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INTRODUCTION 

Nature has provided the synthetic organic chemist with a never 

ending assortment of molecules which are synthesized by plants, ani

mals, and other living organisms. The molecules range from the simple 

to the extremely complex, and are usually found as complex mixtures of 

closely related compounds. The isolation, purification, and total 

chemical identification of these various molecules is the realm of 

natural product chemistry. For the organic chemist who is interested 

in duplicating these molecules by synthesis in the laboratory, there 

are countless shapes and arrangements of atoms to challenge his synthe

tic methodology and creativity. Indeed, a final proof of a molecule's 

elucidation lies in a complete synthesis showing the synthetic molecule 

and the naturally occurring one to be the same in all respects. This 

is much easier with the help of modern analytical instrumentation such 

as NMR, IR, UV, mass spectrometers, HPLC, optical rotary dispersion, 

and x-ray crystallography. 

Included in the total family of natural products is one particu

lar class of molecules known as sesquiterpenes. The sesquiterpenes are 

especially interesting, since the fifteen carbon atoms that make up the 

molecules can be arranged into many different skeletal frameworks. 

They usually have several interconnecting rings of various sizes. Each 

year several new sesquiterpenes are isolated and characterized. Modern 

instrumentation techniques have made possible the elucidation of new 

ring systems, which would have been impossible a few years ago. Many 

of the new ring systems presently have not been synthesized and there

fore provide a fertile field for synthetic chemists. 

One family of sesquiterpenes that has received a lot of attention 

in recent years is the guaianolides. The basic guaianolide framework 

is shown in formula (1). There are some guaianolides that have a 

similar structure, but with the lactone ring fused at carbons 7 and 8 

rather than 6 and 7. The family of guaianolides have various func

tional groups scattered over the entire skeletal framework. With 



the complexity of these molecules, it is understandable why there was 

confusion and misassignraents of structure within this family before the 

entrance of modern instrumentation. 

One of these areas of confusion was a class of sesquiterpenes now 

called pseudoguaianolides, but once thought to be guaianolides. The 

skeletal framework of the pseudoguaianolides is shown below as 

structure (2). The difference in the two classes of sesquiterpenes is 

O ^^i./ '? 

the position of a methyl group and it is obvious both classes of com

pounds are closely related biogenetically. Several examples of guaian

olides and pseudoguaianolides are shown below. 

Recently a new molecule, gnididione, has been isolated by Kupchan 

and coworkers and found to be related to the guaianolides. The 

structure for gnididione (11) is shown below. Instead of having a 

lactone, gnididione has a furan ring. This is the first example of a 

furan-containing member of this class, and it is clear that it is 

biogenetically related to the guaianolides. 



ACHILLIN ( 3 ) GEIGERIN ( 4 ) 
DAMSIN ( 5 ) 

D IHYDRODAMSIN ( 6 ) AMBRORESCIN (7 ) 

O AC 

MATRICARIN ( 8 ) 

AMBROSIN ( 9 ) PARTHENIN ( 1 0 ) ( 1 1 ) 

All of these sesquiterpenes are found in the Compositae family 

of plants. They have been associated with various folk medicine appli

cations and some have been shown, under scientific investigation, to 

have theraputic value. Various biological activities have been attri

buted to the pseudoguaianolides and they are reported to have use as 

insecticides, stomachics, vermifuges, etc. Because of their cytotoxic 
(2) properties, they have attracted considerable synthetic interest. 
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The biogenesis of the guaianolides and pseudoguaianolides is 

(3) 

thought to occur as follows. The building blocks in nature are ace

tate units which are joined together to produce trans-farnesol (12), 

a common precursor for all sesquiterpenes. The pathway from trans-

farnesol (12) to the ring cyclized compound (14) is thought to proceed 

through the cationic intermediate (13). 

J^^^^^y 
(12) (13) (14) 

Hydration of the cation in (14) gives the alcohol (15) which can be 

written either as (15a) or (15b). 

(15a) (15b) 

Cyclization in the Markownikoff sense gives the eudesmonolide t'̂-pe 

sesquiterpenes (16) while cyclization in the anti-Markownikoff sense 

(16) 



leads to the guaianolide type sesquiterpenes. Note the double bonds 

in (15b) are positioned for concerted cyclization with the required 

trans-anti-parallel addition giving (17). This cyclization is either 

(17) 

initiated by a proton, or a HO species in oxidative cyclizations. 

Structure (17) is then the likely biogenetic precursor for all 

guaianolides. Clearly a 1,2-methyl shift will produce the biogenetic 

precursor (18) for the pseudoguaianolides. Further functional group 

modifications can then lead to the myriad of different structural 

variations within these classes. 

(18) 



STATEMENT OF GOALS OF STUDY 

At the beginning of this study there was no complete synthesis 

of any member of the pseudoguaianolides. There have been, however, 

several total syntheses of guaianolides. It was therefore of interest 

to develop a synthesis for one of the simplest members of the pseudo

guaianolides . Along with any new chemistry that might be developed 

while synthesizing the compound, stereochemical information would be 

derived for this not so well studied class of sesquiterpenes. 

The synthesis of the skeletal framework of the pseudoguaianolides 

is not a simple task. The fused five-seven membered ring system is not 

as well known as fused six-six membered rings. Furthermore, there are 

six contiguous asymetric centers in the framework as indicated by as

terisks in structure (19). This results in a possibility of sixty-

four isomers, only one of which will be found in nature. Obviously, 

(19) 

any synthetic route to a pseudoguaianolide may require the development 

of specific or even new reactions to make necessary transformations of 

functional groups without disturbing the rest of the molecule. Thus 

both synthetic challenges and conformational analysis problems must be 

solved in a sucessful synthesis of a pseudoguaianolide. 

Molecules having the cycloheptane ring incorporated in their 

structure provide more conformational problems than rings of less 

atoms because substituents can interchange spatial positions (akin 

to axial and equatorial) by pseudorotation within the seven-membered 

ring. 

The simplest member of the pseudoguaianolides to synthesize would 

appear to be dihydrodamsin (6). Damsin (5), the parent compound of 



this family of sesquiterpenes has an extra double bond. Also, natural 

damsin (5) could be used to synthesize a comparison sample of dihydro

damsin when the synthesis is complete if no authentic dihydrodamsin can 

be secured. Dihydrodamsin (also called tetrahydroambrosin) has been 

isolated from a species of plants called Ambrosia peruvian a Willd by 
(4) 

Herz and coworkers. The stereochemistry at C-11 (see formula 1 for 

numbering system) is not known but it is assumed to have the methyl 

beta (on the top side of the molecule) rather than alpha (below the 

molecule). Presumably, the C-11 methyl could be epimerized with base 

so both epiraers would be available for comparison with authentic 

dihydrodamsin. 

Gnididione (11), which has the unique furan ring and highly con

jugated functionality, also appeared to be a good synthetic goal, since 

it was assumed that it could be made from one of the intermediates in 

the synthesis of dihydrodamsin. In addition, the stereochemistry at 

C-1 in gnididione is postulated, on the basis of NMR evidence, to 

have a beta hydrogen. This evidence is not compelling, and a synthe

sis would resolve the question. Position 1 is epimerizable with 

acid and thus both the alpha and beta isomers are known. The syn

thesis of either of them would determine the stereochemistry of both 

unambiguously. 



PREVIOUS SYNTHETIC WORK ON GUAIANOLIDES AND PSEUDOGUAIANOLIDES 

Many widely-differing synthetic approaches have been used by 

research workers to produce the skeletal framework needed for the 

guaianolides and pseudoguaianolides. A number of them are briefly 

described below. 

A. The approach used by several workers took advantage of the 

photochemical rearrangement of a-santonin (20), which was intensively 

(20) 

Avi 
> 

OAC 

(21) 

studied by Barton. Piers and Cheng used this approach in their 

synthesis work on a-bulnesene as shown below. 

GOME (23) GOME 

Other workers have used this approach in their synthesis of 

guaianolides. Barton used it in his synthesis of gergerin (4), 
(8) (9) 

Sorm used it for amborescin (7), and White, Eguchi, and Marx 

used it for the synthesis of desacetoxymatricarin and achillin (3). 

The advantage of this approach is twofold. First, a-santonin (20) 

already has the lactone moiety, with proper stereochemistry, and the 

absolute stereochemistry is known. Second, a-santonin (20) has been completely synthesized and any synthesis using it as a starting 



compound would also be a formal total synthesis. The only disadvantage 

is the fairly low yield (approximately 30%) in the photochemical rear

rangement step to produce (21). This is not a serious problem, how

ever, since a-santonin is commercially available and not too expensive, 

and the product (21) is easy to purify by simple crystallization. 

B. Another approach for entry into the hydroguaiazulene system 

is to use a cyclization reaction. Yamasaki used an acid catalyzed 

cyclization of the allylic alcohol (24) in his approach to daucene (25) 
(12) 

as shown below. Other workers have also used this cyclization 

approach. 

(24) 

H 
> 

(25) 

C. A third approach uses rearrangements other than the photo-
(13) chemical rearrangement of a-santonin. Marshall and Partridge used 

this approach, involving the solvolytic rearrangement of a bicyclo 

[4.3.1] intermediate (26), in their work toward bulnesol. The key 

step is shown below. 

( K)Ms] 

(26) 
1 Ac 

HOAc 

N a O A c 

-> 

(27) 

(14) 

Heathcock and Ratcliffe also used this solvolytic rearrange

ment approach in their work toward a-bulnesene and bulnesol. The key 

step is shown below. 
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TsO 

(28 ) 

H O A c 

• > 

N a O A c 

( 2 9 ) 

An approach using a solvolytic cyclization that parallels the 

biogenetic cyclization was used by Marshall and Huffman.^ ^ An 

example of the key step is illustrated below. 

OPNB 

(30) 

H O H 
> 

N a H C O, 

(31) 

Still another example of using a rearrangement to get into the five-

seven ring system was used by Biichi and coworkers in their synthe

sis of aromadrene. The rearrangement, a pinacol type, is illustrated 

below. 

TsO 

(32) 

> 

(33) 

D. One may also expand or contract appropriate ring sizes to 

arrive at the fused five-seven system. DeBroissia, Levisalles, and 
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Rudler used both in their work to synthesize daucene (25). This 

is shown below. 

(34) 

C/V,iV> 

HO 

(35) (36) 

E. A final example of approaches into the fused five-seven 

membered ring system is the fragmentation of appropriate tricyclic 

intermediates. Hendrickson and Boecknau^ ^ used this approach in 

synthesizing the acid intermediate (38) to be used as a model in a 

synthesis. The fragmentation step is shown below. 

(37) 

OH 
• > 

COOH 

(38) 

It is thus seen from the examples above that the synthetic 

approaches into the hydroguaiazulene system is limited only by the 

ingenuity of the organic chemist. All approaches utilize precursors 

having less stereochemical uncertainties than those incurred in a 

straight forward formation of a seven-member ring fused to a five-

membered ring. 

Much less work has been done on pseudoguaianolides than guaian

olides. The first report in this field occurred while the current work 

(19) 

was in progress. Hendrickson has reported a synthesis for a pseu

doguaianolide type structure (43) from a-santonin (20), but it has 

the stereochemistry at C-1 normally not found in naturally occurring 
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guaianolides. His approach also did not involve the photochemical 

rearrangement of a-santonin. An outline of the synthesis is shown in 

scheme (1). 

(20) 

• > 

(39) 

-> -» 

(40) 

(41) (42) 

• > 

(43) 

Scheme (1) 

During the course of this study several syntheses of pseudoguaian

olides appeared in the literature. Among these are total synthesis for 
. .̂ (20) , , ,. (21) , , (22) confertm, helenolm and damsin. 

couple of the damsin synthesis follows below. 

^ V (20) , T ,. (21) , , . (22) , , . . , confertm, helenolm and damsin. A brief description of a 

-> -> 

THPQ 

(45) 

- > -> 

THPO 

- > (5) 

(46) 
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DeClercq and Vanderwalle^ started with the synthon (44) and 

(in several steps) after changing the stereochemistry of the C-1 

proton, added the lactone ring and the a-methylene group to produce 

damsin. Grieco and coworkers^ ^̂  constructed the cyclopentanoid (48), 

in several steps, from the bicyclic compound (47). Cyclization to the 

hydroazulene system (49) and adding the a-methylene-a-butyrolactone 

group finished the synthesis. 

^^EOoc 

B 

( 4 7 ) ^ 

-> -> 

HO 

-> ^ 

BzO 

(48) (49) 

(00 "̂  

A third approach by Kretchmer and Thompson started with the 

methoxytetralone (50) to produce the unconjugated ketone (51) which 

was transformed into the hydroazulene compound (52) by 1) ozonolysis 

and reductive workup and 2) alkylation. The approach to damsin from 

(52) was similar to the approach used by others. 

MEO -> -> o^k.^-^^^ -> -> 

(50) 
(51) 

^ ^ 
OOME OOME 

(52) 



PROPOSED SYNTHETIC ROUTES TO DIHYDRODAMSIN AND GNIDIDIONE 

A brief outline for the proposed synthesis of dihydrodamsin (6) 

and gnididione (11) is shown in scheme (2). This synthetic scheme is 

developed in detail in the following sections of this discussion. 

The synthetic effort will start with the photochemical rearrangement 

of a-santonin (20) to give 10-acetoxy-3-oxoguai-4-ene-6a,12-olide (21) 

(20) 

(11) 

GAc 

(55) 

HG 

(6) 
(59) 

\ 

(53) 

(56) 

.ri , 

CGOH 

OOH 
(57) 

I 
y 

GGH 
(58) 

Scheme (2) 

14 
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With the exception of the photochemical rearrangement of a-santonin 

approach, all the approaches discussed in the previous chapter are 

lacking in having the lactone moiety, with its required stereochemis

try. For this reason, the synthetic routes for this study will utilize 

the photochemical rearrangement of a-santonin (20). To do otherwise 

would require additional synthetic steps to construct the a-lactone 

moiety. The already lengthy synthetic path would require an even 

greater expenditure of starting material to have any material at the 

end of the synthesis. 

Seven steps are necessary to arrive at guai-3-ene-6a,12-olide (55) 

which is the branching point in the proposed routes to both dihydro

damsin (6) and gnididione (11). The key intermediate had been prepared 
(23) 

previously in our labs in low yield^ and it was expected that con
siderable improvement in the sequence could be made. 

Since the guai-3-ene-6a,12-olide (55) has the skeletal framework 

for a guaianolide, the C-4 methyl must be migrated to C-5 to get into 

the pseudoguaianolide system. One of the key steps in the proposed 

route to dihydrodamsin from guai-3-ene-6a,12-olide (55) would be the 

photochemical rearrangement of the C-4 methyl. This rearrangement 

would be done on epoxide (57) (see scheme 2). 

The key functionality to be developed from guai-3-ene-6a,12-olide 

(55) to get gnididione is the formation of a furan ring from the 

lactone moiety. This would be formally accomplished by dehydration 

and dehydrogenation of the lactone. 

To help relieve the anticipated shortage of material needed for 

the latter stages of the synthesis of dihydrodamsin, it was proposed 

that a relay compound (58) be used. It was anticipated that the relay 

compound could be made from natural damsin (5) in a few steps, then 

transformed back into dihydrodamsin (6). 

The synthesis of guai-3-ene-6a,12-olide (55), the intermediate 

which was intended as the branching point for the synthesis of both 

dihydrodamsin (6) and gnididione (11), is shown in scheme (3). Com-
(23) 

pound (55) had been synthesized previously in our lab as an inter
mediate for dihydroarbiglovin. It was anticipated that a number of 
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improvements could be made in reaction conditions to improve yields 

and stereoselectivity of the reactions. 

(20) (21) 

OAc 

(60) 

HO 

OAc 

(61) 

OAc 

(62) (63) 

(64) (55) 

Scheme (3) 

The key intermediate guai-3-ene-6a,12-olide (55) has the required 

stereochemistry at C-1 and C-10 for dihydrodamsin. An inversion of 

stereochemistry of the oxygen atom at C-6 will be necessary. It also 

has the versatility to serve as a reasonable precursor for gnididione 

(11), although the stereochemistry at C-1 is opposite that postulated 

by us for the natural product. 

One possible route from guai-3-ene-6a,12-olide (55) to dihydro

damsin (6) is shown in scheme (4). The proposed route involves opening 
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the lactone to the hydroxy acid. This would be assumed to be straight 

forward and would be accomplished with aqueous base. Careful acidifi

cation during workup should give the hydroxy acid (65). 

(55) (65) 
COOH 

(66) 
OOH 

(56) 
COOH (57) 

fcoOH fcOOH 
(58) 

(67) 
OOH 

(59) (6) 

Scheme (4) 

Jones reagent (8 N chromic acid) or perhaps KMn04 should then 

oxidize the hydroxy acid (65) to the keto acid (66). If the double 

bond does not shift into conjugation during workup of this reaction, 

a deliberate isomerization step would be necessary to achieve the A"* 

keto acid (56). 

Epoxidation with hydrogen peroxide and sodium hydroxide or per

haps m-chloro perbenzoic acid should then produce the epoxy-keto acid 

(57). The key step in this sequence to dihydrodamsin is the epoxide 
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rearrangement and resultant methyl migration from C-3 to C-4. A photo

chemical rearrangement seems to be the best choice here. Epoxide rear-

(24) 

rangements of this type have been extensively studied and the rear

rangement may proceed in a stereoselective manner. Epoxide (57) has 

four groups which could potentially migrate. The group that migrates 

will be the one trans to the newly formed positive center resulting 

from the breaking of one of the carbon oxygen bonds. The carbon-oxygen 

bond that breaks must be the one adjacent to the carbonyl, since the 

photochemical energy is transferred from this chromophore group to give 

an a cleavage of the adjacent epoxide bond. Assuming one had the 

a epoxide, as shown in drawing (68), the group which is anti to the 

breaking bond is the methyl, so this should be the group that migrates, 

giving the diketo acid (58). 

(68) 
COOH 

Without knowing the exact stereochemistry of epoxide (57), it is 

only assumed methyl migration will take place. The alternate struc

ture (69) seems less likely also because a strained four-membered ring 

would be formed. The other possible rearrangement products, (70) and 

(71), would result from initial cleavage of the p epoxide bond. 

COOH 
(69) (70) 

COOH 

COOH 

(71) 
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An acid-catalyzed rearrangement of the keto epoxide (57) should 

probably be avoided, since either epoxide bond could break, giving 

rise to any or all of the four possible rearrangement products. In 
(25) 

a slightly related example, Dev and coworkers have shown that the 

ring methylene carbon is the migrating group in the example below. 

Of course, the product contains a five-membered ring rather than a 

four-membered one, so methylene migration is favored in this case. 

(72) 

3Fj 

(73) 

A model compound, 3,5,5-trimethyl-2,3-epoxycyclohexanone (75) is 

synthetically available from isophorone (74). This compound could be 

used to work out the experimental parameters without wasting valuable 

epoxy keto acid (57). This model study is outlined in scheme (5). 

(74) 

H^CP, 

Ma OH 

(75) 

\v 

••r> 

(75) (76) 

^ 
\ 

(77) 

Scheme (5) 
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Epoxidation of isophorone (74) with sodium hydroxide and hydrogen per

oxide gives 3,5,5-trimethyl-2,3-epoxycyclohexanone (75).^^^^ Pho

tolysis of epoxy ketone (75) should give the desired 2,5,5-trimethyl-

cyclohexane-l,3-dione (76) and perhaps some of the pentanone compound 

(77). These two compounds are easily distinguished by NMR and should 

also be easily separable by column chromatography. Both of these prod

ucts are synthetically available from other methods if comparisons are 
(27) 

necessary. Ringler^ has reported the synthesis of compound (77) as 

shown below. 

(78) (77) 

(281 
Voitila has reported the synthesis of the diketo product (76) 

as shown below. 

(79) 

CH3I 
MaOMe. 

o^^v^^ 

50% 

(76) 

+ 

25% 

(80) 

1 2% 

(81) 

Assuming the methyl group migrates in compound (57), the relay 

compound (58) will have been made. Continuing toward dihydrodamsin 

(6) requires a reduction of the diketo acid (58) with NaBH4 to give 

the hydroxy acid (67). This reaction should establish the correct 

stereochemistry at the lactone oxygen on C-6, as controlled by the 

C-5 methyl group. A potential problem with the reduction of the 

diketo acid (58) is the possibility of a reverse aldo type reaction 

occurring as depicted below. 
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(83) 
OOH 

Proposal of Alternative Route to Dihydrodamsin (6) 

An alternate and readily accessible route to dihydrodamsin (6) 

from guai-3-ene-6a,12-olide (55) is shown below in scheme (6). The 

reduction of guai-3-ene-6a,12-olide (55) with LiAlH4 should give 

compound (84). 

(55) 

-OH u-O Ac 

(86) 

-OA, 

(87) 

^ 

OAc 

Scheme (6) 
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Selective acetylation of the primary alcohol should be accomplished 

with one equivalent of acetic anhydride in pyridine to give (85). 

Oxidation with Jones reagent should transform the C-6 alcohol into 

the ketone to give (86). If the double bond does not migrate from 

C-3 to C-4 into conjugation with the ketone during workup to give (87), 

a separate step will be necessary to do this. This might be accom

plished by contacting compound (86) with dilute acid over a period of 

time. 

Hydrolysis of the primary acetate should be accomplished with some 

basic reagent like sodium methoxide or even one equivalent of sodium 

hydroxide. This would be followed by another oxidation of the primary 

alcohol to the acid (56) with Jones reagent or some stronger oxidizing 

reagent such as Collins reagent. 

Epoxidation to the same epoxide (57) could be brought about by 

using sodium hydroxide and hydrogen peroxide or perhaps m-chloroper-

benzoic acid. Photolysis of the keto epoxy acid (57) should give the 

relay compound (58). The route on to dihydrodamsin would be the 

same as discussed previously. 

Proposed Route to the Relay Compound (58) from Damsin (5) 

To relieve the shortage of material that undoubtedly will result 

in this lengthy route, it is proposed to use a relay compound. A rea

sonable choice would be the diketo acid (58) . This should be synthe-

sizable from damsin (5) by the transformations shown below in scheme 

(7). 

In addition to acquiring the relay compound in adequate quanti

ties, this scheme would provide synthetic dihydrodamsin for development 

work, if needed, for separating the C-11 isomers to determine which one 

has the correct stereochemistry for the naturally occurring dihydrodam

sin. 

The obvious route to the relay compound (58) from damsin (5) is 

first a hydrogenation of the exocyclic double bond followed by lactone 

opening and oxidation. It is anticipated that catalytic hydrogenation 



(5) 

(6) 
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(67) 
OOH 

(58) 
toCH 

Scheme (7) 

would give isodamsin (88), the isomerization product, instead of 

dihydrodamsin (6). 

(38) 

Some method of 1-4 addition to the a-p unsaturated lactone, 

followed by reduction, should give the desired dihydrodamsin (6). 

As proposed previously, the lactone opening should be accom

plished with aqueous base to give the hydroxy acid (67). The hydroxy 

acid (67) could than be oxidized to the diketo acid (58) by some 

appropriate reagent like Jones reagent. 
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An alternate route to the relay compound from damsin (5) is shown 

in scheme (8). 

OH 

(6) 

(90) (91) 

OAc 

(92) 

OOH 

The synthetic dihydrodamsin (6) should be reducible with lithium 

aluminum hydride to a mixture of triols (89). Selective acetylation 

of the primary alcohol with one equivalent of acetic anhydride should 

give (90) which could be oxidized to the diketo acetate (91). Basic 

hydrolysis of the acetate and subsequent oxidation should then give 

the diketo acid (58), the relay compound. 

Proposed Route to Gnididione (11) from Guai-3-ene-6a,12-olide (55) 

It is proposed to synthesize gnididione (11) from guai-3-ene-

6a,12-olide (55). The outline of the synthesis is shown in scheme 

(9). 
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(55) (93) 

> 

(94) 

(11) » 

Scheme (9) 

Gnididione (11) has been reported to have the C-1 proton beta 

rather than the normal alpha position for the guaianolides and pseudo

guaianolides. The NMR evidence, as interpreted by Kupchan is not 

compelling. Inspection of molecular models leads one to the following 

plausible conformations (shown below). Kupchan reports that the UV 

spectra for both gnididione and isognididione are essentially the same 

Both isomers must have the same configuration along the entire chromo

phore. If one assumes the entire chromophore from the C-3 ketone 

through the furan and out to the C-8 ketone as being completely planar 

then figures (11a) and (lib) seem to explain the NMR for gnididione 

and isognididione, respectively. 

If one assumes two planar chromophore units, the a-p unsaturated 

ketone as one and the furan and C-8 ketone as another, and these two 

units not completely planar with each other, then structures (lie) and 
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a l̂  

(1 1e) 

(lid) appear likely to be gnididione and isognididione, respectively. 

The seven-membered ring, now a cycloheptenone, seems less sterically 

crowded with the C-9 methylene up over the furan ring rather than the 

C-10 methyl. 

Another interesting pair of isomers would be (lie) and (llf). 

These have the C-10 methyl alpha. In this case, the entire chromophore 

can be planar but from the NMR spectra, (lie) must be gnididione and 

(llf) is isognididione because in (lie), the C-10 methyl is below the 
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furan double bond. It seems just as likely to have the methyl group 

alpha in the biogenetic cyclization as to have the C-1 proton beta. 

Position 1, being allylic, is labile but it is not clear the C-1 proton 

is more stable in the beta configuration. Kupchan reports the isomer

ization of gnididione with acid to give isognididione in a 57:43 ratio. 

A general method developed by Greico and coworkers, to form 

a-methylene lactones under mild conditions appears to be the most 

applicable for functionalizing the lactone ring in the guai-3-ene-

6a,12-olide (55), in order to lead to the furan ring in gnididione 

(11). This method is shown below. 

0 
pse—O 

•ff V 

Sharpless and Reich have shown that lithium enolates of 

ketones, aldehydes, and esters react rapidly with phenyl selenenyl 

halides to give a-phenyl seleneno carbonyl compounds. The elimination 

of alkyl-phenyl selenoxides has been shown to proceed in a syn manner 
(32) 

to give the a-p unsaturated carbonyl compound. 
(33) Grieco has used this method in the synthesis of tuberiferine. 

For the desired a-methylene group to be formed, the a-phenyl seleneno 

compound must have the proper stereochemical relationship to the proton 

beta to the carbonyl so that the syn elimination may occur. 

Since the stereochemistry of guai-3-ene-6a,12-olide (55) at C-11 

(see scheme 10) is lost during the selenenylation reaction, the cis 

elimination required by the mechanism should give only the a-methylene 

lactone (102), from (72), but the formation of some of the endocyclic 

a-p unsaturated carbonyl compound (103) is also possible from the 

isomer (101) . 



/ \ 

28 

(93) 

(99) 

i 

(94) 

Scheme (10) 

The next step in the synthesis is the isomerization of the exo

cyclic double bond in (102) to the endocyclic one in (103). This 

could be carried out on the expected mixture of the two. There are 

various analogies in the literature for the migration of double bonds. 
(34) A reasonably close analogy in the pseudoguaianolides by Herz is 

shown below. Although this transformation was done in a Parr hydro-

genator, it is not unreasonable to expect the double bond in the exo-

methylene lactone (102) to isomerize over a hydrogen saturated catalyst 
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such as Pd on carbon at one atmosphere pressure and 25°C. Another 

method to isomerize this double bond might be the use of an acid cata

lyst such as p-toluene-sulfonic acid. 

(10) 

//. 

^roH 
(88) 

A most promising method utilizes a more exotic catalyst, namely 

(35) 

rhodium trichloride hydrate. Patin^ ^ has reported the clean isomer

ization of exo a-p unsaturated carbonyls using rhodium trichloride. 

This is shown below. The mechanism is probably via either an 

allylic intermediate or a hydride transfer. 

iT' f^kd^2ik° b^" 
(104) (105) 

It is expected this catalyst would isomerize the exo-methylene 

lactone (93) to the desired endo-lactone (94). There is some chance 

that it would also isomerize the C-3 double bond to the C-4 position. 

This possible isomerization of the C-3 double bond to the C-4 position 

would be a useful intermediate as this migration must be accomplished 

in the final compound. One risk with this catalyst is the potential 

for the C-3 double bond to isomerize still further to the C-5 position 

to give (106), an undesirable compound. 
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(106) 

The next transformation is to convert the endo a-p unsaturated 

lactone (103) to a furan. Minato and Nagasaki^ ^ have demonstrated 

the formation of furans from a-p unsaturated yi^ctones using diiso-

butyl aluminum hydride. The mechanism for this transformation is shown 
(29) 

below. Grieco has also reported a similar method of forming 

y-lactones using the diisobutyl aluminum reduction with alkylation, 

a-phenyl selenenylation and syn elimination. 

^\_ - V 

After this major transformation to the furan (54) has been accom

plished, the next functionality change is to create the a-p unsaturated 

ketone in the five-membered ring. The most reasonable approach is oxi

dation with t-butyl chromate. This reagent would be expected to give 

and allylic oxidation with subsequent rearrangement to (108) as shown 

below. 



31 

(54) (108) 

The other possible product of allylic oxidation would be the 2-oxo 

product (108). Probably both compounds would be formed, as occurred 

for a similar case. (9) Separation could be accomplished either by 

(109) 

column chromatography on silica gel, or by preparative high perform

ance liquid chromatography. 

A further possibility would be further allylic oxidation at C-8 

by t-butyl chromate to give gnididione (11). This is not expected 

and it would probably be necessary to use some other allylic oxidant 

such as selenium dioxide or N-bromosuccimide. 

It might be necessary to separate and purify the synthetic 

gnididione (11), probably by preparative HPLC. To be able to answer 

the question as to the C-1 stereochemistry of gnididione, the synthetic 

product would need to be compared with both gnididione and isognidi

dione, available from the isomerization of a portion of the authentic 

1 ^ - A - A - (38) 
sample of gnididione. 



DISCUSSION OF RESULTS 

Synthesis of Key Intermediate Guai-3-ene-6a,12-olide (55) in Quantity 

The previous work to synthesize guai-3-ene-6a,12-olide (55), 

which is the central intermediate for the proposed synthesis of 

dihydrodamsin (6) and gnididione (11), had been carried out in our lab 

to give only tiny quantities of (55). It had been used to synthesize 

dihydroarbiglovin (110) and to determine its stereochemistry. ̂^̂ -̂  The 

last steps in the synthesis (see scheme 3) especially needed to be 

improved and the compound (55) needed to be made in quantity. 

The first step in the synthesis generates the basic guaianolide 

skeleton via a photochemical rearrangement from the commercially 

available natural product, a-santonin (20). This photochemical rear

rangement has been extensively studied and the mechanism of the 

process determined, as shown in scheme (11). When the photolysis is 

carried out in glacial acetic acid, the major product (30-35% yield) 

is the desired compound (21). It can be isolated by direct crystal

lization from methanol. The next most abundant product is the spiro 

compound (115). Many other products are also formed but they were 

not isolated in this work. 

In the present work, batches of about 50 g of a-santonin were 

photolyzed in oxygenated glacial acetic acid in a water cooled quartz 

immersion well with a 250 watt Hanovia lamp for 24 to 36 hours. Three 

runs would be combined after removal of the glacial acetic acid and the 

32 
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product crystallized from methanol. Usually 3 crops of lO-acetoxy-3-

oxyguai-4-ene-6a,12-olide (21) were obtained having melting points 

within an acceptable range for the next reaction. These crops were 

stockpiled for further reactions. Over the period of this study, in 

excess of 2 Kg of a-santonin was photolyzed. The mother liquors were 

combined and allowed to stand over a period of months. Eventually, 

crystals formed from the thick syrup which proved to be the spiro 

compound (115). 

(20) 

•OAc 

h)^' 

(11 1) 

- ecr^ 

(113) 

HOAc 

^o^--? 

(112) 

OR 

HOAc 

(1 12) 

OAc 

(21) 

i 

(1 14) 

Scheme (11) 
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Catalytic hydrogenation of 10-acetoxy-3-oxoguai-4-ene-6a,12-olide 

(21) gives 10-acetoxy-3-oxoguai-6a,12-olide (60). The hydrogenation 

proceeds at one atmosphere and 25° using Pd on carbon as the catalyst. 

The hydrogenation is expected to occur from the back side of the mole

cule as the top is blocked by the C-10 methyl group such that the 

molecule cannot approach the catalyst from this side as depicted below, 

The 10-acetoxy-3-oxoguai-4-ene-6a,12-olide (21) in ethyl acetate, 

was hydrogenated over 10% Pd on carbon at one atmosphere and 25°C. The 

hydrogenation was allowed to proceed until uptake of hydrogen ceased. 

This usually required at least eighteen hours and typically about 1.4 

equivalents of hydrogen was required. The excess uptake of hydrogen 

was attributed to saturating the catalyst plus unknown impurity re

ductions. Again, the hydrogenations were done in batches of about 

25 g and the resulting 10-acetoxy-3-oxoguai-6a,12-olide (60) stock

piled. The 10-acetoxy-3-oxoguai-6a,12-olide (60) crystallized easily 

from ethyl acetate. Several crops of crystals were collected from 

each reaction until the melting point range became too large to use 

directly in the next reaction. Usually there was a detectable amount, 

by NMR, of 10-acetoxy-3-oxo-4a-guai-6a,12-olide (116). This is formed 

by hydrogenation from the top or beta side of the molecule. The 

amount of this wrong isomer in the first two or three crops of crystals 

was not enough to require a separation. The 10-acetoxy-3-oxo-4a-guai-

6a,12-olide (116) could easily be made by isomerizing some of the 
(9) 

10-acetoxy-3-oxoguai-6a,12-olide by contacting it with basic alumina. 

It should be mentioned that hydrogenation reactions of this sort 

seem to be straight forward but they can be frustrating if care is not 



35 

(1 16) 

taken to prevent "poisons" from contaminating the hydrogenation appara

tus. Early in this work, an old hydrogenation manifold was available 

for use, but the hydrogenation results were never predictable. After 

much frustration of cleaning, buying new catalysts, etc., a new mani

fold was designed and made in the glass shop, and with careful use, 

gave dependable results. 

The reduction of 10-acetoxy-3-oxoguai-6a,12-olide (60) to 

10-acetoxy-3-ol-guai-6a,12-olide (61) can be accomplished by several 

reducing agents, such as NaBH4. From previous vork by White, Eguchi, 
(9) and Marx, the desired stereochemistry for the 3-ol is P; therefore, 

a more bulky and sterically hindered reducing hydride might produce a 

greater percent of the beta 3-ol. A better reagent for this stereo

selectivity proved to be lithium tri-t-butoxy aluminum hydride, a 

sterically hindered reagent which attacks the ketone more selectively 

from the alpha side. 

The 10-acetoxy-3-oxoguai-6a,12-olide (60) was reduced to 

10-acetoxy-3-ol-guai-6a,12-olide (61) with lithium tri-t-butoxy 

aluminum hydride in 1,2-dimethyoxy ethane (glyme). The reduction 

was carried out under nitrogen at 0°C for 6 hours. Again, the reaction 

was done in batches of about 20 g from the stockpile of available 

material. The product, 10-acetoxy-3-ol-guai-6a,12-olide (61) was never 

obtained as crystals. The product was always obtained as a glassy 

solid. Undoubtedly, this was because both a and p alcohols were 

present. There would also be the two alcohols from the C-4 methyl 

epimer The reduction of these two epimers was studied more thoroughly 
(9) 

by White, Eguchi, and Marx. 
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(40) After this phase of the work was completed. Winter and Lindauer 

reported a substantial improvement in stereoselectivity in this reduc

tion step. Using pinyl borane, followed by HgOg and NaOH to release 

the alcohol group from the resulting borate ester, gave a reported 

essentially quantitative yield of the p-isomer of lO-acetoxy-3-ol-guai-

6a,12-olide (61). 

The elimination step to produce 10-acetoxy-guai-3-ene-6a,12-olide 

(62) can be accomplished by formation of the mesylate (117), followed 

by trans-elimination as shown in scheme (12). This reaction gave no 

other double bond isomer. Evidently, the anti elimination of the 

mesylate isomer (117) goes selectively under much milder conditions 

than any other isomer. 

(61) 

Ms ^ i 

Scheme (12) 

The glassy mixture of the 10-acetoxy-3-oI-guai-6a,12-olides was 

submitted to raethanesulfonyl chloride in pyridine for a period of 
(9) 

24 hours. As in previous work, the beta mesylate is unstable to 

the reaction conditions and by trans elimination gives 10-acetoxy-

guai-3-ene-6a,12-olide (118). Also known to be formed in this reaction 

are the two C-3 chloride isomers and the C-3 alpha mesylate. These 

were of little or no importance to the proposed synthesis work and 

were neither collected nor purified. A few attempts were made to 

improve the yield of the 10-acetoxy-guai-3-ene-6a,12-olide by adding 

sodium iodide to the mesylate reaction in hopes of a Finkelstein type 

reaction, a S^2 reaction by I on the a-chloro or a-mesylate compound, 
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giving a beta-iodo compound which would perhaps give, via trans elimi

nation, more olefin. No improvement in yield was obtained and this 

approach was not pursued further. 

Column chromatography was necessary to separate the 10-acetoxy-

guai-3-ene-6a,12-olide (62) from the rest of the reaction mixture. 

The desired fraction containing the 10-acetoxy-guai-3-ene-6a,12-olide 

(62), eluted with a solvent mixture of about 1:9 ether-petroleum 

ether. Since it was the first material off the column, its purifica

tion was not too difficult. 

After many small column chromatography runs on this reaction step, 

it was decided to combine many runs and do the chromatography on a 

large column. A glass column, approximately 6" x 48" was made by the 

glass shop and used in one giant effort. The column required some 

10 pounds of silica gel to fill the column bed and the void volume of 

the column was approximately 5 liters. 

Sufficient elimination runs were obtained (the entire stockpile 

of 10-acetoxy-3-ol-guai-6a,12-olide (62)), to warrant the use of this 

large column for one time. 

About 100 g of the 10-acetoxy-guai-3-ene-6a,12-olide (62) was 

obtained from this one chromatography run. The lO-acetoxy-guai-3-

ene-6a,12-olide (62) was obtained crystalline from ether, usually 

requiring seeding. The product was again stockpiled. 

Hydrolysis of the acetate group in (62) to the C-10 alcohol in 

(63) is the next transformation in the synthesis. The hydrolysis must 

be done under mild conditions so as not to epimerize the C-11 methyl 

group via enolate formation. The first reagent to be tried was 

potassium t-butoxide. 

The hydrolysis of 10-acetoxy-guai-3-ene-6a,12-olide (62) was 

developed over a period of time. To prevent epimerization of the 

C-11 methyl, it was decided to use a potassium t-butoxide in t-butanol. 

Potassium t-butoxide is available commercially; it could be made 

in situ, or it could be freshly made and used in the reaction. All 

three methods of securing potassium t-butoxide were tried at one time 

or another. Since moisture will hydrolyze potassium t-butoxide to 
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give potassium hydroxide, the first approach was to freshly prepare 

and sublime potassium t-butoxide. This was done in reasonably dry 

t-butanol by adding clean potassium metal. The resulting potassium 

t-butoxide was sublimed under vacuum and stored until use in a vacuum 

desiccator. This worked well until this batch of potassium t-butoxide 

was used up. Successive attempts to prepare and sublime potassium 

t-butoxide did not produce fluffy white crystals as before, but brown

ish crystals contaminated with a brown liquid were formed, for an 

unknown reason. Because of this difficulty, this approach to acquire 

potassium t-butoxide was abandoned. 

The hydrolysis reaction was also successful with commercial 

potassium t-butoxide, but the yield of the reaction was not consistent. 

Even with the good sublimed potassium t-butoxide, the hydrolysis reac

tion was not always complete. The third approach used in this reaction 

was to make the potassium t-butoxide in situ. 

Again the hydrolysis of the acetate was not dependable. As this 

reaction was repeated several times, better experimental techniques for 

excluding moisture were developed. It was noticed that as these tech

niques improved, the amount of acetate being hydrolyzed decreased. 

Finally one experiment gave no hydrolyzed acetate, only starting 

material. It was obvious that potassium t-butoxide, by itself at room 

temperature, was not the reagent giving the hydrolysis. The next 

experiment was to prepare the potassium t-butoxide in situ and then add 

1 equivalent of water. The reaction worked perfectly and 10-ol-guai-

3-ene-6a,12-olide (63) was obtained in good yield (80%). Therefore, 

the basic reagent necessary for the hydrolysis was not potassium 

t-butoxide but exactly 1 equivalent of potassium hydroxide. The 

potassium hydroxide prepared this way produced only the C-11 a product 

and no epimerization was found. The mixture of epimers could be made 

by hydrolyzing the acetate in refluxing conditions with strong 

base. ' The two epimers could be distinguished in the NMR spectrum 

(a C-11, methyl 1.15 6, p C-11 methyl 1.23 6, both absorptions were 

doublets, J = 7 Hz). The stockpile of 10-acetoxy-3-ene-6a,12-olide (62) 

was then converted into 10-ol-guai-3-ene-6a,12-olide (63). 
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Dehydration of 10-ol-guai-3-ene-6a,12-olide (63) to give guai-

A ' -diene-6a,12-olide (64) can be accomplished with SOCI2 in 

pyridine. It is not expected that this dehydration will occur 100% 

in the exo direction to give the disubstituted bond. Some of the endo 

tetrasubstituted double bond product, guai-A ' -diene-6a,12-olide 

(119), is also formed. Separation of this mixture would be expected 

to be difficult and the mixture was carried along until some crystal

line intermediate was found. 

The dehydration of 10-ol-guai-3-ene-6a,12-olide (63) was studied 

with both thionyl chloride and phosphorus oxychloride in pyridine. 

Initial dehydration with SOCI2 in pyridine gave a mixture of the exo 

and endo dehydration products (64) and (119). These were distinguished 

in the NMR spectrum by comparing the integration of the exo protons to 

the integration of the C-3 proton absorption. The C-3 proton absorp

tion for both dehydration products was at 5.45 6 with a half width of 

approximately 13 Hz. 

It was thought that phosphorus oxychloride, a less reactive rea

gent, might preferentially dehydrate the alcohol (63) to give the exo^ 

diene (64). However, again the product mixture contained both the exo 

and endo dienes. 

If the dehydration step is kinetically controlled, then by lower

ing the temperature and shortening the reaction time, one should be 

able to achieve the exo dehydration product in a much greater percent

age than is obtained at ambient temperature. By rapidly quenching the 

reaction, the exocyclic diene would not be able to isomerize to the 

more thermodynamically stable endo diene. 
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The reaction conditions developed to achieve the greatest ratio 

of exo to endo dienes possible was at -40°C with a reaction time of 

about 10 seconds, followed by quenching of the reaction with ice water. 

This resulted in a 3:1 ratio of exo to endo diene. Lower temperatures 

are not practical using pyridine as it freezes at -42°C. Some other 

derivative of pyridine, such as 4-ethyl pyridine, m. p. -76°C, might 

further improve the ratio by allowing a lower temperature but this was 

not tried. 

The two dienes were always obtained as an oil and were not separa

ble by silica gel chromatography. The exo-endo mixture was used with

out further attempts of purification in the next reaction. It was 

hoped that a crystalline product later in the sequence would allow for 

easy separation at that time. 

The important feature to be achieved in the hydrogenation of 

guai-A ' -diene-6a,12-olide (64) to give guai-3-ene-6a,12-olide 

(55) is that the stereochemistry of the C-10 methyl must be beta. 

Also, the reaction conditions must be chosen such that the C-3 double 

bond is not reduced. The exocyclic double bond sould be more easily 

hydrogenated than the C-3 trisubstituted double bond. 

Mild hydrogenation conditions, 5% Pd on carbon at one atmosphere 
(23) 

pressure and 25° had been used in this lab by McGaughey. This 

had given the desired reduction product but the product had been con

taminated by substantial over-reduction to the tetrahydro-material 

(120), which could only be removed at a later step. Thus it was 

necessary to develop a more reliable method to carry out this very 

difficult selective hydrogenation reaction. 

In the current work, catalytic hydrogenation was first investi

gated further, to see if better experimental conditions could be found. 

Catalysts, like 5 and 10% palladium on carbon, either produced none of 

the desired guai-3-ene-6a,12-olide (55) or varying percentages of it. 

A more active catalyst, like Adams Catalyst, PtOg, resulted in some of 

the desired guai-3-ene-6a,12-olide (55), but also a large percentage 

of the tetrahydrogenated compound, guai-6a,12-olide (120). The homo-

geneous catalyst of tris-(triphenylphophine) chlororhodium was also 

tried and gave a mixture of hydrogenation products. 
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(120) 

The reaction that worked was reduction by diimide. The diimide 

was prepared in situ from the reaction of dipotassium azodicarboxylate 

with acetic acid. The guai-A ' '^ -diene-6a,12-olide (64) was stirred 

with a large excess of dipotassium azodicarboxylate in dioxane, and a 

dilute mixture of acetic acid was slowly added dropwise. The mixture 

was then analysed for completeness of reaction, i.e., how much diene 

had not been reduced, and the mixture was resubmitted to the dipotas

sium azodicarboxylate reaction. Typically a couple of resubmissions 

to the diimide reaction were necessary to completely reduce all of the 

guai-A ' -diene-6a,12-olide (64) to the guai-3-ene-6a,12-olide (55) 

The molecule was reduced stereospecifically to give only the C-10 beta 

methyl. The guai-A ' -diene-6a,12-olide (119) was not reduced under 

these reaction conditions. 

As further proof, besides NMR and IR analysis, for the formation 

of guai-3-ene-6a,12-olide, a small amount (65 mg) of product was 

oxidized with t-butyl chromate to give presumably dihydroarbiglovin 

(121). Although the IR showed broad carbonyl absorptions, no defini-

(121) 

tive assignments could be made and the total product mixture was hydro

genated with Adam's Catalyst (Pt02) in methanol overnight. From the 
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workup of this reaction, 15 mg of crystals were isolated, which after 

one recrystallization gave 5 mg of tetrahydroarbiglovin. A mixed 

(9) 

melting point with authentic tetrahydroarbiglovin was not sup

pressed. The reduction of guai-A ' -diene-6a,12-olide (64) with 

diimide had indeed given guai-3-ene-6a,12-olide (55). 

Attempts to Synthesize Dihydrodamsin from Intermediate (55) 

To continue towards the synthesis of dihydrodamsin (6), it was 

now necessary to open the yi^ctone ring to the hydroxy acid (65) (see 

scheme 4). This was assumed to be easily done with aqueous base. 

This is evidently the case, although no hydroxy acid was ever isolated. 

In every attempt, the guai-3-ene-6a,12-olide (55) went into solution 

with aqueous base, which suggests that the sodium salt of the hydroxy 

acid was formed. However, after even the most careful acidification 

during workup of the reaction, only starting material was returned. 

Obviously, the formation of the trans yi^ctone is so highly favored 

over the open hydroxy acid that isolation of the hydroxy acid is 

impossible; The hydroxy acid, once formed, immediately closes to the 

Y-lactone. 

An attempt was made to circumvent this problem by oxidizing the 

C-6 alcohol group, while the lactone was open in the alkaline solution 

as the sodium carboxylate. However, aqueous potassium permanganate did 

not produce any of the desired keto acid (66) and another reagent 

capable of oxidations in alkaline solutions was sought. 

Moriarty had reported the preparation of keto acids from 

lactones with the use of RUO4. After receiving some commercial RUO2, 

it was found to be anhydrous and was inert to being oxidized to RUO4 

with periodate ion. Sodium fusion of the RuOg, followed by hydrolysis 

did give a hydrated RUO2 which could be oxidized, at least partially, 

to RUO4 (yellow colored in solution) with periodate ion. 

Attempts to produce the keto acid (66) by this method of RUO4 

oxidation of the alkaline solution of the hydroxy acid (65) failed. 

The reason for this failure was unknown. One plausible explanation 

was that the RuOg was not "active" enough to produce the stoichometric 
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amount of RUO4. This part of the synthetic route was temporarily set 

aside to work on the conversion of damsin (5) to the relay compound, 

the diketo acid (58). 

Studies were begun using damsin (5) as the precursor in a relay 

compound route to the diketo acid (58) to help alleviate the shortage 

of material. This diketo acid (58) resulting from the synthetic route 

from a-santonin (20) would undoubtedly be obtained in very small amount 

If the same compound could be obtained in a few steps from damsin (5), 

it could be used as a relay compound to continue the synthesis of dihy

drodamsin. 

A generous 1.5 g of damsin (5), along with a very small comparison 

sample of 11-epi-dihydrodamsin (6), was obtained from other natural 
(42) 

product research groups. The largest quantity of damsin (5) had a 

low melting point (m. p. 90-94°, literature value 111°) but the NMR 

spectrum indicated no detectable amounts of impurities and the sample 

was used as received to avoid loss of precious quantities of material. 
(43) As reported by Romo, damsin (5) can be converted into 

11-epi-dihydrodamsin (6) by the addition of thiocresol, in the pres

ence of piperidine, followed by a reduction of the sulfide linkage 

to give a methyl group as depicted in scheme (13). 

(5) 

5, 

(122) 

>V/c/(<./ 

6^A^ 

c(\ 

(123) 

Scheme (13) 
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Doskotch has reported that dihydrodamsin and 11-epi-

dihydrodamsin may be prepared from damsin (5) by catalytic hydrogena

tion using both heterogeneous and homogeneous catalysts, but he 

obtained very low yields. The major product of this procedure is iso

damsin (124); the product of double bond migration rather than reduc

tion. The double bond in isodamsin (124) is tetrasubstituted and is 

not reduced under the mild catalytic hydrogenation conditions used. 

(124) 

The reaction of damsin (5), thiocresol, and piperidine was first 

tried on a small scale and after workup, the desired addition product 

(122) was obtained. This compound was not purified, but rather sub

mitted to the reduction with Raney Nickel. It was not known which C-11 

epimer was formed preferentially, but it was assumed both were formed. 

In either case, the product would be useful, and might be separable at 

a later stage in the work. 

Reduction with Raney Nickel, freshly prepared in the laborato-

(45) 

ry to give activity of about W-2, gave not the expected 11-epi-

dihydrodamsin and dihydrodamsin mixture, but rather the two C-11 

isomers of ll-epi-4-ol-dihydrodamsin (123). The Raney Nickel was 

more active than needed just to reduce the sulfide linkage and also 

reduced the ketone. Rather than try to prepare a less active grade 

of Raney Nickel catalyst, it was decided to oxidize the entire mixture 

with Jones reagent to give the desired isomers of dihydrodamsin. 

The mixture of isomers, on a small scale, (50 mg) was oxidized 

with Jones reagent (8 N chromic acid). This oxidation resulted in 

approximately a 60:40 mixture of 11-epi-dihydrodamsin and dihydrodam

sin. This ratio was determined by the C-6 protons and the C-5 methyls 



45 

being clearly evident in the NMR spectrum. The chemical shifts were: 

dihydrodamsin, C-5 CH3, 1.18 6, C-6 H, 4.57 6 (d); 11-epi-dihydrodam

sin, C-5 CH3, 1.13 6, C-6 H, 4.44 6 (d). The infrared spectrum showed 

the cyclopentanone (1740 cm ) and a-lactone carbonyls (1773 cm" ). 

Another approach was tried in an attempt to produce either 

11-epi-dihydrodamsin or dihydrodamsin stereospecifically from damsin 

(5). This was the 1,4 reduction of damsin (5) with sodium borohydride, 

and subsequent oxidation to the desired product. 

The reaction with sodium borohydride did give the expected 11-epi-

4-ol-dihydrodamsin (123) mixture, but the infrared spectrum indicated 

the reaction was not as clean as the route with thiocresol. There was 

evidence of some unwanted carbonyl (1715 cm ) in the product mixture, 

along with the desired a-lactone carbonyl (1770 cm ) and alcohol 

absorption 3400 cm 

Jones reagent was used to try to oxidize this mixture and produce 

11-epi-dihydrodamsin and dihydrodamsin. Again, this reaction produced 

a mixture of 11-epi-dihydrodamsin and dihydrodamsin plus an unidenti

fied compound. TLC showed a major spot with a R^ running identical to 

authentic 11-epi-dihydrodamsin and another spot with a higher R^ value. 

These compounds were not separated by a silica gel column and the 

unknown compound was not identified. The 11-epi-dihydrodarasin was 

evident by its NMR absorptions in the mixture, (C-6 proton - 4.51 6, 

doublet, J = 6 Hz). There were several absorptions in the 1.0-1.25 6 

region making further assignments less certain. Infrared showed the 

presence of cyclopentanone and Y'l^ctone carbonyls. High performance 

liquid chromatography showed the 11-epi-dihydrodamsin produced from 

the thiocresol - Raney Nickel route to be identical to the product 

from the sodium borohydride route. Initial conditions, solvent systems, 

columns, and flow rates, were developed to separate all of these dif

ferent compounds, with the exception of the epimers. Although it 

should be theoretically possible to separate the epimers by high pres

sure liquid chromatography with the correct choice of columns and sol

vents, it was thought that working out synthetic reactions were of a 
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higher priority than the separation of the epimers and this was post

poned until such time as needed to prove the stereochemistry of our 

synthetic dihydrodamsin (6). 

(44) 

Doskotch reported the hydrogenation of damsin (5) under alka

line conditions to give 11-epi-dihydrodamsin and dihydrodamsin as shown 

in scheme (14). 

(5) 

) ^rv 
(125) 

COO Na 

(6) 

Scheme (14) 

This alkaline opening of the lactone of the synthetic mixture of 

dihydrodamsins seemed the best way to start the route to the desired 

diketo acid (58). After opening the lactone ring the C-6 alcohol 

function would then be oxidized. It was hoped the holding open of 

this cis lactone would be easier than that found earlier in the trans 

lactone of guai-3-ene-6a,12-olide (55). Also, it was necessary to know 

if relactonization could be easily achieved from the diketo acid (58), 

the relay compound, and therefore provide a route on to dihydrodamsin. 

The first experiment was to warm a small amount of the synthetic 

11-epi-dihydrodamsin mixture with 0.1 N sodium hydroxide to open the 

lactone. The compound slowly dissolved in the aqueous base to give 

a clear solution which was taken as good evidence that the desired re

action had occurred, since reacidification regenerated the starting 

material. However, attempts to obtain characterization of the opened 

lactone proved negative. Infrared spectra of the alkaline solution as 

a neat film and as a dried residue were not resolved enough to assign 

any absorptions. All attempts to isolate this intermediate failed and 

thus it was simply assumed that the lactone had opened. The other 
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question of whether lactonization could be facilitated from the relay 

compound (58) seemed to be answered in the fact that both the ci^ or 

^^^^s ^-lactone systems must be highly favored over the open hydroxy 

acid system, since under any of several conditions acidification of 

the solution assumed to contain the salt of the hydroxy acid always 

gave only closed lactone and never a hydroxy acid. 

If indeed, the lactone is being opened in alkaline solution, then 

a reagent capable of oxidation in basic conditions would be desirable 

for the needed transformations to acquire the diketo acid relay com

pound (58). The reagent of choice appeared to be RUO4. 

Ruthenium tetraoxide, RUO4, was prepared by in situ oxidation of 

RUO2 by potassium periodate. The commercially available hydrated form 

of RUO2 required a sodium fusion followed by hydrolysis to give active 

Ru02*2H20. Anhydrous RUO2 is not readily oxidized by periodate to 

RUO4. 

A small amount of the dihydrodamsin mixture was warmed in 

0.1 N NaOH. A suspension of activated Ru02*2H20 in CCI4 was added and 

the solution was vigorously stirred while potassium periodate was added 

to oxidize the RUO2 to RUO4. Workup of the reaction gave mostly start

ing material; but there was a weak absorption at 1717 cm in the IR 

indicating perhaps a C-7 carbonyl. There was no indication in either 

IR or NMR spectra of there being any of the desired diketo compound (58) 

being formed. Although this method looked slightly promising, atten

tion was turned to investigate other methods that might give a high 

yield of opened product, since the amount of material available was so 

limited. 

The next approach was the hydrolysis of the lactone with sodium 

methoxide to give the hydroxy ester (126). This could presumably then 

be oxidized to give the keto ester (127). Efforts to hydrolyze the 11-

epi-dihydrodamsin with sodium methoxide failed. The sodium methoxide 

was prepare in situ and both stoichometric amounts and a large excess 

produced no hydroxy ester even under long periods of reflux. 

A standard procedure to make methyl esters is to use diazomethane 

on the acids. Experiments on the 11-epi-dihydrodamsin and dihydrodamsin 
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COOME 
(127) COOME 

mixture by first opening the lactone ring in aqueous base and then 

placing this solution in contact with a diazomethane solution and then 

careful acidification produced no methyl ester. Only starting material 

was recovered. 

Perhaps these failures of opening the lactone were all predict

able, knowing the ease of the lactone formation. At least these exper

iments emphasized this fact. There appears to be no known method to 

open the lactone to the hydroxy acid and keep it in this form. 

Since the hydroxy acid was not synthetically available, another 

approach was sought to acquire the diketo acid (58). It should be easy 

to reduce the 11-epi-dihydrodamsin mixture with lithium aluminum 

hydride to give triol (128). Several things could then be done to 

(128) 

transform this into the diketo acid (58). Jones reagent might oxidize 

the triol (128) to give the diketo acid (58) directly. The triol (128) 

might be selectively acetylated to give hydroxy acetate (129). This, 

in turn, could be oxidized to the diketo ester (130). 

Reduction of 100 mg of the 11-epi-dihydrodamsin mixture with 

lithium aluminum hydride produced triol (128). It appears that a 
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OAc 
(129) (130) 

mixture of all isomers was formed. From the NMR spectrum, the C-5 Me's 

could be seen for both C-4 alcohol isomers (1.28 6 and 0.98 6) and the 

two C-11 epimers were already present. Infrared showed broad alcohol 

absorption with no carbonyls remaining. A C-13 NMR spectrum was ac

quired, and the broad band noise decoupled spectrum, after 2 hours 

of acquisition time, showed 15 distinct carbon peaks. Three peaks 

were in the 65-85 6 region and 12 peaks in the 10-50 6 region. Delta 

values are downfield from TMS. The triol (128) mixture was obtained 

as a crystalline solid, m. p. 85-90°C (literature value 139-140°C).^ ^ 

The supressed melting point also indicated a mixture of triols. 

Attempted Jones oxidation of the triol (128) mixture gave a 

complex product mixture, none of which could be assigned as the desired 

diketo acid (58). Infrared analysis of this mixture showed broad 

carbonyl absorption at 1715-1770 cm but there was neither any broad 

OH stretch characteristic of an acid nor any CH stretch characteristic 

of an aldehyde. The NMR specturm showed evidence of C-10 and C-11 

methyls and also a singlet about right for C-5 methyl (0.99 6). This 

would indicate the moiety (131) may have been present in the mixture. 

There was also broad absortion at 1.30-1.35 6 of unknown assignment. 

No acid or aldehyde absorptions were observed in the NMR. 

To determine if a small percent of the desired diketo acid (58) 

was in the mixture, the total mixture was reacted with diazomethane to 

try to get the methyl ester (127). The methoxy signal should be evi

dent in the NMR spectrum. Predictably none was observed after workup 

and the NMR spectrum appeared unchanged. There were only methylene 

humps and nothing could be assigned from them. The infrared spectrum 

still showed broad carbonyl absortion in the 1715-1770 cm region. 
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(131) 

The other approach was to try to selectively acetylate the primary 

alcohol of the triol (128) mixture and then oxidize to the diketo ace

tate (130). A small quantity of triol (128) was stirred overnight with 

1 equivalent of acetic anhydride in pyridine and some acetic acid. 

After workup of the reaction, the NMR spectrum showed a fairly clean 

spectrum, yet one which could not be assigned to any one compound. 

There was, in the NMR spectrum, an acetate signal, 2.07 6, and a methyl 

singlet at 1.28 6 (probably C-5 methyl), complex absorption at 

0.9-1.1 5 (C-10 and C-11 doublets), but the multiplet at 3.75-4.50 6 

was not clear as to what type of protons a to oxygen atoms were present. 

There should have been 3 different absorptions for the dihydroxy mono-

acetate (129) similar to: 1) doublet J = 7, C-6 H, 2) doublet J = 7, 

C-12 protons, 3) triplet J = 7 Hz, C-4 H. The pattern that was actual

ly observed in this region is shown below. The complete spectra is 

shown in the appendices. 

The infrared showed weak alcohol absorption (3450-3550 cm ) and 

very strong carbonyl absorption at 1730-1740 cm . No definite assign

ment could be made for this mixture of acetates and this approach was 

abandoned. 
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An initial study of the model photolysis reaction, scheme (5), 

was undertaken. The preparation of 3,5,5-trimethyl-2,3-epoxy-

cyclohexanone (75) was straightforward and an adequate supply was made 

and stored under nitrogen in the refrigerator. 

The photolysis reaction of 3,5,5-trimethyl-2,3-epoxy cyclo-

hexanone (75) was attempted in ether. The irradiation was supplied 

by a 250 watt Hanovia lamp and filtered through a corex filter. The 

reaction vessel was a quartz test tube. After irradiation for 

12 hours, removal of solvent left an oil which was mostly starting 

material, but at least some of the desired 2,5,5-trimethyl-l,3-

cyclohexanedione (76), as evidenced by spectral analysis, was present. 

With this positive indication of the success of this reaction and the 

availability of the photolysis reaction products from independent syn

thesis, attention was directed away from this model study, and back to 

the main synthetic work. 

With the difficult problems encountered in opening the lactone 

ring of guai-3-ene-6a,12-olide and oxidizing the hydroxy acid to the 

keto acid in alkaline solution, the alternate route to dihydrodamsin, 

scheme (7), was begun. A portion of the remaining guai-3-ene-6a,12-

olide (about 0.50 g) was reduced to hydroguai-3-ene-azulene-6a,12-

diol (84) with lithium aluminum hydride. The diol (84) gave a reason

able carbon and hydrogen analysis, had a good melting point and a 

reasonable mass spectrum. The diol was then selectively acetylated 

with acetic anhydride in pyridine to give 12-acetoxy-6-hydroxy-

hydroguai-3-ene-azulene (85). Spectral analysis of the NMR spectrum 

(2.15 6, singlet) indicated only the monoacetylated alcohol (85). 

The total reaction mixture was oxidized with Jones reagent to 

give 12-acetoxy-6-oxohydroguai-4-ene-azulene (86). The only question 

as to whether the a-p unsaturated ketone (86) had been formed was the 

UV spectrum. The UV showed an absorption maximum of 228-230 nm. The 

calculated value for this a-p unsaturated ketone is 244 nm. The 

enone chromophore may not be completely planar, thereby explaining the 

low absorption maximum. 

Attempts to hydrolyze the acetate with sodium methoxide failed to 

give any of the desired alcohol (87). One attempt was also made to 
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prepare the epoxide from the a-p unsaturated ketone (86) with m-chloro-

perbenzoic acid. This also failed. At this point, the supply of 

guai-3-ene-6a,12-olide (55) had been used up. Preparing more of this 

compound would have required many more months of work, and this 

approach to dihydrodamsin was abandoned for the current work. The 

route still remains open, and presumably further work would allow the 

remaining steps of the synthesis to be successfully carried out. 

Conversion of Guai-3-ene-6a, 12-olide (55) to Guai-A^ •̂ "̂ "'̂ -̂diene-

6a,12-olide (93), a Possible Precursor for Gnididione 

The transformation of guai-3-ene-6a,12-olide (55) to guai-
3 11-13 

A ' -diene-6a,12-olide (93) (see scheme 10) was anticipated to be 

a straight forward sequence of steps. This would involve formation of 

the C-11 enolate, the addition of phenyl selenenyl chloride, oxidation 

by hydrogen peroxide, and the elimination to the exocyclic double bond. 

Once the techniques were developed to scrupulously remove all the water 

from the reagents and solvents, the sequence was, indeed, straight for

ward. The problem of water interferes with the formation of the 

enolate and the problem is intensified when running reactions with only 

millimoles of reagents. Several experiments were carried out before 

enough clues were put together to learn these techniques for the exclu

sion of all water. 

In order to have a visual indication of the formation of the 

lithium diisopropyl amide and then the enolate of guai-3-ene-6a,12-

olide (97), it was decided to use a few milligrams of 2-2'-bipyridine, 

as an indicator. This compound, in the presence of a strong base, 

gives an intense blood red color and in a catalytic amount would not 

interfere with the desired reaction. 

The tetrahydrofuran, used as the solvent, was distilled from 

calcium hydride and at first thought to be dry. The n-butyl lithium 
(47) 

was standardized by a double titration method to take into account 

both lithium oxides and hydroxides in solution. The diisopropyl amine 

was distilled from calcium hydride and stored over molecular sieves. 

The phenyl selenenyl chloride was prepared for another project in the 
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laboratory and was used as prepared. Hexamethylphosphoraraide, a good 

solvent for organometallic reagents, was used as supplied from 

Aldrich Chemical Co. 

In the first experiments, the apparatus was set up with the capa

bility of maintaining a nitrogen atmosphere, introduction of reagents 

through rubber septums, magnetic stirring, low temperature thermometer, 

and an external low temperature bath. Reagents were introduced as so

lutions in tetrahydrofuran via a nitrogen purged syringe. This nitro

gen purging is necessary when transferring n-butyl lithium, as moisture 

causes hydrolysis and will freeze the syringe plunger. Care must be 

exercised with n-butyl lithium to prevent a fire. 

The first experiment was run on an oil containing mostly 

guai-3-ene-6a, 12-olide (55) and some guai-A-̂ "'̂ '̂-̂ -diene-6a, 12-olide 

(119). All reagents were added in a 1.1 equivalent ratio to the 

guai-3-ene-6a,12-olide. The apparatus was assembled, flamed out while 

being purged with nitrogen, and finally, the sequence of reaction steps 

as described below was followed. Approximately 3 mg of 2-2'-bipyri

dine and the proper amount of tetrahydrofuran were added to the flask 

and cooled to -50°C with a dry ice-acetone bath. The lithium diisopro

pyl amide was prepared "in situ" from n-butyl lithium and diisopropyl 

amine. The low temperature was maintained and a tetrahydrofuran solu

tion of guai-3-ene-6a,12-olide was added. After stirring for 30 min

utes, to insure formation of the enolate, phenyl selenenyl chloride 

was added and the solution allowed to warm to room temperature. The 

blood red color immediately disappeared, indicating the enolate or the 

amide had been used up. 

Assuming the success of the reaction, the elimination step using 

30% hydrogen peroxide was tried without characterization of the phenyl 

seleneno compound. Characterization by NMR and IR of the product mix-
3 11-13 

ture of these reactions gave no indication of any guai-A ' -diene-

6a,12-olide (93) being formed. The mixture was mostly the starting 

guai-3-ene-6a,12-olide (55). 

It seemed unreasonable that the enolate of the guai-3-ene-

6a,12-olide (97) was not being formed by the lithium diisopropyl amide. 
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and it was proposed that the phenyl selenenyl chloride somehow had not 

reacted with the enolate. If the enolate was not formed, perhaps a 

less bulky amide would not be sterically hindered and the enolate would 

be more readily formed. To test these possibilities, the experiment 

was repeated using diethyl amine in place of diisopropyl amine and 

diphenyl diselenide in place of phenyl selenenyl chloride. 

After the enolate of guai-3-ene-6a,12-olide (97) had supposedly 

been made and the diphenyl diselenide had been added, the solution was 

allowed to warm to room temperature. At this time, an excess of D2O 

was injected into the reaction flask. If the enolate of guai-3-ene-

6a,12-olide (97) was being formed, but not reacting with the phenyl 

selenium species, then the D2O should deuteriate the enolate, giving 

(132) as a product. The product mixture should then contain the 

(132) 

desired phenyl selenenyl compound (98), the deuteriated compound (132), 

or starting guai-3-ene-6a,12-olide (55). 

After workup and a quick chromatographic column on silica gel to 

remove diphenyl diselenide from the reaction mixture, the product mix

ture showed no deuterium incorporation in the molecule, as evidenced by 

a lack of a C-D stretch in the IR spectrum and the NMR signal for the 

C-11 methyl which appeared as a doublet. The majority of the product 

mixture was starting guai-3-ene-6a,12-olide (55), with none of the 

phenyl selenenyl compound (98) being formed. This experiment showed 

clearly that the enolate of guai-3-ene-6a,12-olide (97) was not being 

formed. 

To determine if there was something inherently difficult about 

making the enolate (97), and knowing of Grieco's success in using this 
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(32) 
reaction sequence in the synthesis of tuberiferine, it was decided 

to repeat the experiment using a-santonin (20) in place of guai-3-ene-

6a,12-olide (55). The anticipated product would be (133). The experi

ment was performed using the identical apparatus and reaction conditions 

as before. Lithium diisopropyl amide and diphenyl diselenide were used. 

Hydrogen peroxide was used to carry out the oxidation followed by 

elimination of any of the phenyl seleneno compound that was formed. 

Usual workup and a quick chromatographic column to remove diphenyl 

diselenide gave an oil which proved to be a-santonin (20), the starting 

material. There was none of the desired a-methylene lactone (134). 

(133) (134) 

This experiment clearly showed that no enolate was being formed. The 

reaction was not working because something was destroying either the 

n-butyl lithium or the lithium diisopropyl amide. The most likely 

suspect was moisture, either in reagents or solvents. 

Because the remaining quantity of guai-3-ene-6a,12-olide (55) was 

so small, it was decided to attempt the reaction on some lO-acetoxy-3-

oxo-4a-guai-6a,12-olide (116) and use excess n-butyl lithium and excess 

diisopropyl amine to see if the moisture could be scavenged and still 

have enough lithium diisopropyl amide available to form some enolate of 

10-acetoxy-3-oxo-4a-guai-6a,12-olide (116). The reaction was repeated 

as before using 2 equivalents of lithium diisopropyl amide, and 2 equiv

alents of phenyl selenenyl chloride. The product mixture proved to be 

a complex mixture and it was not conclusive as to whether any phenyl 

seleneno compound had been formed. The product mixture was submitted 

to hydrogen peroxide to bring about oxidation and elimination of any 

phenyl selenium compound to give some a-p unsaturated compound (135). 
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OAc 

(135a) (135b) 

OAc 

(135c) 

After workup, the product mixture was again complicated, but some 

interesting conclusions could be made. The NMR spectrum showed some 

absorption at 6.13 6 (multiplet), characteristic of the a-p unsaturated 

lactone. There was also a smaller doublet at 5.45 6. The intensity of 

the latter was about half the first. It seems most likely some of the 

desired a-methylene compound (135a) was formed. These chemical shifts 

are reasonable for the two exocyclic methylene protons. One of the 

doublets is buried in the multiplet at 6.13 6. There were absorptions 

present for C-4 and C-11 methyls (doublets at 1.24 6 and 1.20 6 respec

tively) . The product mixture contained at least some a-methylene 

lactone species, probably (92a) and (92b), and also contained unreacted 

10-acetoxy-3-oxo-4a-guai-6a,12-olide (116). 

It had now been demonstrated that enolates could be formed and the 

problem in all the experiments had to be moisture destroying the enolate 

forming reagents. No further attempts were made to separate and purify 

the products of this reaction. Since the culprit was known to be mois

ture, a campaign was undertaken to exclude moisture from all possible 

parts of the reaction. There were several suspect areas: the guai-

3-ene-6a,12-olide (55), stored under nitrogen in the refrigerator, 

showed evidence of water diffusing through the rubber septum. Tetra

hydrofuran, the solvent, was the most suspect, but the rest of the rea

gents could also have enough moisture to use up a few millimoles of 

n-butyl lithium. 

To insure complete dryness, the following steps were taken. The 

quantity of guai-3-ene-6a,12-olide to be used in each reaction was 

dissolved in dry tetrahydrofuran under nitrogen and a drying agent of 
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MgS04 was added. The solution was transferred by syringe from the 

drying agent to the reaction flask. 

An intense series of drying steps were begun to insure dry tetra

hydrofuran. Tetrahydrofuran was dried continuously in three stages 

under nitrogen. In the first stage, tetrahydrofuran was refluxed over 

calcium hydride for several days under a nitrogen atmosphere. This 

was then distilled into another flask containing fresh calcium hydride 

for the second stage of drying. This was then refluxed for at least 

24 hours under nitrogen. The third stage of drying was accomplished by 

distilling this tetrahydrofuran into a flask containing Na-K alloy. 

This dry tetrahydrofuran was then refluxed continuously under nitrogen 

and distilled as needed. Solvent transfer from distilling receiver to 

reaction flask was with a nitrogen purged syringe through rubber sep

tums . A second septum was used to cover the primary punctured septum 

when not in use. 

The reagents were also carefully dried as follows. The diisopro

pyl amine was refluxed over calcium hydride under nitrogen overnight 

and then stored over molecular sieves, under a nitrogen atmosphere and 

under new septums. The n-butyl lithium was kept under nitrogen atmos

phere and new septums. The hexamethylphosphoramide was vacuum dis

tilled and stored over molecular sieves under nitrogen and new septums. 

The phenyl selenenyl chloride was very dry, as obtained, and was stored 

under nitrogen in the dark. 

This time the experiment was repeated using absolutely dry solvent 

and reagents. The apparatus and the reaction conditions were the same 

as before. A small excess of n-butyl lithium was used to scavenge any 

remaining water and an excess of diisopropyl amine was added to insure 

total consumption of the n-butyl lithium. After the guai-3-ene-

6a,12-olide (55) had been added and formation of the enolate thought to 

be complete, an aliquot (5.0 ml) was withdrawn by syringe and injected 

into 5.0 ml of D2O. The solution was stirred a few minutes and worked 

up. The NMR spectrum of this worked up aliquot indicated that at least 

some of the product was the deuterated compound. 

To the other half of the reaction mixture, phenyl selenenyl chlo

ride was added and the solution stirred 12 hours. Usual workup gave 
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an oil which was quickly chromatographed on a short column of silica 

gel. The diphenyl diselenide eluted quickly with petroleum ether. The 

rest of the product mixture was stripped from the column with ether. 

This resulting oil gave an NMR spectrum showing that the anticipated 

phenyl selenenylated lactone was present in the mixture. 

This product mixture was redissolved in dry, freshly distilled, 

methylene chloride, 30% H2O2 added, and the resulting mixture was 

stirred for 30 minutes. Usual workup provided an oil which proved to 

contain the desired guai-A ' ' -diene-6a,12-olide (102). NMR showed 

the methylene protons at 6.20 6 and 5.50 6 as doublets. In addition 

the C-3 proton signal is under the 5.5 doublet. The infrared spectrum 

showed absorption at 1670 cm for the double bond in the a-p unsatu

rated lactone. The ultraviolet showed \ = 210 nm. 
max 

With the reaction conditions now worked out, the solvents abso

lutely dry, and confidence of technique instilled, the stockpile of 

remaining guai-3-ene-6a,12-olide (55) dedicated to this phase of the 
3 11-13 

synthesis could be transformed into guai-A ' -diene-6a,12-olide 

(102). This stockpile amounted to roughly 1.5 g and was converted by 

the above procedure in quantities of about 0.5 g per run. All scrap 

quantities of guai-3-ene-6a,12-olide (55) were combined, chromato

graphed in a clean up column and submitted to the above procedure to 

acquire as much of the a-methylene lactone as possible. The product 

mixture from the scrap runs showed the ratio of the two doublets for 

the exo protons to be 2:1. This suggested that some contaminating 

substance was providing an overlapping signal for one of the doublets. 

Chromatography did not change this ratio. This material was not used 

3 11-13 

further and the resulting amount of pure guai-A ' -diene-6a,12-

olide (102) obtained from the reaction sequence after chromatography 

was roughly 0.5 g. 

3 11-13 
Isomerization of Guai-A^ -diene-6a,12-olide (102) to 

Guai-A-̂  ' ̂ "•^^-diene-6a. 12-olide (103) 

The isomerization of the guai-A ' -diene-6a,12-olide (102) 

to guai-A"^'''"•^^-diene-6a, 12-olide (103) was expected to be a straight-
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forward transformation. This proved not to be the case and several 

methods were investigated before a successful one was found. 

The first method tried was an attempt to isomerize the double bond 

to the more stable endo position over a hydrogenation catalyst. Sever

al literature references^ show that while trying to hydrogenate an 

exocyclic double bond on a Y"lactone (a-methylene lactone) one finds 

the majority of the product to be the isomerized double bond. This 

isomerization might or might not require the presence of hydrogen gas. 

It most likely would require a catalyst saturated with hydrogen gas. 

The first attempt used 5% Pd on carbon and the experiment was run 

as if trying to hydrogenate the double bond, assuming the isomerization 

to be a more favorable reaction. There appeared to be no change in the 

starting material with neither isomerization nor hydrogenation taking 

place at one atmosphere of H2 and at 25°C. 

The next attempt was with 10% Pd on carbon. This catalyst was 
3 11-13 

presaturated with hydrogen gas and the guai-A ' -diene-6a,12-olide 

(102) was stirred with this saturated catalyst without an atmosphere of 

hydrogen gas. After usual removal of catalyst and solvent, there again 

proved to be neither isomerization nor hydrogenation. This approach 

with Pd on carbon was not investigated further. 

Another method that appeared to hold some chance for success was 

acid-catalyzed double bond isomerization. This was tried by refluxing 

guai-A^'•'••^"-diene-6a, 12-olide (102) with p-toluene sulfonic acid in 

benzene^ overnight. No isomerization was obtained and only starting 

material was recovered. This approach was dropped. 

The most promising method of isomerization appeared to be the use 
(35) 

of rhodium trichloride hydrate.^ A small amount of guai-

^3,ll-13_^^g^g_^^^^2-olide (102) was dissolved in a solvent system of 

ethanol, chloroform and water (6:6:1) and a catalytic amount of rhodium 

trichloride hydrate was added to the solution. The solution was stirred 

for 48 hours at room temperature and worked up. Although the product 
3 7-11 

mixture appeared complex, some of the desired guai-A ' -diene-

6a,12-olide (103) was present as evidenced by C-4 and C-11 methyl 

absorptions at 1.9 5 and 1.8 6. The IR spectrum indicated a 
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MeO 

(136) 

tetrasubstituted double bond (1670 cm ). The UV showed a maximum 
(49) absorption at 219 nm. Chatterjee has reported the UV spectrum 

for (136) as k = 111 nm. 
max 

Formation of ll-methyl-6,7-furano-hydroguai-3-ene-a2ulene (54) from 

Guai-A-̂ ''̂ ''•̂ -̂diene-6a, 12-olide (103) 

The above mentioned product mixture was used without further 

purification to develop the next functionality transformation, namely, 
3 11-13 

the formation of the furan ring. The total quantity of guai-A ' 

diene-6a,12-olide (102) was less than 300 mg and was not carried 
3 7-11 

through to the guai-A ' -diene-6a,12-olide (103) until needed, since 

the total reaction mixture might not be stable to storage and attempts 

to conserve material prevented normal purification. 
3 7-11 

The conversion of the guai-A ' -diene-6a,12-olide (103) to the 

furan (54) was attempted with diisobutyl aluminum hydride in dry tetra

hydrofuran at -35°C. This reaction was predicted to reduce the C-10 

carbonyl to an alcohol and addition of aqueous acid would eliminate 

water to give the furan (54). It was expected that the C-12 furan 

proton would be easily seen in the NMR spectrum (around 7.0 6) and 
(53) ̂  ^ , 

there should be a characteristic UV spectrum. Sorm has reported 

the UV for furanoeremophilone (137) as A = 222 nm. Compounds (138) 
max 

and (139) have \ equal to 212 and 219 respectively. 
max 

The first attempts produced no furan signal in the NMR spectrum 

of the reaction products. It was thought perhaps the alcohol had been 

formed but elimination had not occurred. To the reaction mixture was 

added a large excess of aqueous acid and the solution was stirred 
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(137) 
(138) ^^39) 

overnight. Again no furan was indicated by spectral analysis of the 

product mixture after workup. The NMR was blank in the 6-9 6 region 

and the \JV showed only a shoulder at 230 nm. 
3 7-11 

Repeating the reaction on another sample of guai-A ' -diene-

6a,12-olide (103) gave a product mixture which had an absorption 

(7.05 6) for the C-12 furan proton. This signal disappeared upon 

storage of the crude sample for several days under nitrogen in a 

refrigerator. 

The reaction was repeated with a tenfold excess of diisobutyl 

aluminum hydride. After workup, there was again evidence of the furan 

in the complex mixture. The NMR spectrum showed a singlet at 1.27 5 

with allylic coupling and was thought to be the C-11 furan methyl. 

There was again the 7.0 6 singlet for the C-12 furan proton. An acid

ified portion of the product mixture failed to produce a change in the 

UV spectrum over a period of hours. 

An attempt was made to oxidize the product mixture with Collins 

reagent before any furan present could decompose. There was at least a 

slim chance gnididione (11) might be formed or at least compound (54) 

could be obtained. The small amount of material recovered from the 

reaction prevented any positive identification of the complex product 

mixture. The IR spectrum showed strong carbonyl absorption at approxi

mately 1700 cm" and 1770 cm . The UV spectrum had an absorption 

maximum at 233 nm. The NMR spectrum was not definitive for any desired 

compound. There was no absorptions indicative of the C-12 furan proton 

At this time, there was only a very small amount of oil (about 
3 7-11 

100 mg) which contained the guai-A ' -diene-6a,12-olide (103) and 
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3 11-13 
no guai-A * -diene-6a,12-olide (102) was available to make more. 

In a last ditch effort to acquire some gnididione, the following 
3 7-11 experiment was designed. The total remaining amount of guai-A ' 

diene-6a,12-olide (103) would be submitted to the diisobutyl aluminum 

hydride reaction. After workup and verification of the furan proton 

by NMR, the reaction would be split into two aliquots. The first would 

be oxidized with t-butyl chromate, while the second would be oxidized 

with selenium dioxide. One of these reagents would perhaps give either 

gnididione (11) or its precursor (96). If one reaction was successful, 

then enough material would perhaps be available to make the necessary 

transformation to gnididione (11). All the necessary reagents were 

prepared in advance of the diisobutyl aluminum hydride reaction so as 

to immediately be available to oxidize the product mixture. 

After the reduction step with diisobutyl aluminum hydride, abso

lutely no C-12 furan proton signal was found in the NMR spectrum. It 

remains unknown why this key step failed this time after working 

several times previously. With no material left to repeat the reac

tion, the synthetic approach to gnididione had to be abandoned due 

to lack of material. This was especially frustrating with possible 

success so close. The route remains open and further work needs to 

be done. 

Isomerization of Gnididione (11) to Isognididione 

Kupchan reported the isolation of gnididione (11) and its 

isomerization to isognididione. Both compounds would be necessary 

for proof of which epimer was the correct stereochemistry for any syn

thetic gnididione (11) which we might prepare. Following Kupchan's 

procedure, some authentic gnididione (11), m. p. 110-111°C, supplied by 
(38) 

J. C. Schmidt, University of Virginia,^ was subjected to dilute 

hydrochloric acid under reflux conditions in ethanol. The initial 

attempt gave only a very small amount of isomerization, as evidenced 

by the NMR spectrum (small doublet, 0.80 6, J = 7 Hz, C-10 Me in 

isognididione). 
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The sample was resubmitted to stronger hydrochloric acid and 

vigorous refluxing for 24 hours. These conditions proved to give 

more of the desired isomerization, but much less than reported by 

Kupchan. The NMR spectrum differed from that reported as follows: 

the allylic coupling of the C-4 methyl, as well as the C-11 methyl 

splittings, could not be observed on our EM 360 NMR spectrometer. 

Also, the C-13 proton was observed at 7.32 6 rather than 7.27 6. 

These small differences presumably represent instrumental calibration 

problems. 

It was assumed that more acid and longer reflux times would give 

the approximate 60:40 equilibration ratio reported by Kupchan and 

further attempts were postponed until such time as some synthetic 

gnididione (11) was available for comparison. 



CONCLUSION 

With the frustration of using up all of the material available 

for the synthetic routes to both dihydrodamsin and gnididione, this 

study was concluded. The routes to both dihydrodamsin and gnididione 

are still open and there remains much available work to be done. It 

would not be profitable to make more material by the routes established 

in this study to continue on to dihydrodamsin. For the case of gnidi

dione, a route utilizing the correct functionality in the five-membered 

ring of 10-acetoxy-3-oxoguai-4-ene-6a,12-olide would provide a shorter 

and more efficient route to gnididione. The compound (140) is avail

able directly from a-santonin but in low yield. Development of a 

synthetic route to give an adequate supply of (140) would allow for a 

synthetic approach to gnididione similar to this study but in fewer 

steps. 

OH 

(140) 

The effort to synthesize dihydrodamsin as the first example of a 

total synthesis of a pseudoguaianolide is no longer valid with the 
(22) 

several reports of the total synthesis of damsin. The synthesis 

of damsin is still desirable if a shorter and more novel synthetic 

approach was attempted. The routes studied here, although still open, 

require too great an expenditure of time and synthetic efforts to 

continue this approach. It would be most helpful in a major synthetic 

effort such as this study to have available a preparative scale high 

performance liquid chromatograph in which to quickly isolate and purify 

the major products of reactions. 

64 
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The significant accomplishments in this study lie in the improve

ments in the reactions to give guai-3-ene-6a,12-olide (55), especially 

the stereoselective hydrogenation using diimide to give cleanly the 

desired isomer. Also, the developmental reactions toward the synthesis 

of the furan ring in gnididione have made its eventual synthesis more 

likely, and therefore have advanced the possibility of answering the 

stereochemical question of position 1 in the natural gnididione. 



EXPERIMENTAL SECTION 

General 

Melting points were determined on a Laboratory Devices Mel-Temp 

apparatus and are uncorrected. Infrared spectra were taken on a 

Perkin-Elmer 457 spectrophotometer, either as a chloroform solution, 

neat, Nujol mull, or a KBr pellet. Ultraviolet spectra were obtained 

on a Gary 17 UV-visible recording spectrophotometer as ethanol solu

tions. Nuclear magnetic resonance spectra were obtained on one of 

the following NMR spectrometers: Varian XL-lOO-15, Varian A-60, or 

Varian 360. Proton spectra were obtained in CDCI3 with TMS as an 

internal standard. Carbon-13 spectra were taken in CDCI3 or ace-

tone-de solutions. All NMR shifts are reported in 6 from TMS. 

Rotation values were determined on a Perkin-Elmer model 141 automa

tic polarimeter. All thin layer chromatography was done on Eastman 

silica gel sheets, and visualization was done either with iodine 

vapors, or short wavelength ultraviolet for sheets with fluorescent 

indicator. Column chromatography was done on 60-200 mesh high purity 

silica gel packed as a wet slurry in Pyrex columns. HPLC chromato

graphy was done on a Van Waters ALC-100 liquid chromatograph. Mass 

spectra were obtained on a Varian MAT-311 high resolution mass spec

trometer. Carbon and hydrogen microanalyses were carried out by 

Chemlytics, Inc., Tempe, Arizona. Reagents were obtained from the com

mon commercial sources, usually Aldrich Chemical, and were used as 

obtained unless stated otherwise. Solvents were used as obtained 

unless otherwise stated. 

Photolysis of a-Santonin (20) 
^ ,g. 

The procedure used was similar to ones reported previously. 

A solution of 31.632 g (136.3 mmoles) of a-santonin (from Sigma 

Chemical) in 350 ml of glacial acetic acid was irradiated, under 

nitrogen, for 36 hours in a water cooled quartz iimnersion well appara

tus with a 250 watt Hanovia mercury lamp. Most of the solvent was 

removed on the rotary evaporator, leaving a heavy brown oil which was 
66 
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dissolved in about 125 ml of warm methanol. The solution was cooled 

to give a total of 13.547 g (44.37 mmoles, 32.5% yield) of 10-acetoxy-

3-oxoguai-4-ene-6a,12-olide, m. p. 176-178°C. One recrystallization 

from methanol gave needles, m. p. 179-18l°C (literature value 180-181°), 

[a]^^ = +48.8°. 

NMR: 4.78-5.00 6 (broad doublet, C-6 H) 

4.10-4.30 6 (broad multiplet, C-1 H) 

2.47 6 (doublet, J = 7 Hz, C-2 H's) 

2.00 6 (singlet, acetate CH3) 

1.92 6 (broad singlet, half width = 7 Hz, allylic coupling 

J = 2 Hz) 

1.28 6 (doublet, J = 7 Hz, C-11 CH3) 

1.10 6 (singlet, C-10 CH3) 

IR: 1770 cm (lactone carbonyl) 

1740 cm (acetate carbonyl) 

1710 cm" (C-3 carbonyl) 

Collecting and combining the mother liquors of several photoly

sis runs, and allowing to set for several weeks, produced 63.4 g of 

the spiroacetate (115), m. p. 108-110°. 

NMR: 6.47 6 (doublet of doublets, Ji = 31 Hz, Jg = 10 Hz, C-2 and 

C-3 H's) 

4.70-4.93 6 (broad doublet, C-6 H) 

2.08 5 (singlet, acetate CH3) 

1.30 6 (singlet, C-10 CH3) 

1.24 6 (doublet, J = 7 Hz, C-5 CH3) 

1.13 6 (doublet, J = 7 Hz, C-11 CH3) 

IR: 1780 cm" (lactone carbonyl) 

1708 cm""̂  (C-4 carbonyl) 

1735 cm" (acetate carbonyl) 

1665 cm" (£i£-double bond) 

Hydrogenation of 10-acetoxy-3-oxoguai-4-ene-6a,12-olide (21) 

A solution of 25.023 g (81.77 mmoles) of lO-acetoxy-3-oxoguai-

4-ene-6a,12-olide in 500 ml of ethyl acetate was hydrogenated over 
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2.5 g of 10% Pd on carbon at ambient conditions. Hydrogen uptake, 

1.36 equivalents, was complete after 20 hours. The catalyst was fil

tered off using filter aid and the solvent was removed on the rotary 

evaporator. The resulting white crystalline solid was dissolved in 

about 60 ml of warm ethyl acetate and slowly cooled to allow 

crystallization. Three crops of crystals, a total of 19.325 g 

(62.74 mmoles) of 10-acetoxy-3-oxoguai-4-ene-6a,12-olide were obtained 

Recrystallization provided a product of m. p. 170-172.5°C (literature 

value, 171-172.5°), [a]^^ = 61.0°. 

NMR: 4.00 6 (broad triplet, J = 9 Hz, C-6 H) 

2.10 6 (singlet, acetate CH3) 

1.53 5 (singlet, C-10 CH3) 

1.23 6 and 1.20 6 (doublets, J = 7, C-4 and C-10 CH3's) 

IR: yl775 cm (lactone carbonyl) 

1738 cm"'̂  (C-3 carbonyl) 

1730 cm (acetate carbonyl) 

Preparation of 10-acetoxy-3-oxo-4a-guai-6a,12-olide (116) by 

Isomerization of 10-acetoxy-3-oxoguai-4-ene-6a,12-olide (21) 

A solution of 18.328 g of material containing both 10-acetoxy-

3-oxoguai-6a,12-olide and 10-acetoxy-3-oxo-4a-guai-6a,12-olide, result

ing from early attempts of catalytic reduction of lO-acetoxy-3-

oxoguai-4-ene-6a,12-olide in ether was absorbed onto a basic alumina 

column. Slow elution from this column with benzene gave the desired 

isomerization. Alternatively, the same results were obtained by 

stirring the mixture overnight in the presence of approximately 

200 g alumina. Filtration and removal of the solvent and recrystal

lization from ethyl acetate gave 16.872 g of 10-acetoxy-3-oxo-4a-guai-

6a,12-olide, m. p. 164-167°C, (literature value, 164.5-165.5°).^ 

NMR: 4.12 6 (triplet, J = 10 Hz, C-6 H) 

3.28 6 (quartet, J = 8 Hz, C-4 H) 

2.35 6 (center of multiplet, C-2 H's probably) 

2.02 6 (singlet, acetate Me) 

1.44 6 (singlet, C-10 Me) 
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1.20-1.23 6 (two doublets, Jj = 6.5 Hz, Jg = 7 Hz, C-4 and 

C-11 Me's) 

Reduction of 10-acetoxy-3-oxoguai-6a,12-olide (60) with Lithium 

tri-t-butoxy Aluminum Hydride 

Into a flamed out 500 ml round bottom flask, 300 ml of dry 

(freshly distilled from CaH2) 1,2-dimethoxy ethane, 14.853 g 

(48.15 mmoles) of 10-acetoxy-3-oxoguai-4-ene-6a,12-olide, and 

14.88 g (58.51 mmoles) of lithium tri-t-butoxy aluminum hydride were 

introduced under a nitrogen atmosphere. 

The mixture was stirred at 0°C for 6 hours. The solution was 

allowed to warm to room temperature and 50 ml of distilled water was 

slowly added. Most of the solvent was removed on the rotary evapo

rator. The remaining residue was acidified with dilute HCl and 

extracted into ether. The ether extract was washed with water, 

dried over MgS04, and the ether was chromatographed over silica gel 

to give 11.66 g (37.6 mmoles) of 10-acetoxy-3-ol-guai-6a,12-olide 

for a 78% yield. This procedure was similar to the one used 
-, (9,23) previously. 

NMR: 4.1-4,4 6 (multiplet, C-3 and C-6 H) 

2.06 6 (singlet, OAC) 

1.48 5 (singlet, C-10 CH3) 

1.10 6, 1.20 6, 1.30 6 (broad peaks, overlapping doublets for C-4 

and C-11 CH3's) 

IR: 3400-3570 cm""̂  (R-OH) 

1776 cm (lactone carbonyl) 

1735 cm (acetate carbonyl) 

Preparation of 10-acetoxy-guai-3-ene-6a,12-olide (62) from the 

10-acetoxy-3-ol-guai-6a,12-olide (61) using Methanesulfonyl Chloride 

in Pyridine 

The 10-acetoxy-guai-3-ene-6a,12-olide was prepared by a pro-
(9) 

cedure similar to White, Eguchi, and Marx. To a solution of 

22.03 g (71.09 aimoles) of the 10-acetoxy-3-ol-guai-6a,12-olide 
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in 200 ml of dry pyridine, was added 17.0 ml of methanesulfonyl 

chloride. The solution was stirred for 36 hours at room temperature. 

The majority of the pyridine was removed on a rotary evaporator and 

the brown syrup-like residue was extracted into ether. The ether 

extract was washed with dilute HCl, washed with water, dried over 

MgS04, and the ether removed on the rotary evaporator. The result

ing yellow oil, 21.02 g, was chromatographed on silica gel to give 

9.55 g (32.7 mmole) of the 10-acetoxy-guai-3-ene-6a,12-olide, 

(46% yield). The 10-acetoxy-guai-3-ene-6a,12-olide was crystal

lized from anhydrous ether by seeding. Recrystallization of the 

first crop of crystals gave a melting point of 66-68°C. 

NMR: 5.4 6 (broad singlet, half width = 7 Hz, C-3 H) 

4.10 6 (triplet, J = 9.5 Hz, C-6 H) 

2.01 6 (singlet, acetate methyl) 

1.88 6 (broad singlet, half width = 5 Hz, C-4 CH3) 

1.45 6 (singlet, C-10 CH3) 

1.20 6 (doublet, J = 6 Hz, C-11 CH3) 

IR: 1776 cm"-̂  (lactone C=0) 

1735 cm"'̂  (acetate C=0) 

[a]^^ = +7.94° (CHCI3) 

Preparation of Sublimed Potassium t-Butoxide 

Three liters of t-butanol were partially dried by twice reflux

ing over about 5.0 grams of potassium for several hours and distil

ling under nitrogen. To this dry t-butanol was added, in small 

quantities, 50.0 grams of clean surfaced potassium which had been 

rinsed in dry petroleum ether and dipped briefly into dry t-butanol. 

The mixture was gently refluxed, under nitrogen, until dissolution of 

the potassium was complete. 

The excess t-butanol was carefully distilled from the solution, 

resulting in a white cake of potassium t-butoxide. The potassium 

t-butoxide was transferred under a nitrogen funnel into a 2" x 36" 

Pyrex sublimination tube. The potassium t-butoxide was sublimed under 

vacuum from the lower section of the tube to higher sections. The 
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light and fluffly sublimed potassium t-butoxide was stored in a 

vacuum desiccator until used. 

Hydrolysis of 10-acetoxy-guai-3-ene-6a,12-olide (62) with Potassium 

t-Butoxide in Dimethyl Sulfoxide 

Into a flamed out round bottom flask, was placed 0.053 g 

(0.18 mmole) of 10-acetoxy-guai-3-ene-6a,12-olide, 50 ml of 

dimethyl sulfoxide, and 0.05 g (0.45 mmole) of sublimed potassium 

t-butoxide. The mixture was stirred under nitrogen for 24 hours. TLC 

showed no starting material remaining. 

The total mixture was extracted into ether, washed with dilute 

HCl, washed with water, dried over MgS04, and the ether removed on a 

rotary evaporator. The resulting oil, 0.036 g, appeared to be only 

the C-11 a isomer of the 10-ol-guai-3-ene-6a,12-olide. 

NMR: 5.45 6 (broad singlet, half width = 6 Hz, C-3 H) 

4.15 6 (triplet, J = 9.5 Hz, C-6 H) 

1.82 6 (broad singlet, half width = 7 Hz, C-4 CH3) 

1.22 6 (doublet, J = 7 Hz, C-11 CH3) 

1.15 6 (singlet, C-10 CH3) 

IR: 3500 (broad, R-OH) 

1770 cm" (lactone C=0) 

Hydrolysis of 10-acetoxy-guai-3-ene-6a,12-olide (62) with Potassium 

t-Butoxide in t-Butanol 

To a flamed out apparatus equipped with a nitrogen atmosphere 

was added 0.32 g (1.1 mmoles) of 10-acetoxy-guai-3-ene-6a,12-olide 

and 7.0 ml of t-butanol. Stirring was begun and after complete 

dissolution of the 10-acetoxy-guai-3-ene-6a,12-olide, 0.326 g 

(2.86 mmoles) of freshly sublimed potassium t-butoxide was added. 

The reaction was stirred at room temperature for 20 hours. The reac

tion mixture was extracted into ether. The ether was then washed 

once with dilute HCl, several times with water, dried over MgS04, 

and the ether removed on the rotary evaporator. Residual t-butanol 

was removed by leaving the resulting oil on the rotary evaporator for 



72 

several extra minutes. The oil (0.285 g) showed only one major spot 

on the TLC (R value 0.40 in ether) and was indistinguishable from a 

known sample of 10-acetoxy-3-ol-guai-6a,12-olide prepared pre-

viously by Marx, Eguchi, and White.^ ̂  

NMR: 5.45 6 (broad singlet, half width = 6 Hz, C-3 H) 

4.15 6 (triplet, J = 9.5 Hz, C-6 H) 

1.82 6 (broad singlet, half width = 7 Hz, C-4 CH3) 

1.22 6 (doublet, J = 7 Hz, C-11 CH3) 

1.15 6 (singlet, C-10 CH3) 

IR: 3500 (broad, R-OH) 

1770 cm" (lactone C=0) 

Attempted Hydrolysis of 10-acetoxy-guai-3-ene-6a,12-olide (62) with 

Potassium t-Butoxide Prepared "In Situ" 

The reaction apparatus was assembled with a nitrogen atmosphere, 

reflux condenser, and mercury bubbler. The apparatus was flamed out 

while being purged with nitrogen and allowed to cool. Transfer of 

30 ml of very dry t-butanol into the reaction flask was done with 

a prewarmed syringe. To the flask, 0.21 g (5.3 mmoles) of clean 

surfaced potassium was added after being rinsed in petroleum ether and 

briefly dipped into dry t-butanol. The mixture was gently refluxed 

until dissolution of the potassium was complete and then allowed to 

cool to room temperature. 

To this solution, 5.0 ml of dry t-butanol containing 0.59 g 

(0.2 mmole) of 10-acetoxy-guai-3-ene-6a,12-olide was added via 

a syringe. The reaction was stirred under nitrogen for 20 hours. 

The reacton mixture was extracted into ether, washed with dilute 

HCl, washed with water several times, dried over MgS04, and the ether 

removed on a rotary evaporator. 

The product mixture of this reaction, by NMR spectrum, proved 

to be mostly the starting 10-acetoxy-guai-3-ene-6a,12-olide with 

only a small percentage (approximately 50.0 mg) of the desired 

10-ol-guai-3-ene-6a,12-olide. 
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Hydrolysis of 10-acetoxy-guai-3-ene-6a,12-olide (62) with Potassium 

t-Butoxide Prepared "In Situ" and One Equivalent Water 

A round bottom flask was assembled with reflux condenser, a ni

trogen atmosphere, and a mercury bubbler. The apparatus was flamed 

out while being flushed with nitrogen. After cooling to room temper

ature, the vessel was charged with 50.0 ml of very dry t-butanol and 

then 1.032 g (26.0 mmoles) of clean surfaced potassium which had been 

rinsed with dry petroleum ether and then submerged in dry t-butanol 

for a brief time. 

The mixture was gently refluxed until dissolution of the potas

sium was complete. The solution was allowed to cool to room tempera

ture and a solution of 7.013 g (24.0 mmoles) of lO-acetoxy-guai-3-

ene-6a,12-olide in 5.0 ml of dry t-butanol was added via syringe. 

This was followed by 0.45 ml (25.0 mmoles) of distilled water. The 

reaction was stirred under nitrogen for 20 hours at room temperature. 

The reaction mixture was extracted into ether, washed once with 

dilute HCl, washed several times with water, dried over MgS04, and 

the ether removed on a rotary evaporator. The resulting oil was 

chromatographed on silica gel to give 4.832 g (80.5% yield) of the 

10-ol-guai-3-ene-6a,12-olide. 

NMR: 5.45 5 (broad singlet, half width = 6 Hz, C-3 H) 

4.15 6 (triplet, J = 9.5 Hz, C-6 H) 

1.82 6 (broad singlet, half width = 7 Hz, C-4 CH3) 

1.22 6 (doublet, J = 7 Hz, C=ll CH3) 

1.15 6 (singlet, C-10 CH3) 

IR: 3500 (broad, R-OH) 

1770 cm"'̂  (lactone C=0) 

Dehydration of 10-ol-guai-3-ene-6a,12-olide (63) with POCI3 and 

Pyridine 

To a solution of 0.143 g (0.57 mmole) of lO-ol-guai-3-ene-

6a,12-olide in 10.0 ml of pyridine at 0°C, was added 0.50 ml 

(5.4 mmoles) of POCI3. The solution was stirred under nitrogen at 

0°C for 4 hours. The solution was then extracted into ether and 
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the pyridine removed by washing several times with water and then 

with dilute HCl. The ether layer was washed with sodium bicarbonate, 

water, dried over MgS04, ^nd the ether removed on a rotary evaporator. 

The resulting oil showed no starting material by TLC. The NMR spec

trum showed absorption for^exo protons, but the integration was 

approximately equal to the integration of the C-3 proton. The prod

uct mixture must be approximately a 50:50 ratio of the exo and endo 

dehydration products (64) and (119). 

NMR: 5.45 6 (broad singlet, half width = 9 Hz, C-3 type protons) 

4.82 6 (broad singlet, half width = 4 Hz, exocyclic protons) 

4.03 6 (quartet, probably overlapping triplets, J = 8 Hz, C-6 

type protons) 

1.82 6 (broad singlet, half width = 5 Hz, C-4 CH3) 

1.20 6 (doublet, J = 7 Hz, C-11 CH3) 

IR: 1763 cm"'̂  (lactone C=0) 

1640 cm (weak, double bond) 

1260 cm"-̂  (C-0) 

Dehydration of 10-ol-guai-3-ene-6a,12-olide (63) with SOCI2 and 

Pyridine 

To a solution of 5.0 g (20.0 mmoles) of the lO-ol-guai-3-ene-

6a,12-olide in 40.0 ml of dry pyridine, cooled to -40°C in an 

acetone/liquid nitrogen bath, was added via syringe, 1.1 equivalent 

of SOCI2 in dry pyridine which had been precooled also to -40°C. 

The mixture was stirred vigorously for 10 seconds and the reaction 

quenched by pouring into ice water. The reaction products were then 

extracted into ether. The ether layer was washed several times with 

water, once with dilute HCl, once with sodium bicarbonate, once again 

with water, dried over MgS04, and the ether removed on a rotary evap

orator. 

The resulting oil was chromatographed on silica gel to give 

3.165 g of a mixture of the guai-A ' -diene-6a,12-olide (64) and 

the guai-A ~'-diene-6a,12-olide (119) in a ratio of 3:1 exo to endo 

These were not separable by column chromatography. The yield of the 

dienes was 62.5%. 
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NMR: 5.5 6 (broad singlet, half width = 9 Hz, C-3 H) 

4.85 6 (broad singlet, half width = 8 Hz, C-13 exo H's) 

3.98 6 (triplet, J = 9 Hz, C-6 H) 

1.83 6 (broad singlet, half width = 7 Hz, C-4 CH3) 

1.20 6 (doublet, J = 7 Hz, C-11 CH) 

IR: 1765 cm"-̂  (lactone C=0) 

1640 cm (weak, disubstituted double bond) 

1263 cm"-̂  (C-0) 

Attempted Hydrogenation of Guai-A * -diene-6a, 12-olide (64) 

A. Catalytic hydrogenation with 5% Pd on carbon 

A solution of 0.055 g (0.23 mmole) of the guai-A ' -diene-

6a,12-olide in 10.0 ml of ethyl acetate was stirred under hydro

gen with 0.010 g of 5% Pd on carbon. The attempted hydrogenation 

was done under a slight positive pressure of hydrogen for approxi

mately 12 hours. The catalyst was filtered off and the solvent 

removed. There was no evidence of hydrogenation product and only 

starting material was recovered. 

B. Catalytic hydrogenation with 10% Pd on carbon 

A solution of 0.063 g (0.26 mmole) of the guai-A ' -diene-

6a,12-olide in 10.0 ml of ethyl acetate was stirred under hydro

gen gas with about 0.010 g of 10% Pd on carbon. Hydrogen uptake was 

slow and the reaction was run overnight. After the catalyst was 

filtered off and the solvent removed, the resulting oil appeared to 

be a mixture of some of the desired guai-3-ene-6a,12-olide, some 

of the guai-6a,12-olide compound (120), and guai-A ' -diene-6a,12-

olide (119) or its hydrogenated product guai-A -ene-6a,12-olide. 

NMR: 5.4 6 (broad singlet, C-3 type H, small integration) 

1.8 6 and 1.75 6 (C-4 type CH3's) 

=1.2 5 (two doublets almost overlapping, J = 7 Hz, C-11 type 

CH3's) 

0.93 6 (doublet, J = 7 Hz, C-10 type CH3, integration small) 

C. Hydrogenation withPtOo 
~ 3 10-14 

A solution of 0.025 g (0.11 mmole) of guai-A ' -diene-6a,12-

olide in 5.0 ml of methyl alcohol was stirred under hydrogen with 
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approximately 5.0 mg of Pt02 for 12 hours. Usual workup of filtering 

off the catalyst on filter aid and solvent removal produced an oil 

which by NMR showed no vinyl proton for C-3. Methyl absorptions were 

evident for C-10 and C-11 methyls but it was not clear as to the 

presence of any C-4 methyl. The product mixture most likely con

tained the guai-6a,12-olide (120). 

D. Hydrogenation using tris-(triphenylphosphine) Chlororhodium 

A solution of 0.039 g (0.16 mmole) of guai-A"^'^°"-^^-diene-

6a,12-olide in 10.0 ml of benzene and 5.0 ml of ethanol was stirred 

under hydrogen gas with 0.010 g of tris-(triphenylphosphine) 

chlororhodium for 8 hours. The red-purple solution was filtered 

through celite to remove any particulate matter and the solvent was 

removed. Analysis of the NMR spectrum showed no evidence of the C-3 

vinyl ptoton remaining. There was, however, absorptions for the 

C-10 and C-11 methyl of the desired product, ie. 1.2 6 and 0.95 6. 

There was also, C-4 t3rpe CH3 on a double bond absorptions. The 

product mixture appeared to be mostly guai-6a,12-olide (120). 

Hydrogenation of Guai-A * -diene-6a, 12-olide (64) to the 

Guai-3-ene-6a,12-olide (55) with Diimide 

Typically, 5.0 g (0.021 mole) of guai-A ' " -diene-

6a,12-olide was dissolved in 100 ml of dioxane and 20.0 g (0.102 mole) 

of dipotassium azodicarboxylate (prepared as given below) was added. 

The solution was vigorously stirred and a solution of acetic acid in 

dioxane was slowly dripped into the reaction flask. After all of the 

dipotassium azodicarboxylate had reacted, any remaining salts were 

filtered off and the solution concentrated on a rotary evaporator. 

The remaining solution was extracted into ether, washed well with 

water, dried over MgS04, and the ether removed. The resulting oil was 

checked by NMR for complete hydrogenation. Typically it was necessary 

to submit the mixture at least once more to dipotassium azodicar

boxylate, as described above. A typical yield of the desired guai-3-

ene-6a,12-olide after column chromatography was 3.9 g (78% yield). 

NMR: 5.4 6 (broad singlet, half width = 8 Hz, C-3 H) 

3.63 6 (triplet, J = 8 Hz, C-6 H) 
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1.8 6 (broad singlet, C-4 CH3) 

1.28 6 (doublet, J = 7 Hz, C-11 CH3) 

0.85 6 (doublet, J = 7 Hz, C-10 CH3) 

Preparation of Dipotassium Azodicarboxylate (a Precursor of Diimide) 

Potassium azodicarboxylate was prepared in a manner similar to 

the procedure of Harris.^ ^ Typically, 100 g (0.5 mole) of azodi-

carboxamide was slowly added, a spatula-full at a time, to 1000 ml 

of ice cold 50% KOH solution. Stirring was required to prevent 

foaming over from the evolution of NH3. After stirring for 1 hour, 

the canary yellow precipitate was filtered on a Buchner funnel. The 

precipitate was then dissolved in a minimum amount of ice water, 

usually about 100 ml. After all of the precipitate had dissolved, 

the solution was poured into a fourfold volume of absolute ethanol. 

The dipotassium azodicarboxylate was then filtered on a Buchner 

funnel, washed well with cold absolute ethanol, dried well, and 

stored until use in a vacuum desiccator. 

Oxidation of Guai-3-ene-6a,12-olide (55) with t-Butyl Chromate 

A solution of 0.065 g (0.27 mmole) of guai-3-ene-6a,12-olide 

in 6.0 ml of CCI4 was refluxed for 12 hours under nitrogen with 

1.0 ml acetic acid, 0.5 ml AC2O and 3.5 ml of 1.0 N t-butyl chromate 

solution. The t-butyl chromate was prepared by dissolving 1.4 g CrOs 

in 4.0 ml of t-BuGH with cooling, diluting with 12.0 ml of CCI4, wash-
(9) 

ing well with water, and drying over MgS04. This mixture was 

stirred with 5.0 ml of 1 N oxalic acid solution for 1 hour. The 

organic layer was separated, washed well with water, dried over MgS04 

and solvent removed. The resulting oil, 0.048 g showed a mixture of 

compounds by TLC. The IR showed : 1625 cm , 1700-1740 cm 

(broad absorption), 1775 cm" (broad absorption). The NMR spectrum 

was not definitive as to which compounds were present. 
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Catalytic Hydrogenation of Total Product Mixture from t-Butyl 

Chromate Oxidation (described above) 

A solution of 0.048 g of oil (containing the suspected 2-oxo-

guai-3-ene-6a,12-olide (dihydroarbiglovin)) in 25.0 ml of MeOH was 

hydrogenated over 30.0 mg of Pt02 overnight. The catalyst was fil

tered off with the aid of filter aid and the solvent was removed. 

The resulting product mixture was dissolved in ether and from this 

solution 0.015 g of crystals were obtained. These were recrystal-

lized to give 0.005 g of crystals, m. p. 155-157°C. A mixed melting 

point with a sample of 2-oxo-guai-6a,12-olide (tetrahydroarbiglovin) 
(9) 

again gave 155-157°C. Thin layer chromatography of the crystals 

versus an authentic sample of 2-oxo-guai-6a,12-olide (tetrahydro

arbiglovin) showed a major spot running identical to tetrahydro

arbiglovin. A definitive NMR spectrum was not obtained on this 

small sample. 

Preparation of ll-epi-dihydrodamsin-4-ol (123) 

A solution of 0.20 g (0.8 mmole) of damsin, 0.45 g (3.6 rmnoles) 

of thiocresol, and 0.4 ml of piperidine in 8.0 ml of benzene was 

refluxed under nitrogen for 6 hours. The solution was washed with 

dilute HCl and extracted into ether. The washings were back extracted 

with more ether and combined. The ether extracts were washed with 

water, dried over MgS04, and the ether removed on the evaporator. 

The resulting oil was chromatographed on a short silica gel column. 

A NMR spectrum indicated the product was the desired addition product 

(125). 

NMR: 5.87 6 (doublet of doublets, AB pattern, J^ = 3 Hz, 

Av „ = 34.87 Hz, H's on aromatic ring) 
AB 

4.51 6 (doublet, J = 8 Hz, C-6 H) 

1.80-2.40 6 (complex multiplet, C-3 CH2, C-11 H, C-13 CH2) 

1.06 6 (doublet, J = 7 Hz, C-10 Me) 

1.06 6 (singlet, C-5 Me) 

IR: 3020 cm" (aromatic C-H) 

1770 cm" (lactone carbonyl) 

1745 cm" (cyclopentanone) 
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The CDCI3 solvent was removed and the reaction product mixture 

was refluxed overnight in absolute ethanol and excess Raney Nickel. 

The Raney Nickel was freshly prepared according to Fieser to give 

about W-2 activity.^ -̂  

The Raney Nickel catalyst was filtered off and the ethanol was 

removed by vacuum. The resulting oil, 0.165 g, proved to be 11-epi-

dihydrodamsin-4-ol along with the C-11 epimer, dihydrodamsin-4-ol. 

NMR: 4.26 6 (doublet, J = 8 Hz, C-6 H) 

4.05 6 (multiplet, J = 7 Hz, probably C-4 H) 

0.97 6 (singlet, C-5 Me) 

1.07 6 (doublet, J = 7 Hz, C-10 Me) 

1.18 6 and 1.13 6 (two overlapping doublets, J's = 6 and 7.2 Hz, 

C-11 Me-a and p). 

IR: 3570 cm"-̂  (alcohol) 

1768 cm (lactone carbonyl) 

Reduction of Damsin (5) with Sodium Borohydride 

A solution of 0.072 g (0.29 mmole) of damsin in 5.0 ml of 

ethanol was stirred with 0.079 g (2.1 mmoles) of NaBH4 for one hour. 

Dilute acetic acid was added and the solution was extracted into 

ether, dried over MgS04, and the ether removed by vacuum. The re

sulting oil, 0.068 g, was obviously a mixture of compounds. 

NMR: 0.98 6 (singlet, C-5 Me) 

1.05-1.30 6 (broadened absorptions--probably C-10 and C-11 Me's) 

4.2-4.6 6 (multiplet--probably C-4 and C-6 H's) 

IR: 3600 cm""̂  (alcohol) 

1770 cm (a lactone) 

1715 cm (weak--unknown carbonyl) 

The TLC showed two major spots, one running identical to 

ll-epi-dihydrodamsin-4-ol. 

The entire mixture was dissolved in reagent grade acetone and 

"titrated" with Jones reagent until the color of the reagent persisted 

for several minutes. The solution was extracted from the chromium 

salts into ether, dried over MgS04 and the ether removed with vacuum. 
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The resulting oil, 0.052 g, was chromatographed on silica gel to give 

a fraction, 0.021 g, which was identified as ll-epi-dihydrodamsin-4-ol 

plus some other unidentified material. 

NMR: 4.51 6 (doublet, J = 6 Hz, C-6 H) 

1.26 6 (singlet, C-5 Me) 

1.21 6 (doublet, J = 7 Hz, C-11 Me) 

1.17 6 (doublet, J = 7 Hz, C-10 Me) 

0.90-1.15 6 (unassigned absorptions) 

IR: 1775 cm"^ (a lactone) 

1747 cm (cyclopentanone) 

Preparation of 11-epi-dihydrodamsin (6) 

A solution of 0.105 g of the ll-epi-dihydrodamsin-4-ol mixture in 

10 ml of reagent grade acetone was "titrated" with Jones reagent until 

the orange color of the reagent persisted for several minutes. The 

acetone solution was filtered and the chromium salts were washed 

with acetone. The combined acetone was removed from the products on 

a rotary evaporator. The resulting oil, 0.088 g, proved to be approxi

mately a 60:40 mixture of 11-epi-dihydrodamsin and dihydrodamsin. 

NMR: 4.57 6 (doublet, J = 5.5 Hz, dihydrodamsin C-6 H) 

4.44 6 (doublet, J = 8 Hz, U-epi C-6 H) 

1.10 6 and 1.23 6 (doublets, J = 7, C-10 and C-11 Me's for 

11-epi-dihydrodamsin and dihydrodamsin) 

Literature values 

dihydrodamsin 

1.16 6 (doublet, J = 6.8, C-10 Me) 

1.11 6 (doublet, J = 7.2, C-11 Me) 

11-epi-dihydrodamsin 

1.09 6 (doublet, J = 6.8, C-10 Me) 

1.24 6 (doublet, J = 6.7, C-11 Me) 

1.18 6 (singlet, dihydrodamsin C-5 Me) 

1.13 5 (singlet, 11-epi C-5 Me) 

IR: 1740 cm" (cyclopentanone) 

1773 cm (lactone carbonyl) 
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Attempted Oxidation of the 11-epidihydrodamsin (6) Mixture with 

Ruthenium Tetraoxide 

A small amount, 0.025 g (0.1 mmole) of the 11-epi-dihydrodamsin 

mixture and 5.0 ml of O.IN NaOH was warmed over a steam bath to facili 

tate the opening of the lactone. After dissolution was thought to be 

complete, the solution was cooled to room temperature and 10.0 mg of 

activated Ru02 and 5 ml of CCI4 was added to the solution. The solu

tion was vigorously stirred and a saturated solution of potassium 

periodate was added dropwise to oxidize the RUO2 to RUO4. After 

several minutes of stirring with the yellow color of RUO4 being 

present, the solution was acidified and extracted into ether. The 

ether was washed with water, dried over MgS04, and the ether removed 

with vacuum. The TLC indicated mostly starting material was recovered. 

The NMR spectrum also indicated starting material. The infrared 

spectrum showed cyclopentanone (1747 cm ) and y lactone (1772 cm" ) 

plus a small absorption at 1717 cm . This might indicate a small 

amount of the desired oxidation had taken place. 

Attempted Opening of Lactone of the 11-epi-dihydrodamsin (6) Mixture 

with Base and Esterification with Diazomethane 

Over a steam bath, 0.044 g (0.17 mmole) of 11-epi-dihydrodamsin 

and 4.0 ml of 0.2 N NaOH were heated for 2 hours to facilitate 

opening of the lactone ring. The solution was cooled to 0°C in an 

ice bath and the diazomethane solution was prepared from N-methyl-
(52) 

N'-nitro-N-nitrosoguanidine according to Fieser and Fieser. 

The ether layer containing the diazomethane was decanted from the 

KOH layer, dried, and transferred into the alkaline solution of the 

supposed sodium carboxylates of the 11-epi-dihydrodamsin mixture. 

The solution was stirred rapidly and the alkaline solution was care

fully acidified with dilute HCl to a pH of 6. After a few minutes of 

stirring, glacial acetic acid was added to destroy excess diazomethane 

and the ether layer was separated, washed, dried over MgS04, and the 

ether removed on the rotary evaporator. Only starting material was 

recovered. 
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Reduction of ll-epi-dihydrodamsin-4-ol (6) with Lithium Aluminum 

Hydride to Give Hydroguai-3-ene-azulene-4,6,12-triol (128) 

A 125 ml three-neck round bottom flask was equipped with reflux 

condenser, dropping funnel and a mercury bubbler for a nitrogen 

atmosphere. The apparatus was flamed out while being purged with 

nitrogen and allowed to cool to room temperature. 

A solution of 0.014 g (0.41 mmole) of the 11-epi-dihydrodamsin-

4-ol mixture in 10 ml of ether was slowly dripped into 50 ml of ether 

containing 0.218 g (5.75 mmoles) of lithium aluminum hydride. The 

solution was refluxed for 24 hours and worked up after destroying 
(53) excess hydrides by the addition of water and sodium hydroxide. 

The ether solution was separated, dried over Na2S04, and the ether 

removed on the rotary evaporator. The total product (0.086 g), a 

mixture of the C-4 a and P isomers of hydroguai-3-ene-azulene-

4,6,12-triol crystallized upon removal of the ether and was recrystal-

lized from ether, m. p. 85-90°C. 

NMR: 3.40-3.90 6 (complex multiplet, C-3, C-6, C-12 H's a to alcohol 

oxygens) 

1.28 6 and 0.98 5 (singlets, C-5 Me on a C-4 ol and p C-4 ol 

isomers) 

0.96 6 (broadened doublet, J = 7, C-10 and C-11 Me's) 

Literature values^ ^ for triol (128) resulting from LiAlH4 reduction 

of dihydrodamsin. 

0.98 6 (singlet, C-5 Me) 

0.95 6 (doublet, J = 7 Hz, C-10 Me) 

0.97 6 (doublet, J = 7 Hz, C-11 Me) 

3.4 6 (multiplet, H's a to alcohols) 

IR: 3250-3450 cm" (broad alcohol absorption) 

1265 cm'"̂  (C-0 stretch) 

A C-13 NMR spectrum using broad band noise decoupling of all protons 

indicated a compound with 15 carbons; three distinct absorptions 

65-85 6 from TMS, and 12 distinct absorptions from 10-50 6 from TMS. 

Mass spec: (P-H2O) peak at 238; (P+D-HgO peak at 239. 
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Preparation of 2,3-epoxy-3,5,5-trimethyl Cyclohexanone (75) 

(Isophorone Oxide) 

A procedure similar to House was followed in the prepara

tion of 2,3-epoxy-3,5,5-trimethyl cyclohexanone. In a 2 liter 

three-necked flask, 138.0 g (1.0 mole) of isophorone and 288.0 ml 

(2.2 moles) of 30% hydrogen peroxide in 1000 ml of methanol were 

stirred with a mechanical stirrer and the mixture was cooled in an 

ice bath to 15°C. The flask was also equipped with thermometer and 

dropping funnel. With stirring, 100.0 ml (0.6 mole) of 6 N NaOH was 

slowly dripped into the solution at a rate to maintain the tempera

ture of the reaction below 20°C. 

The reaction was allowed to stir for 4 hours with the tem

perature maintained at 20-25°C. The reaction mixture was poured into 

1000 ml of water and extracted twice with a total of 1000 ml of 

ethyl ether. The ether extract was washed with water, dried over 

anhydrous magnesium sulfate and most of the ether removed on a rotary 

evaporator. 

The remaining solution was distilled through a vigreux colunm 

under reduced pressure. The isophorone oxide, 112.0 g (0.73 mole) 

(73% yield) distilled at 67-70°C/l mm Hg. 

IR: 1705-1710 cm" (carbonyl absorption) 

NMR: 3.03 5 (singlet, C-2 H) 

1.5-2.8 6 (complex multiplet, C-4 and C-6 methylenes) 

1.42 6 (singlet, C-3 CH3) 

0.92 and 1.02 6 (two singlets, C-5 methyls) 

Attempted Preparation of 2,5.5-trimethyl-l,3-cyclohexanedione (76) 

by Photolysis of 3,5,5-trimethyl-2,3,-epoxy Cyclohexanone (75) 

In a 20.0 ml quartz test tube, 1.54 g (0.01 mole) of isophorone 

oxide in 15.0 ml of ether was irradiated with a 250 watt Hanovia 

lamp through a corex filter for 12 hours. The solution was placed 

on a rotary evaporator and the ether was removed. The resulting oil 

proved to be mostly starting material; however, some of the desired 

2 5,5-trimethyl-l,3,-cyclohexanedione was present as evidenced 

by two absorptions in the NMR spectrum. 
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NMR: 2.30 6 (doublet, J = 7 Hz, C-2 Me) 

1.13 6 (singlet, C-5 methyls) 

Reduction of Guai-3-ene-6a,12-olide (55) with Lithium Aluminum 

Hydride 

To a solution of 0.30 g (79.0 mmoles) of LiAlH4 in 10.0 ml of 

dry THF, a solution of 1.502 g (6.42 mmoles) of guai-3-ene-6a,12-olide 

in 10.0 ml of dry THF was slowly added via an equilibrating drop

ping funnel. The reaction was stirred under nitrogen for 18 hours 

at room temperature. The excess LiAlH4 was destroyed, according to 
(S3) 

Fieser and Fieser,^ ^ by the addition of H2O, NaOH, and more H2O. 

Extraction into ether and subsequent drying with MgS04 and removal 

of the ether in vacuum gave 1.303 g (5.47 imnole) of the hydroguai-3-

ene-azulene-6,12-diol (84) in a crystalline form (yield of reaction = 

85.2%). Recrystallization of a small amount of material from ether 

gave a melting point of 115.5-117°C. 

NMR: 5.36 6 (broad singlet, half width = 10 Hz, C-3 H) 

3.30-3.85 6 (multiplet, C-6 H and C-12 H's) 

1.80 6 (broadened singlet, half width = 5 Hz, C-4 Me) 

0.84 6 and 0.82 6 (two overlapping doublets, J's = 7 Hz, C-10 and 

C-11 Me's) 

2.05 6 (broad singlet, concentration dependent, C-6 and C-12 

0-H's) 

IR: 3400 and 3620 cm' (alcohol absorptions) 

carbonyl region void of any absorption 

Mass spec: Parent peak (238), P+1, P-18, base peak of 81 

Microanalysis for C15H26O2; Found C, 75.58%, H, 10.99%; Theoretical 

C, 75.18, H, 10.81. 

Preparation of l2-acetoxy-6-hydroxv-hvdroguai-3-ene-azulene (85) 

To a solution of 0.863 g (3.6 mmoles) of diol (84) in 10.0 ml 

of pyridine, 0.45 ml (4.0 mmoles) of acetic anhydride and 2 drops of 

glacial acetic acid were added. The solution was stirred at room 

temperature for 24 hours. Most of the pyridine was removed in vacuum 
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and the solution was then extracted into ether. The ether extract 

was washed with water, washed with dilute HCl, washed again with 

water, dried over MgS04, and the ether removed in vacuum. The result

ing amber brown oil, 0.883 g (86% yield), appeared to be the desired 

12-acetoxy-6-hydroxy-hydroguai-3-ene-azulene and was used in the next 

reaction without further purification. 

NMR: 5.50 6 (broadened singlet, half width = 10 Hz, C-3 H) 

4.00-4.15 6 (doublet, J = 7 Hz, C-12 H's) 

3.50-3.85 6 (multiplet, C-6 H) 

2.15 6 (singlet, C-10 acetate Me) 

1.88 6 (broadened singlet, half width = 10 Hz, C-4 Me) 

0.90 6 (doublet, J = 7 Hz, C-11 Me) 

0.85 6 (doublet, J = 7 Hz, C-10 Me) 

IR: 1735 cm (acetate carbonyl) 

3400-3620 cm (weak, alcohol absorption) 

UV: end absorption only 

Preparation of 12-acetoxy-6-oxohydroguai-4-ene-azulene (86) 

Jones reagent was slowly dripped into a solution of 0.88 g 

(3.15 mmoles) of 12-acetoxy-6-hydroxy-hydroguai-3-ene-azulene (85) 

in 10.0 ml of reagent grade acetone until the orange color of the 

reagent persisted for several minutes with stirring. The acetone 

solution was decanted from the chromium salts and most of the acetone 

removed in vacuum. The remaining oil was extracted into ether, 

washed with dilute sodium bicarbonate, washed with water, dried over 

MgS04, and the ether removed. Analysis of NMR, IR, and uv indicated 

the reaction product was mainly the a-p unsaturated compound 

12-acetoxy-6-oxohydroguai-4-ene-azulene. 

NMR: 5.56 6 and 5.38 6 (weak broadened singlets, C-3 type H's) 

3.80-4.05 6 (multiplet, doublet, J = 7 for C-12 H's plus some 

C-6 H in starting material) 

2.05 6 (singlet, acetate Me) 

1.76 5 (broadened singlet, half width = 10 Hz, C-4 Me) 

0.95 6 (overlapping doublets, J's = 7 Hz, C-10 and C-11 Me's) 
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IR: 1707 cm (carbonyl, a-p unsaturated C=0 or isolated 7-membered 

cyclic ketone) 

1735 cm (acetate carbonyl) 

UV: \^'^°" = 228-230 nm 
max 

Attempted Conversions of Guai-3-ene-6a,12-olide (55) to a-Methylene 

Lactone (93) 

A 250 ml three-necked flask was assembled with magnetic stirring 

bar, low temperature thermometer, and nitrogen atmosphere capabili

ties. The apparatus was flamed out and allowed to cool while nitrogen 

was flushed through the system. When cool, 2.0 mg of 2-2'-bipyridine 

was quickly added to the reaction vessel. Twenty milliliters of tetra

hydrofuran was transferred into the reaction flask with a syringe. 

The solution was cooled to -50°C by an external dry ice-acetone bath. 

To this solution, 0.12 ml of 4.2 M n-butyl lithium (0.5 mmole), and 

0.07 ml (0.5 mmole) of diisopropyl amine were added by syringe and 

the resulting solution was allowed to stir for several minutes to 

form the lithium diisopropyl amide. The solution turned a dark blood 

red color, due to the 2-2'-bipyridine indicator, after the addition of 

the n-butyl lithium and the diisopropyl amine. 

A solution of 0.120 g (0.5 mmole) of guai-3-ene-6a,12-olide, 

containing a small amount of the guai-A ' -diene-6a,12-olide, 

in 5.0 ml of tetrahydrofuran was added with a syringe. This solution 

was allowed to stir at -40°C for 30 minutes. A solution of 0.090 g 

(0.5 mmole) of phenyl selenenyl chloride in 5.0 ml of tetrahydrofuran 

was added by syringe to the reaction mixture. The reaction mixture 

changed color from a blood red to a mustard brown color. The solution 

was allowed to warm, with stirring, to room temperature. This re

quired approximately 1 hour. The reaction mixture was then quenched 

with 1 N HCl. This was followed by ether extraction, washing with 

water and saturated sodium chloride, drying over anhydrous magnesium 

sulfate, and finally removal of ether by a rotary evaporator. The 

resulting product mixture, 0.145 g, was dissolved in 15.0 ml of tetra

hydrofuran containing a trace of acetic acid and 3.0 ml of 30% hydrogen 
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peroxide was added. This solution was stirred for 30 minutes and then 

quenched by pouring into a saturated solution of sodium bicarbonate. 

Extraction into ether and usual workup gave an oil, 0.114 g, 

which proved to be mostly starting material and none of the desired 

a-methylene lactone. The NMR spectrum showed the C-11 methyl as a 

doublet and there was no methylene absorption for the a-methylene 

lactone. 

The reaction was repeated with diethyl amine, diphenyl diselenide, 

and D2O for clues of enolate formation. The apparatus was again 

flamed out, cooled, flushed with nitrogen, and charged with 2.0 mg of 

2-2'-bipyridine and 15.0 ml of tetrahydrofuran. After cooling to 

-50°C, 0.1 ml (0.3 mmole) of 4.2 M n-butyl lithium, and 1.0 ml 

(7.0 mmoles) of diethyl amine were added to the reaction flask. The 

solution was stirred for a few minutes and a solution of 0.067 g of 

guai-3-ene-6a,12-olide in 5.0 ml of tetrahydrofuran was transferred 

by syringe to the reaction flask. The solution was allowed to stir, 

while warming to room temperature, for about 1 hour. A solution 

of 0.090 g (0.3 mmole) of diphenyl diselenide in 5.0 ml of tetrahydro

furan was added at this time, by syringe. This was followed with 

0.1 ml (0.5 mmole) of hexamethylphosphoramide. The reaction was 

stirred for 30 minutes, after which 1.5 ml of D2O was added to react 

with any enolate present in the mixture. 

Extraction into ether and usual workup gave 0.053 g of product 

mixture. The NMR spectrum of this oil showed clearly the C-11 methyl 

as a doublet. A quick chromatographing over silica gel to remove 

diphenyl diselenide gave an oil which still showed the C-11 methyl as 

a doublet and there was no absorption for methylene protons. There 

was also no evidence of a C-D stretch in the infrared spectrum and 

lactone carbonyl was still present. 

Attempted Conversion of lQ-acetoxy-3-oxo-4a-guai-6a,12-olide (116) 

to the a-Phenyl Seleneno Compound and Elimination to Some 

a-Methylene Compound 

The reaction conditions were the same as the above reactions 

involving guai-3-ene-6a,12-olide. The apparatus was assembled. 
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flamed out, cooled, and flushed with nitrogen. The reaction flask was 

charged with 2.0 mg of 2-2'-bipyridine, 15.0 ml of tetrahydrofuran, and 

cooled with a dry ice-acetone bath to -50°C. Next a solution of 

0.48 ml (2.0 mmoles) of 4.2 M n-butyl lithium was injected into the re

action flask. This was followed by 0.28 ml (2.0 mmoles) of diisopropyl 

amine. The color of the reaction mixture was a dark blood red. 

After stirring a few minutes, a solution of 0.300 g (1.0 mmole) of 

10-acetoxy-3-oxo-4a-guai-6a,12-olide in 4.0 ml of tetrahydrofuran 

was added. Again, the reaction mixture was allowed to stir for 

15 minutes and then 0.386 g (2.0 mmoles) of phenyl selenenyl chlo

ride in 4.0 ml of tetrahydrofuran was added to the reaction flask. The 

color of the reaction turned from blood red to a mustard yellow. The 

reaction was allowed to stir for 1 hour and warm to room temperature. 

At this time, the reaction was quenched with 1 N HCl and extracted into 

ether. Usual workup gave 0.629 g of an oil. The NMR spectrum of this 

oil was not definitive as to the formation of any a-phenyl seleneno 

compounds. 

The oil was dissolved in 5.0 ml of methylene chloride and 3.0 ml 

of 30% hydrogen peroxide was added. This reaction was allowed to stir 

for 30 minutes. The reaction mixture was colorless at this time. 

Usual workup gave 0.273 g of an oil. The NMR spectrum showed some 

type of methylene absorption at 6.13 6 (multiplet). There was a smal

ler absorption at 5.45 6 (doublet) but with less than one-half the in

tegration of the first absorption. This latter absorption was sus

pected to be one of the a-methylene protons. The other doublet must 

be buried in the multiplet at 6.3 6. Absorptions were present for 

C-4 and C-11 methyls (doublets at 1.24 6 and 1.20 6). Possible prod

ucts of this reaction are l0-acetoxy-3-oxo-4a-guai-6a,12-olide (116), 

or some a-p unsaturated ketone. The regions for the chemical shifts 

for C-10 methyls (1.45 6) and acetate groups (2.0 6) were masked by 

broad absorption and were not clearly present. No further attempt 

was made to isolate and characterize this product mixture since just 

the formation of some methylene group gave hope of finding the reac

tion conditions to get the desired a-methylene lactone (93). 
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Attempted Phenyl Selenenylation of a-Santonin (20) and Elimination 

to the a-Methylene Lactone (134) 

The phenyl selenenylation apparatus was assembled as usual and 

charged with 2.0 mg of 2-2'-bipyridine and 15.0 ml of tetrahydrofuran. 

The diisopropyl amide was made by preparing it in situ by injecting 

into the reaction flask 0.05 ml (2.1 mmoles) of 4.2 M n-butyl lithium 

and 0.30 ml (2.1 mmoles) of diisopropyl amine. The solution was cooled 

to -50°C with a dry ice-acetone bath. After 15 minutes of stirring, a 

solution of 0.026 g (0.8 mmole) of a-santonin in 5.0 ml of tetrahydro

furan was injected with a syringe. 

After stirring for 15 minutes, a solution of 0.654 g (2.1 mmoles) 

of diphenyl diselenide in 4.0 ml of tetrahydrofuran was added. This 

was followed by 0.36 ml (2.1 mmoles) of hexamethyl phosphoramide. The 

reaction was stirred while warming to room temperature. Workup of the 

reaction was as usual, giving a semi-crystalline product mixture. 

This product mixture was dissolved in 5.0 ml of methylene chloride 

and 3.0 ml of 30% hydrogen peroxide was added. The solution was 

stirred for 30 minutes and worked up as usual. The resulting oil, 

0.197 g, proved to be mainly a-santonin. Little or no enolate of 

a-santonin could have been formed. 

Preparation of Guai-A"^' •̂ •̂ "'̂ -̂diene-6a, 12-olide (93) from Guai-3-ene-

6a,12-olide (55) 

The reaction flask was dried overnight in an oven at 110°C. Upon 

removal from the oven, the complete apparatus was assembled, flamed 

out, and flushed with dry nitrogen while allowing to cool to room tem

perature. Transfer of all liquids into the reaction flask was done 

with nitrogen purged syringes which had also been dried overnight in 

an oven at 110°C. 

The reaction flask was charged with 2.0 mg of 2-2'-bipyridine and 

15.0 ml of dry tetrahydrofuran (freshly distilled from NaK). The reac

tion flask and solvent were cooled to -50°C with a dry ice-acetone 

bath. With an atmosphere of dry nitrogen being swept through the reac

tion flask, 0.60 ml (2.5 mmoles) of 4.2 M n-butyl lithium was injected 
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into the flask. An excess of n-butyl lithium was used to scavenge any 

remaining moisture. This was followed by 0.60 ml (4.3 mmoles) of 

diisopropyl amide. The reaction was kept at -50°C and stirred for 

15 minutes to insure conversion to the lithium diisopropyl amide. 

A solution of 0.1935 g (0.8 mmole) of guai-3-ene-6a,12-olide 

in 5.0 ml of dry tetrahydrofuran was next introduced into the reaction 

flask. The solution changed color from a dark red to a mustard yellow. 

The solution was allowed to stir while warming to room temperature. 

An aliquot (5.0 ml of solution) was withdrawn at this time and 

injected into 5.0 ml of DgO. Extraction into ether and usual workup 

gave 0.039 g of an oil. The NMR spectrum showed two singlets around 

1.2 6. There were no doublets for the starting material C-11 methyl. 

This suggested that the enolate had been formed and deuterated. 

NMR: 4.53 6 (singlet, C-3 H) 

1.8 6 (singlet, C-4 CH3) 

1.2 6 and 1.24 6 (2 singlets, C-11 CHs'-deuterated epimers) 

0.84 6 (doublet, J = 7 Hz, C-10 CH3) 

To the rest of the reaction mixture, a solution of 0.477 g 

(2.4 mmoles) of phenyl selenenyl chloride in 4.0 ml of tetrahydrofuran 

was added. This was followed by 0.45 ml (2.5 mmoles) of hexamethyl

phosphoramide. The reaction was allowed to stir for 12 hours at room 

temperature. The reaction was then quenched with 1 N HCl and extracted 

into ether. Usual workup gave 0.261 g of a semi-crystalline product 

mixture. The diphenyl diselenide was separated from the product mix

ture by column chromatography over silica gel. The diphenyl diselenide 

was eluted with petroleum ether and the remaining products were 

stripped from the column with ether. This product mixture contained 

the desired a-phenyl seleneno compound (98). 

NMR: 7.3-7.9 6 (two complex multiplets, 5H, phenyl) 

5.45 a (broad singlet, half width = 9 Hz, C-3 H) 

1.75 6 and 1.83 6 (broad singlets, C-4 type methyls) 

1.55 6 (singlet, C-11 CH3) 

0.80 6 (doublet, J = 7 Hz, C-10 CH3) 

The oil was dissolved in 5.0 ml of methylene chloride and 3.0 ml 

of 30% hydrogen peroxide was added. After stirring for 30 minutes, the 
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reaction was poured into a saturated solution of sodium bicarbonate and 

extracted into ether. Usual workup gave 0.149 g of an oil. The 
o 1 1 — 1 ̂5 

desired guai-A ' -diene-6a,12-olide was present as evidenced 

by NMR. 

NMR: 6.18 6 and 5.49 6 (2 doublets, J = 3 Hz, C-13 methylene protons 

»a ^̂ *̂  \ ^ 

5.45 6 (broad singlet, half width = 9 Hz, C-3 H) 

4.28 6 (triplet, J = 10, C-6 H) 

1.84 6 (broad singlet, C-4 CH3) 

0.9 6 (doublet, J = 7 Hz, C-11 CH3) 

UV: A^^^^3 = 210 nm 
max 

The product mixture had at least two other major components as evi

denced by two doublets at 2.22 6 and 2.24 6, both having J = 7 Hz. 

These are probably C-11 type methyls on compounds such as starting 

material and A ' -endo-diene (119). 

IR: 1760-1780 cm"-̂  (C=0 absorption) 

1740-1760 cm (a-p unsaturated lactone C=0) 

3 11-13 
Attempted Isomerization of Guai-A ^ -diene-6a, 12-olide (93) 

to Guai-Â '̂ "•̂ •̂ -diene-6a, 12-olide (94) with Pd/C 

In a round bottom flask was dissolved 0.076 g (0.3 mmole) of 
3 11-13 guai-A * -diene-6a,12-olide in 30 ml of ethyl acetate. A 

magnetic stirring bar and 0.030 g of 10% Pd on carbon was added to 

the solution. The flask was attached to the manifold of an atmos

pheric hydrogenation apparatus. The system was evacuated by aspira

tion to degas the solvent and remove oxygen from the apparatus, and 

then filled with hydrogen. This process was repeated twice more to 

insure only hydrogen gas in the apparatus after the last fill. The 

hydrogen gas was generated by dropping HCl into a NaOH stabilized 

solution of NaBH4. The manometer was adjusted to give a slight 

positive pressure to the system and the solution was stirred overnight. 

The solution was removed from the apparatus, catalyst filtered 

off and the solvent dried and removed, giving 0.058 g of an oil. This 

proved to be unisomerized starting material. 
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Attempted Isomerization of Guai-A"^'^•^"^^-diene-6a, 12-olide (93) 
3 7-11 ' ~ ' 

to Guai-A > -diene-6a,12-olide (94) using 10% Pd on C Presatu

rated with Hydrogen 

The atmospheric hydrogenation apparatus was assembled with a reac

tion flask containing 30.0 ml of ethyl acetate, a stirring bar and 

0.05 g of 10% Pd on carbon. The system was evacuated and filled with 

hydrogen gas several times. After the solvent was degassed and the 

apparatus sufficiently filled with hydrogen, the stirrer was turned on 

and the catalyst was allowed to saturate with hydrogen for 1 hour. 

At this time the stirrer was stopped, and the system was evacuated 

of hydrogen, and the atmosphere replaced with nitrogen. A solution of 

0.057 g (0.25 mmole) of the guai-A^' •̂ "̂ "•̂ -̂diene-6a, 12-olide in 5.0 ml 

of ethyl acetate was injected into the reaction flask containing the 

hydrogen saturated catalyst. The stirrer was started and allowed to 

run overnight. Filtration of the catalyst and removal of the solvent 

gave 0.049 g of an oil which once again proved to be only starting 

material. 

3 11-13 
Attempted Isomerization of Guai-A * -diene-6a, 12-olide (937) 

with p-Toluene Sulfonic Acid (P-CH3C6H4SO3H) 
3 11-13 

A solution of 0.078 g (0.3 mmole) of guai-A ' -diene-

6a,12-olide in 10.0 ml of benzene was placed in a round bottom 

flask. A few milligrams of p-toluene sulfonic acid was added to the 

solution. The solution was refluxed with stirring for 24 hours. The 

benzene was removed and the resulting oil after workup proved to be 

only starting material. 

3 11-13 
Isomerization of Guai-A^ -diene-6a,12-olide (93) with Rhodium 

Trichloride Hydrate 
3 11-13 

Into a round bottom flask, 0.047 g (0.2 mmole) of guai-A ' 

diene-6a,12-olide was dissolved in a solvent mixture composed of 

3.0 ml of ethanol, 3.0 ml chloroform and 0.5 ml water. A catalytic 

amount (5.0 mg) of rhodium trichloride hydrate was added to the solu

tion. A stirring bar was added and the solution stirred at room tem

perature for 48 hours. The solution had turned a dark brown-black 
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color and was filtered through a bed of filter aid to remove all par

ticulate matter and the solvent mixture removed on a rotary evaporator 

The dark oil was extracted into ether and a usual workup gave 0.052 g 

of an oil which was stored under nitrogen at 0°C. The product mixture 
3 7-11 

was complex and the guai-A ' -diene-6a,12-olide was present as 

evidenced by the following spectral assignments. 

NMR: 5.5 6 and 5.35 6 (broad singlets, C-3 type protons) 

4.85 6 and 4.7 6 (broad singlets) 

4.15 6 (triplet, C-6 H) 

1.9 6 and 1.8 6 (broad singlets, C-4 and C-11 type CHs's) 

1.0 6 (complex absorptions, C-10 type CH3's) 

UV: \^^^^3 = 219 nm 
"™̂ ^ - (54) 

IR: 1670 cm ^ (tetra-substituted double bond in lactone) 
1740-1770 cm ^ (broad absorption, lactone carbonyl's) 

3 7-11 Reaction of Guai-A ' -diene-6a, 12-olide (94) with Diisobutyl 

Aluminum Hydride 
-2 

To a 25 ml round bottom flask, 0.080 g (34 x 10 mmole) of guai-

3 7-11 

A ' -diene-6a,12-olide was dissolved in 10.0 ml of dry tetrahydro

furan, cooled to -35°C with an acetone-dry ice bath, and 0.20 ml 

(0.042 mmole) of a 20% solution of diisobutyl aluminum hydride in 

hexane was added via syringe. The reaction was stirred, under nitro

gen, for 1 hour while maintaining the temperature at -35°C. Excess 

20% H2SO4 was added and the solution was stirred for 10 minutes while 

warming to room temperature. The reaction mixture was extracted into 

ether, washed with sodium bicarbonate, washed with water, and dried 

over anhydrous MgS04. Removal of the ether, in vacuum, gave 0.075 g 

of an oil which was found to be a complicated mixture. 

NMR: 7.05 5 (broadened singlet, half width = 6 Hz, C-12 furan H) 

5.36 5 (broad singlet, half width = 18 Hz, C-3 proton) 

5.16 and 5.6 6 (smaller broadened singlets, half widths S 8 Hz, 

other C-3 type protons) 
1.88 6 (broadened singlet, half width = 15 Hz, CH3 on a double 

bond, probably C-4 Me) 
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1.63 6 (broadened singlet, half width = 12 Hz, CH3 on a double 

bond) 

1.27 6 (singlet, C-11 methyl) 

0.8-1.1 6 (complex absorptions, overlapping doublets, C-10 type 

methyls) 

IR: 1740-1760 cm (carbonyl absorption) 

1675 cm (double bond absorption) 

UV: shoulder at 230 nm. A portion of the product mixture was acidi

fied in a UV cell and the spectrum versus time was watched. 

There was no change in the observed shoulder for several hours. 

The product mixture appeared to have some of the desired furan 

but this appeared unstable to something in the product mixture and two 

of the absorptions in the NMR (7.05 5 peak and 1.63 6) disappeared over 

a period of 48 hours. 

The reaction was repeated as above, but with a tenfold excess of 

diisobutyl aluminum hydride. After usual workup, the resulting oil 

gave a similar NMR spectrum. 

NMR: 7.0 6 (broadened singlet, half width = 6 Hz, C-12 furan proton) 

5.32 6 (broadened singlet, half width = 13 Hz, C-3 H type proton) 

5.0 6 (small broadened singlet, other C-3 type proton on a double 

bond) 

1.27 6 (broad singlet with indication of allylic coupling, 

half width = 9 Hz, probably C-11 furan methyl) 

1.58 6 and 1.8 6 (other broadened singlets, some CH3 on double 

bond) 

0.8-1.0 6 (complex overlapping methyl absorptions) 

IR: 1770 cm' (carbonyl absorption) 

UV: weak absorption at 270 nm, shoulder at 230 nm 

Attempted Oxidation of the Product Mixture Containing the Furan (95) 

with Collins Reagent 

The total reaction mixture from the diisobutyl hydride reaction 

was dissolved in 10 ml of methylene chloride and an attempt was made 

to oxidize the furan to either gnididione (11), or (96) with Collins 
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reagent. The mixture was stirred for 2 hours with freshly prepared 

Collins reagent. The total reaction was extracted into ether, washed 

with sodium bicarbonate, washed with water, and dried over anhydrous 

MgS04. Removal of the ether, in vacuum, gave an oil. The NMR of this 

small amount of oil was not definitive for any one compound. There 

was no indication of any furan proton remaining. The only distinct 

peak was at 1.3 6 (a broadened singlet for some methyl on a double 

bond). The infrared showed broad carbonyl absorption at 1700 cm 

and 1770 cm . The UV showed an absorption maximum at 233 nm. No 

conclusions could be made of this mixture. 

Attempted Isomerization of Gnididione to Isognididione 

To a solution of 0.026 g (0.11 mmole) of gnididione in 2.0 ml 

of ethanol, 2.0 ml of 2 N HCl was added and the solution refluxed 

for 24 hours. After cooling, the solution was extracted into 

chloroform and the chloroform removed in vacuum to give 0.0234 g of 

crystals. Analysis of the NMR spectrum showed only a very small 

amount of isomerization has occurred. 

The sample was redissolved in ethanol and 5.0 ml of 2 N HCl was 

added. The solution was refluxed for 24 hours. After workup, 

0.0227 g of an oil was recovered. The NMR spectrum showed a mixture 

of about two-thirds gnididione, and one-third isognididione. 

NMR: gnididione 

1.14 6 (doublet, J = 7 Hz, C-10 Me) 

2.14 6 (singlet, C-4 Me) 

2.23 6 (singlet, C-11 Me) 

7.35 6 (singlet, C-13 Me) 

isognididione 

0.83 6 (doublet, J = 7 Hz, C-10 Me) 

2.11 5 (singlet, C-4 Me) 

2.23 6 (singlet, C-11 Me) 

7.32 6 (singlet, C-13 H) 

The literature values and the numbering system are as reported by 

Kupchan. 
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