cps) centered at 6 0.99 and 6 1.31 (isopropyl 

methyl group). 

With the preparation of authentic samples being complete, the 

second step of comparing the hydroxy lactones was initiated. The 

reaction of epoxide 4 prepared in our laboratory, with methanol-
2 

sulfuric acid via the route described by Langlois and Gastambide gave 

a crude crystalline product containing predominantly (65%) hydroxy lac­

tone 14_. The hydroxy lactone thus obtained was identical with the 

product obtained from trimethyl maleopimarate and trifluoroperacetic 

acid via the route described by Zalkow, et ai?~ 

The reaction of trimethyl fumaropimarate with m-chloroperbenzoic 

acid in methylene chloride gave initially epoxide 7_ as a noncrystalline 
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material. Crystallization of this product from hexane by the method 

described in the experimental section gave crystalline 7_ (m«P« 130-

132.5°C) identical in spectral (IR, NMR) properties with the non­

crystalline material. It was found that the use of excess m-chloro­

perbenzoic acid gave an increase in the rate of reaction with no 

noticeable side effects. The infrared spectrum of 1_ showed the three 

ester absorptions at 1750, 1738, and 1727 cm"1. The NMR spectrum 

showed a sharp singlet at 6 0.82 (C-10 methyl group) a pair of doublets 

(J=6.5 cps) centered at 6 0.77 and 6 1.10 (isopropyl methyl groups) 

and a singlet at 6 3.13 (proton at C-14). Compound 7_did not show a 

Cotton effect (ORD and CD) as would be expected for an epoxide. The 

assigned molecular formular, C 2 7 H 0 , was further supported by com­

bustion analysis. 

Evidence from NMR for the presence of an epoxide ring on the 

C-13, C-14 bridge in these bicyclic compounds (4, 7, 15) comes from the 

expected upfield shift of the proton at C-14 from approximately 6 5.5 
3 

m the olefinic precursors to approximately 6 3.1, the downfield shift 
15 16 

of the angular C-10 methyl group ' signal and the pronounced non-

equivalence of the methyl signals of the isopropyl groups. In the 

Diels-Alder adducts of levopimaric acid and other compounds containing 

unsaturation in the C-13, C-14 bridge, the signal due to the angular 

C-10 methyl group is observed at 6 0.6-0.7, because of strong shielding 

Epoxide 7 was prepared independently by Herz and Blackstone in 
non-crystalline form and they did not succeed in obtaining crystalline 
7. 
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1516 1 2 3 3 by the double bond. 5 In epoxides like 4_, ' 16 and 17, the 

angular C-10 methyl group signal is found 12-15 cycles farther 

N C 0 2 C H 3 

C0 2CH 3 

C0 2CH 3 

16 17 

downfield. In the NMR spectrum of all Diels-Alder adducts and com-
3 

pounds, such as 18, the signals arising from the isopropyl methyl 

NC0 2CH 3 

18 

groups appear as identical doublets or doublets of almost identical 

chemical shifts near 6 1^6,17,18,19 ^ epoxides like 4, 16 and 17, 

the isopropyl methyl group signals appear as two non-equivalent doublets 
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near 6 1.05 and 6 0.7, respectively, the latter representing the methyl 
3 

group being shielded more effectively by the epoxide ring. 

The stereochemical assignment of the epoxide ring in 16 and 17 

(and that of epoxides 4_ and 1) is based on the severe steric inter­

ference, indicated in models, for approach of oxidizing agents from 

the side of ring (A), and on the non-displaced chemical shift of the 
3 

angular C-10 methyl groups. It was argued that if the epoxide ring was 
on the alternate side, a considerable degree of shielding for the angu-

1 3 
lar C-10 methyl group would be expected. 5 Further support for the 
stereochemistry of the epoxide ring was obtained from work with the 

17 17 17 19 compounds 19, 20_ and 21_. ' It was observed that none of these 
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compounds were attacked by ozone or by potassium permanganate, whereas 
9 17 

compounds like 6_under the same conditions were smoothly oxidized. ' 

Furthermore, treatment of 19_ with m-chloroperbenzoic acid did not effect 

the double bond, but resulted in a Baeyer-Villiger oxidation of the less 
2 17 

hindered carbonyl group. ' It was suggested that the lack of reac­

tivity of 19_, 20_ and 21_ toward oxidizing agents was due to steric 

hindrance around the double bond as indicated by Dreiding models. 

Introduction of a la-4a double bond as in 18, it was reasoned, should 

restore normal accessibility. This was substantiated in the epoxida­

tion of 18, which occurred rapidly and preferentially at the bridge 
3 

double bond to give J_6_. Similarly the epoxidation of 22_ with 

m-chloroperbenzoic acid proceeded smoothly to give 17. From the 

observation above, it appears that face B of the C-13, C-1M- double 

bond (see below) in all of the compounds discussed is severely hindered 

to attack by oxidizing agents, presumably by the C-10 methyl group. 

Therefore, epoxidation of 1_, 5 and 6 in the presence of 



30 

m-chloroperbenzoic acid would be expected to take place from side A 

(endo side) to give epoxides 4, 15 and 7, respectively. 

The similarities in the NMR spectra of epoxide 4_, 7_ and 15_ 

(Table 1), and in addition the similarities of these spectra with those 

Table 1. Chemical Shifts of the Protons 
of Epoxides 4_, 7_ and 15_ 

6 in ppm 
C-14 C-10 Isopropyl Methyl 

Compound Solvent Proton Methyl Groups 

4 CDC1 3 3 .20 0 83 0.71 1 05 

1_ CDC1 3 3 13 0 81 0.77 1 10 

15_ CDC1 3 3 .10 0 82 0.76 1 09 

of 16 and 17_reported by Herz et al., strongly suggest that all of these 

epoxides possess the same absolute configuration at C-13 and C-14. 

Second, and most important, the epoxide 4 was converted into epoxide 7_. 
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This conversion was carried out by refluxing epoxide 4_ with NaOH-

methanol for 48 hours, acidifying the reaction and then esterifying 

with diazomethane (scheme 1). This gave in good yield the epoxide 7̂ , 

identical in all respects (m.p., IR and NMR) with an authentic sample 

of 7_. 

Scheme 1 

Reaction of trimethyl maleopimarate with m-chloroperbenzoic acid 

in methylene chloride gave epoxide 15, as a clear viscous material which 

resisted all crystallization attempts. Since the reaction was slow, 

again it was found useful to use excess m-chloroperbenzoic acid (see 

experimental section) . The infrared absorption for the three ester 

groups (1740-1717 cm "*") could not be resolved. The NMR spectrum of 

15 shows a sharp singlet at 6 0.82 (C-10 methyl group), a pair of 

doublets (J=6.5 cps) centered at 6 0.76 and 6 1.09 (isopropyl methyl 

groups) and a singlet at <S 3.10 for the proton at C-14. The mass 

The infrared was taken on the clear viscous material. 
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spectrum gave the parent ion at M = 476 (calcd. for C^yH^^O^; M = 

476). 

It is interesting to note that 4_ could not be converted into L5_ 

with methanolic-diazomethane (no reaction occurred), conditions which 

suffice for the conversion of 1_ into 5. 1 The lack of reactivity of the 

anhydride moiety in 4_ with methanolic diazomethane may. arise from the 

decreased electrophilicity of the anhydride carbonyl groups in 4_ as a 

result of electron donation from the syn epoxide oxygen. 

The assignment of structure 15_ to the product obtained as 

described above was based on NMR data and on the important conversion 

of 15_ to the hydroxy lactone 14_. Thus the expected upfield shift of 

the proton at C-14, the downfield shift of the C-10 methyl group, the 

pronounced non-equivalence of the signals of the methyls of the iso­

propyl group all are indicative of an endo epoxide ring in 15. The 

conversion of epoxide 15_ into the hydroxy lactone 14_ (scheme 2), by 

treatment of 15_ with a trace of trifluoroacetic acid, further substanti­

ated the stereochemistry of the epoxide ring. It was shown earlier 
1 2 

that the hydroxy lactone 14_ could be prepared from epoxide 4_, 9 by 
2 

using methanol-sulfuric acid as the reagent. Since both 4 and 15 

gave the same hydroxy lactone 14, in unambiguous one step reactions, it 

can only mean that the stereochemistry of the epoxide ring in both 

epoxides is the same. 
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Scheme 2 

Treatment of epoxide 7_ at room temperature with a trace of 

trifluoroacetic acid resulted in the formation of a ketone, identical 

in all respects (m.p., IR and GLC) to the ketone 8 obtained by the 

action of trifluoroperacetic acid on 6 as discussed earlier (scheme 3). 

The proposed mechanism for the formation of ketone Q_ is given in the 

introduction. In the proposed mechanism, epoxide 7 is considered the 

intermediate (supported by the above reaction), which in the presence of 
3 

acid, rearranges by a pmacol rearrangement to the ketone 8_. The 

structure and stereochemistry of ketone 8 follows from its method of 

preparation from epoxide 7_, the stereochemistry of the epoxide ring in 

the latter having been established as discussed above. 



34 

Scheme 3 

Further support for the stereochemistry of ketone 8_ comes from a 
3 

comparison with the reported NMR spectra of 23 and 24. The assigned 
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stereochemistry of the isopropyl groups in 23_ and 24 is based on the 
3 

NMR signals for the isopropyl methyl groups. According to Herz, 
. . . the NMR spectra of precursors 16_ and 17_ show that the 
methyl doublet at lower field (at 1.07 and 1.04 ppm) has not 
been affected significantly by the pinacol rearrangement, 
whereas the more shielded methyl doublet, formerly at 0.80 
and 0.76 ppm, has experienced a further upfield shift to 
0.67 and 0.63 ppm, respectively. This is consistent with 
that orientation, that is, 23_ and 24, in which one of the 
methyl groups experiences greater shielding by the conjugated 
double bond and perhaps the carbonyl and which, from inspec­
tion of the models, should interpose a very considerable 
amount of steric hindrance to the potential reactions of the 
carbonyl group.3 

This was actually found to be the case. "24 and 8 1 were not only 

unreactive toward the usual carbonyl reagents and toward sodium boro-
3 

hydride, but did not undergo the Baeyer-Villiger oxidation." Accord­

ing to Herz, the stereochemical assignment for the isopropyl group is 
3 3 particularly clear in the conversion of 25_ into the ketone 26. This 

is based on the expected large diamagnetic shift in the methyl signals 

25 26 
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of the isopropyl group in going from 2_5_ to 26 (isopropyl methyl signals 

appear at 6 0.35). 

The above observations on the stereochemistry of ketones 23, 

24_ and 26, along with the chemical evidence that the ketone 8_ and 2M_ 

are unreactive toward the usual carbonyl reagents give additional proof 

for the stereochemistry indicated in ketone 8. 

It should be noted that the endo epoxides are converted into 

ketones in the presence of Lewis acids, only in those cases in which 

C-16 (C-la) is sp 2 hybridized (16, 17_, 25_) or the substitutent at C-16 

is a oriented (7_) . That is, in those cases in which the resulting exo 

isopropyl group is sterically unhindered. By contrast, when the epoxide 

contains a 3 oriented substituent at C-16 (15), it rearranges in the 

presence of a Lewis acid to give a lactone containing an endo isopropyl 

group (14) by an unusual front side opening of the epoxide ring. 

The conversion of epoxide 15 into the hydroxy lactone 14 was 

accomplished as reported earlier by the addition of a trace amount of 

trifluoroacetic acid to the epoxide 15_. The hydroxy lactone obtained 

was identical in all respects (m.p., IR, and mixed injections on GLC) 

to an authentic sample prepared from trimethyl maleopimarate by tri-

fluoroperacetic acid and from epoxide M_ by methanol-sulfuric acid. 
2 

Langlois and Gastambide, as previously reported, assigned the 

endo configuration to the hydroxyl group in the hydroxy lactone 14_ on 

the basis of the infrared band at 3460 cm 1 (intramolecular hydrogen 

bonding), and they assumed the hydroxyl group was secondary and 

hindered on the basis of chemical evidence. Further, as was reported 
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earlier, these workers observed that 14 could be prepared from 

epoxide 4. 

Based on the above observations, these workers assigned struc­

ture 14_, to the hydroxy lactone prepared from trimethyl maleopimarate 

with peracids, and postulated that the hydroxy lactone 14_ arose via 

the intermediate 15, by an unusual cis opening of the epoxide ring, 

rather than the classical backside opening observed up to that time. 

(In 1968, another observation of cis opening of an epoxide was 

reported. ) 

The transformation of epoxide 15_ as noted above, in one step 

into the hydroxy lactone 14_ supports the rationalization of ais epoxide 

opening and the mechanism for the formation of the hydroxy lactone 14 

(scheme 4). 

Scheme 4 
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CHAPTER V 

CONCLUSIONS 

Epoxides 7_ and 1_5_ prepared from trimethyl fumaropimarate and 

trimethyl maleopimarate, respectively, have been prepared and their 

structures elucidated. These epoxides 7 and 15 have been transformed 

in an unambiguous manner into compounds 8_ and 14, respectively, and 

these conversions provide further verification for structures 8 and 

14. Further, these transformations provided evidence that epoxides 

1_ and 1_5_ were indeed intermediates in the direct formation of 8_ and 14 

from trimethyl fumaropimarate (6) and trimethyl maleopimarate (5), 

respectively, by treatment with trifluoroperacetic acid. Lastly, 

epoxides 4_, 1_ and 15_ were shown to have the same stereochemistry for 

their epoxide rings, by chemical interconversion and comparison of 

their NMR spectra. 
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CHAPTER VI 

RECOMMENDATIONS 

The structure analysis by X-ray of any one of the epoxides, 

4_, 7_ or 15, would provide exact information regarding the steric 

environment around the C-13, C-14 bond. This work has provided 

chemical and NMR evidence which is suggestive of this steric environ­

ment . 
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APPENDIX 

21 

The reported quantities for the ORD measurements were calcu­

lated as shown in Equations 1-4, where a is the rotation at 314 my, 

^a"^314 l s t b e s P e c i ^ c rotation at 314, and C^U3^14. l s ^ e m ° l e c u l a r 

rotation at 314 my. 

a314 = ^ n s t r u i n e n t scale in degrees) x (chart measurement) (1) 

100 x a 
[a] 314 

314 (Cone, in gm/100 ml) x CPath length of transmitted^ light in dm 
(2) 

[ot] 3 1 l + x (mol. wt.) 
^ 3 1 4 = 100 (3) 

a = 
- c»]2 

100 (4) 

The molecular amplitude, a, is defined as the difference between 

the molecular rotation at the extremum (peak or trough) of the longer 

wavelength [$]^, and the molecular rotation at the extremum of shorter 

wavelength [ ^ ^ J divided by 100. 
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