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CHAPTER I 

INTRODUCTION 

Nature has presented the synthetic organic chemist 

with a plethora of complex molecules. Their complicated 

structures and shapes give the chemist ample incentive to 

apply all the tools of his trade to duplicate these 

molecules in the laboratory. Whenever a new compound has 

been isolated from a living organism, it is classified as 

a natural product and its structure is determined by 

various chemical reactions and instrumental techniques. 

The chemical reactions used are many in number and quite 

varied in type. The instrumental techniques include the 

usual infrared, ultraviolet, and visible spectroscopy 

methods and also the more sophisticated methods of nuclear 

magnetic resonance, mass spectrometry, gas chromatography, 

and optical rotatory dispersion measurements. The final 

structure proof of the compound, and usually complete 

stereochemistry, is given by a total synthesis of the 

molecule from simpler compounds of known structure. 

Among the many classes of compounds synthesized by 

nature is the sesquiterpenes. Sesquiterpenes are C-15 



were less investigated in comparison with the other classes 

of sesquiterpenes. In recent .years, with the advancement 

of nuclear magnetic resonance and chromatography techniques, 

these compounds have received considerable attention. The 

classical separation techniques are usually of little bene-

fit for the guaianolides. They are lactonic compounds and 

are derived from the quaiane skeleton (I). 

II 

Recently, a group of closely related lactones have 

been identified in some of the same plants. These are the 

pseudoguaianolides, which have skeleton (II). The pseudo-

guaianolides differ from the guaianolides only in the 

position of a methyl group. Many of these sesquiterpene 

lactones have a very bitter taste. Some of them are the 

physiologically active agents in some drugs. They have 

been shoim to be insecticides, stomachics, vermifuges, 

and stimulants (1). These sesquiterpene lactones have 



been surveyed in many extensive works about sesquiterpene 

compounds (2,3). 

In the early structural vrork of these sesquiterpenes, 

it was thought that they were closely related to the 

azulenes, especially chamazulene (III). It was later shown 

III 

that these azulenes were not constituents of the plants and 

that they were being formed from unknown precusors during 

the steam-distillation of the plants. The mode of forma-

tlon of these hydrocarbons in the course of the steam-

dlstillation was finally elucidated after the isolation 

of the correct precusors, artabsin (4), and matricin (5)-

It has recently been shown that this original work led to 

the assignment of an incorrect stmActure for artabsin (6). 

Several of the well studied quaianolides are shovm in 

Chart I. 



^hãlí Examples of some guaianolides 

ar tabsin arborescin 

COCH COCH 3 

matricin matricarin 

achillin geigerin 



It was mentioned earlier that the pseudoguainolides 

were originally thought to be guaianolides and it took 

precise measurements using nuclear magnetic resonance and 

X-ray spectroscopy (7) to show that they differ from the 

guaianolidcs by a methyl shift from position 4 to position 

5. Several examples of pseudoguaianolides are given in 

Chart II. Since ambrosin was the first knovm member of 

this group of naturally occuring lactones, it has been 

suggested that these compounds be called ambrosanolides 

(1), although the term pseudoguaianolides seems to be more 

widely used in the literature. 

The biosynthesis of the guaianolides and pseudo-

guaianolides is not known with certainty, but is believed 

to proceed as follovrs: the normal pathway is followed 

from acetate units to give trans - farnesol (IV), whibh 

is the common precusor for all sesquiterpenes. The car-

bonium ion (Va), derived from trans - farnesol, would then 

undergo a cationic cyclization to the carbonium ion (Vb), 

generating a 10-membered ring. Hydration at the isopropyl 

group would give the alcohol (Vla), which can also be written 

as (Vlb) to show the relationship to the guaianolide skele-

ton. These two structures are perhaps easier to see if 

they are drawn conformationally as (Vlla) and (Vllb), 

respectively. 



Chart II Examples of some pseudoguaianolides 

ambrosin damsin 

HgCOCO 

parthenin hysterin 

bigelovin helenalin 
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IV Va Vb 

Vla Vlb 

\o 

VI la 

Note that cyclization from (Vlla) in the Markownikoff 

sense will lead to the eudesmanolide-type of sesquiter-

penes (VIII). The double bonds in (Vllb) are located in 

the correct position for concerted cyclizations, with 
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the trans-anti.-paralleT addition to the double bonds to 

give (IX). The cyclization is either initiated by a 

IX 

proton (R in the structure) in acid catalysis or by H0+ 

for oxidative cyclizations. All of the newly formed bonds 

are parallel, as required by the geometry of the molecule. 

The addition is anti-Markownikoff and is probably forced 

by the stereochemistry of the double bonds. Structure (X) 
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is then the biogenetic precusor for the guaianolide sesqui-

terpenes. It is readily seen that the pseudoguaianolides 

can also originate from this precusor via a. 1,2 methyl 

shift as shoi:n in Scheme I (8). The carbonyl function can 

then be easily modified biosynthetically to give ôther 

pseudoguaianolldes. 

Ha' 

Scheme I 



CHAPTER II 

PROPOSED SYNTHESIS OF DIHYDRODAMSIN 

As to date, there has been no complete synthesis of 

any members of the pseudoguaianolides, although several 

have been reported for some of the guaianolides (9). One 

approach to a synthesis of the pseudoguaianolides has 

recently been reported by Hendrickson, et̂ . al. (10). 

Their approach was to migrate the C-4 methyl group in 

santonin to C-5 and the central bond from C-10 to C-1. 

This scheme is shown in Chart III. However, the stereo-

chemistry at C-1 in their final product (XVIII) corresponds 

to the unnatural configuration, and all attempts to obtain 

the epimer at this center failed. Their approach is very 

different from the one in this thesis. 

It would be of considerable interest to develop a 

synthesis of one of the simplest members of this class of 

sesquiterpenes. Of equal interest would be the chemistry 

that perhaps would have to be developed to achieve the 

synthesis. More stereochemical information about these 

compounds would be of interest. 

The synthesis of a compound having a carbon skeleton 

11 



Chart II One approach to a synthesis of a 

pseudoguaianolide 

12 

»3 

XII 

"> 

XIV 

^ 

XV 

> 

XVI 

> 

XVII 

> 

XVIII 
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such as (II) is a formidable task. The rinfe skeleton of 

these compounds has six asymmetric centers, with the stereo-

chemistry of some of the members of the pseudoguaianolides 

not well known. The stereochemistry of fused five and 

seven membered rings is less well knom than the fused 

six membered rings such as is found in the eudesmanolide 

sesquiterpenes. Dihydrodamsin (XIX) would appear to be 

the simplest member of the pseudoguaianolides to synthesize 

(11). Dihydrodamsin has not been isolated from natural 

sources but pseudoguaianolides are being isolated with 

XIX 

enough frequency that one might expect its isolation in the 

near future. At that time, a synthesis of the molecule 

would then become a "natural product synthesis". There 

should be little doubt that dihydrodamsin will be found in 

nature since it is very common to find related compounds 

of varying oxidation states in the same plant. Dihydrodamsin 
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is available by hydrogenation of damsin (XX) or ambrosin 

(XXI) so that authentic samples are available for comparison, 

XX XXI 

The starting material chosen for the synthesis of 

dihydrodamsin was 0-acetylisophotosantonic lactone (XXII). 

This lactone is readily available from the photolysis of 

,.OCO-GH, 

XXII 

santonin (XXIII) in acetic acid. It has been used as the 

starting material in the successful synthesis of achillin 

and desacetoxymatricarin by White, Eguchi, and Marx (9a) 
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and for the synthesis of 1-epicyclocolorenone by Biichi, 

et. al. (12). Note that lactone (XXII) contains the 

guaianolide skeleton intact and has the correct stereo-

chemistry at several of the asymmetric centers. Also a 

synthesis from this material would constitute a formal 

total synthesis since santonin has been synthesized and 
* 

its configuration is knom (13). 

The synthesis of damsin or ambrosin vjould not be 

practical from this starting material (XXII) because of 

the difficulty in obtaining the unsaturation necessary in 

the lactone ring. The synthesis, as orlginally proposed 

as a reasonable route to dihydrodamsin, is given in Chart 

IV. The key steps of this proposed synthesis are 1) the 

methyl migration from 0-4 to C~5» and 2) the formation of 

the ketone function at C-4. Both results should be obtaina-

ble in one reaction. This reaction is the rearrangement 

of the 4,5 -epoxide (XXXII) shown in Scheme II. This type 

> 

XXXII XXXIII 

Scheme II 
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Chart IV Proposed route to dihydrodamsin 

X/X > 

XXIII 

> 

XXVI XXVII 

"> 

XXXII 

XXIX XXX XXXI 
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of epoxide rearrangement has been studied and it is known 

that it usually proceeds stereospecifically (14). Recently 

a systematic study of the rearrangements of tetrasubstituted 

epoxides and the factors that govern the rearrangement has 

appeared (15). In a tetrasubstituted epoxide there are 

four groups that may migrate but in the examples studied, 

one group migrates preferently. The group which migrates 

can sometimes be predicted from the follovring principles: 

1) the more nearly axial carbon-oxygen bond of the epoxide 

Is broken preferently, and 2) the group trans to the 

breaklng bond migrates to the newly formed positive center. 

The rearrangement of 4,5-epoxyeudesmanes (XXXIV) with 

BFo-etherate has been reported (16). The migrating group 

in these compoimds is the ring carbon rather than the 

methyl group. This is opposite to the result desired for 

XXXIV 
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our compound (XXXII). However, application of the above 

principles, based upon the inspection of molecular models, 

predicts that the ring carbon should migrate preferently in 

(XXXIV) but the methyl group should migrate preferently in 

(XXXII), The C-5 bond of the epoxide is the more axial, 

so it should break in preference to the C-4 bond, giving as 

an intermediate (XXXV). The methyl group seems more likely 

to migrate, both because it is trans to the breaking epoxide 

bond and because ring migration would form a strained four 

membered ring. This set of principles, in fact, may not be 

applicable to the epoxide (XXXII) because of stereochemical 

and electronic factors peculiar to the geometry of this 

molecule. An alternate product that might arise would be 

(XXXVII) from the intermediate (XXXVI). 

eBF, 

XXXV XXXVI XXXVII 
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Other types of reactions, such as elimination and 

hydride migration might compete with the rearrangement 

reaction, and give rise to non-ketonic products. However, 

the use of alkyl iodides in dimethylsulfoxide (17) or 

lithium bromide and triphenylphosphine oxide in benzene 

(18) are reported to give extremely good yields of rear-

ranged carbonyl compoimds, and might give better results 

than the standard reagent, boron trifluoride. 

What course the reaction will take with the epoxide 

(XXXII) seems to be difficult to predict a priori. Seem-

ingly small changes in the structures of epoxides studied 

previously have made large changes in the reaction pathvray. 

With no good models available from the literature, it was 

decided to first study the rearrangement of the epoxide 

(XXXVIII), which was expected to be easier to synthesize 

^ LOCO CH. 

XXXVIII XXXIX 
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than epoxide (XXXII). The epoxide (XXXII) should be 

available from the A^~olefin (XXXIX). In practice. the 

synthesis of the A^-olefin (XXXIX) has proved to be much 

more difficult than originally imagined, and has not been 

successful. This thesis records many attempts to synthe-

size the A^-olefin (XXXIX), starting with 0-acetylisopho-

tosantonic lactone (XXII). This procedure involves the 

superficially prosaic transformation of a ketone group 

into the corresponding methylene group. However, the con-

jugation of the ketone with a double bound and a lactone 

ring, as well as the presence of the tertiary acetate 

group, have conspired to make the transfdrmation a formi-

dable one. The attempts recorded here have utilized 

reductive procedures on compounds at all conceivable 

oxidation states at C-3 and using all conceivable types 

of mechanisms for the reduction. 



CHAPTER III 

RESULTS AND DISCUSSION 

In the proposed synthesis of dihydrodamsin, shown in 

Chart IV, the key step of the sequence is the rearrangement 

of the epoxide (XXXII) under acid conditions. The sequence 

to prepare the epoxide (XXXII) involves as the first inter-

mediate, the alcohol (XXIV). The alcohol is obtained in 

rather low yield from the photolysis of santonin in aqueous 

acetic acid, and requires large scale chromatography to 

purify it. With the key step being in the latter part of 

the synthesis, it would seem a precarious approach to 

develop a route starting with a compound obtainable in 

low yield. 

The acetate (XXII), however, is easily obtained from 

the photolysis of santonin in glacial acetic acid in usable 

yield (30^) and it is stable enough to be stockpiled for 

use in the sequence for making the epoxide (XXXVIII). The 

originally proposed sequence from the acetate (XXII) to the 

epoxide (XXXVIII) is shovm in Chart V. 

Attempted formation o£ the thioketal (XL). 

In Chart V, the removal of the ketone function at 

21 
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Char t V Proposed r o u t e t o epoxlde (XXXV I I ) 

^ LOCOCH 
3 

ws sw 

'^3 
^ 

XXII 

-'Ococa 

Hi "> 

XL 

.X2^°^"3 
Rco. 

^ 

OCOCH 

XXXIX XXXVIII 



23 

C-3 was expected to be accomplished by the formation of 

the ethylene thioketal (XL) and reduction of this thio-

ketal with Raney nickel to the hydrocarbon (XXXIX). The 

other standard methods to reduce ketones to hydrocarbons, 

Wolff-Kishner and Clemmenson reductions, were ruled out 

because the lactone and acetate functions on the compound 

(XXII) would not remain unchanged under the strong base 

and acid conditions required respectively in the two 

methods. 

Desulfurization of a thioketal derivative is a 

standard method for reducing ketones under mild conditions. 

Marshall (19), Dev (20), and Tahara (21) have provided 

recent examples of reduction of o<,/S-unsaturated ketones 

with 1,2-ethanedithiol and BF^-etherate, and then removal 

of the thioketal with Raney nickel. These compounds are 

not close models for our molecule however, because there is 

no lactone adjacent to the double bond. The closest 

XLIII 

Scheme III 
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analogy found, however, is that reported by Pieser (22), 

who found that the simple thioketal could nôt be formed 

In the steriod series as shown in Scheme III. 

The reaction of 1,2-ethanedithiol and BP^-etheratc 

with the photo ketone (X.XII) proved to be a very compli-

cated reaction. An analysis by thin layer chromatography 

(t.l.c.) 6T the product mixture of various reaction condi-

tions always showed a large number of components. The 

infrared spectra of the product mixtures showed very 

decreased absorption at 1775 cm-1 which suggests the 

lactone ring was destroyed. Chromatography of the pro-

duct mixtures always gave several fractions which were 

dark brown foul smelling oils, none of which showed the 

nuclear magnetic resonance (N.M.R.) spectrum containing 

the signal expected for the thioketal hydrogens in the 

^•5-7»5 tau region. The conclusion vjas that the thio-

ketal (XL) was not formed. 

.Recently, Jain and McCloskey (23) transformed dihydro-

santonin (XLV) through the thioketal (XLVI) using 

1,2-ethanedithiol and BF^-etherate in acetic acid. This 

would seem to be a very close model for our ketone (XXII). 

The difference is a six-membered o<,V^-unsaturated ketone 

versus our five-membered o<, ̂ -imsaturated ketone and the 

acetate at C-10 in the ketone (XXII). Jain and McCloskey»s 
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work was reported víithout experimental details but the 

reaction conditions were probably the usual ones. 

XLV 

> 

XLVI XLIV 

With the appearance of this reference, the reaction 

was reinvestigated in more detail. Trifluoroacetic acid 

was used both as reaction solvent and acid catalyst, so 

that the reaction could be run in an N.M.R. tube and 

monitored by N.M.R. spectroscopy. The ketone (XXII) was 

found to be stable in solution until the 1,2-ethanedithiol 

was added. Then loss of the acetate at C-10 was observed, 

and more slowly, the loss of the C-6 proton signal, showing 

that the lactone was being destroyed. No indication was 

obtained that the desired thioketal was every formed. 

With the failure of the thioketal preparation, the 

approach to the epoxide (XXXVIII) had to be modified. The 

alternate scheme was the formation of the alcohol (XLVII) 

from the ketone (XXII) and its transformation into the 
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chloride (XLVIII). It was hoped that the alcohol or the 

chloride could then be reduced to the A^-olefin (XXXIX). 

The reduction of ketone (XXII) to the alcohol (XLVII) 

was accomplished with NaBH^ in methanol at 0«> C. This is 

1 >:£'^OGH3 tí x2.^o-^H^ ^ jcOOOG/^. 

XXII XLVII XLVIII 

a standard mild method to reduce ketones and will not 

interfere with the lactone ring or the acetate group. The 

alcohol (XLVII) was obtained in crystalline form and 

appeared to be a mixture of epimers. The mixture was nor-

mally not separated but used as obtained after one recrys-

tallization, though material believed to be one isomer 

could be obtained by repeated crystallization. 

The chloride (XLVIII) was prepared from the alcohol 

(XLVII) by reacting it with one equivalent of thionyl 

chloride. The chloride (XLVIII), being allylic, proved to 

be very reactive. The crude product mixture had to be 

immediately washed with dilute base to keep the chloride 
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from rapidly decomposing into a blue-green oily mixture. 

This reactivity resulted in the chloride (XLVIII) being 

characterized only by t.l.c. analysis, a Beilstein test, 

infrared and N.M.R. spectra. The chloride (XLVIII) vías 

freshly prepared for all further reactions. 

The reduction of the chloride (XLVIII) to the hydro-

carbon (XXXIX) vías expected to be difficult, and so many 

approaches were investigated. At least one reaction, 

involving each of the major reactive intermediates knovm 

to organic chemistry was investigated. These approaches 

involved the intermediacy of carbonium ions, free radicals, 

carbanions, and catalytic methods. 

The problems connected with the reduction of the sen-

sitive allylic chloride (XLVIII) are manyfold: a) the 

compoimd could conceivably imdergo allylic rearrangement, 

elimination, carbanion rearrangements, polymerization, and 

other reactions even before it reacted with the reagents 

in question; b) the compound can be considered a vinylogous 

Cl-C-C=C-C-0-C-R > ^~^tS^^"^S"^ — ^ c=c-c=c 

Scheme IV 
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^-chloroester, and would be expected, by analogy with 

^Ô-haloesters and ^ -haloethers, to undergo a reductive 

elimination if a carbanion is generated, as illustrated 

in the general case shovm in Scheme IV. The reactions 

of such systems seem to be almost unknown and it could not 

be predicted what would happen to a carbanion generated in 

such a system. The probable fate of a free radical or a 

carbonium ion was even more obscure. 

For these reasons, the synthesis of a simple model 

compound which should be relatively free of the difficulties 

mentioned above was undertaken. The compoimd chosen was 

the unknown compound (L). Elimination reactions seem very 

unlikely for (L) and allylic rearrangements are also 

imlikely, as Judged from the properties of the known 

dibromo-compound (LI) (24). All the reasonable products 

expected from reductive reactions are known products and 

they would be analyzable by gas chromatography. 

OCOCH^ V /-^^ 

XLIX L LI 
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Numerous attempts víere made to synthesize (L) by the 

1,4-addition of the elements of Br+ and OCOCHo- to 

2,3-dimethyl-l,3-butadiene (XLIX). Small amounts of com-

pound (L) víere formed in the Ag+ promoted addition of bromine 

to the diene in acetic acid. However, the product was very 

difficult to purify and the best preparation was still 

contaminated with the dibromo-product (LI) and traces of 

unidentified components. This approach was therefore 

abandoned and the study of the allylic chloride (XLVIII) 

itself taken up. 

It is evident that the /̂ .̂ -olefin (XXXIX) will differ 

very little in its N.M.R. spectrum and infrared spectrum 

from the chloride (XLVIII); and therefore, a good diagnostic 

handle was needed to be able to tell the desired product 

from starting material and other products in attempted 

reductions of the chloride (XLVIII). Such a diagnostic 

handle was available in the A-^-olefin (LIV). The 

/N̂ 3-.olefin (LIV) was synthesized by the scheme shown in 

Chart VI. This scheme was reported by White, Eguchi, and 

Marx (9a). This olefin should be of similar polarity to 

that of the A^-olefin (XXXIX) and therefore both compounds 

should elute from a chromatography column with the same 

solvent systems. The A^-olefin (LIV) elutes from silica 

gel with lO^ ether, 90^ pet. ether and therefore any 
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K icPOOCH. 

H: 

^^lc 
• > 

OCOGH 3 

> 

XXII LII 

H-O 

, .O C OCH 
/i > ^ 3 

> 

H L'OCOCH. 

L I I I LIV 
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A^-olefin formed in reduction of the chloride (XLVIII) 

should elute also from silica gel with about the same 

polarity of the solvent. Also, the A^-olefin (LIV) could 

be used in t.l.c. analysis to check various fractions for 

the A^-olefin (XXXIX). This means the A^-olefin should 

now easily be separated from the rest of the reductive 

products formed, if any, and also may be easily detected 

in a mixture of products. 

For reasons mentioned above, it was thought impossible 

to generate a true carbanion, such as in a Grignard reagent, 

from the chloride (XLVIII). Walborsky (25), however, has 

shown that magnesium will react with certain .^-haloethers 

to give reductive removal of the halogen without elimination 

if the reaction is carried out in t^-butanol, so that the 

intermediate carbanion is protonated as soon as it is 

formed. Magnesium does not react with the t̂ -butanol imder 

his conditions. Compound (LVI), for example, is formed 

from compound (LV), and is a typical example, although it 

is far removed from the present case. 

COCH2 

LVI 
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However, the allylic chloride (XLVIII), in dry 

t-butanol únder nitrogen, did not react with magnesium 

at reflux temperature, and no products could be cha.rac-

tsrized. The desired A^-olefin (XXXIX) was showi to 

be absent. 

Attempted reduction with tri-n-butyl tin hydride: 

S. f*3̂6Q radical approach. 

Kerk, Noltes, and Luijten (26), observed that tri-

phenyltin hydride and allyl bromide underwent reaction to 

give propene and triphenyl bromide. Other workers (27) 

reported that cycloalkyl halides could be reduced by 

organotin hydrides. Kaivila, et. al. (28) reported the 

reactivity sequence for various halides and also the 

sequence for various organotin hydrides. Chlorides are 

reduced with more difficulty than bromides but an allylic 

chloride should be reactive enough to be reduced. The 

free radical is believed to be an intermediate, which 

abstracts a hydrogen from the tin hydride in a chain pro-

cess. 

The reaction of the allylic chloride (XLVIII) was 

run using one equivalent of tri-n-butyltin hydride in 

ether solution. The reaction was not a clean one but 55 

mg. of crystals, m.p. 101® vrith decomposition, were 

collected. These crystals had a smaller R^ than the 
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A^-oiefin (LIV). The infrared spectrum showed absorption 

at 1780 cm"l and 1740 cm"̂  for lactone and acetate car-

bonyls. The U.V. showed only end absorption. The 

N.M.R. spectrum shovred the C-6 acetate methyl (8.0 tau) 

and the C-4 methyl on a double bond at 8.05 tau (slightly 

downfield from the usual position). The crystals gave a 

negative Beilstein test for halogens. They were neither 

A^-olefin (LIV) nor starting material. They could 

possibly be a dimer such as (LVII) which could result from 

coupling of the radical, but a firm structural assignment 

could not be made. 

,'OCOCH. 

LVII 

Attempted reduction using chromous acetate: 

â. fĴ ee radical approach. 

Barton, et. al. (29), have used chromous acetate and 

some suitable hydrogen donor such as butanethiol to reduce 

halides to hydrocarbons. One example, a steroid (LVIII) 
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was reported to give (LIX) with chromous acetate and a 

hydrogen donor, but it gave (LX) upon treatment of 

chromous acetate alone. They reported that this reagent 

alone, of many tried, gave reduction without elimination 

in ̂ -haloalcohols and v^-haloethers. 

LVIII LIX LX 

This approach looked promising for the reduction of 

the chloride (XLVIII) and the reaction was run using tri-

ethylsilane as a hydrogen donor and dimethylformamide as 

the solvent. The total complex product mixture was 

chromatographed on silica gel. The lO^ ether, 90^ pet. 

ether fraction, in which the A^-olefin (XXXIX) was 

expected, contained a small amount of material which 

could not be characterized, but it had a different R^ 

value than the A^-olefin (XXXIX) and was not the desired 

i^^-olefin (LIV), since the infrared spectrum showed 

decreased absorption for the lactone carbonyl. The other 
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fraction, eluting víith 4o^ ether, was also shown by t.l.c. 

not to be the A^-olefin (LIV). This fraction gave a 

small amount of crystals, m.p. 130-140*". Both fractions 

gave a negative Beilstein test, shov7ing the chloride was 

no longer present. The N.M.R. spectrum of the crystals 

showed the C-6 lactone proton at 5.3 tau, the C-10 acetate 

methyl at 8.0 tau, and the C-4 raethyl at 8.1 tau indicating 

it is still on a double bond. The N.M.R. spectrum is 

similar to the N.M.R. spectrum of the crystals from the 

tributyltin hydride reaction. These crystals ran with a 

higher R^ value (85^ cyclohexane, I5 % ethyl acetate) than 

did the crystals from the tri-butyl tin hydride reaction. 

However, they run less than the A^-olefin in this sol-

vent system so they are not the A^-olefin. 

Attempted trapping of a carbonium ion 

with sodium borohydride. 

Sodium borohydride has been used by Brown (30), 

Winstein (31), Majerski (32), and others to trap car-

bonium ions before they can rearrange or undergo undesired 

side reactions. The BH/̂ "" species is thought to attack 

the carbonium ion while it is still part of the ion pair. 

If this is the case, the free carbonium ion is surpassed 

and rearrangement is minimized. Brovm has used an 

aqueous solution of diglyme to dissolve the sodium 
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borohydride. and the species to be reduced is added. 

Unfortujiately, no allylic halides have been studied by 

this method so no close analogies exist, 

Reaction of the chloride (XLVIII) with NaBH^ under 

Brovm's conditions was carried out. The major product v?as 

the alcohol (XLVII), which evidently arose by solvolysis 

of the chloride (XLVIII). About 2% of the product mixture 

eluted from silica gel viith lO^ ether, 90^ pet. ether. 

This material had an R̂^ value similar to the A^-olefin 

(LIV). It may have been the desired z^^-olefin (XXXIX) 

but lack of material prevented further characterization. 

The trapping of carboniun ions and 3^2 displacement 

of halides by hydride ion, using the more reactive reagent 

LiAlHj|, is a well-knovm process. A fairly close analogy 

for ouf desired reduction is sho^m in Scheme V (33)« 

Unfortunately, LiAlH/̂  vjould also be expected to reduce the 

lactone and acetate functions in the chloride (XLVIII) 

so this approach was not investigated. 

LiRIH4s 

LXI 

+ 
b-< 

LXIII 

Sûheme V 
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Attempted hydrogenolysis oX th^ chloride (XLV II). 

In many instances, hydrogenolysis is a good method 

for reducing a halide to the hydrocarbon. The hydrogen-

clysis of allylic chlorides is, however, found much less 

frequently. One of the few examples of the hydrogenolysis 

of any allylic chloride in the steroid series was reported 

by Shoppee (34). However, reduction of the double bond 

competed with hydrogenolysis in this case. 

There was little hope that hydrogenolysis would 

produce the A^-olefin (XXXIX) from the chloride (XLVIII), 

but the experiment was done to be certain. Hydrogenolysis 

usually proceeds best using palladium as a catalyst in a 

slightly basic solution with ethanol as a solvent (35)» 

Hydrogenolysis of the chloride (XLVIII) was 

attempted in ethanol using palladium on carbon with calcium 

carbonate under one atmosphere of hydrogen. Instead of 

hydrogenolysis taking place, HCl was eliminated. This was 

evidenced by the Hg. manometer being displaced in the 

wrong direction, presumably by the evolution of CO^ gas 

from the calcium carbonate. The product mixture gave a 

U.V. spectrum showing a broad shoulder at 245 iy< and 

strong end absorption. This absorption was similar to 

the U.V. absorption found with the dehydration products 

from the alcohol (XLVII) with thionyl chloride and 
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pyridine (see below). The product mixture could be a 

mixture of dienes, some of which might be selectively 

reduced, but the yield would be low, and the desired 

isomers would be very hard to separate. This approach 

was abandoned without further characterization of the 

products. 

Attempted direct reduction of the alcohol (XLVII): 

• §. C8-rbonium ion approach. 

Carey and Tremper (36) have reported the use of 

organosilanes to produce alkanes from alcohols. This 

reaction proceeds by a hydride transfer from silicon to a 

carbonium ion formed from the alcohol with trifluoroacetic 

acid. This reaction only works well if the carbonium ion 

is relatively stable. No allylic halides have been studied 

using this reaction to date. If the hydride transfer 

were fast enough, then the reaction of the alcohol (XLVII) 

with triethylsilane in trifluoroacetic acid should yield 

the A^-olefin (XXXIX). The reaction was run in methylene 

chloride. The solution was washed with sodium carbonate 

to quench the reaction. The product was a complicated 

mixture, but one main component could be detected by 

t.l.c. The total mixture was chromatographed on silica 

gel. None of the A^-olefin (XXXIX) was found in the 

fractions and the only characterizable product was the 
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starting alcohol (XLVII). However, it was not present in 

the reaction mixture before chromatography. Thus, the 

unknoim product must be the trifluoroacetate ester of the 

alcohol (XLVII), which hydrolyzed on the chromatography 

column, possibly through dissociation to the carbonium 

ion. Therefore, the carbonium ion was doubtlessly formed 

in the reaction, but was trapped by the solvent, trifluoro-

acetic acid, instead of the hydride source, triethylsilane. 

Dehydration of the alcohol (XLVII). 

A standard two step method to remove an alcohol 

function is to dehydrate the molecule to an olefin and 

then reduce it to a hydrocarbon with other reagents. 

Dehydration of the alcohol (XLVII) with thionyl chloride 

and pyridine would perhaps give the diene (LXIV). The less 

substituted double bond might be selectively hydrogenated 

to give the A^-olefin (XXXIX), perhaps, with a reagent 

such as diimide. 

..OCOGH^ 

LXIV 
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However, cyclopentadienes, besides being prone to 

Diels-Alder dimerization (which would probably not be 

very facile in this system because of steric hindrance), 

ccn also undergo facile rearrangement via 1,5-hydride 

shifts, which have been shown to occur thermally (37) 

in a concerted suprafacial manner (38), and which can 

take place rapidly even at room temperature. The most 

stable isomers formed are usually those with a free 

methylene group on the ring. In addition, the elimination 

/OCOGH. 

2 5 5 myu 

LXV 

.OCO-GH 

239m/>t 

LXVI 

O C O G H . 

249 m 
' / " 

LXVII 

244m \a 

LXVIII 
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could conceivably involve double bond migration out of the 

five-membered ring and/or carbonium ion rearrangements. 

Thus, besides (LXIV), the dienes (LXV) through (LXVIII) 

might be formed, assuming that no skeletal rearrangements 

have occured. 

Dehydration of alcohol (XLVII) with one equivalent 

of thionyl chloride in pyridine was complete at 0®C. as 

fast as the reagents were mixed. The product obtained 

showed U.V. absorption in the correct region for (LXIV) 

(several peaks at V̂max ^37. 245. 254, 263 m/t, but vary-

ing in relative intensity in several runs). The calculated 

value for diene (LXIV) is 250 mn (39). The infrared 

spectrum showed that the lactone and acetate were intact 

and no OH absorption vías present. The N.M.R. spectrum 

(see appendices), however, could not be interpreted to be 

any one of the structures, but it could possibly be 

explained in terms of a mixture of several of them. It 

showed clearly that (LXIV) was not present, at least in 

major amount, since there was almost no absorption for 

vinyl protons. Small smounts of (LXV) and (LXVI) could 

have been present and the vinyl signals would have been 

very small. Similarly, the signal for the C-6 proton 

was present, but could have been diminished in intensity, 

as predicted if (LXVII) and (LXVIII) were present. If 
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(LXVII) were present, the acetate signal would still be 

present, but reduced in intensity. The U.V. maximum 

values calculated (39,4o) for each 4somer (LXV) to (LXVIII) 

are listed with the formulas, and are in agreement with 

the experimental results. 

The mixture of dienes could not be chromatographed 

without decomposition. Attempted reduction with diimide, 

generated from diazodicarboxylate, left the mixture 

essentially imchanged, as judged from the U.V. spectrum. 

Attempted isomerization of the A^-olefin (LIV). 

With the failure of all of the above methods to remove 

the functionality at C-3, an entirely different approach 

was tried. This was the isomerization of the double bond 

in the A^-olefin (LIV) to the more substituted A^-olefin 

via acid catalysis. The reaction was attempted with 

p-touolene-sulfonic acid in benzene. When heat was 

applied, the A^-olefin (LIV) went to a complicated mix-

ture which was not characterized. Another attempt was 

made by dissolving the A^~olefin in chloroform-d and 

bubbling a small amount of HBr into the solution in an 

N.M.R. tube. The N.M.R. spectrum was at first the sum of 

the individual reagents but after a short time the reaction 

turned a red wine color and the C-10 acetate methyl signal 

began to decrease. A new signal began appearing about 
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0.1 tau further dovmfield suggesting the elimination of 

acetic acid and the formation of the A 3 - , A ^̂  "'•̂ '-íiiene 

(LXIX). After six hours (LXIX) was judged to be, by the 

N.M.R., to be the major product. After 48 hours, the 

total mixture was chromatographed, but the mixture was so 

complicated the fractions could not be further characterized. 

Compound (LXIX) could possibly be isolated pure from this 

reaction after six hours, but lack of material precluded 

repeating this experiment. No evidence for the formation 

of A -olefin was obtained, and elimination of acetic acid 

is obviously the more facile reaction. 

LXIX 



CHAPTER IV 

CONCLUSION 

The real struggle in attempting to develop a route to 

the model epoxide (XXXVIII) proved to be finding a method 

to reduce either the chloride (XLVIII) or the alcohol 

(XLVII). Mechanistic approaches through the intermediates 

involving 1) carbonium ions, 2) free radicals, and 3) car-

banions were attempted without success. The C-10 acetate 

was the main obstacle in many of these reactions. It now 

appears that the route to the epoxide (XXXVIII) can not be 

realized from the acetate (XXII)-

The synthesis of dihydrodamsin, as originally pro-

posed in Chart IV, still appears reasonable, and after the 

C-10 acetate function has been removed, some of the reac-

tions previously attempted, might give the expected 

products. The consequence of this is either 1) the pre-

paration of the alcohol (XXIV) must be worked out to give 

a usable yield, or 2) a transformation of the acetate (XXII) 

Into the alcohol (XXIV) must be found. 

The disadvantage to this approach is still that the 

direction of the rearrangement of the epoxide (XXXII) will 

not be known imtil the latter part of the synthesis. 
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However, there are other methods that seem promising to 

bring about the rearrangement. These include 1) using 

other acids besides BFo-etherate, and 2) a method reported 

by Jeger, et. al. (4l) involving the photochemical 

rearrangement of c>(, ̂ -epoxide ketones. This latter 

method, after further research for close analogies, might 

prove successful to migrate the raethyl group. 



CHAPTER V 

EXPERIMENTAL 

General notes. All melting points viere obtained in 

open capillary tubes in an oil bath and are uncorrected. 

N.M.R. spectra were obtained on a Varian A60 spectrometer 

with either chloroform-d or carbon tetrachloride was 

solvent. An internal standard of tetramethylsilane was 

always used. Infrared spectra were taken on a Perkin-

Elmer Infracord. Ultraviolet spectra were obtained on a 

Beckman DK2A spectrometer. All thin layer chromatography 

was done on Eastman silica gel plates, type K301R2 without 

fluorescent indicator and developed with iodine vapors. 

Elemental analyses were done on a Perkin-Elmer C. H. and 

N. analyzer Model 240. A Nester-Paust annular spinning 

band distillation apparatus was used for distilling liquids 

of close boiling points. All crystalline products were 

recrystallized at least once, air dried, and then further 

dried in a dessicator. 

Photolysis of santonin. A solution of 85.0 grams 

(0.345 moles) of santonin in 850 ml. of glacial acetic 

acid was irradicated under a slow stream of nitrogen for 

46 
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48 hours with a 250 watt Hanovia Hg. lamp in a water-cooled 

quartz immersion well apparatus. Most of the solvent was 

removed iri vacuo and the remaining heavy oil was dissolved 

in the miniraum amount of víarm methanol. The solution was 

cooled to give, in several crops, 26.2 grams of sticky 

yellowish crystals. Recrystallization from methanol gave 

25.34 grams (0.08 moles). 26^ yield of large needles, 

m.p. 178-180*", [c<]|̂  +48.8°, (c, I.92 in Chf.), (literature 

180-181«, Co^l^^ +58®, c, 0.53 in EtOH). Anal: Calcd. for 

^17^22^5' *̂ 66.35; H, 7.78. Pound: C, 66.6I; H, 8.08. 

Infrared and N.M.R. spectra are given in the appendices. 

The above procedure is similar to one reported recently (^a). 

Reaction of 1,2-ethanedithiol with the photo ketone 

(XX I). Caution: 1,2-ethanedithiol has a strong stench 

and must be worked with under a hood. A typical attempted 

preparation of the ethylene thioketal follows: A solu-

tion of 0.50 grams (I.63 mmoles) of the photo ketone 

(XXII) in 3.0 ml. of chloroform was mixed with 2.0 ml. 

(25.2 mmoles) of 1,2-ethanedithiol. The mixture was 

stirred at room temperature and 0.5 ml. of BP^-etherate 

was added. The reaction vras allowed to proceed until 

the ketone was used up (t.l.c. analysis). The solution 

was poured into ether and washed with lO^ KOH to remove 
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excess 1,2-ethanedithiol. The ether solution was vjashed 

several times with water, dried over MgSO^ and the solvent 

removed in yacuo. The remaining brown oil showed a large 

number of components by t.l.c. The infrared spectrum 

showed almost no carbonyl peak at I76O cm*"̂  indicating the 

lactone had been destroyed. The oil Vías chromatographed 

on silicâL gel. No fractions víere obtained that had the 

desired thioketal present. Several attempts were made 

varying the reaction time, quantities of reagents, and the 

order of addition of reagents. All attempts failed in 

preparation of the thioketal. 

Reaction of 1,2-ethanedithiol on the photo ketone 

(XXII) t using trifluoroacetic acid. A solution of 73 nig. 

(0.24 mmoles) of the photo ketone (XXII) in one ml. of 

trifluoroacetic acid was mixed with 30 mg. (0.32 mmoles) 

of 1,2-ethanedithiol. The resulting solution was placed 

in a N.M.R. tube and sealed with scotch tape. The 

reaction was followed by the N.M.R. spectrum. The imme-

diate spectrum was as expected for the reactants. As the 

reaction proceeded, the singlet for the acetate methyl 

(8.25 tau) began to decrease in size and a new peak 

appeared slightly downfield (8.15 tau) which probably 

was acetic acid. Also the signal for the hydrogens in 

1,2-ethanedithiol (7-7 tau) slowly disappeared. Finally 
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the C-6 lactone peak (5.1 tau) disappeared. Analysis by 

t.l.c. showed a complicated mixture. Any thioketal 

formed was in too small amount to be practical. 

Preparation oJ[ the alcohol (XLVII). A solution of 

5.0 grams (16.35 mmoles) of the photo ketone (XXII) in 

150 ml. of methanol was cooled in an ice bath. Sodium 

borohydride (0.16 grams, a four fold excess) was added 

with stirring and the reaction was allowed to proceed 

until t.l.c. indicated there was no starting alcohol left. 

This usually required between three and four hours. The 

total solution was carefully neutralized with dilute HCl, 

water was added, and most of the solvent removed in vacuo. 

The remaining solution was extracted with ether twice, 

washed víith water, and dried over MgSO^. The volume of 

the solution was concentrated on a rotary evaporater and 

the product was allovxed to crystallize from the ether. The 

first crop of crystals gave I.83 grams of white sticky 

crystals, m.p. 130-135'', [c^l l^ + 23.4« (c. 1.21 in Chf.). 

The alcohol was judged to be a mixture of isomers. The 

second crop gave 0.95 grams of crystals. The total yield 

was 2.78 grams (9.03 mmoles), 55% yield. Several recry-

stallizations from methanol gave a melting point of 

150-155°. The mother liquors were shovm to still contain 
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much of the alcohol. It appears that one epimer may 

crystallize in a higher percentage than the other one. 

Anal: Calcd. for C^ Ĥ ^̂ O . c, 66.35; H. 7^78. Pound: 

C, 66.61; H, 8.08. Infrared and N.M.R. spectra are 

included in the appendices. 

Preparation o£ the chloride (XLVIII). A solution 

of 200 mg. (0.665 mmoles) of crystalline alcohol (XLVII) 

in 20 ml. of anhydrous ethier was cooled in an ice bath. 

One equivalent of freshly distilled thionyl chloride was 

added under nitrogen with stirring and the reaction was 

allowed to proceed imtil t.l.c. showed the absence of 

starting alcohol. This usually required about four hours. 

The total reaction mixture was washed with S% NaHCOo to 

remove excess thionyl chloride and HCl present. The pro-

duct was observed to rapidly decompose without this wash 

with dilute base. This solution was then washed twice 

with water, dried over MgSÔ ,̂ and the ether removed in 

vacuo. The resulting brown oil showed two spots by t.l.c, 

a major one at R^ 0.70, believed to be the desired chloride 

(XLVIII), and a minor one at R^ 0.43. The allylic 

chloride could not be purified further because of its 

reactivity. Attempted chromatography or even attempted 

crystallization resulted in its decomposition to a green 
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oil containing many components by t.l.c. Purther reac-

tions were therefore run on this freshly prepared crude 

product. Infrared and N.M.R. spectra are included in the 

appendices. They indicate the material is almost all the 

desired chloride (XLVIII). 

Reaction of the chloride (XLVIII) with magnesium. 

A three-necked round bottomed flask, fitted with a con-

densor, nitrogen balloon, and dropping funnel was 

purged with nitrogen and flamed to remove any moisture. 

Then, the chloride (XLVIII), freshly prepared from 350 mg. 

(1.13 mmoles) of alcohol (XLVII) was added in 30 ml. of 

freshly distilled Jb-butyl alcohol. Magnesium turnings, 

(30 mg., 1.23 mmoles), were dried at 110°, then added to 

the solution while still warm. The resulting mixture 

was refluxed overnight under nitrogen. The magnesium 

had not been used up at this time, but its surface had 

turned a dark brown color. The pH of the solution, 

before and after addition of water, was 6.5-7^0. The 

reaction mixture was extracted with ether, washed with 

water, dried over MgSO|̂  and the ether removed jm vacuo. 

Analysis by t.l.c. showed the products running higher 

than both the alcohol (XLVII) and the A 3-olefin (LIV). 

Infrared showed decreased absorption for both the lactone 
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and the acetate. The N.M.R, showed some strong signals 

in the 9•0-9^5 tau region for saturated hydrocarbons. 

It appeared the Grignard reagent did not form, and the 

chloride (XLVIII) decomposed under the reflux conditions 

into various products which could not be characterized. 

Reaction of the chloride (XLVIII) and tri-n-butyl 

tin hydride. The chloride (XLVIII), freshly prepared 

from 360 mg., (1.17 mmoles) of the alcohol (XLVII). was 

dissolved in ether and 340 mg. (1.17 mmoles) of tri-n-butyl 

tin hydride was added. The solution was stirred at room 

temperature overnight, The total volume was reduced to 

one-third on a rotary evaporator. Upon cooling, the 

solution gave 55 mg. of crystals, m.p. 101® with decom-

position. T.l.c. of the remaining solution showed a large 

mixture of products. The solution was chromatographed on 

silica gel. Tributyltin chloride eluted from the columji 

in the early fractions as concluded from its N.M.R. 

spectrum. Several fractions were collected but none of 

these ran similar to the A^-olefin (LIV). The infrared 

spectrum of the crystals showed absorption at I78O cm" 

and 1740 cm"^ for the lactone and acetate carbonyls. The 

N.M.R. spectrum showed absorption at 5.2 tau, indicating 

The C-6 lactone proton vjas still intact, and a sharp 
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singlet at 8.0 tau for the acetate methyl at C-10. The 

C-4 methyl on the double bond appeared to be slightly 

downfield, 8.05 tau. There appeared to be a doublet at 

8.75 tau with a methyl singlet overlaping one peak at 

8.8 tau. T.l.c. of these crystals shovied the crystals 

running slower than the A 3-olef in (LIV) by a small 

amount in ether : pet. ether (1:1) solvent system. 

Infrared and N.M.R. spectra of these crystals are repro-

duced in the appendices. 

Reaction of the chloride (XLVIII) with chromous 

acetate. The chloride (XLVIII), freshly prepared from 

250 mg. (0.81 mmoles) of alcohol (XLVII) was placed in 

solution with 50 ml. of dimethylformamide. The solution 

was placed under nitrogen and 550 mg. (3^24 mmoles) of 

chromous acetate was added. A few drops of triethylsilane 

was added as a hydrogen donor. The red-brown solution 

was stirred at room temperature and it began to change to 

a bluegreen color within a few minutes. The reaction 

was allowed to proceed for four hours. The reaction 

mixture was poured into ice water and extracted with ether. 

The ether layer was dried over MgSO|̂  and the ether removed 

in vacuo. The total product mixture was chromatographed 

on silica gel into two major fractions. The first fraction 
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eluted víith lO^ ether, 90^ pet. ether. The second fraction 

eluted with 40^ ether. The lO^ ether fraction, expected 

to contain the A^-olefin (XXXIX), was found by t.l.c. 

to be quite different from the A^-olefin (LIV). One 

spot on the t.l.c. ran with a larger R^ than the A 3-olefin 

(LIV) and the other spot ran considerably less. The 40^ 

ether fraction gave a small amount of crystals (about 30 

mg.), m.p. 130-140®. These crystals ran less than the 

/\3_olefin (LIV). Also, the crystals ran further than the 

crystals obtained from the tri-butyl tin hydride reaction. 

No firm structure could be assigned on this basis. 

Reaction of the chloride (XLVI I) with sodium boro-

hydride. The chloride (XLVIII), freshly prepared by the 

usual procedure from 200 mg. (O.65 mmoles) of alcohol 

(XLVII), was dissolved in 10 ml. of 80^ tetrahydrofuran, 

20^ water. Sodium borohydride (50 mg., 1.37 mmoles) was 

added and the reaction was stirred for four hours at room 

temperature. Dilute HCl was added to decompose excess 

NaBH^. Most of the solvent was removed on a rotary 

evaporator and the product was extracted with ether, 

washed with water, dried over MgSO/̂  and concentrated on 

a rotary evaporator. Upon cooling, 47 mg. of crystals, 

m.p. I35-I65®, were collected. These crystals were 



55 

shown by their infrared spectrum and t.l.c. to be the 

alcohol (XI.VII). T.l.c. of the mother liquors showed 

come of the alcohol remaining and a spot running with the 

A -olefin. The mother liquors vrere chromatographed on 

silica gel. The fraction eluting with lO^ ether. 90^ 

pet. ether contained a very small amount of material 

(5 mg. or less). This fraction ran similar to the 

/^-^-olefin (LIV), but there was not enough material to 

further characterize it. This fraction may have been the 

desired A^-olefin (XXXIX). 

Attempted hydrogenolysis of the chloride (XLVIII). 

The allylic chloride (XLVIII) (I50 mg., 0.46 mmoles). 

freshly prepared from the alcohol (XLVII). was dissolved 

in ethanol. Palladium on carbon with calcium carbonate 

was added and the solution was placed under one atmosphere 

of hydrogen. The solution V7as stirred with a magnetic 

stirrer until the displacement of the Hg. manometer ceased. 

Slightly more than one equivalent of gas was evolved 

which was assumed to be CO^ gas liberated from the calcium 

carbonate by the elimination of HCl from the chloride 

(XLVIII). The total product mixture was filtered, 

diluted three-fold vjith water and extracted twice with 

ether. The ether layer was dried over MgSOj[̂  and the ether 

was removed in vacuo. The resulting amber colored oil. 
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130 mg.. showed a mixture of products by t.l.c. One 

major spot had a R^ value about two-thirds that for the 

A 3-olefin (LiV). The qualitative U.V. spectrum showed a 

broad shoulder at 240-250 m ^ and strong end absorption. 

The N.M.R. spectrum of the total product mixture showed the 

C-6 lactone proton at 5.4 tau, the C-10 acetate methyl at 

8.0 tau and the C-4 methyl on a double bond at 8.1 tau. 

The remaining C-10 and C-11 methyls were not clearly 

distinguishable in the 8.5-8.9 tau region. The infrared 

spectrum showed absorption at I78O cm**̂  and 1740 cm"^, 

showing the lactone and acetate were still intact. 

Reaction oí_ the alcohol (XLVII) with triethylsilane 

and trifluoroacetic acid. A solution of 274 mg. (O.89 

mmoles) of the alcohol (XLVII) and 243 mg. (2.08 mmoles) 

of triethylsilane in methylene chloride was stirred at 

room temperature. Trifluoroacetic acid (256 mg., 1.79 

mmoles) was added under nitrogen. The reaction started 

turning a violet color within ten minutes and at the end 

of four hours the solution had become a deep blue-purple 

color. The total reaction mixture v/as poured into water 

and extracted with ether. The ether layer was a yellow 

brown color. The ether layer was then washed with a 

Na^COo solution, washed víith water, and dried over MgSÔ .̂ 
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The ether Vías removed In yacuo. The N.M.R. spectrum of 

the product mixture showed the acetate methyl (8.0 tau) 

and the C-4 methyl on a double bond (8.1 tau). The 

lactone was also intact as evidenced by the C-6 hydrogen 

(5^3 tau). Infrared showed the lactone (I78O cm~^) and 

the acetate (1735 cm-1) were still present. T.l.c. 

showed several spots; one major spot identical in posi-

tion to the alcohol (XLVII). The other spots ran further 

than the alcohol (XLVII) but not as far as the A 3-olefin 

(LIV), showing that-the A ^-olefin (XXXIX) was not formed 

in this reaction. The product mixture was chromatographed 

on silica gel and the fractions analyzed by N.M.R. and 

t.l.c. One band, originally yellow in color, turned a 

violet color as it started down the columji, but returned to 

a yellow brovm color before eluting from the column. It 

contained only a small amount of impure material which 

could not be characterized. The fractions which should 

have had the A^-olefin in them (lO^ ether, 90^ pet. ether), 

contained no material. One fraction (50^ ether) gave 25 mg. 

of the alcohol (XLVII), m.p. 105®. These were identical 

to the starting alcohol (XLVII) (t.l.c. and infrared 

spectrum). 
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Attempted preparation o£ thje diene (LXIV) with 

thionyl chloride and pyridine. A solution of 284 mg. 

(0.92 mmoles) of the alcohol (XLVII) in a minimum amount 

of pyridine was stirred at room temperature and IO9 mg. 

(0.92 mmoles) of freshly distilled thionyl chloride was 

added. The mixture was stirred for five minutes, at 

which time the mixture had turned a dark brown color. At 

this time the solution was poured into several ml. of 

ether, washed vjith water several times, once with dilute 

HCl, and once more with water. The ether layer was dried 

over MgSOju and the ether removed in vacuo. The resulting 

brown oil could not be stored under nitrogen for even a 

short time without rapid decomposition. The ultraviolet 

spectrum showed absorption in the 240-255 mz^ region. 

This included ^^^^y- at 237. 245, 254, 263 ^/A , varying in 

relative intensity with different runs. None of the peaks 

were sharply defined. Analysis by t.l.c. showed a com-

plicated mixture. The N.M.R. spectrum did not show any 

vinyl peaks, which would have been present in the desired 

diene (LXIV). The N.M.R. did show evidence that C-4 

methyl was located on a double bond, in at least part of 

the product mixture, and the acetate methyl at C-10 was 

present in its usual region (8.1 tau). The U.V. spectrum 

is probably the result of a mixture of dienes. The N.M.R. 

spectrum is included in the appendices. 
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Attempted preparation of l-bromo-4-acetoxy-2,3-

dimethyl-2-butene (L). A good preparation was never 

achieved as all variations in procedure always gave as 

the major product. 1,4-dibromo-2,3-dimethyl-2-butene 

(LI). The only method that gave any of the desired 

product was as follows. A solution of 4.4l grams (53^3 

mmoles) of 2,3-dimethyl-l,3-butadiene (XLIX) in acetic 

acid was added to an acetic acid solution of 8.25 grams 

of silver acetate. This mixture was stirred and 8.53 

grams (55.3 mmoles) of bromine was slowly added. The 

silver bromide víhich precipated was filtered off and the 

solution was poured into a separatory funnel containing 

ether and water. The ether layer was washed several 

times with water to remove the acetic acid, dried over 

MgSO . and the ether removed in vacuo. The remaining oil 

was carefully distilled at about Imm. using a spinning 

band distillation column. The product mixture was most 

difficult to separate and most of the product mixture was 

again the l,4-dibromo-2,3-cLimethyl-2-butene (LI). One 

small fraction, less than 300 mg., b.p. 120®, was collected 

which contained the l-bromo-4-acetoxy-2,3-dimethyl-2-

butene (L) as the major component. The N.M.R. spectrum 

showed two singlets at 5-78 and 5^85 tau (area of each, 2 

hydrogens), and three methyl singlets at 7.88, 8.05, and 
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8.10 tau. This product could clearly be distinguished 

from the 1,4-dibromo compound by the N.M.R. spectrum. 

The 1,4-dibromo compound has two singlets in the N.M.R. 

spectrum at 6.1 and 8.17 tau. The lower field singlet 

has an area of four hydrogens and the higher field singlet 

has an area of six hydrogens. Both compounds had almost 

identical R^ values. Most of the dibromo compound could 

be crystallized from the desired l-bromo-4-acetoxy-2,3-

dimethyl-2-butene (L) in the distillation fraction and it 

was obtained about 90^ pure. It remained as an oil and 

did not crystallize. 

Reaction of the A^-olefin (LIV) with H3r. A solu-

tion of 30 mg. (0.1 mmoles) of the A^-olefin (LIV), 

m.p. 45-46®, prepared by the procedure of White, Eguchi, 

and Marx (9a) was mixed with chloroform-d and placed in a 

N.M.B. tube. A small amount of HBr gas was bubbled into 

the solution. The reaction was follovjed by N.M.R. After 

a few minutes, the reaction mixture turned a red wine 

color and after four hours there was no further color 

change. After twelve hours there was no evidence of the 

starting olefin and the reaction mixture appeared to be 

mostly the A-̂ î A ^(^0) diene (LXIX). The total reaction 
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was chromatographed on silica gel but the fractions 

collected were very small and contained little material. 

These fractions could not be characterized. 
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Appendix B: Nuclear Magnetic Resonance Spectra 
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