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CHAPTER I 

PHYTOALEXINS 

Many chemical compounds are produced by plants as defensive substances in 

response to infection. These kinds of compounds are called phytoalexins.^ The word 

phytoalexin is derived from the Greek "ph5rton," meaning plant and "alexin," to ward off. 

Phjrtoalexins can be defined as antimicrobial substances that are produced by plants in 

response to infection by fungi or bacteria, and help to defend the plant by inhibiting the 

growth of invading microbes. Phytoalexins vary in their chemical nature. They can be 

divided into two main groups: terpenes from such sources as in the Solanaceae (tomato, 

tobacco, potato), and aromatic phenols, such as flavonoids of 15 carbons. The majority of 

phj^oalexins are isoflavonoids.^ 

Plants are capable of defending themselves against fimgi and bacteria through 

production of phytoalexins. Substances, such as small polysaccharides and proteins, 

which are produced by the invading pathogen, act as elicitors, triggering the manufacture 

of phytoalexins in the tissues surrounding the infection site. The production of 

phjrtoalexins is one component of a broader defensive reaction, known as 

hypersensitivity, which a reaction by the tissues of a plant in response to invasion by 

pathogenic viruses, bacteria, fimgi, or other organisms. The reaction varies according to 

the type of infecting agent, but typically involves the synthesis of enzymes that disarm or 

degrade the pathogen. The production of phytoalexins inhibits the growth of pathogens. 



and strengthens cell walls in the vicinity of the attack by deposition of lignin and other 

materials. The final strategy is programmed cell death around the infection site, which 

slows the spread of the pathogen to neighboring healthy tissues.̂ '"^ 

Sometimes, the natural mechanism of the plant is not able to control the attack 

because the pathogens are able to detoxify the phytoalexins, or because not enough 

phytoalexins are produced because a resistance (genetical changes in the plant) has been 

created due to plant stress, excessive use of synthetic agrochemicals, changes in 

temperature or humidity or climatological factors (radiations). Commonly phytoalexins 

are not detected in the plants because they are not stored. They start to be produced 

rapidly (from I to 8 hours) when the plant is attacked by fimgi or bacteria. 

Miiller and Borger in 1940 viewed phyoalexins as compounds formed in resistant 

plant tissue in response to pathogeti attack. However, later studies revealed that 

phytoalexin accumulation may occur in susceptible tissues as well and may also be 

triggered by chemical or physical stimuli. Whereas in a few host-pathogen systems 

phytoalexins appear to play an important role as determinants of resistance, in others 

there is no or only vague evidence for such a role. In most cases accumulation of 

phytoalexins may be one of several defense mechanisms triggered by pathogens. 

Today, there are more than 300 known structurally elucidated phytoalexins. 

Ph5^oalexins have a striking structural diversity. The phytoalexin resveratrol from grapes 

was recently shown to have anti-cancer activity and a preventive effect on coronary 

diseases. This poiirts to the potential use of phytoalexins in human medicine.^ 



CHAPTER n 

D^TRODUCTION 

Occidenol 1 is a crystalline sesquiterpene of the eudesmane class, which has been 

shown to be a phytoalexin. Occidenol, C15H24O2, m.p. 42-44, [a]D-l39° was first isolated 

in 1960 by von RudlofFand co-workers from the heartwood of Eastern white cedar 

{Thuja occidentalis L).^'^ Several other compounds were also isolated including the 

closely related sesquiterpene named occidentalol, which be discussed later. Occidenol 

was found to be a minor component in the wood. These Canadian workers made an 

incorrect structural assessment for occidenol as 2 and named it occidiol since they 

assumed that it is a diol.̂  

1a,R=H 

lb, R=Ac 

Figure 2.1:-occidenol 1 and the framework 2 for occidiol as reported by von 
RudlofFand co-workers. 

Later, Tomita and co-worker isolated a crystalline compound from the wood of 

Thuja korainsis.^ This new compound proved to be identical to "occidiol" isolated by 

von RudlofiF Tomita and his workers suggested that the compound was not a diol because 

only one proton signal (6 3.95, s) was assigned to a hydroxyl group in the NMR spectrum 



in DMSO-de solution. Tomita renamed the compound occidenol. The new structure of 

occidenol, which was proposed based on the basis of NMR, IR and various chemical 

transformation has a unique cis fused bicyclic ring system with a divinyl ether group. 

The hydroxyl group is part of an isopropanol group. This was proved by the fact that the 

base peak is at m/e 59 in the mass spectnmi and the NMR spectrum has a signal at 5 1.23 

(6H,s). A hydrogenation product of occidenol displayed a new multiplet at 6 3.3-3.8 (4H) 

due to -CH2-O-CH2- and a doublet of the secondary methyl group at 5 1.00 in its NMR 

spectrum. These NMR results showed that occidenol structure has three olefinic protons 

and an allylic methyl group -CH=CH-0-CH=C(CHj)- and this divinyl ether group is 

located in a seven membered ring 1. 

In 1985, occidenol was isolated along with a closely related compound named 

occidentalol and with other compounds from the leaves of the tobacco plant Nicoticma 

rustica L by Uegaki and co-workers. They reported that the spectral data of occidenol 

were completely in agreement with that proposed by Tomita and Hirose. The structure of 

occidenol as shown in Figure 2.2 and some of its spectral data are sunmiarized in Table 

2.1. 

1 14 9 

Figure 2.2. Structure and Numbering of Occidenol 



Table 2.1. Spectral Data for Occidenol. 

'HNMR: 

13 CNMR: 

Proton 

I4-CH3 

12,13-CH3 

I5-CH3 

5-H 

1-H 

2-H 

3-H 

Shift (b) 

1.15 

1.27 

1.67 

2.18 

4.4 

6.09 

6.09 

Multiplicitv 

s 

s 

d 

ddd 

dd 

d 

br. s 

J(Hz) 

1.1 

7.5,1.1 

7.6 

Carbon 

1 

2 

3 

4 

5 

6 

7 

8 

Shift (6) 

115.5 

140.9 

137.8 

120.2 

38.2 

48.1 

28.8 

42.4 

Carbon 

9 

10 

11 

12 

13 

14 

15 

Shift f5> 

22.6 

38.4 

74.1 

29.4 or 29.5 

29.5 or 29.4 

21.5 

31.0 

IR(KBr): 3400-3500cm-^(hydroxyl group), 1670,1655,1300,1285 and 1200. MS M^ 
m/e 236 and base peak at m/e 59. 



The stereochemistry of occidenol is closely presumably related to the 

stereochemistry of occidentalol. Since it co-occurs in Thuja occidentalis L^'^ and 

Nicoticma rustica L. The stereochemistry of occidentalol was originally postulated to be 

as shown in structure 3. It was later modified to structure 4 (Figure 2.3).^ This allows the 

isopropanol side chain to be equatorial instead of axial. This makes it highly likely that 

the stereochemistry of occidenol is also in error and should be reversed to 5 (Figure 2.4), 

though this proposal has not been made in the Uterature. 

OH 

Figure 2.3: The original proposed structure of occidentalol and its revised structure. 



OH 

1a 

2 ^^ 10 

5a 5b 

Figure 2.4. Proposed structure of occidenol la, its conformation lb, and the 

currently proposed structure of occidenol 5a and its conformation 5b. 

The structure of occidenol is unusual in its rare divinyl ether group, which is a 

part of a seven membered ring system (dihydrooxepine ring system). A much simpler 

molecule containing this kind of system, (dihydrooxepine ring system) 7 has been 

synthesized from the reaction of .$>7ff-divinylethylene carbonate 6 and lithium chloride as 

a catalyst (Scheme 2.1) 10 



LICl, 
O 

Scheme 2.1. The synthesis of 4,5-dihydrooxepine 7 from 5>w-divinylethylene 
carbonate 6. 

No natural product with such a divinyl ether ring system has been synthesized. 

The synthesis of this unique sesquiterpene with unusual structure characteristics will 

provide understanding of a new synthetic methodology. Furthermore a stereo-controlled 

synthesis should lead to proof of the correct stereochemistry of occidenol. 

Biosynthesis of Occidenol 

The structural precursor for the formation of sesquiterpenes is known to be cis or 

trans-pyrophosphate 8 and 9. The biogenesis of this class of compounds starts by forming 

an unstable cation from the elimination of the allylic leaving group. This cation 

intermediate changes to (Merent classes of ring compounds by hnkage to one or other of 

the isolated double bonds (Scheme 2.2). Reaction of the resulting compounds with the 

solvent or liberation of a proton will stabilize the compounds. ̂ ^ 

According to the reasonable proposal by Hortman,̂  occidenol, like other 

eudesmane-type sesquiterpene alcohols, which hs rings are cis-fiised is actually produced 

from simple hydration of ion 10 followed by dehydrogenation to form 12 and biosynthetic 

epoxidation of 12 followed by Cope rearrangement that leads to occidenol 1 (Scheme 2.3). 

8 



Farnesyl 
cis-pyrophosphate 

8 

Farnesyl 
trans-pyrophosphate 

9 

Scheme 2.2. Formation of the structural unit of sesquiterpenes. 



13 

Scheme 2.3. Proposed biosynthesis of occidenol. 

Occidentalol 

Occidentalol is an eudesmane-type sesquiterpene alcohol, isolated from the wood 

of Eastern white cedar {Thuja occidentalis x.).̂ '̂ 42,i3,i5 j ^ exists m much higher 

concentration in the tree than does occidenol 1. It has been found that occidentalol 

possesses a cis fusion and a 1,3-diene system, two structural features rarely found in this 

series of natural products.^ The unique biosynthetic pathway of occidentalol (Scheme 2. 

4) has been proposed by Hortman, '̂̂ ^ which involves distrotatory thermal cyclization of 

the 1,3,5-trans, cis, trans-cyclodecatriene intermediate cycUzation 14 derivable from 

famesol. 

10 



Scheme 2.4. Proposed biosynthesis to occidentalol. 

Two structures of (+)-occidentaIol are possible from the cyclization, 3 and 4. 

Structure 4 appears to be more likely, based on conformational analysis.^ However, a 

report '̂̂ by ZifFer et al. of the direct observation of an intense positive Cotton effect in the 

ORD curve of occidentalol has led to the early acceptance of 3 as the structure of (+) 

occidentalol. In 1969, Hortman and De Roos synthesized both isomers and found that 4 

is indeed the correct structure.' The partial spectral data for occidentalol is shown in 

Table 2.2. 

11 



Table 2.2. Spectral Data for Occidentalol. 

^HNMR 

Proton 
H-1 

H-2 

H-3 

H-5 
H-6p 

H-12,13 
H-14 
H-15 

Shift f5> 
5.21 

5.74 

5.49 

1.51 
0.97 
1.07 
0.85 
1.79 

Multiplicitv 
d(br) 

d4 

.d, q, d, (si, br) 

d,d, d(br) 
m (v br) 

S 
S 

d,d 

J(Hz) 
/l ,2=9.6,Jl,3=/l,5=l 

, ^U5 = 0.8 

Jl,2 = 9 . ^ 3 = 5.1 

J2,3 =5.0/3.15 =1.5, 
Ju= l.O 

A6a= 12.5 

J3.15=1.5,JU5=0.8 

Occidentalol has received much interest in the form of synthetic work due to the 

confusion of its stereochemistry. Several syntheses using different routes have been 

reported. In 1973, Hortman et al. reported the first synthesis of (+) occidentalol 4. 

It is found that the stereochemistry of the cis-fiised rings in occidentalol is different than 

that reported by the Canadians in 1964.̂  They also synthesized three isomers for the 

occidentalol (+) occidentalol 4, (-) occidentalol 14 and 7-epi-(-) occidentalol 3 which the 

Canadians considered to be the correct stereochemistry for occidentalol. 

12 



Figure 2.5: (+)-occidentaIol 4, (-)-occidentalol 14 and 7-epi-(-)-occidentalol which 
synthesized by Hortman, Daniel, and Martinelli. ̂ ^̂  

Previous Synthetic Approaches to Occidenol. 

Three synthetic approaches for occidenol have been tried in our lab. The first 

attempt was done by Don Kyle.̂ ^ The starting material was 16, the synthetic keto

aldehyde which was prepared from 3-methyl-6-carbethoxy-2-cyclohexenone 17. 

Compound 17 underwent a photochemical [2+2] cycloaddition with propyne to yield 18. 

The method of Coates and Shaw was used to reduce the P-keto ester to a saturated ester 

19, which estabhshed the required stereochemistry. The ester side chain in 19 was 

converted to the isopropanol side chain 20 by the reaction with two equivalents of 

methyllithium in ether at low temperature. Then the precursor 16 was produced upon 

ozonolysis (Scheme 2.5) 22 

13 



OEt 
hv 

C H 3 — c = ^ H / 
-35 

a. NaH/HMPA 
CICH2OCH3 

OEt > 
b. Li/NHs / 

H 
OEt 

19 O 

a) 2 MeLi 

b)H20 

1)03 

2)DMS 

16 

Scheme 2.5. Synthesis of keto-aldehyde 16. 

Conversion of 16 into occidenol was planned via a single step by using a bis-

Wittig reagent, a,a'-bis-triphenylphosphoniumbromide dimethyl ether 21. The 

cyclization reaction was studied by using trans keto-aldehyde 22 which was produced 

from the ozonolysis of (-) elemol, which was isolated from citronella oil. The described 

reaction would give 6-epi-occidenol acetate 23 if it worked but unfortunately, the bis-

Wittig reagent did not react with elemol dervative 22. It seems that steric hindrance in the 

keto-aldehyde was the reason. There was another ring closing which occurred instead, 

which was the intramolecular aldol reaction involving nucleophilic attack of the ketone 

14 



enolate on the aldehyde function group to give 24 (Scheme 2.6), so this approach was 

abandoned. 

Ozonolysis H 
* • > • 

H 

Br' Br' 

1.Ph3P^CH20CH2P*Ph3 

2. NaOMe/MeOH 

22 

I.PhsP CH2OCH2P Phs 
Rr' Br' 
Br 21 

OAc 
2. NaOMe/MeOH 

OAc 

OAc 

Scheme 2.6. The failure of the bis-Wittig approach to occidenol. 

The second approach to the synthesis of occidenol was done by Howard 

24 Merken. This approach was very similar to the previous one. The ketoaldehyde 16 was 

chosen as the starting material, which would be allowed to react with 2 equivalents of the 

previously unknown bis-methoxy(trimethysilyl) methylid (Peterson olefination reagent) 

to hopefully yield 25, which was expected to react with a strong base, such as KH, to 

form occidenol acetate 23 Scheme 2.7. 

15 



MesSiCHLIOCHLISiMes 
26 

MeaSI 

OAc 
MeaSi 

2KH 

OAc 

OAc 

Scheme 2.7. The proposed synthesis of occidenol acetate 23 by using a Peterson bis-
olefination reaction. 

The ketoaldehyde 22 derived from elemol was used instead of the synthetic keto

aldehyde 16 as a model, which was much easier to obtain, as mentioned before. 

Olefination reagent 28, used as a model, was prepared from (methox5miethyl) 

trimethylsilane 27 then added to 22. According to ^H NMR the product of the addition 

was successfully formed, and diastereomers were present. The elimination step with 

potassium hydride failed to occur and the starting material was recovered (Scheme 2.8). 

Also work to produce 26 suggested that was not stable enough to be a stable reagent for 

the purpose. According to these results this approach was abandoned. 

16 



sec-BuLi 
Me3SiCH20CH3 •MeaSiCHLiOCHa 

27 28 

OAc 

2 MeaSiCHLiOCHs 
28 

SiMeg 
1 CitA 

C H 3 0 C H ^ ' ^ | ' 

H OCH3 

H OCH3 

^ ( OH 
S}Me3 

29 

KH 

OAc 

OAc 

30 

Scheme 2.8. The result of the reaction of Peterson olefination reagent 28 and 
ketoaldehyde 22. 

24 TTie third attempted synthesis of occidenol was done by Merken. This approach 

was divided into two main sections. The first section is the preparation of the (+) 

occidentalol, which was to be by intramolecular reaction to couple the douple bonds of 

elemol 31 to give the conjugated diene 32 by using palladium acetate. Using a 

photochemical conrotatory ring opening of compound 32 to form a trans, cis, trans triene 

17 



33, then by thermal disrotatory ring closure 33 could be converted to natural occidentalol 

4 and its diastereoisomer 3 Scheme 2.9. 

Pd(0Ac)2 
^ 

Scheme 2.9. Formation of occidentalol from elemol. 

The second step was the insertion of an oxygen atom between the double bonds of 

the diene in the occidentalol. To do that, a multi-step synthesis was proposed, which is 

described in the next chapter. 

It was hoped that the reaction of elonol with palladium acetate would form the 

oxidative coupling to produce 32 as occurred in an open chain literature precedent. 

Unfortunately, 32 was not present in a detectable amount. The product mixture was too 

complex to analyze by NMR spectroscopy, "̂̂  but it was clear that dienes were produced. 

It was assumed that there might be four coiijugated dienes with five membered rings 

likely to be present (Scheme 2.10). It was shown that none of 32 was present in the 

mixture, since ozonolysis gave none of the previously produced ketoaldehyde 22. 

18 



Pd(0Ac)2 

OAc OAc 

OAc OAc 

Scheme 2.10. Possible structures of product mixtures from the reaction of elemol 
with palladium acetate. 

After this result with no hope for preparing the diene 32 this approach was also 

abandoned. 

19 



CHAPTER III 

RESULT AND DISCUSSION 

Proposed Synthesis of Occidenol 

The proposed synthesis of occidenol is shown in Scheme 3.1. The starting 

material is occidentalol 4, which can be extracted with acetone from the heartwood of the 

Eastern white cedar tree {Thuja occidentalis L.).^ The acetone extract is reported to 

contain 36% occidentalol. This starting material has stereocenters, which correspond to 

those in our revised structure for occidenol as well as suitable functionality needed for 

synthesis. Occidentalol 4 should undergo a Diels-Alder reaction with 4-phenyl-l,2,4-

triazoline-3,5-dienone 38 to give 39.̂ '̂̂ ^ Epoxidation of 39 with a neutral reagent such as 

dimethyldioxirane 40 should form a stereospecific epoxide 41. Selective hydrolysis, 

followed by mild oxidation with CuCl2 should yield diazo compound 42. A thermal 

fragmentation reaction of 42 should give occidenol 1 in optically active form. 

20 



o 

Ph—N 
V - N 
I II -̂  

O' 38 

O-^ XH3 
40 

Ph—N 

OH-

Cu++ 

41 

42 
Scheme 3.1. The proposed route to occidenol. 

Occidenol has an acid-sensitive divinyl ether fimctional group so the challenge in 

this synthesis is to generate and retain this group under all synthetic conditions. By 

producing this functionality in the last step, the mild neutral conditions of the 

Segmentation should not include any damage to the divinyl ether group of occidenol. 

21 



From the proposed synthesis of occidenol shown above, it appears that we have 

two major sections to the work to synthesize occidenol 2. The first section is to isolate the 

starting material from the natural source {Thuja occidentalis L) in quantity. The second 

section is the formal insertion of an oxygen atom between the double bonds of 

occidentalol, which is to be accomplished via Scheme 3.1. 

Extraction and Isolation of Occidentalol (4) 

Occidentalol represents 36% of the acetone extract from the heartwood of the 

Eastern white cedar tree {Thuja occidentalis L.).^ The total analysis of the sesquiter

penoid content of the extract, as determmed by GLC analysis^ is shown in Table 3.1. 

Following the protocol of von Rudloff and Nair,̂  the heartwood (306.0 g) of the 

Eastern white cedar tree {Thuja occidentalis L.) was extracted with acetone in a large 

continuous extractor for 36 hours. The extract was evaporated to a small volume then 

dissolved in diethyl ether. The ether solution was filtered from the insoluble residue. The 

filtrate was extracted with 3 portions of aqueous 10% potassium hydroxide to remove the 

acidic and phenolic material. The combined ethereal layers were washed with water and 

dried over anhydrous magnesium sulfate, and the ether was evaporated to yield a neutral 

oil (5.72 g, 1.9 %). The neutral oil was fractionally distilled through a vacuum-jacketed 6 

inch Vigreaux column at 1.0 mm pressure. Occidentalol was collected boiling 148-149 

°C (1.8 g, 34.0 % from the acetone extract). Occidentalol could be further purified by 

column chromatography,^ but was used without such purification. By GC/MS, this 

22 



sample was 72% pure and contained four components at about the 5% level each and a 

number of very minor components. 

Table 3.1. Sesquiterpenoid components of the wood of Thuja occidentalis L.^ 

Compound 

Occidentalol 

y-Eudesmol 

a- + P-Eudesmol 

Diol (occidenol) 

Occidol 

% 

36 

3 

10 

3 

46-47 

SVnthesis of Occidenol 2 from Occidentalol 4 

The key step requirement in our proposed synthesis is to insert an oxygen atom 

between the double bonds of the occidentalol 4. No method exists to do this 

transformation directly, so a series of pericyclic reactions were proposed. 

The fijst step is the Diels-Alder reaction between occidentalol with a dienophile 

to convert the conjugated diene to a single double bond. This dienophile should be highly 

effective and highly stable to acids, bases, moisture, or alcohols. 4-phenyl-1,2,4-

triazoline-3,5-dione (PTAD)̂ *̂̂ ^ 38 has been chosen. PTAD is a strong dienophile that 

reacts very rapidly, even at room temperature with wide variety of diene systems with 

excellent yields. This dienophile was prepared by passing gaseous diititrogen tetroxide 

23 



into a suspension of urazole 43 in cold methylene chloride. The resulting solution was 

evaporated to give quantitatively the red crystalline dione 38. 

Ph—N 

O 

-N 

y 
O 

N2O4 
Ph—N 

O 

N 

•N 

43 
O 

38 

PTAD was tested with 1,3 -cyclohexadiene, which has a similar diene system to 

occidentalol. PTAD 38 underwent cycloaddition to 44, providing the 1,4-cycloadduct 45 

with a high yield. 

Ph—N 
> 

> 

-N 

•N 

38 

THF, 0̂  

44 

Ph—N 
> 

> 

-N I I I I I M I I I IJ 

-N 1 1 1 1 1 1 1 1 1 1 1 1 

45 

As we expected, PTAD 38 underwent the cycloaddition reaction to occidentalol 4 

very smoothly in dry THF at low temperature providing the 1,4-cycloadduct 39 with a 

quantitative yield. Occidentalol was used as a mixture (72%) with other components but 

occidentalol was the only diene. It is known that the Diels-Alder reaction is selective for 

cis dienes, so the dienophile was selectively added to the occidentalol only. After 

completion, the resulting mixture was washed through a column chromatography with 

24 



ethyl acetate: diethyl ether fractions with 70% based on the mkture. Only one 

stereoisomer was detected. 

The IR, ^^C-NMR, ^H-NMR spectral data were definitive for the structure. IR 

spectra showed two carbonyl group bands with unequal intensity of the urazole moiety at 

1765 and 1720 cm"\ The ^H NMR spectrum of the product showed sharp singlets at 6 

1.905 (3H), 5 1.27 (3H), 5 1.16 (3H), 8 1.05 (3H), and many multiplets 6 0.65-1.8 (IH) 

each. The two vinyl peaks were at 8 6.18 (IH) and 6 6.48 (IH). The bridge proton 

(adjacent to the urazole nitrogen showed up at 5 4.41 (IH). The aromatic phenyl showed 

up as two multiplet peaks in the expected 6 7.30-7 42 (5H) region. Also the '̂C-NMR 

spectrum supported the proposed structure. For example, the aromatic and double bond 

carbon signals are located in the expected 8 125.8-132.6 region, the urazole carbonyl 

peaks at 8 153.8 and 154.6, and the two bridgehead carbon peaks (adjacent to the urazole 

nitrogen) at 8 63.9 and 73.1. The results are consistent with the structure 39 which could 

arise as shown in Scheme 3.2. 

Ph—N 
"̂ '"̂ '̂Q » Ph—N 

O 

39 

Scheme 3.2. The cycloaddition reactions of occidentalol 4 with PTAD. 
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The next stage of the synthesis was the epoxidation of the Rouble bond. That was 

proposed by using dimethyldioxirane which can be generated from oxone 

(2 K2H5O5.KHSO4.K2SO4) and acetone and transferred to the reaction ̂ ôr can be 

generated in situ?^''^^ The mechanism of formation of dimethyldioxirane has been 

studied extensively.̂ ^ The processes of formation pf a dioxirane involves a nucleophilic 

attack of oxone at the carbonyl carbon with subsequent loss of the bisulfate ion (Scheme 

3.3). 

HSO5" 

HSO4" 

Scheme 3.3. Formation of a dioxirane intermediate from oxone and acetone. 

Dimethyldioxirane was prepared under biphasic conditions (benzene and 

CH2CI2/H2O) using excess acetone, oxone, a phosphate buffer, and a phase transfer 

catalyst (18-crown-6). This protocol has been applied to the epoxidation of 39 as 

proposed, but unfortunately the oxidation did not go to completion as evidenced by an H 

NMR spectnmi, which showed new peaks for the epoxide but also substantial peaks for 

starting material. Several runs with different concentrations of oxone and acetone were 

tried. Also the dimethyldioxirane reagent was generated from oxone and acetone, then 

transferred from the generation medium to a receiver containing acetone. This reagent 
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was added to 39 but gave only the starting material. At this point, it was decided to search 

for a new reagent. 

The new reagent was another dioxirane, methyltrifluoromethyldioxirane, which 

30 has the highest reactivity among the dioxiranes reported so far. It was generated in situ 

using trifluoroacetone as a catalyst and acetonitrile-water mixture as a solvent. This 

protocol has been successfully applied to epoxidize many unactivated olefitis with 

various substitution patterns, including strongly electron-deficient olefins, and others. 

Methyltrifluoromethyldioxirane was found to convert 39 to epoxide 41 withlOO % yield 

(by^HNMR). 

Ph—N VI j CF3COCH3 \ — 
Oxone/NaHCOs Ph—N 

y 

39 41 

The reaction was carried out, starting at 0 °C and continuing at room temperature 

for 24h. The pH (7-7.5) of the reaction was controlled by sodium carbonate. In general 

these conditions prevent possible opening of the epoxide. The structure was readily 

determined by ^HNMR spectra as shown in Table 3.2. Also NOESY and COSY 

experiments were very helpfiil in assigmng the proposed structure 41. 
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41b 

The ^H NMR spectrum showed substantial chemical shift changes for the three 

protons (Hm, Hi, Ho) between the alkene 39 and the epoxide 41. The bridgehead proton 

Ho (adjacent to the nitrogen) shifted from 8 4.40 to 8 4.19, Hn and Hn shifted from 8 6.45 

and 8 6.19 to 8 3.64 and 8 3.39, respectively. The epoxidation reaction was 

stereospecific, as proved by the spectral data, which showed only one isomer for 41. 

The protons Ha and He are strongly shielded at 8 1.006 and 1.472, respectively. The 

signal for Ha looks like a quartet but COSY clearly shows that it is a doublet of doublet of 

doublets, with all coupling constants of 13 ± 0.5 Hz. One of these is the geminal coupling 

to Hk, but the other two are vicinal coupling (dihedral angles are about 180°) to Hi and Hg. 

According to COSY assignments, there are two possible isomers which fit the proposed 

structure (41a and 41b). 
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Table 3.2. ^H NMR (500 MHz) Data of 41. The assignments of letters to the various 
protons are made in the order of relative chemical shifts. See the experimental 
section for this detailed spectrum. 

Proton 
(H) 

a 

b 

c 

d 

e 

f 

g 

h 

i 

J 

k 

1 

m 

n 

0 

P 

Shift(8) 

1.006 

1.159 

1.208 

1.300 

1.345 

1.472 

1.563 

1.688 

1.736 

1.780 

1.870 

1.920 

3.392 

3.645 

4.190 

7.430-7.450 

Integration 

1 

3 

3 

3 

5 

Multiplicity 

ddd 

s 

s 

s 

dd 

dddd 

dddd 

ddd 

dd 

dddd 

ddd 

s 

d 

dd 

d 

m 

J(Hz) 

J^i,k=13,13,l3 

Jh,j,f=l3,7,2.5 

Jj,g4i,e=13,7.7,2.5 

Jaj,£k=13,7,2.5,2.5 

Je/r l3 ,7 ,7 

Ja,k=13,5.5 

Jf;e,&h =13,7,7,7 

Ja,i,g=12.5,5,2.5 

Jn=4.5 

Jn,o =3,4.5 

Jn =3.0 

Proton(s) 
correlations 
(NOSEY) 

k,m 

g 

i,o 

h,o 

j 

c 

e,n 

d,k 

f 

a,i,m 

a,k,n 

h,m,o 

d,e,n 
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The NOESY spectrum shows an interaction between Hn and Hh and another 

interaction between Hm and Ha, which are not near each other in isomer 41a but they are 

in 41b. Isomer 41a shows that Hn and H^ are not close to any of the ring protons, on the 

contrary, Hn and Hmin isomer 41b are close enough to the ring protons (Hh, Ha). After 

these NOESY correlations between the protons on the bicychc proton of the molecule 

(Hm and Ho) with the protons on the ring (Hh, Ha), it is strongly suggested that 41b is the 

right isomer. Also all NOESY correlations with methyl groups fit the proposed structure. 

Basic hydrolysis^ ̂ '̂ ^ of the urazole 41 and subsequent oxidation was hoped to 

give the azoalkane 42. Unfortunately, 41 could not be hydrolyzed. Several attempts at 

base-catalyzed hydrolysis were made, using ever-increasingly harsher conditions. All the 

results showed just the starting material without any change. Two other hydrolysis 

methods w6re tried in our system, which have sUccessfiilly been applied in similar 

systems. The first one is a reductive removal method with lithium aluminium hydride in 

THF, and the second is the treatment with sodiimi carbonate in DMSO, These two 

methods were tried under several conditions of increasing harshness, but only starting 

material was recovered. 

After all of these results, it seems that 41is very difficult to hydrol5^e so we 

decided to use another triazolinedione, which is N-methyl triazolinedione (MTAD) 46 in 

place of the phenyl derivative in hope that could be more easily hydrolyzed. 
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CH3—N 

46 

Compound 46 was synthesized from 4-methylurazole, and added successfiilly to 4 

to give the Diels-Alder 47 adduct with high yield. Epoxidation of the Diels-Alder adduct 

was then done with methyltrifiuoromethyldioxirane. The NMR spectrum showed similar 

peaks to compound 41 with small differences in the chemical shifts and the new methyl 

peak instead of the phenyl peaks. 

CH3—N 

y-H 
I I 
y-H 

46 

CH3—N i I 
y-u 

47 

CF3COCH3 
Oxone/MaHCOr, CH3—N p ; 

OH \ ^ I r I i.i.i.,7t> 

48 

OH 

Compound 48 was refluxed with excess potassium hydroxide in isopropyl alcohol 

for twenty-four hours under nitrogen. Fortunately, this compound was completely 

hydrolyzed under these conditions. The resulting compound was oxidized using a cupric 

chloride work up to lead to 49. The relative configuration of 49 was assigned on the basis 
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of H NMR and by analogy to compound 41. The sample of 49 used is still impure. The 

best evidence for the structure of 49 is the presence of low field ̂H NMR peaks at 8 3.2, 

3.5 (epoxide CH protons) and a peak at 8 5.1 for the bridgehead protoiL Similar bicyclic 

diazo compounds have the bridgehead proton signals at similar position.̂ '̂̂ ^ 

1. KOH/i-PrOH 
2. CuCl2 
3. NH3 

(V>.i.... 

0^ 

f I t l ^ 

^ 11 1 M I 1 M^S. 

R 

48 49 

^OH 

As of this writing impure samples of 49 were subjected to heating to accomplish 

the fragmentation to give occidenol. Surprisingly, compound 49 has proved to be inert to 

the conditions investigated thus far, and has been recovered intact. The conditions are 

heatmg in acetonitrile to 135 °C in a sealed tube for 4 hours and refluxing with ethylene 

glycol for 5 hours. 

The successful fragmentation to occidenol thus far has been elusive. Further work 

will continue until this is accompUshed. It will be necessary to prepare a pure sample and 

to submit it to flash vacuum pyrolysis or other reaction conditions. 
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CHAPTER IV 

EXPERIMENTAL PROCEDURES 

General 

Unless otherwise noted, all chemicals used were purchased from Aldrich. 

Tetrahydrofuran and diethyl ether used in reactions were distilled from sodium in the 

presence of benzophenone. Dichloromethane was distilled from calcium hydride 

immediately before use. 

NMR experiments were conducted in deuterated chloroform using an INOVA-

500 (500 MHZ for proton) instrument. All NOSEY, COSY, and DEPT experiments were 

conducted with the INOVA-500 mstrument. Peak positions were given in part per miUion 

(8) from the internal standard tetramethylsilane. Coupling constants (J) were reported in 

Hertz (Hz). Infrared spectra were obtained from thin films of the material between 

sodium chloride plates using a Perkin Ehner 1600 series FT IR spectrometer. 

Analytical thin layer chromatography was performed using Eastman 

chromatogram sheets. Column chromatography was done with 200-300 mesh silica gel. 

Most of the products were woiiced up using an organic-aqueous separation, the 

mixtures were extracted twice with dichloromethane. The organic layer was dried over 

anhydrous MgS04, then filtered and the organic solvent was removed in vacuo, unless 

otherwise stated. 
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Extraction and Isolation of Occidentalol 4 

A generous supply of the heartwood from the Eastern white cedar Thuja 

Occidentalis L, was supplied as wood chips by Bob Nadeau of the Sovebec Furniture 

Company in Canada (Address: Sovebec, Inc., 9201 boul. Centre Hospitaller, Chamy, 

Quebec, G6X 1L5. Canada). A sample (306.0 g) of the wood was extracted in a 

continuous extractor with acetone for 36 hours. After removal of the solvent under 

reduced pressure (18 mm Hg) in a rotary evaporator at 40-50 °C the dark brown viscous 

residue was poured into 500 mL ether. The ether solution was stirred for two hours and 

the insoluble precipitate was filtered off. The ethereal solution was extracted with three 

aliquots of 10% aqueous potassium hydroxide solution to remove all the phenolic and 

other acidic material. After washing with water, the solution was dried over anhydrous 

magnesium sulfate, and then filtered and the organic solvent evaporated to dryness with a 

rotary evaporator to yield an oily material (5.72 g, 1.9%). 

The oily material was fractionally distilled through a vacuum-jacketed 6 bich 

Vigreaux column at 1.0 mm pressure. The fraction collected between 148-149 °C 

contained 1.8 g. This material proved to be 71% occidentalol, determined by GC/MS, 

which was used in the subsequent step without any ftirther purification. 

^H NMR (500 MHz): 8 5.80 (dd, J= 5.0,5.5 Hz, IH), 8 5.56 (dq, J= 4.0, 1.0 Hz, 

IH), 8 5.28 (d, J= 9.0 Hz, IH), 8 1.79 (s, 3H), 8 1.679 (d, J= 4, IH), 8 1.53 (dd, J=12.5, 

3.3 Hz, IH), 8 1.360 (m, 2H), 8 1.228 {dd. J= 6 Hz, 2H), 8 1.14 (s, 3H), 8 1.13 (s, 3H), 8 

1.110 (dd, J=1.5, 2.0 Hz, 2H), 8 0.85 (s, 3H). 
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^̂ C NMR (500 MHz): 8 139.82, 8 133.63, 8 123.46, 8 116.76, 8 72.82, 8 47.55, 8 

47.195, 8 39.00, 8 35.58, 8 26.99, 8 27.28, 8 27.28, 8 26.81, 8 24.7, 8 22.22. 

IR (neat between NaCl plates), cm'\- 3300, 3050, 2950, 1640, 1495, 1400, 1125, 

1080, 900. 

Preparation of the Diels-Alder Adduct 39 

To a solution of occidentalol ( l . lg ,o f71% purity, 5.0 mmol) in a 30 ml of dry 

THF was added dropwise at 0 **C a solution of 4-Phenyl-l,2,4-triazoline-3,5,dione 

(0.875g, 5.0 mmol) in 30 ml of dry THF. The resulting mixture was stirred for 10 h at 

room temperature, and the solvent was removed by rotary evaporator. The crude mixture 

was chromatographed on silica gel by eluting with a 30:70 mixture of diethyl ether and 

ethyl acetate to yield 39 (1.38 g, 70 %) as a white powder: mp 188-189 °C. 

^HNMR (500 MHz): 8 7.43-7.45 (m, 5H),), 8 6.44 (dd, J= 3.0,4.5 Hz, IH), 86.18 

(d, J=4.5 Hz, IH), 8 4.19 (d, J- 3.0 Hz, IH) 8 1.905 (s, 3H), 8 1.75 (ddd, J= 12.5, 5.0,2.5 

Hz, IH) 81.74 (ddd, 1=12.5,5.5, 2.5 Hz, IH), 81.61 (dd, J=13, 5.5 Hz, IH), 8 1.54 (ddd, 

J= 13,5.5,2.5 Hz, IH), 8 1.53 (ddd, J= 13,9.2.5 Hz, IH), 8 1.37 (ddd, J= 13,7.0,2.5 Hz, 

IH), 8 1.22 (dd, J=13,6.6 Hz, IH), 8 1.28 (s, 3H) 8 1.16 (s, 3H), 8 1.12 (s, 3H), 8 0.59 

(ddd, 1=13.0,13.0,13.0 Hz, IH). 

^̂ C NMR (500 MHz): 8 154.54, 8 153.76, 8 132.64, 8131.56,8 130.36, 128.96, 8 

128.01, 8 125.83, 8 73.11, 8 63.94, 8 58.60, 8 49.97,8 42.14,8 37.24,8 28.83,8 27.81,8 

26.30, 8 25.48, 8 23.73, 8 20.11, 8 18.81. 
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Preparation of Compound 41 

To (237.7 mg, 0.60 mmol) of the compound 39 dissolved in 20 mL of acetonitrile 

was added to an aqueous Na2.EDTA solution (3 mL, 4 x 10"^M). The resulting solution 

was cooled to 0 °C, followed by addition of trifluoroacetone (2 mL). After 5-10 min of 

stirring a mixture of sodium bicarbonate (0.5 g, 6.0 mmol) and oxone (2.5 g, 6.0 mmol) 

was added at once. The mixture was stirred for 24 h at room temperature. The solution 

was added to 20 mL of water and extracted with 2 xl5 mL of dichloromethane. The 

combined organic layers were washed with distilled water, then dried over magnesium 

sulfate and solvents removed in vacuo to yield 41 mp 185-186, by ^H NMR (100%). 

^H NMR (500 MHz): 8 7.43-7.45 (m, 5H), 8 4.19 (d, J= 3.0 Hz, IH), 8 3.65 (dd, 

J= 3.0,4.5 Hz, IH), 83.39 (d, J=4.5 Hz, IH), 8 1.92 (s, 3H), 8 1.870 (ddd, J= 13.0, 5.5, 2.5 

Hz, IH) 81.78 (dddd, 1=13,7,7,7 Hz, IH), 8 1.736 (dd, J=13, 5.5 Hz, IH), 8 1.688 (ddd, 

J= 13,7.0,7.0 Hz, IH), 8 1.563 (dddd, J= 13,7.5,2.5,2.5 Hz, IH), 8 1.472 (dddd, J= 

13,7.0,7.0,2.5 Hz, IH), 8 1.345 (ddd, 1=13,7.0,2.5 Hz, IH), 8 1.30 (s, 3H) 8 1.208 (s, 

3H), 8 1.159 (s, 3H), 8 1.006 (ddd, 1=13.0,13.0,13.0 Hz, IH). 

^̂ C NMR (500 MHz): 8 154.69, 8 154.17, 8 131.64, 129.03, 128.12, 8 126.26, 8 

72.97, 8 61.64,855.61,8 54.63, 8 53.16,8 50.80, 8 42.09, 8 37.74, 8 28.09, 8 27.81, 

8 27.05, 8 25.66, 8 21.97, 8 19.34, 8 8.94. 

IR (neat between NaCl plates), cm'̂ : 3300, 3050, 2950, 1725, 1700, 1600, 1540, 

1450, 1300,1150, 
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Preparation of 4-Methvl-L2.4-triazoline-3.5.dione 46 

Gaseous dinitrogen tetroxide was generated from the addition of nitric acid to 

copper metal then passed through a tube into a cold stirred solution of (0.300 g, 2.61 

mmol) of 4-methylurazole ui dichloromethane until all the urazole dissolved and turned 

dark red color. The solution was used in the next step. 

Preparation of Diels-Alder Adduct 47 

To a solution of occidentalol (0.610 g of 71% purity, 1.968 mmol) in a 20 ml of 

dry dichloromethane was added dropwise at 0 °C a solution of 4-methyl-l,2,4-triazoline-

3,5,dione , which was prepared above. The resulting mixture was stured for 10 h at room 

temperature. The solvent was removed by rotary evaporator. The crude mixture was 

chromatographed on silica gel by eluting with a 30:70 mixture of diethyl ether and ethyl 

acetate to yield 47 (0.55 g, 84%) as a yellow powder, mp 145-148 °C. 

Ĥ NMR (500 MHz): 8 6.38 (dd, 1= 3.0,4.5 Hz, IH), 86.05 (d, 1=4.5 Hz, IH), 8 

4.20 (d, 1= 3.0 Hz, IH) 8 2.914 (s, 3H), 81.805 (s, 3H), 8 1.71 (ddd, 1= 12.5, 5.0, 2.5, IH) 

81.70 (ddd, 1=12.5,5.5, 22.5 Hz, IH), 8 1.581 (dd, 1=13, 5.5 Hz, IH), 8 1.50 (ddd, 1= 

13,5.5,2.5 Hz, IH), 8 1.45 (ddd, 1= 13,9.2.5 Hz, IH), 8 1.37 (ddd, 1= 13,7.0,2.5 Hz, IH). 

Preparation of Compound 48 

Compound 48 was prepared analogously to compound 41. To a solution of (292.7 

mg, 0.869 mmole) of the compound 47 dissolved in 30 mL of acetonitrile was added an 

aqueous Na2.EDTA solution (4 mL, 4 x 10"^M). The resulting solution was cooled to 0 
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°C, followed by addition of trifloroacetone (3 mL). After 5-10 min of stirring, a mixture 

of sodium bicarbonate (0.75 g, 9.04 mmol) and oxone (3.744g, 9.00 mmol) was added at 

once. The reaction was stirred for 24 h at room temperature to yield 48, by Ĥ NMR 

(100%). 

Preparation of Compound 49 

A 50-mL, round bottomed, two necked flask, equipped with a reflux condenser, 

gas inlet and outlet tubes, magnetic spmbar, was charged with (500 mg, 8.91 mmol) of 

KOH and (0.3497 g, 1.00 mmol) of urazole 48 in 20 mL of isopropyl alcohol. The 

reaction was refluxed under nitrogen gas and stirred for 24 h. After the solution cooled 

down to room temperature 3 g of ice was added and then followed by concentrated HCl 

to acidify the solution to pH 1-2. The solution was subsequently adjusted to pH 5-6 with 

5 M NH4OH, and then, with gentle stirring, a 3 M aqueous solution of CuCl2. 2H2O was 

added dropwise. The solution turned brown. The pH was readjusted to pH 5-6, after 15 

mm the solution was extracted with (3 X 30 mL) of dichloromethane. The combined 

organic layers were washed by (2 X 20 mL) of water, then dried over anhydrous MgS04, 

and concentrated by rotary evaporator.̂ ^ 

*HNMR (500 MHz): 85.139 (d, 1= 2.5 Hz, IH), 8 3.481 (dd, 1= 3.5, 2.5 Hz, IH), 

83.185 (d, 1=3.5, IH), 8 1.98 (s, 3H), 8 0.926 (s, 3H). 
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APPENDIX 

SPECTRAL OF KEY COMPOUNDS 
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