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CHAPTER I 

INTRODUCTION 

Phytoalexins 

The word phytoalexin was derived from the greek "phyton," 

meaning plant, and "alexin," to ward off. Phytoalexins were originally 

proposed to be anti-fungal substances produced by plants in response to 

fungal infection. Acumulation of phytoalexins within infected tissue 

was believed to restrict the growth of invading fungi. Early 

investigators were aware that many parasitic fungi were specialized for 

specific host plants. A fungus isolated from one type of plant was 

unable to parasitize closely related species. A common feature 

associated with the failure of a fungi to develop on non-hosts was the 

rapid death of the cells at the site of attempted infection. ̂ '-̂ '̂  The 

infection hyphae stopped growing among the dead cells and the cause 

has been postulated as the release of poison from these very cells. The 

rapid death of plant cells at sites of attempted infection has been temied 

hypersensitivity.^'^ This has been shown to be an effective form of 

resistance and has subsequently been found to occur in many plants as 

they express resistance to fungal and bacterial parasites. 

Although the earliest studies on phytoalexins involved 

microbial infection resistance, more recent smdies have shown that the 

pathways responsible for their production may be activated through 

other means.^ For example, infestation of plant tissue by weevils or 

nematodes leads to the production of phytoalexins. Furthermore, many 

chemicals (abiotic elicitors) cause phytoalexins to accumulate. Along 

these same lines, certain physical agents such as physical wounds, 
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partial freezing, and irradiation with certain wavelength light have 

been shown to induce very rapid phytoalexin formation in many 

plants.^'^ 

The group of phytoalexins that has received the greatest 

amoimt of attention is the sesquiterpenoid stress metabolites (SSM).^ 

This is due in large part to the fact that they accumulate rapidly and in 

great amoimts after infection. This fact has prompted the isolation and 

characterization of many new sesquiterpenes, as weU as other types of 

natural products. 

Sesquiterpenes 

Phytoalexins comprise only one group of sesquiterpenes. 

Many sesquiterpenes are constituants of essential oils which are used in 

medicine or are of commercial interest. In higher plants and insects, 

certain representatives, e.g., abscisic acid and juvenile hormone EI act 

as hormones. Certain compounds of plant origin also possess hormonal 

activity in insects, thus rendering them useful as insectisides. 

Sesquiterpenes are often the active constituants of flower scents which 

serve to attract pollinators. Some are microbial toxins, as was 

previously mentioned, and some contribute to the scents and tastes of 

spices, foodstuffs, and beverages. Clearly as an overall group, this 

class of natural products plays many significant roles. 

From a chemical standpoint, the sesquiterpenes as a class 

contain fifteen carbon atoms assembled from three isoprenoid 

(2-methylbutane) units. The members of this group are derived 

biogenetically from acetyl CoA via the mevalonate-isopentenyl 
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pyrophosphate-faranesyl pyrophosphate pathway. Sesquiterpenes, 

perhaps more than any other group of natural products, contain a wide 

variety of structures. Within this class, one commonly finds acychc, 

monocyclic, bicyclic, tricyclic, and even tetracyclic compounds. Ring 

sizes ranging from three to eleven carbon atoms are commonly 

encountered. A high degree of stereochemistry adds much to the 

overall synthetic challenge presented by the sesquiterpenes, as members 

of this group are known which possess as many as eight asymmetric 

carbon atoms. Because of the diversity of structural types, both skeletal 

and stereochemical, the field of sesquiterpene natural product synthesis 

provides an avenue for advancing synthetic methodology as weU as 

exercising synthetic ingenuity. 

The project presented here was undertaken with the ultimate 

goal of synthesizing two SSM that have been found together in the 

leaves of Nicotiana rustica (tobacco) infected the the tobacco mosaic 

virus. One of these natural products, phytuberin, has also been found 

in potato tubers which have been infected with an incompatible race of 

bacteria, where it also serves as an SSM. The other, occidenol, was 

originally isolated in trace quantities from the heartwood of Thuja 

occidentalis (eastem white cedar). 



CHAPTER n 

OCCIDENOL 

Occidenol 

In a few cases, molecules known in certain species as 

phytoalexins are also known as heartwood constituents in unrelated 

woody species. Occidenol (1) presents one such case, since it has been 

isolated from both Thuja occidentalis, where it is a simple heartwood 

constituent present only in trace amounts, and has been characterized as 

an SSM in Nicotiana rustica, 

Occidenol is a crystalline sesquiterpene of the eudesmane 

class. Historically it was first isolated from the wood of Thuja 

occidentalis by Canadian workers who made an incorrect structural 

assessment and supplied the Occidiol(2).^^ Later, Tomita and 

co-workers isolated the same compound from Thuja koraiensis and 

reported that this sesquiterpene was not a diol, but was in fact a rather 

unique cis fused bicyclic ring system with a divinyl ether group 

incorporated within it.̂ ^ The structure was proposed on the basis of ^H 

NMR, IR, and various chemical transformations. 

Tomita obtained occidenol by first extracting the milled 

heartwood of T. koraiensis with methanol Further extraction of the 

methanol with n-hexane, followed by treatment of the organic layer 

with 5% KOH to remove the acidic fraction, resulted in the essential oil 

of this wood. This neutral fraction was purified on alumina with a 

hexane/ether solvent system, and resulted in several sesquiterpene 

natural products, one of which was occidenol, which had a melting 

point equal to 42-44° C. 
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As was previously mentioned, this substance coincided with 

that obtained by Canadian workers, but the degree of unsaturation was 

inconsistent with their proposed structure (2). Other inconsistencies 

were also found. Since only on hydroxyl group proton (53.95,1 H,s) 

was observed in the proton NMR spectrum of occidenol in DMSO-d^ 

solution, occidenol was not considered to be a diol, but rather to have a 

tertiary hydroxyl group as an isopropanol function. This was 

supported further by mass spectral data which included a base peak at 

m/e 59, and an NMR signal at 6l.23(6H,s). The tetrahydro derivative 

prepared from occidenol by hydrogenation showed no signals due to 

olefinic protons and allylic methyl protons, but new signals derived 

from the protons on the carbon atom attached to oxygen in the region 

of 53.3-3.8. Integration of this region indicated the presence of 

-CH^OCH^- in the tetrahydro derivative. From these results, along 

with the presence of three olefinic protons (54.25,IH, d, J=7.5Hz; 

55.98,lH,d,J=7.5Hz; 55.98,lH,br.s) and an allylic methyl group 

(5l.85,3H,s), one of the two oxygen atoms was determined to be in a 

divinyl ether group. Structure 1 was thus assigned to occidenol. The 

spectral data for occidenol are summarized within Table 1. 



iHNMR 

delta 

1.11 

1.23 

1.65 

2.28 

4.25 

5.98 

5.89 

TABLE 1 

Spectral Data for Occidenol 

• 
• 

multiphcitv 

s 

s 
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ddd 

dd 
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br. s 

proton(s) 

I4-CH3 

12,13-CH3 

I5-CH3 

6-H 

2-H 

3-H 

4-H 

J(Hz) 

7.5,1.3 

7.5 

IR (KBr): 3400-3500cm-^ (hydroxyl group), 1655, 1300, 

1285, and 1200. MS MT*" m/e 236 and base peak at m/e 59. 
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The synthetic work described in this section was initiated to 

provide the first total synthesis of this very unique sesquiterpene. Its 

unusual structural characteristics make it a challenging target in 

organic synthesis. Furthermore, synthetic endeavors such as this 

provide a means for extention of, and understanding of, new synthetic 

methodology. 

Biosynthesis of occidenol 

Along with a select few eudesmane-type sesquiterpenes, 

occidenol contains a rarely occurring cis ring junction. The 1,3 diene 

system of its proposed biosynthetic precursor, trans,cis,trans 

cyclodecatriene (3.), suggests that a unique biosynthetic pathway 

involving disrotatory thermal cyclization^"^ may be operative. 

O 

2 ^ CoA 
4 

O O 

OFF 

L 

Scheme 1 
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All isoprenoids originate from isopentenyl pyrophosphate, 

which is usually formed from acetyl CoA. As shown in Scheme 1, two 

molecules of acetyl CoA (4) are condensed to give acetoacetyl CoA (5) 

initially, and ultimately, following numerous enzymatic 

transformations, isopentenyl pyrophosphate (6) is produced. The 

formation of aU trans famesyl pyrophosphate (7) is the end result of a 

sequence of enzyme-mediated condensation reactions. Compound 7 is 

an activated molecule, which may imdergo nucleophilic substitution at 

C-1, and electrophilic substitution at C-11. 

E 

y '\ 

^ ^ 

type a type b type c type d 

Scheme 2 



The biosynthesis of cycHc sesquiterpenes probably includes 

the formation of enzyme(E) -bound intermediates as shown in Schemes 

type e type f 

Scheme 3 

OH 

OH 

OH 

Scheme 4 
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2, and 3. These two schemes also illustrate why sesquiterpenes have 

more diverse structures than mono-, di-, and triterpenes due to the 

many different types of cyclizations possible within this group of 

secondary metabolites. The type e (scheme 3) enzyme complex is the 

form that leads toward occidenol This occurs via the steps and 

intermediates shown in Scheme 4. 

Proposed route to occidenol 

A summary of the proposed route is shown in Scheme 5. As 

is true in any organic synthesis, selection of an appropriate starting 

material is certainly one of the most important aspects. In this work, 

3-methyl-6-carboethoxy-2-cyclohexenone^^ (10) was chosen since it 

contains much functionality which, through chemical transformations, 

could presimiably be elaborated into the natural product 1. 

A logical beginning would be to construct a second ring in a 

fashion that would make the two and three positions of 10 bridgeheads. 

Since the bicyclic ring junction in i is cis, a photochemical 2-1-2 

cycloaddition of propyne to the double bond in 10 is one way to obtain 

this geometry. The result of this addition would be intermediate 11. 

The regiochemistry shown in H was expected since the 3-methyl group 

in 10 should have some steric influence on the addition. Electronic 

arguments, however, predicted that the other regioisomer would be 

formed. We hoped that the steric effect would outweigh the electronic 

effect, and that 6 could be obtained as the major if not exclusive isomer. 

It is well known that 2-1-2 photochemical cycloadditions 

involving a,p-unsaturated carbonyl compounds occur much more 
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rapidly than the analogous 2-f-2 cycloadditions to isolated double 

bonds.^^ We therfore investigated the possibility of using the enone 

(10) as a starting point in the synthesis since it contains such a funtional 

group. 

GEt 

OH 

OEt 

11 

Scheme 5 

In the present case the residual ketone group left after the 

addition is no longer required, since occidenol is saturated at this 

position. Several methods for transforming a ketone to a methylene 

have been well documented in the literature. One method that is 

particularly attractive to this work was first published by R. M. Coates 

and J. E. Shaw (Scheme 6).̂ ^ This procedure was designed specifically 

for the reduction of a p-keto ester to a saturated ester. The method 

consists, first of all, in conversion to the methoxymethyl enol ether by 
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alkylation of the sodium salt of the p- keto ester with chloromethyl 

methyl ether. Typically, without further purification, the enol ether is 

then subjected to reacdon with lithium in Hquid ammonia, which 

essentially effects a double reducrion, uldmatly producing the 

saturated ester. 

0 
wk^CG^Et 

NaH/HMPA 
C1CH20CH^ 

> . 

GCH2OCH-
Li/NH3 H , H 

n J . CĜ Et — ^ - O O C G ^ E t 

Scheme 6 

Furthermore, in this alkylation/reduction sequence, the 

stereochemistry of the ester group is postulated as being fixed in the 

axial conformation due to protonation of the intermediate ester enolate 

from the less sterically hindered equatorial direction. 

This sequence of transformations, carried out on P-keto 

ester H , was expected to result in saturated ester 12. This intermediate 

compound has all of the functional handles required to obtain 

occidenol. Furthermore, the stereochemistry should be consistent with 

occidenol. 

Elaboration of 12 into keto-aldehyde 13. was expected to 

proceed smoothly via extremely well known synthetic procedures. 

Treatment first of aU with two equivalents of methyllithium (MeLi) in 

ether solvent at low temperature was expected to transform the axial 

ester side chain in 12 into the axial isopropanol side chain in 13. The 

keto-aldehyde functionality present within 13. could then presumably 
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by prepared by a simple ozonolysis reaction carried out on the 

cyclobutene double bond pordon of the parent molecule. 

Conversion of 13 into occidenol (1), was envisioned as 

occuring in a single step through the use of a rarely used but potenially 

valuable Wittig reagent, dimethyl ether a,a-Z?/^-triphenyIphosphonium 

bromide (14). Scheme 7 illustrates the only reported use of this bis 

Wittig reagent, in Dimroth's preparadon of 3-benzoxepin (15) from 

phthalaldehyde (16).^^ 

O 

M o 

ii 

O 

Ĥ M--̂  

OAc 

Br 
PPh 

O 
PPh 

3 

Br 
3 

14 

OAc 

Scheme 7 

Although the keto-aldehyde is more sterically hindered than 

phthalaldehyde, it did not appear to be so prohibidve as to prevent the 

analogous rini> closini^ reaction from occurring. In order to study this 
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cyclizadon reacdon, the trans keto-aldehyde (17), which may be rather 

easily obtained from elemol, was considered. The described reaction 

would give epi occidenol (17a) if it worked, although if it didn't, the 

conclusion could not be made that cyclization of the cis isomer would 

not work since the geometry is quite different. 

With the precedent from Dimroth, and the model (17) at our 

disposal for subsequent studies, this particular method for cycliztion to 

the divinyl ether ftmctionality seemed promising. 
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RESULTS AND DISCUSSION 

Svnthesis of the cis bicvclic intermediate (11) 

The first step in this synthesis generates the bicyclic skeleton 

in occidenol via a 24-2 photochemical cyclization between 10 and 

propyne. The skeleton resulting from this addidon reacdon contains 

the correct geometry at the bridgehead carbon atoms due to the nature 

of the addition, thus fixing the geometry at two of the three crucial 

carbon atoms in occidenol. Photochemical 2+2 additions are extremely 

common reactions in organic synthesis. Much less common is the use 

of acetylenes as the receptor molecules. Most of these addidons have 

made use of symmetric acetylenes so that the regiochemistry of the 

resulting adduct is of no consequence. Our reaction with propyne 

represents one of the first additions to occur with exclusive 

regioselectivity. This was predicted since the opposite regioisomer 

could by formed only with serious steric interactions between the 

methyl group of propyne and the methyl group at the 6 position on the 

a,P-unsaturated enone 10. 

Initially, some experimental problems were encoimtered, all 

of which stemmed from the use of a Hanovia standard immersion well 

photolysis unit. A typical reaction involved collection of excess hquid 

propyne via a dry ice condenser into a standard immersion type quartz 

photolysis vessel, containing 10 in a solvent such as cyclohexane. Since 

propyne is itself a gas(b.p.= -33°C), coUecdon of any amount was 

nearly impossible, thus nullifying the desired addidon reacdon. 

15 
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Scheme 8 depicts an indirect route toward the synthesis of 

photoadduct H that was briefly investigated. The most appealing 

aspect of this route was that propargyl chloride (19) is a hquid. This 

O O 

la 

OEt hv 
- > • 

H C E C C H J C I 

11 rxV 
CI 

OEt 

21 

OEt 

O O 
in 

OEt 

Scheme 8 

eliminated the solubihty problems and made the stoichiometry easier to 

control. It was discovered that irradiation of 0.5 grams of 10 in 50 mL 

cyclohexane for eight hours in the presence of excess 19 resulted in a 

high yield of addition product (20). Unfortunately, subsequent efforts 

to remove the halide were not succesful. The halogen in question is 

quite reactive, since it is aUylic. The reduction occurred with allylic 

rearrangement, since the exocyclic double bond in the product 21 is 

more stable than the desired endocyclic double bond. This product 



17 

predominated in the reaction mixture, and the halogen could not be 

removed by any method invesdgated. These reducdon attempts 

included such methods as (l)preparation of a Grignard reagent in tert 

butanol, in which case we hoped the alcoholic solvent would protonate 

the intermediate anionic species as it was formed, (2)proton abstracdon 

via the allylic free radical formed upon warming the compound in the 

presence of the free radical initiator aza-bis-2,2'-isobutyronitrile 

(AIBN). 

After much experimentation, conditions were developed 

which allowed the successful addition of propyne to the enone (10). 

Eventually, the experimental design shown schematically in figure 1 

was developed. Use of this apparatus gave the desired cycloaddition in 

essentially quantitative yield. The major advantage of this new 

glassware design was that propyne itself was the solvent. The reaction 

could be run in liquid propyne at reflux (-33°C) as the solvent, thus 

maximizing its chance to act as the trapping agent for the 

photochemically excited enone (10). One further advantage was that 

the excess propyne could be easily distilled and collected after each 

reaction simply by allowing it to warm up. Since propyne is rather 

expensive, the economic advantages were substandal. 

In the best procedure, the reacdon was run by placing 0.5 

grams of the enone IQ_ into the modified quartz photolysis vessel 

illustrated in Figure 1, and after fitting it with the dry ice/acetone 

cold finger, approximately 10 mL of liquid propyne was collected. 

This was irradiated with a 200 W, mercury vapor lamp for 10 hours. 
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Gas inlet 

Dry ice/acetone 
coldfinger 
(250 mL) 

y 
Standard Hanovia 
quartz circulation 
jaclcet 

Lamp 

24/40 Standard Taper 
Joint 

10 cm T 

Evacuated 
jacl<et 

60 cm 

V 

Diagram of the modified photochemical apparatus 

Figure 1 
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The crude reacdon product was idendfied as a mixture (87:13) of 

photoadduct H , and starting material 10. The excess propyne could be 

distilled off and stored at -80°C for future use. It was observed that 

when the reaction was allowed to proceed for a period longer than 10 

hours, some of 21 was found. It was possible to separate the desired 

product from the starting material easily. Based on the complexities 

reported in many photochemical syntheses,-^ it is quite remarkable that 

this reaction proceeded so cleanly. In general, the photolysis apparatus 

used here greatly simplifies the use of gaseous species in these kinds of 

reactions and will likely prove itself quite useful in similar reactions. 

Synthesis of the saturated ester (12) 

The next stage of the synthesis was the removal of the ketone 

and fixing of the sterochemistry of the ester at position 3 in the 

photoadduct H via the two step procedure reported by Coates and 

Shaw. This overall transformation was shown in Scheme 6. As 

predicted, the initial alkylation of the sodium enolate with 

chloromethyl methyl ether proceeded smoothly in HMPA at room 

temperature to produce the methoxymethyl enol ether 22 in 97% yield. 

The other three percent was characterized as the analogous C-alkylated 

product, although this was not removed from the reacdon mixture at 

this point. 

Reduction of methoxymethyl ether 22 proved to require 

careful attention to experimental details. The ammonia had to be very 
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OEt - > • 

I 

CH3OCH2O o 

22 

OEt 

OEt 

Scheme 9 

anhydrous for the subsequent dissolving metal reduction or further 

reduction of the ester group to the primary alcohol (23) occurred via 

protonation of the intermediate ester enolate. The conditions finally 

used which worked the best are as follows. Prior to use, approximately 

100 mL of 99.99% pure anhydrous ammonia was collected in a dry 

flask and 1.0 gram of sodium metal was added in small portions with 

stirring. This resulted in a deep blue solution which, after refluxing 

for several hours, was distilled into another dry flask that contained the 

appropriate amoimt of lithium metal (exactly four equivalents). This 

solution was also the expected blue color. In the initial studies on this 

reaction, the enol ether (22) was added to the lithium/ammonia solution 

in a small quantity of tetrahydrofuran (THF). The THF used was 

distilled from sodium/benzophenone. Since alkali metals in general are 
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known to degrade THF,^^ it is likely that some alcoholic material may 

have been present in the THF used in this reduction reaction. This 

potential proton source could easily have been the cause of the 

over-reduced product, which was obtained exclusively in these studies. 

During subsequent reactions, the enol ether (22) was added neat to the 

prepared lithium/ ammonia solution. After stirring for about 10 min., 

followed by an ammonium chloride quench,, the solvent was evaporated 

and a colorless oil obtained. GC/MS analysis suggested that this might 

be a 99:1 mixture of axialiequatorial isomers. This ratio was 

determined through integradon of the GC spectrum run on the purified 

product. This spectrum contained two peaks, each of which had the 

same mass spectrum. From this information and from what is 

mechanistically reasonable, we assumed that these two peaks 

represented the axial and the equatorial isomers respecdvely. 

If any excess lithium is present in this reaction, 

over-reducdon to the primary alcohol (23) occurs, as was previously 

discussed. The over-reduction may also occur during the ammonium 

chloride quench.^^ This result is also reported in the original work by 

Coates and Shaw for the case where the methoxymethyl enol ether of 

2-carboethoxycyclohexanone was reduced with excess lithium. 

Svnthesis of kev intermediate (13) 

Treatment of a purified sample of saturated ester 12 with 2 

equivalents of methyllithium in ether solvent at low temperature, 

followed by acidic work-up afforded quantitatively the tertiary alcohol 
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24- This was no real surprise since this type of reacdon is extremely 

well understood and simple to perform. Ozonolysis of 24 in methanol 

at -78° C also proceeded smoothly as expected, and subsequent 

reducdve work-up with dimethyl sulfide produced, quandtatively, our 

tentadve precursor to occidenol, the cis -keto-aldehyde H . This 

sequence is shown in Scheme 10. 

J-x 
O 

/ - ^ - ^ 

2 MeLî  
OEt 

O 
12 

'•^-^. 
O 

H 

Scheme 10 

Studies on final ring closure in occidenol 

The highly specialized Wittig reagent, dimethyl 

ether- a,a'-bis triphenylphosphonium bromide (14), reported by 

Dimroth and Pohl, should lend itself nicely to the synthesis of cyclic 

divinyl ether functionality built into some natural products. This 

reagent is prepared by adding drop wise, sym-bis -dibromo-methyl 

ether (25.) to molten triphenylphosphine with vigorous stirring as 

depicted in Scheme 11. The desired bis Wittig reagent may be 

recrystallized from chloroform over several days. If the triphenyl 

phosphine is not molten, but is dissolved in toluene and heated, addition 

of the Z?/5-ether results in the mono phosphonium salt (26). 
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r:'''̂ . ^̂ '̂-3 r""̂  ^t'- ^%^ 
PPh3 PPh3 ^—^ Br Br pp,^ > ^r PPh 

Br" Br 
14 2£ 

3 " 3 

2£ Br 

Scheme 11 

Since this Witdg reagent is so unique and its use has been 

reported only once in the literature with few details,^^ it was of interest 

to study its behavior imder basic condidons. This was accomplished by 

placing the Wittig reagent in an NMR tube with DMSO-d^ and adding 

small increments of sodium hydride (NaH). Prior to carrying out this 

experiment on the double Wittig reagent, we decided to examine the 

behavior of the simpler mono Wittig reagent, methoxymethyl 

triphenylphosphonium chloride, under the same conditions. Scan A in 

Figure 2 represents an NMR scan of the mono Wittig reagent, 

methoxymethyltriphenylphosphonium chloride, with a trace of sodium 

hydride (NaH). Scan B represents the partial spectrum of the same 

material after the addition of slightly more NaH, scan C after more 

NaH, and so on. As shown in the figure, the Wittig reagent itself 

exhibits a doublet at 5 5.80 corresponding to the protons within the 

methylene group next to the phosphorus atom, and a singlet at 5 3.50 

corresponding to the protons on the methyl group next to the oxygen 

atom. The hydrogen atoms derived from the aromatics are evident 

within this spectum at approximately 6 7.6-8.0. After adding 
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NMR study on methoxymethyltriphenylphoshonium chloride 

Figure 2 

some NaH, the remaining hydrogen on the deprotonated carbon was 

shifted upfield approximately 1.65 ppm. Similarly, the signal from the 

methyl group hydrogens was shifted upfield, but only by 0.2 ppm. 

With this informadon in hand we ran the same experiment 

on the double Witdg reagent. Again, between each addition, an NMR 

scan was performed and these are shown in Figure 3. Scan A 

represents the simple NMR scan of the DMSO solvent that was used. 

Scan B represents the NMR spectrum of the double Wittig reagent 

itself. Scan C illustrates the behavior of the reagent in the presence of a 
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smaU amount of NaH, scan D is after slighdy more NaH, and so on. As 

illustrated within these spectral scans, the major new peak that is 

formed following addition of NaH is shifted upfield only by 0.8 ppm. 

However, as more NaH was added a smaU doublet did appear 1.80 ppm 

upfield from the initial signal, although this was clearly the minor peak. 

Based on this result, it was determined that upon treating the Wittig 

reagent with excess base, only a mono ylid was formed. The double yhd 

form was never detected in quantity, even after the addidon of a large 

excess of base. 

O 

„Ar^ 

OAc 

O 

OAc 

OH 

Scheme 12 

Using as precedent the fact that Dimroth was able to prepare 

3-benzoxepin (Scheme 7) in 43% overall yield with this Z?z -̂Wittig 

reagent, using sodium methoxide/methanol (NaOMe/MeOH), our first 
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attempt was on a model compound under these same conditions. The 

particular model chosen (17). may be obtained in two steps from 

elemol acetate (18). as is discussed in chapter three. This model (17), 

which was an intermediate in our phytuberin synthesis, is structurally 

very similar to the keto-aldehyde (13). with two exceptions. First, the 

tertiary hydroxyl group in 13 is protected as an acetate in the model. 

Second, and of considerably more significaace, the ketone and aldehyde 

fimctional groups in the model are trans to each other whereas in the 

key intermediate compound 13., these two important carbonyl groups 

are cis. 

The initial studies were carried out in NaOMe/MeOH, since 

Dimroth had success with this solvent/base system. Unfortunately, as 

O 

H NaOM^ 

OAc C ONa 
OAc 0 

r^-^ 
27. 

17 

Scheme 13 

shown in Scheme 13, the result of reacdon using the model compound 

was simply producdon of die bicychc species 27 , which results from 

an intramolecular aldol reacdon involving nucleophilic attack of die 

ketone enolate on the aldehyde funcdonal group. Although this was 

disappointing, it was no real surprise, since the analogous aldol reacdon 
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had been reported in a previous synthesis of phytuberin,^^ in which case 

the aldol product (27) was used as a key intermediate. 

Another attempt at this unique cyclization reaction was made 

under more standard condidons. Specifically, the methyl sulfinyl 

carbanion (dimsyl anion)^^ in DMSO soludon was used as a base to 

effect this Wittig reaction. 

This particular method has beerL considered a superior one 

for quite some time. The dimsyl anion itself was prepared by warming 

to 70°C the stoichiometric amoimt of sodium hydride (NaH) in DMSO 

solution. The resulting solution is a yeUow/grey color. Addition of the 

Wittig salt in DMSO solution to the prepared dimsyl anion resulted in 

destruction of the Wittig reagent, as was evidenced by the presence of 

triphenylphosphine in the ^^P NMR spectrum of the crude reaction 

mixture. No evidence for triphenylphosphine oxide was foimd in the 

^^P NMR studies on this reaction. Furthermore, along with some 

aromatic signals in the NMR spectrum, only signals derived from 

unreacted keto-aldehyde were visible in the spectrum. 

The next logical altemative was to attempt the same reaction, 

but with a reversal of the order of addition. By adding the dimsyl anion 

to a solution of the Wittig reagent, we expected the Wittig salt to be 

more stable since there would at no time be an excess of the base. 

When this reaction was carried out however, the same results were 

observed as had been obtained previously. 

During work on the synthesis of phytuberin, a Wittig-type 

reaction^^ had been attempted as a means of homologating the ketone 
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pordon of the trans keto-aldehyde (17) to an a,p-unsaturated 

aldehyde, as will be discussed later. It was observed in this case that the 

reaction did not occur. It is conceivable that the environment around 

the keto-aldehyde portion of these molecules is too sterically hindered 

for this type of a reaction. Therefore a less sterically demanding 

approach toward closing the final ring in occidenol is likely to be 

required. 

One possibility is via a Peterson reacdon^^ in which an anion 

a to a trimethylsilyl group is added in a nucleophilic sense to the 

carbonyl group in question. Although a four membered ring 

intermediate is involved as was the case for the Wittig approach, the 

long carbon-silicon bond may remove the trimethylsilyl group far 

enough away from the reaction center to allow the closure to occur. 

Future studies on this reaction may prove this to indeed be the method 

of choice for completing the synthesis of occidenol. 



CHAPTER IV 

PHYTUBERIN 

Phvtuberin 

The phytoalexins in the potato that have received the greatest 

amount of attention are the sesquiterpenoid stress metabolites (SSM). 

Potato tubers infected with an incompatible race of bacteria produce 

SSM as part of a hypersensitive response.-^^ Phytuberin is one of the 

main SSM produced in the potato along with katahdinone,^^ lubimin,^^ 

and rishitin.^^ Each of these possesses fungitoxic or fungistatic 

properties. These particular compoimds are not fotmd in any but trace 

amoimts in normal, healthy potato tissue. 

From a chemical standpoint, phytuberin (28) is notable for 

its many centers of chirality and it's three rings in a rigid 

three-dimensional matrix.^^ Its relative and absolute stereochemistry 

has been determined unambiguously by an X-ray analysis.^^ The 

structure of phytuberin was first elucidated by D. T. Coxon in 

1974,^Wd its spectral data is shown in Table 2. 

OAc 
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iHNMR: 

delta 

3.41 

3.28 

6.44 

4.68 

1.44 

1.47 

1.02 

1.56 

1.99 

13CNMR: 

delta 

74.0 

105.3 

146.7 

93.5 

95.1 

29.6 

44.1 

22.1 

TABLE 2 

Spectral Data for 

multiphcitv 
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carbon 

C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

C-8 

Phytuberin 

proton(s) 

1-HA 

I-H3 

2-H 

3-H 

12-H 

13-H 

14-H 

15-H 

17-H 

J(Hz) 

44 

40 

40 

34 

34 

J(Hz) 

8.5 

8.5 

2.8 

2.8 
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TABLE 2 (continued): 

delta 

34.8 

45.4 

83.7 

23.7 

23.1 

23.7 

16.7 

MS M+ m/e 234 and base peak at m/e 205. 

carbon 

C-9 

C-10 

C-11 

C-12 

C-13 

C-14-

C-15 

J(Hz) 

38 

40 

40 

- 44 

38 

Biosynthesis of phytuberin 

As with other sesquiterpenes, phytuberin is ultimately derived 

from acetyl CoA, as was previously discussed. Biosynthetic pathways 

of stress metabolites produced by fungal invasion of potato tubers have 

been studied primarily using the incorporation of sodium acetate. 

Stoessel and Stothers have reported that ^̂ C2 sodium acetate, equally 

enriched to 90% ^̂ C at both C-1 and C-2, may be added to potato shces 

one day after irmoculation with an appropriate incompatible fungus.^^ 

The hpophilic metabolites which are produced were extracted one day 

thereafter, and individual metabolites were isolated by careful 

chromatography on silica gel. Of considerable significance is the fact 

that, normally only low levels of incorporadon are obtained in this type 

of work. In these studies however, this was not at aU the case since the 

mass production of metabolites under the conditions of induced stress 
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assured their de novo synthesis, and in this way, gave reladvely high 

levels of label incorporadon. 

The advantages of using doubly labeled ^^C2 acetate for 

biosynthetic studies is well documented.^^ However it should be 

mentioned here that for terpenes in general, the incorporation of ^̂ C2 

acetate into mevalonate units yields mevalonate with two intact acetate 

units and one carbon (C-2) which has lost its original neighbor. 

OAc 

Scheme 14 
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For sesquiterpenes formed without rearrangement or cleavage of the 

famesyl chain, the ^̂ C spectrum of an enriched product contains six 

pairs of signals havmg ^̂ C satellites for each of the six intact acetate 

units, and three enhanced signals lacking prominent satellites which 

arise from C-2 of the mevalonate units. The ^̂ C chemical shifts, and 

the ^̂ C-̂ ^C one bond coupling constants for phytuberm are tabulated in 
Table 2. 

The ^̂ C spectrum of enriched phytuberin revealed five 

intact acetate units. A feasible sequence leading to phytuberin has been 

postulated and is outlined in Scheme 14. Here, 29 is envisaged as the 

inidal cycHzation product of 7. Upon epoxidadon of the 1,10 double 

bond, the second cychzadon can lead to the cis -decahn 30. Allyhc 

oxidation to the tertiary allyhc alcohol (31) then seems reasonable. 

Although hydration of the 11,12 double bond is also 

included in Scheme 14 at this point, there is no evidence of the precise 

stage at which this occurs. It is shown here to simplify the scheme, but 

may occur at another stage. Cleavage of the vicinal diol 31, followed 

by hemiacetal formation to afford 34 accounts nicely for the formation 

of the dihydrofuran ring having the correct stereochemistry at C-5. 

Furthermore the orientation of the ring in 3A_ leads directly to the 

correct product from the final cyclization, which is essentially an Sj^2' 

process with water as the leaving group. 
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Previous syntheses of phvtuberin 

Phytuberin has been a popular target molecule in numerous 

synthetic laboratories since its discovery. The first total synthesis, 

show in Scheme 15, was reported by Murai et al in 1980.̂ "̂  This was a 

multistep synthesis, starting from 6-rotunol which is a eudesmane with 

1) LDA 
2) MoOsPyHMPA 

• > • 

LAH 

I Pb(IV)Ac/Py 

1) DIBAH 
2) Ac20,Py 

OAc 

2 i l 2i 

Scheme 15 
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0X0- and hydroxyl groups at C-2 and C-5 respecdvly. This starting 

material had been previously prepared in the laboratory of Murai in 

nine steps and in low overall yield. While this synthesis merits credit 

(being the first and deciding the stereochemical assignment at C-7), it 

certainly had some inherent problems, which included difficult product 

separation and some low yielding steps. 

Oxidadon of 35 was carried out with Mo05-PyHMPA^^ and 

lidiium diisopropylamide (LDA) in THF to produce 36. Compound 36 

was converted into die 11,12-epoxide (37) with m-chloroperbenzoic 

acid, and this mtermediate species was reduced with hthium aluminum 

hydride (LAH) to give (38). Oxidative cleavage of the 1,2 diol system 

in 38 was achieved via treatment with lead(IV) acetate in pyridine to 

give 39. Treatment of this material with diisobutylaluminum hydride 

(DIBAH) effected reduction of two carbonyl groups followed by 

cychzadon to give phytuberol. The acetate, and thus phytuberin (28), 

was then prepared with acetic anhydride/DMAP in triethylamine. 

The second total synthesis was reported by Caine and 

Smith.^^ This time phytuberin was prepared from (-) carvone (40) in 

11% overall yield after a complex seven step synthesis. The outline of 

this synthesis is shown in Scheme 16. Alkylation of the thermodynamic 

lithium enolate of 40 was achieved with chloromethylbenzyl ether 41. 

The cyclopropane ring was readily cleaved with a catalytic amount of 

tosic acid in benzyl alcohol to give 42 in a single step. This material 

was converted to a 88:12 mixture of spirobutenolides (43. and 44) in 

40% yield via the addition of a p-lithioacrylate derivative. This 

isomeric mixture was subsequently separated using silica gel 
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chromatography. Hydrogenation of the minor isomer (43) effected 

removal of both benzyl protecting groups to give the diol 45. When 

this was allowed to stand with basic alumina for one hour, phytuberol 

(46) was isolated in 88% yield. 

Another synthesis was reported later by Yoshikoshi.^^ This 

work has some significance in relation to our project since elemol 

acetate is a common starting material in both. 

4i 
4^ 

OBz 

OH 

Scheme 16 
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As shown in Scheme 17, elemol acetate (18) was converted 

into cyclopentenone (27) through ozonolysis and intramolecular aldol 

condensation of the resulting keto-aldehyde in NaOMe/MeOH. It was 

reported in this work that complete ozonolysis of the double bonds in 

elemol was impossible due to the steric environment in which they lie. 

The result was epoxide formation rather than the expected 

keto-aldehyde. Yoshikoshi found that treatment of the reaction product 

with osmium tetroxide, then sodium periodate would yield the desired 

keto-aldehyde, but in disappointing yield. As will be discussed later 

our results with similar reaction conditions gave similar results, but 

dramatic improvement of this reaction sequence was made. 

In Yoshikoshi's work the stereoselective introduction of a 

hydroxy group onto the angular position in 22 was carried out by 

autoxidation via Mo05-PyHMPA/LDA/THF affording the 

a-hydroxyketone 47. Addidon of the dianion of acetic acid followed 

by acidic work up and acetylation produced the tricyclic lactone 48. 

Intermediate 49 was prepared stereoselectively with OsO^, and 

subsequent treatment with l,5-diazabicyclo[5.4.0]imdec-5-ene (DBU) 

effected an elimination of acetic acid, giving the diol 50. Treatment of 

50 with Pb(0Ac)4, and subsequent reducdon with sodium borohydride 

produced the lactone 51 via intramolecular conjugate addition of the 

reduction product. After preparing die tosylate 52, treatment with 

NaBHgCN afforded die cyclopropane derivative 51, which was reduced 

in a Li/NHg solution to phytuberin lactone 54. This compound was 

ultimately transformed into the natural product, phytuberin after 
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treatment widi lithium alummum hydride (LAH) and then pyrolysis of 

the resulting acetylated product at elevated temperature. 

There have been several other syntheses of phytuberin 

reported,^^ but the details will not be discussed since they do not relate 

directly to the work presented here. The aim in our new synthesis of 

this compound was to reduce the number of steps required in previous 

syntheses by capitalizing on some mgenious transformations. We also 

hoped to significantly improve on the reported yields of phytuberin in 

aU the syntheses to this date. 

Proposed synthesis of phytuberin 

Scheme 18 illustrates the key intermediates in our proposed 

route to phytuberin. As was the case in Yoshikoshi's work, the starting 

material was envisioned as being elemol (55). This particular 

compound lends itself nicely (at least in principle) to many 

sesquiterpene syntheses since the functionality and stereochemistry in 

elemol are disposed correctly for production of many more complex 

compounds. Also, elemol is relatively easy to isolate in pure form by 

distillation from commercially available citronella oil.^^ It was 

anticipated that the acetate of elemol (18) could be prepared via 

reaction with acetic anhydride/pyridine with no real problem, although 

it was conceivable that the steric hinderance around this hydroxyl 

group might require invocation of more forcing conditions. A simple 

ozonolysis reaction was envisioned as an appropriate method to 

transform the unsaturated portion of 18. into the keto-aldehyde 

functionality in 17. It seemed advantagous to do the acetylation of 
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elemol prior to the ozonolysis in order to avoid the intramolecular 

aldol condensation that could conceivably occur under the rather harsh 

conditions we anticipated to be required to acetylate the tertiary alcohol 

of elemol. Selective reduction of the aldehyde in 12, via any one of a 

number of the reagents designed for this specific purpose was expected 

to result in keto-alcohol 5^ by taking advantage of the inherently 

greater reactivity of aldehydes over ketones in general. It was also 

imagined that sodium borohydride(NaBH4) Itself might work. 

HO 

H 
Y ^ 
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Scheme 18 
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The next step is formally a crossed aldol condensation between 

acetaldehyde and the keto compound 56 . Fortunately, within the last 

few years, several stabilized "acetaldehyde enolate equivalent" reagents 

have been developed."^ ̂ '"̂ ^ Our aim in this instance was to try several of 

these mediods, and ultimately determme which of them was best suited 

to our specific purpose. In general the production of 57 seemed fairly 

straightforward, based on the success that has been reported so far with 

this type of reaction. 

The last two steps of this synthesis are crucial, since the only 

stereochemistry introduced in the synthesis comes in these two steps, 

and the cyclization reactions are within these steps. The allylic 

bromination reaction to give 58. is a key reaction. It was anticipated 

that the major product would have the stereochemistry and structure 

shown in scheme 19. The isopropanol acetate side chain was anticipated 

as acting as a conformational anchor so that the axial methyl at C-10 

would be the major director of the stereochemistry. Thus, the bromine 

should enter trans to it, which would place it axial at C-5. Even though 

the center at C-5 is sterically hindered, N-bromo succinimide (NBS) 

usually attacks at ring positions instead of methyl, and we anticipated 

that this would be the case here also. It should be mentioned that there 

are two points of stereochemistry in the intermediate 5^. In particular 

the stereochemistry of the bromine atom is of great importance. This 

can be seen when one considers the probable mechanism for the 

proposed cyclization reaction (shown in Scheme 19) in conformational 

form. The attack of the aUcoxide ion on the enal system was envisioned 

as giving either intermediate 59 or 60, as was judged from molecular 

models, since the two would result from rotational isomers about the 
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C-4, C-5 bond. However, in intermediate enolate 59 , further backside 

attack was expected to "zip up" the second ring to form phytuberin 

directly. Conversely, when intermediate enolate 60 forms, it does not 

have favorable geometry for further reaction, assuming Sĵ 2 conditions 

(y H ^ 

£5. 

OAc 

\ 

OAc 

12L 

Scheme 19 

are mamtained, and it was anticipated that it might simply reverse to the 

starting ion, which could dien re-cychze in the desired sense. 



CHAPTER V 

RESULTS AND DISCUSSION 

Preparation of elemol acetate 

Prior to distillation, samples of citronella oil from both Java 

and Ceylon were analyzed by gas chromatography to determine the 

percent elemol contained within. Based on the results of this analysis it 

was determined that 5% of the material from Java was elemol, while 

that from Ceylon contained only 1 % elemol. To obtain a maximum 

amount of elemol by this method, citronella oil from Java is required. 

Pure elemol was obtained after two successive vacuum distillations of 

citronella oil through a five inch Vigreux column. In this way, elemol 

was obtained as a fraction which boiled at 105°-110°C @ 0.5 mmHg. 

By combining stoichiometric amounts of the elemol and 

acetic anhydride in excess triethyl amine with a catalytic amount of 

4-(N,N-dimethylamino) pyridine (DMAP) and allowing the mixture to 

stir at room temperature for a period of 30 hours, elemol acetate was 

obtained in high yield. 

Preparadon of the trans keto-aldehvde (17) 

Following the preparadon of elemol acetate (18) , the next 

task was to prepare the keto-aldehyde (17). Although problems have 

been previously reported, we hoped that 17 could be prepared in a 

single step through the ozonolysis of (18). It was observed that this 

reaction resulted in a rather complex mixture of products, which are 

shown in Scheme 20. Previous studies in our laboratory"^^ have never 

met widi success purifying the keto-aldehyde from this reaction, but 
44 
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characterization of most of the reacdon products has been 

accomphshed spectrally. The current work verified diese resuhs. 
O 0 

HIO ^HO 

OAc 

H A I ^ 

OAc 

Scheme 20 

As depicted by path b in Scheme 20, the steric environment 

around the double bond area in elemol acetate prevents the normal 

ozonide intermediate from being formed easily durmg the ozonolysis 

reaction. In cases such as these, it is common for an altemative 

pathway to be followed and this accounts nicely for the formation of the 

epoxide products. Based on our initial analyses, we determined that, 
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following a three hour exposure of 3.0g of elemol acetate to ozone at 

-7 8°C in 20 ml dry methylene chloride, a 2:8 ratio 

(keto-aldehydelepoxide mixture) was obtained, which could not be 

purified to any satisfactory extent. 

As a potential way to convert the epoxides into the desired 

keto-aldehyde, we investigated the periodic acid oxidation sequence 

that has been used extensively for this type of reaction. The best 

conditions found were to combine 0.8̂ g of-the crude (2:8) ozonolysis 

product mixture, with l.Og of periodic acid in 60 ml 1:1 (THF/H2O) 

solvent, and warm this to reflux for eight hours. Extraction of the 

product with ether, followed by a basic washing, resulted in a useful 

yield, although somewhat low, of 17. Subsequent examination of the 

basic extract revealed that an amount of keto-acid (61) equal to the 

portion of keto-aldehyde present in the crude ozonolysis product was 

obtained. Studies aimed at minimizing the percentage of 12 in the 

ozonolysis product as a means of raising the overall yield of this 

reaction resulted in the following conditions. Elemol acetate (2.0g) 

was dissolved in 50 mL of dry methanol, and ozone was passed through 

at -78°C for three hours. Methyl sulfide work-up produced a product 

that contained no keto-aldehyde, but was exclusively a mixture of the 

stereoisomeric epoxides. This means that the usual cleavage pathway 

(path a) was not followed, but path b was followed exclusively. 

Periodic acid treatment of this crude material produced the desired 

keto-aldehyde H , in a synthetically useful yield of 79%, with no 

evidence of the keto-acid in the basic wash layer. Furthermore, the 

product obtained was pure by GC and required no further purification. 

This valuable synthetic intermediate has eluded workers in this, as weU 
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as related areas for a long time. However, now that a very reasonable 

route toward its syndiesis has been developed, it should prove itself 

quite valuable. 

Preparation of the keto-alcohol (56) 

With the keto-aldehyde(17) in hand, the next task was to 

reduce the aldehyde group selectively to _the corresponding alcohol 

while leaving the ketone functionahty intact. Since the acetate group is 

severely sterically hindered, and with the knowledge that the aldehyde 

would be inherently more reactive than the ketone, we anticipated no 

problems with this step. Prior to the work presented here, studies were 

carried out in our laboratory^^ which indicated that the most common 

selective reducing reagents such as 9BBN*Py could not effect this 

reaction to any reasonable extent. Fortunately, as shown in Scheme 21, 
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Scheme 21 

the desired selective reduction could be carried out with sodium 

borohydride (NaBH^). It should be mentioned however, that if the 

stoichiometry was not controlled with great precision, and an excess of 
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the reducing agent was present within the reacdon medium, 

over-reduction of the ketone to the secondary alcohol (62) occurred 

readily. 

Preparation of the protected hvdroxv-ketone 

The 6-bromohydroxy-aldehyde (58) was envisioned as being 

a rather difficult intermediate to prepare, due to the halogen being both 

allylic and tertiary. Furthermore, we were skeptical about the ability 

of the aldehyde function in 57_ to withstand oxidation by 

N-bromosuccinimide (NBS). Therefore, in order to study the crucial 

homologation - halogenation sequence of this synthesis, a model 

HO 

OAc 
O 
£1 

compound (methyhsopropyl ketone) 63 was chosen which was simple 

yet contained most of the corresponding functionality of the 

southwestern portion of the keto-alcohol (56). This model is shown 

below along with the keto-alcohol intermediate for comparison. 

As was described previously, homologation of the ketone in 

56 to the corresponding a,P unsaturated aldehyde 57 was deemed a key 

step in the overall synthesis of phytuberin. The addition of the enolate 
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OAc 

of acetaldehyde directly was not a feasible route, due to the known 

self-polymerization of this species. However, there are several 

synthons for effecting this reaction sequence. 

The initial attempt was to add ethoxyvinyl lithium 64 to the 

ketone function in 56. This reagent"̂ ^ was prepared via the treatment 

of c/^-tri-n-butylstannylethoxyethene (65) with n-butyllithium. The 

resulting anion was subsequently added to the carbonyl species. 

Although this procedure worked well in the model case shown in 

Scheme 22 to give a high yield of (66), this reagent did not react at aU 

with the keto-alcohol (56) as we had initiaUy hoped it might. 



50 

Apparently there was some detrimental neighboring group 

effects in 5^ which inhibited the reaction even when a twenty-fold 

molar excess of the vinyl hthium reagent was used, although the exact 

cause was never determined. 

As an altemative to the previously described approach, a 

Wittig type reaction developed by Meyerŝ "̂  was investigated. The 

general sequence is outlined in scheme 23. OveraU, metalation of 67 

with excess LDA (lithium diisopropylamide), followed by introduction 

of diethylchlorophosphate, furnishes in situ the lithio enamino 

phosphonate 68.. Subsequent addition of a carbonyl compound 

followed by aqueous oxalic acid workup affords the a,(3 unsaturated 

aldehydes in relatively high yields. A useful property of this sequence 

1) LDA, -78° C 
R^v Ri 

^ ^ ^ _ j _ 2) (EtO) ,POC. ^ ^ ^ _ R.R.CO ^ I ^ 

(EtO) 2? :̂  Li "l 
^O o 

Scheme 23 

is that it is carried out in one pot. Apphcation of this method to the 

model compound produced in 80% yield the a,p unsaturated model 

compound, 66. 

When this procedure was used in the synthesis of 52 from 

56, the homologation to the a,P unsaturated aldehyde occurred as was 

anticipated, but as shown in Scheme 24, further cyclization occurred 
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under the basic conditions of the reaction, to give, as the only 

recognizable product, the aldehyde 69 which was not an accetable 

result. 

This result suggested that protection of the alcohol in 56 

prior to running this sequence was mandatory. After completing this 

protection with an acetate group and running the homologation 

sequence again, a product with a complex NMR spectmm was obtained. 

Unfortunately, the characteristic aldehyde and vinyl signals were not 

observed in the spectrum, nor could any reasonable purification be 

carried out. One possibility is that the four membered phosphorus-

containing ring intermediate of a Wittig type reaction did not have 

enough room to form, which forced the reaction toward some other 

HO 1)LDA HO 
2)(Et0) ^ o a 

OAc OAc 

Scheme 24 

products. This steric argument has some precedent in the inability to 

form the required ozonide intermediate during the ozonolysis of 

elemol acetate, as was discussed previously. 

With the alcohol group akeady protected as the acetate in 70, 

we decided to reinvestigate the addition of the ethoxyvinyllithium 

synthon (64), since it is less sterically demanding than the Wittig 



AcO 

H 

L> OEt ^ _ 
• AcO 

OAc 

52 

OAc 

11 

minor 

Scheme 25 

iii 

inajor 

reagent reported by Meyers. As shown in Scheme 25, we found that 

indeed the addition occurred, based on the appearance of an aldehyde 

signal at 510.1 and a vinyl signal at 5 6.9 in the proton NMR spectmm. 

Unfortunately, this was the minor product, since the acetate protecting 

group was cleaved by the nucleophihc ethoxyvinylhthium reagent. The 

major product in this case was the unprotected keto-alcohol (56). This 

was disappointing, since we hoped that this primary acetate would be 

sufficiently sterically hindered to reduce its reactivity. 

As an altemative, protection of the primary alcohol group in 

question within 56 as the benzyl ether was investigated. This protecting 

group was expected to have the same steric requirements as the acetate, 

but with the added advantage of being non-reactive under nucleophilic 

conditions. Under the standard reaction conditions of refluxing 

acetone in the presence of 1 equivalent of potasium carbonate and 

benzyl bromide however, even after 36 hours, only unprotected 

starting material was obtained. The same result was observed when a 

catalytic amount of Nal was added to the reaction mixture under the 

same conditions. When the benzyl protection was attempted via NaH in 

THF/DMF, a complex product which could not be identified was 
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obtained. However, the crude material had cleariy lost the NMR 

absorption at 5 2.2 which indicated that, at the very least, the ketone 

portion of the molecule was not stable to the reaction conditions. The 

most likely explanation seems to be that a Cannizaro'̂ '̂  type reaction had 

occurred during which an oxidation of the intermediate benzyl alcohol 

to benzoic acid had occurred along with reduction of the ketone 

functionality in 56 to the secondary alcohol. This explanation was 

based on the identification of benzoic acid within the reaction product 

mixture. 

We next attempted to prepare the tetrahydropyranyl ether 

derivative (THP) of the alcohol, assuming that it would have the same 

unreactivity in the subsequent nucleophilic reaction as would have the 

benzyl group. Furthermore, this group may be easily cleaved under 

mildly acidic conditions, which fits nicely into the synthetic strategy we 

devised while investigating the model studies on the 

homologation/halogenation sequence with a,(3 unsaturated aldehyde 

66 (see below). Attempts at miming this reaction were carried out 

under the somewhat standard conditions of stirring dihydropyran with 

the alcohol and a catalytic amount of tosic acid in methylene chloride at 

room temperature. Unfortunately the THP derivative of the alcohol 

could not be prepared. Although no purification was carried out on the 

crude reaction mixture, the proton NMR spectrum clearly showed the 

disappearance of the signal at 2.2 . 

Ultimately a trimethylsilyl protecting group was added to 

the molecule by stirring together triethylamine, trimethylsilyl 

chloride, and a catalytic amount of dimethylaminopyridine (DMAP) in 
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dry tetrahydrofuran (THF) at room temperature. This procedure 

provided, in quantitative yield, the trimethylsilyl protected alcohol 

(72). 

Model studies on the homologation sequence 

Although there are two potential allylic sites for reaction in 

either our synthetic intermediate 52 or in the model compound 66» the 

NBS bromination was expected to occur exclusively at the tertiary 

1 eg NBS ^^ 

2 eg NBS 

Scheme 26 

carbon as opposed to the primary due to the relatively greater stability 

of the tertiary radical intermediate. Fortunately, this turned out to be 

the case in the model reactions. 

As shown in Scheme 26, it was discovered that treatment of 

the model aldehyde (66) with one equivalent of NBS in refluxing CCI4 
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resulted in a quantitative yield of the a,p-unsaturated acid (73). This 

oxidation problem, although disappointmg, was not really surprising, 

since NBS is a fairly good oxidant. It was noted however that if two 

equivalents of NBS were added to the model, then the y-bromo acid 

(74) was obtained in high yield. The allylic bromination evidentiy 

occurs on the acyl bromide derived from 71, though this intermediate 

was not characterized from the reaction, 

A brief investigation of aldehyde protecting groups 

including ethylene glycol, propylene glycol, 2,4 dinitrophenyl 

hydrazine, and N,N-dimethyl hydrazine was conducted. However, 

essentially all of the protecting groups used were cleaved by the NBS in 

refluxing CCl^ and or were otherwise modified. Similarly, by running 

the bromination reaction photochemically at room temperature, the 

protecting groups were either cleaved or otherwise modified. 

In the case of the ethylene glycol protected aldehyde 75, NBS 

actually brominated at the acetyl carbon preferentially. Subsequent loss 

of a bromide ion was postulated which resulted in a stabilized 

carbocation intermediate 76. which quickly underwent nucleophilic 

ring opening to give 72, as shown in Scheme 27. 

Since keeping the aldehyde in the proper oxidation state 

during the bromination reaction seemed impossible, we altered our 

overall syntiietic strategy toward preparing die y -lactone (78) and 

effecting a subsequent Michael addition of the primary hydroxyl group 

to give the tricychc lactone species (79) as shown in Scheme 28. This 

approach requires a reduction of the lactone, of course, but this has 

already been carried out in aU the previous syntheses of phytuberin. 
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Homologation of the keto-alcohol (72) 

With the alcohol portion of the keto-alcohol protected as the 

TMS (trimethylsilyl) ether (22), we next attempted to homologate at 
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the ketone position via the addition of the ethoxy vinyl lithium reagent 

(64) previously discussed. Although there was some concern over 

whether the anionic species would add to the desired carbonyl group 

preferentially over the TMS protecting proup, we proceeded with this 

method. It is known that preferential attack of alkyl anions on silicon 

over carbonyl groups occurs usually at temperatures greater than 

QOQ 45 ^^[l]^ this knowledge we anticipated that the vinyllithium 

reagent could be added without much difficulty at a temperature of 

-50°C. 

The result of running the reaction under the conditions of 

low temperature was only a retum of unreacted starting material. This 

was likely due to the inaccessibility of the ketone by the vinyUithium 

reagent as a result of the added steric hindrance on the protected 

hydroxyl. By repeating the reaction at 0°C, and again at room 

temperature, the same result was obtained. 

Preparation of the ethoxyvinyllithium reagent, and 

subsequent warming to 30° C for three hours resulted in destruction of 

the reagent itself as was evidenced by its inability to add to a simple 

carbonyl, cyclohexanone, after this period. It is probable that the 

reagent decomposed to ethanol and acetylene although these 

components were never analyzed for. With this information, it was 

apparent that we would not be able to sufficiently heat the reaction 

mixture to effect the desired addition. 

Another possibility that seemed promising was to prepare 

the metalated imine of 62 and then, rather than prepare the 

lithioenaminophosphonate (68) as described by Meyers, add it directiy 

to the carbonyl in 22 to give 80 as shown in Scheme 29. One advantage 
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of this procedure was that since no reasonable self-destruction pathway 

existed as was the case for 64, we could probably heat the reaction 

substantially as we knew would be needed. 

TMSO 

LDA 

^ Li 

O 11 
OAc TMSO^'^^'^N 

>=0SiI 
H 

Scheme 29 

Prior to running this reaction on the ketone in 72, we again 

tested the procedure on the model ketone 63- It was observed that after 

metalation of the unine (62), and addition of the model 61 at -78° C 

only one major product was obtained which by NMR analysis was in 

fact the hydroxyimine 81 as is illustrated within Scheme 30 below. 

0 

&i ' SI 

Scheme 30 

M 
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By stirring 81 with aqueous acid for several hours, hydrolysis of the 

immine occurred cleanly to provide the P-hydroxyaldehyde 81. 

Treatment of 82. with trifluoroacetic acid for several minutes, 

completed the dehydration to give the desired a-p unsaturated aldehyde 

(66). 

Application of this procedure on compound 22 at -78° C 

retumed only unreacted starting material. After warming the reaction 

to 25° C and allowing it to stir 18 hours, a small triplet in the proton 

NMR spectrum at 57.95, which we assumed corresponded to the vinyl 

proton on the carbon atom a to the nitrogen in the desired product, was 

visible. Furthermore it appeared that the absorption corresponding to 

the methyl ketone had been shghtly reduced in size which also indicated 

that some addition had indeed occured to produce hydroxyimine 83. 

Since the metalated imine species could not withstand more vigorous 

reaction conditions, this addition was never carried out to any 

satisfactory extent. 

TMSO ̂  ^ ^ TMSO ̂ ' ^ y ^ 

N-f L' < , 

SI 

Scheme 31 
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Although the a,P-unsaturated aldehyde (36.) was never 

obtained in any usable quantity, it is still deemed a feasible intermediate 

in this synthesis. Once obtained, the subsequent bromination looks very 

promising based on what we observed in the model studies. Should that 

particular reaction proceed, closure to the tricyclic lactone species (79) 

is anticipated to occur quickly and in high yield. This would complete a 

formal synthesis of phytuberin, since the conversion of 22. into 

phytuberin has already been reported.^^ 



CHAPTER VI 

EXPERIMENTAL PROCEDURES 

General 

All routine NMR spectra were runon a Varian EM-360 or 

XL-100 spectrometer in CDCI3 solution unless otherwise stated. All 

NMR chemical shifts are reported in 5 units downfield from intemal 

TMS. Infrared spectra were obtaiiied on a Nicolet MX-S FT 

spectrophotometer. 

All melting points are uncorrected and were obtained in 

open capillaries on a Laboratory Device's "Mel-Temp." The ozone 

generator was model 03V5-0 from "Ozone Research and Equipment 

Company," Phoenix, Arizona. 

Thin layer chromatography was done on Whatman 

analytical precoated silica gel glass TLC plates (K6DF). Preparative 

TLC was done on either 500ji or lOOOji Whatman sihca gel glass plates 

(PKIF). Rash column chromatography was carried out with silica gel 

using mixtures of diethyl ether and petrolium ether. 

Unless otherwise stated, when reactions were worked up 

using an organic-aqueous separation, the organic layer, after 

extractions with the appropriate aqueous solutions, was dried over 

anhydrous MgSO^, then filtered and the organic solvent(s) removed 

with a Buchi rotary evaporator with water aspirator vacuum of 30-40 

mmHg. 

61 
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Preparation of 2-chloro-5-
carboethoxv-2-heptene-6-one 

To 75 ml of dry ethanol containing sodium metal ( 1.0 g, 

43.5 mMol), under nitrogen atmosphere was added, dropwise, freshly 

distilled ethyl acetoacetate (5.6 g, 43 mMol ). The resulting yellow 

solution was magnetically stirred at room temperature for two hours. 

The resulting mixture was cooled to 0^ C and following dropwise 

addition of l,3-dichloro-2-butene (5.33 g, 43 mMol) was warmed 

slowly to room temperature and stirred an additional fifteen hours. The 

crude product was then poured into thirty ml cold 5% HCl and 

extracted with diethyl ether ( 3 x 30 ml ). The combined organic 

extracts were dried, then distilled under vacuum. The fraction 

collected between 107-109^C at 1.25 mm Hg contained 8.44 grams of 

essentially pure addition product which was used in the subsequent step 

without further purification. 

Preparation of 6-carboethoxv-3-
methvl-2-cyclohexene-l-one QO") 

To a magnetically stirred flask containing 50 ml of 

concentrated sulfuric acid was added dropwise freshly distilled 

2-Chloro-5-carboethoxy-2-heptene-6-one. As the addition occurred, 

the resulting mixture acquired an orange-red color. The extent of 

cyclization was monitored by evolution of HCl gas from the reaction 

mixture. After stirring for two hours, the gas evolution essentially 

ceased and the crude material was poured over ice. Extraction of the 

organic compounds was done with diethyl ether, followed by washing 

the organic layer with 3% sodium bicarbonate (2x20 mL) and excess 
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water. After the organic layer was dried, the solvent was removed 

with a rotary evaporator which resulted in a light yellow oil. 

Distillation under vacuum (0.75mmHg) produced 7.4 grams of a light 

yellow oil which boiled at lOO^C-lit. 100°-101°.i5 A major portion of 

the remaining 5% was identified as 3-methy-2-cyclohexene-l-one, 

which arises from a two step decarboxylation of (10) in the sulfuric 

acid. Based on gas chromatographic comparison of a pure sample of 

Hagemann's ester, 4-carboethoxy-3-methyl-2-cyclohexene-l-one, it 

was concluded that none of this material was obtained. 

iH NMR (CDCI3): 5 1.26(t, 3H), 4.15(q, 2H), 3.20(t, IH), 

5.8(complex s, IH), 2.0(s, 3H), 2.1-2.5(comp. mult., 4H). 

Preparation of cis -bicyclo(3-carboethoxy-
6.8-dimethvD r4.2.017-octene-2-one (U) 

After drying the quartz reaction vessel shown in figure (1), 

the cyclic P-keto ester (0.5g, 2.75 mMol) was added and was 

mechanically stirred. The vessel was fitted with a dry-ice/acetone cold 

finger and 5mL of dry methyl acetylene was added. Irradiation 

through a pyrex filter by a 200 W, medium pressure Hanovia Mercury 

vapor lamp for 10 hours was followed by distillation and trapping of 

the remaining methyl acetylene. The yellow oil remaining in the 

reaction vessel was taken up in diethyl ether. The ether was separated 

on a rotary evaporator and a yeUow oil remained. Elution of this crude 

material on a short silica gel (60-200 mesh) column results in two main 

fractions. First to come off the column was 0.53 grams of the 
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photoadduct (H), which is an 87% yield. Since the second fraction off 

the column contained essentially pure P-keto ester (10), it could be 

recycled. 

m NMR (CDCI3): 5 1.20(s, 3H), 1.26(t, 3H), 1.67(s, 3H) 

2.8(s, IH), 4.15(q, 2H), 5.8(s, IH) l.l-1.65(comp. mult., 5H). 

IR (neat between NaCl plates)̂  cm'^: 2942, 2912, 1737, 

1647,1612, 1450, 1402, 1288,1217, 1091, 1057, 837. 

Anal. Calcd. for Cj3Hj303: C, 70.24; H, 8.16. Found C, 

70.52; H,8.33. 

Preparation of c/5-bicyclor4.2.013-carboethoxy-
6.8-dimethyl-)2-methoxymethoxy octadiene (22) 

To a dry round bottom flask containing sodium hydride 

(0.12g; 60% NaH in mineral oil, 3 mMol) in 50 mL of freshly distiUed 

HMPA, under nitrogen atmosphere, was added dropwise the 

photoadduct (H) (0.52g, 2.3mMol) in 5mL of dry HMPA. The 

solution was stirred for 1 hr at 25°C, during which a yellow color 

developed. After cooling this solution to O^C and adding chloromethyl 

methyl ether (4 mMol), the mixture was warmed, then stirred at 25°C 

for an additional 2 hr. After this period, the mixture was poured in to 

30 mL of water, and extracted witii diethyl ether (3x25mL). The ether 

layer was dried over anhydrous MgSO^, then the solvent was 

evaporated on a rotary evaporator. This resulted in a yellow oil which 

by gas chromatographic analysis and NMR spectroscopy, was 
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essentially pure enol ether (22) and was used in subsequent steps 

without any further purification. 

m NMR (CDCI3): 6 l.l(s, 3H), l.l-1.4(comp. mult., 4H), 

1.20(t, 3H),1.72(s, 3H), 2.90(s, IH), 3.35(s, 3H), 4.10(q, 2H), 

5.10(s, 2H), 5.65(s, IH). 

IR(neat between NaCl plates), cm'^: 2926, 2858, 1736, 

1637,1456,1373,1250, 1170,1039." " 

Preparation of cis -bicvclof3-carboethoxy-
6.8-dimethvDr4.2.01 7-octeneri2) 

Fifty mL of ammonia, freshly distilled from sodium, was 

collected in a lOOmL three necked flask fitted with a dry ice/acetone 

condenser. To this was added, with stirring, 24mMol of lithium wire 

in small portions. The resulting solution was the characteristic deep 

blue color. The neat enol ether was added slowly via syringe. The 

solution was stirred for about three minutes, during which time the 

blue color persisted. Next, ammonium chloride was added as a proton 

quench, along with 35mL of THF. The condenser was replaced with a 

CaCl2 drying tube and the ammonia allowed to escape. The ether and 

residual solids were taken up with water and more ether and placed in a 

separatory funnel. The aqueous layer was extracted three times with 15 

mL portions of ether, which were then combined, washed with excess 

water, and dried. Evaporation of the solvent left a colorless oil which 

by gas chromatography was a mixture of enol ether (22) and (12). 

These were separated by preparative thin layer chromatography on 
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silica gel by elution with 10% ether in pet. ether. The enol ether could 

be recycled. Gas chromatography/MS analysis of (12) indicated that 

the ratio of stereoisomers could possibly be as high as 99:1 axial to 

equitorial carboethoxy. 

iH NMR (CDCI3): 5 1.25(s, 3H), 1.26(t, 3H), 1.60(s, 3H), 

4.1(q, 2H), 5.60(complex s, IH) 0.8-1.8(comp. mult., 8H). 

IR: (neat between NaCl plates),"cm-i: 2926, 2858, 1736, 

1637,1456,1373,1170, 1039, 817. 

Preparation of cis -bicycloG-isopropanol-
6.8-dimethvl)r4.2.01 7-octene(24) 

A solution of lOmL dry THF containing the bicyclic ester 

(12) (0.29g, 1.4 mMol), under nitrogen atmosphere, was cooled to 

-78^ in a dry-ice/acetone bath. To this solution was added dropwise 

methyllithium (1.88mL of a 1.6M solution in hexane, 3mMol). The 

resulting mixture was warmed to 25°C over one hour, then stirred over 

night. Then, 5mL of saturated aqueous NH^Cl was added and the 

mixture was extracted with ether (3x30mL). Once die ether layer had 

been dried and stripped of solvent, a hght yellow oil remained which 

was pure tertiary alcohol (24). 

iH NMR (CDCI3): 5l.20(s,6H), 1.73(s, 3H), 5.65(s, IH), 

0.8-2.0(comp. mult., 12H). 

IR (neat between NaCl plates), cm'̂ : 2926, 2858, 1456. 
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Preparation of 1-methvl-l-carboxaldehvde-
2-acetvl-4(2-isopropanol) cvclohexane (13) 

Exactly l.OmMol of purifed tertiary alcohol (24) was 

dissolved in 25mL dry MeOH and cooled to -78°C while ozone was 

bubbled through for 11/2 hrs. After flushing out the trapped ozone 

with N^, approximately 2 mL of Me^S was added and the mixture was 

brought to 25°C. The solution was next poured into 50 mL water, and 

extracted with ether (4x20mL). After drying and subsequent removal 

of solvent, a colorless oil remained in the flask. The NMR spectrum of 

this crude material was consistent with it being the cis keto-aldehyde 

(13). 

Preparation of 3-Benzoxepin (15) 

To a dry flask containmg 1.2g (1.64mMol) of dimethyl 

ether-a,a'-bis-triphenylphosphonium bromide in 3mL dry methanol, 

under nitrogen atmosphere, was added via syringe a 10% excess 

(0.19g; 3.6mMol) NaOMe in 4mL of dry MeOH. After stirring the 

dull yellow solution for five minutes at 25°C, 0.22g (1.64mMol) of 

phthalaldehyde dissolved in ImL dry MeOH was added slowly via 

syringe. The resulting solution was stirred at 25°C for Ihr, then the 

flask was fitted with a reflux condenser and the solution was brought to 

reflux for 3hr. At the end of tiiis period, the solution had acquired a 

bright yellow color. After cooling to room temperature the crude 

reaction solution was poured into 50mL of water and extracted three 

times with 15mL portions of petroleum ether. The combined organic 
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washes were dried, then the solvent was removed which resulted in a 

bright yellow solid residual in the flask. By NMR analysis, it was 

determined that this was a mixture of triphenylphosphme oxide, and the 

product 3-benzoxepin. An efficient purification was simply a vacuum 

sublimation widi only mild heating. The subhmed yeUow material was 

identified as 3-benzoxepin with mp 83-84°—lit. 83-84°C^l 

m NMR (CDCI3): 5 5.10(d, 2H, J=7Hz), 5.65(d, 2H, 

J=7Hz), 6.80-7.10(complex mult., 4H). 

IR (in CCI4 Between NaCl plates): 1675,1640,1050. 

Preparation of 1.3-dibromodimethyl ether (25") 

Bromine (435g) was added slowly during four hours to 

water (150 mL) and a mixture of red phosphorous (34g) and para 

formaldehyde (150g ) was also added at a comparable rate. The final 

product was set aside for twenty hours, and the heavy cmde ether layer 

was then separated, washed with excess water, and distiUed at ImmHg 

to obtain 290 grams of pure ether boiling at 35°C. 

iH NMR (CDCI3): 5 5.20 singlet 

Preparation of a.a'-dimethvletherZ?z5-
triphenylphosphonium bromidefl4) 

Triphenylphosphine (37.5g, 72mMol) was melted in a dry 

flask with stirring and held at 90°C while the dibromo ether (5g, 
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24mMol) was added dropwise. Solid double Wittig reagent 

precipitated out slowly, while the mixture was stirred at 90^ for three 

hours. After diis time, the sohds were cmshed and rinsed several times 

widi toluene. The residual white powder was recrystahzed from 

chloroform to give an opaque granular sohd mp 295-296^-lit. 
290°-294i8 

iH NMR (CDCI3) 5 7.50-7.91 (complex muh., 15H), 

6.15(d,2H,J=3Hz). 

Distillation of elemol from citronella oil 

Crude elemol was obtained from citroneUa oil by distiUation 

dirough a twelve mch Vigreux column at 0.5 mm Hg, bp.l00-120°C. 

After a second distillation of this material essentiaUy pure elemol was 

collected as a fraction boiling between 105-110°C. 

Preparation of the acetate of elemol (18) 

Elemol (15g) was dissolved in 150 mL of freshly distiUed 

triethylamine. To this solution was added 0.1 mole percent 

N,N-dimethyl amino pyridine (DMAP) and 1.1 mole percent acetic 

anhydride. After stirring the resulting mixture for 72 hr at 25°C, it 

was poured into 250 mL of H2O and extracted several times with Et20. 

Distillation of this material was performed under vacuum (0.5mm Hg) 

during which a fraction was collected boihng at 105°C. This material 

accounted for 90% of die product and was pure elemol acetate. 
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iH NMR (CDCI3): 5 0.96(s, 3H), 1.40(s, 6H), 1.76( s, 3H), 

2.0(s, 3H), 4.55(br. s), 4.84(br. s, 2H), 6 4.91(d, 2H), 5 5.6-5.9(dd, 

IH, J=7Hz), 0.8-1.8(comp. mult., 8H). 

IR (neat between NaCl plates), cm"̂ : 2968, 2949, 1726, 

1640,1367,1259,1126, 1020, 918, 734. 

Ozonolysis of the double bonds in elemol acetate 

Ozone was generated by flowing oxygen through an 

ozonator at a rate of approximately 1 mL/sec. The ozone thus 

produced was bubbled through 50 mL absolute MeOH containmg 2.0 g. 

of pure elemol acetate at a temperature of -78° C over a period of 2 1/2 

hrs. After this period, the purple solution was flushed with nitrogen in 

order to remove all of the trapped ozone. Next 2.0 mL of dimethyl 

sulfide was added slowly and the mixture was allowed to warm to 25°C 

slowly. The resulting solution was poured into a separatory funnel 

along with 50 mL of water and was extracted with ether. The 

combined edier extracts were washed several times widi water and once 

with saturated NaCl. The resulting colorless solution was dried over 

MgSO^, filtered and sohds removed to give a viscous material. Based 

on NMR spectral analysis of this material, it was determined to be a 

mixture of diepoxide, and epoxy-ketone. This material was used 

widiout further purification in die subsequent steps of die syndiesis. 

iH NMR (CDCI3): 81.0-1.6(comp.mult., 17H), 2.0(s, 3H), 

3.30(br. s, 3H), 3.50(br. s.,3H). 



71 
Preparation of the tran^ keto-aldehyde. (17) 

To the crude ozonolysis product (0.75g) was added 1.0 gram 

of HIO4 ^^d dien 100 mL of a 1:1 THF/H2O mixture and brought to 

reflux for a period of 8hrs. After this time, die reaction mixture was 

poured into 50 mL of sat. NaCl and die layers were separated. The 

aqueous layer was washed with several portions of ether and the 

combined edier extracts were washed once with saturated NaCl and 

dried. Removal of die sohds and die solvent yielded a bright yeUow oil 

which by NMR and TLC was essentiaUy pure keto-aldehyde. The yield 

of this step was 80%. 

iHNMR(CDCl3): 5 1.03(s, 3H), 1.40(s, 6H), 1.90(s, 3H), 

2.13(s, 3H), 9.4(s, IH), 1.0-2.0(comp. mult.,8H). 

IR (neat between NaCl plates), cm'^: 3470, 2968, 2949, 

2878,1726,1458,1444, 1367,1259,1126, 1020, 918, 734. 

Preparation of keto-alcohol (56) 

Keto-aldehyde 17 (0.5g) was dissolved in a THF/H2O (3:1) 

solution and exactiy 1/4 molar eq. sodium borohydride (from a O.IM 

solution in water) was added. The mixture was stirred for a period of 

15 min. after which time aU color had dissipated from the solution. 

The reaction mixture was poured into 30 mL of water and extracted 

with several portions of ether. The combined ether washes were dried 

and stripped of solvent which produced a colorless oil. This oil was 

determined to be mostly the desired keto-alcohol, but one other 

component was also present which was not identified but could be 
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removed by flash chromatography on silica gel using 25% ether in 

petrohum ether. The desired keto-alcohol was eluted with 100% 

diediyl ether. Removal of die solvent from this fraction produced a 

colorless oil in 56% yield from die keto-aldehyde. 

iH NMR (CDCI3): 5 0.90(s,3H), 1.40(s,6H), 2.0(s, 3H), 

2.21(s, 3H), 2.7(br. s, IH), 3.29-3.31(br. s, 2H), l.l-1.7(comp. 

mult.,8H). 

IR (neat betwen NaCl plates), cm'^: 3450, 2949, 2878, 

1726,1690,1458,1444, 1367,1259,1020,734. 

Preparation of the keto-acetate (70) 

A solution of pure keto-alcohol (0.5g), 0.1 molar eq. of 

DMAP, 1.1 molar eq. of acetic anhydride, and 50 mL of freshly 

distilled triethyl amine was stirred for 10 hours at 25°C and was poured 

into 100 mL water and extracted with ether. Removal of all volatile 

components in this mixture resulted in pure acetate-protected 

keto-aldehyde. This acetylation reaction was essentiaUy quantitative. 

iH NMR (CDCI3): 5 0.9(s, 3H), 1.42(s, 6H), 2.0(s, 3H), 

2.1(s, 3H), 2.2(s, 3H), 3.95(br.s, 2H), 1.0-2.0(comp. mult., 8H). 

IR (neat between NaCl plates): 2945, 2872, 1728, 1459, 

1442,1367,1250, 1242,1132, 1037, 924, 734. 
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Preparation of the protected alcohol (72) 

Pure keto-alcohol (0.5g) was combined in a flask with a 0.1 

molar equivalent of DMAP, 1.1 molar eq. of trimethylsUyl chloride, 

and 50 mL of freshly distiUed triediyl amine. This solution was stirred 

for 10 hours at room temperature and was then poured into 100 mL 

water and extracted with diethyl ether. Removal of all volatile 

components in this mixture resulted in pure trimethylsilyl protected 

keto-alcohol which was used in subsequent steps without further 

purification. 

iH NMR (CDCI3): 6 0.9(s, 3H), 1.42(s, 6H), 2.0(s, 3H), 

2.2(s, 3H), 3.28(br.s, 2H), 0.1(s, 9H), 0.9-1.9(comp. mult., 8H). 

IR (neat between NaCl plates): 2953, 2874, 1730, 1707, 

1460,1440,1367, 1251, 815, 842, 752. 
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^H NMR and IR Spectra of 12 
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iH NMR and IR Spectra of ?4 
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Ĥ NMR of ozonized 18 

DMSO 

. ^ 

' . I • • . I - . • • t I , • • , I . I . . 



85 
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^H NMR and IR Spectra of Sf. 
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