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CHAPTER I 

INTRODUCTION 

Aplysistatin is a sesquiterpene that has been isolated from several living species. It 

was first isolated from a sea hare (phylum Mollusca, family Aplysiidae, Aplysia angasi) by 

Pettit and co-workers and reported in 1977.̂  They discovered that the 2-propanol extract 

of this species would inhibit significantly the progression of lymphocytic leukemia P-388. 

They then subjected the extracts to column chromatography on silica-gel using ligroin-

ethyl acetate as an eluent and isolated aplysistatin, 1. The structure was determined by Ĥ 

NMR and X-ray crystallography. Aplysistatin was later found as a minor component in 

the red alga, Laurencia palisada, along with the major component 2.̂  This compound 

Figure 1.1 Aplysistatin and related natural products. 



was found to air oxidize into 1. Although it was not proven to be a biological precursor 

to aplysistatin, compound 3 was also isolated from this alga and is interesting. 

In addition to its bioactivity, aplysistatin represents an interesting synthetic target 

for structural reasons. The challenge of stereoselectivity is not a trivial one because of the 

four stereocenters. Other considerations also present themselves. The bromine atom is 

feirly stable in the product and its precursors, since it is equatorial and sterically shielded, 

but it does nevertheless make this molecule more sensitive during synthesis. The seven-

membered ether ring is somewhat imcommon. The presence of the a,p-unsaturated y-

lactone with the double bond in the less thermodynamically favored position is interesting, 

and most challenging of all, perhaps, is the particular steric environment of the precursors 

which forced several modifications of the synthetic strategy during the course of this 

work. 



CHAPTER II 

LITERATURE REVIEW 

2.1 Introduction 

Though the biosynthetic pathway to aplysistatin is not known, White proposed that 

the biosynthesis most likely proceeds through an electrophilic brominative cyclization of 

either dienol precursor 4 or 5 as shown in Scheme 2.1.^ The dienol precursors are 

proposed to be derived from famesol that has been oxidized on a non-terminal methyl 

group to form the y-lactone. 

Scheme 2.1 

2.2 Previous Total Syntheses 

With the proposed biosynthetic route in view, two groups have reported racemic 

total syntheses of aplysistatin and one group has reported an enantioselective total 



synthesis.'' ' Hoye et. al. reported the first total synthesis in 1979 as well as the second 

synthesis in 1982.' His first synthesis was accomplished by creating a synthetic equivalent 

to 3 above in an attempt to mimic the natural pathway."* This route is depicted in Scheme 

2.2. 

a * 

7x=ors 
«X=CH;SFt^OOM: 

,CH20Bzl 

COOM* 

11 12 

(a) PhSCH2C02CH3, (LDA, THF, -78 °C, 40min) added to 7 (Me2S0, 
r.t. 18h); (b) 8, (LDA (1.4 eq.), THF, HMPA (2 eq.), -78°C, 40min) added to 
ZnCl2 (1.4 eq.) (THF, 0°C, 5 min), then add PhCH20CH2CH0 (1.8 eq.) (THF, 
0°C, 2min, NH4CI quench); (c) Hg(TFA)2 (1.1 eq.) (CH3NO2, r.t. Ih), sat. KBr 
(excess) (H2O, r.t. 16h), Br2 (1.5 eq.) (LiBr (2 eq.), O2, pyr., r.t. 3h); (d) m-
CPBA (1 eq.) (CDCI3, OX), A(60-80°C, CDCI3, 15-30 min); (e) Ph3C^BF4- (3 
eq.) (CDCI3, r.t., 16h). 

Scheme 2.2 

Though the synthesis was successfiil, it was not only racemic, but the epimer of 

aplysistatin, 13, was produced in equal molar amounts. To correct this problem, his 

second synthesis produced the six-membered ring first and the created the other two rings 

in succession. This is depicted in Scheme 2.3.^ This synthesis also produced some of the 

epi isomer, but in this case, the natural orientation was preferred. 

The next group to publish a synthesis of aplysistatin was White et al.̂  This 

synthesis was reported about the same time as Hoye's second synthesis. White came even 

closer to the proposed natural pathway by creating 22 which is a synthetic equivalent to 



compound 4 above. He then effected the cyclization with a mercuric ion and completed 

the synthesis in a straightforward manner. His route is depicted in Scheme 2.4. 

14 15 16R=4I 
17R=/>-N02FtCO 

COjR 

OPNB 

18R=f-Bu X = I ^ r 
i9R=r-Bu xna-
20R=H X=Br 

OPNB 

21 

(a) DIBALH, CH2CI2; (b) LDA, CH2CHCHC(0/-Bu)0Li, THF; (c) p-
N02PhC0Cl, DMAP, pyr, CH2CI2; (d) Hg(TFA)2, EtN02; KBr; (e) pyr., HBr3, 
CH2CI2; (f) TFA, CH2Cl2;(g) Fx^N (1.1 eq.), CH3CN; (h) EtjN (excess), CH3CN 

Scheme 2.3 

s ^ s » • 

22 23 

FaCOCOHg 

24 

25 26 

(a) NaBH4, 2-propanol, 0°C, 5h; (b) Hg(TFA)2, CH3NO2, 0°C, 2h; 
KBr (excess.) 15h; (c) LiBr, Br2, pyr. r.t. 51^ (d) /w-CPBA, CH2CI2, 2H; (e) 
benzene, reflux 3h. 

Scheme 2.4 



About this same time, Prestwich and Shieh came closer yet to mimicking the 

proposed biosynthetic pathway.^ They began with R-(+).maHc acid and synthesized 5 and 

then 6 as depicted in Scheme 2.5. This synthesis was successfiil and was the first reported 

synthesis to produce enantiomerically pure aplysistatin. However, the cyclization reaction 

that produced 6 afforded only a 12% yield of a separable 19:81 mixture of 6 and the 12-

epi isomer. By simple multiplication, this results in a 2.3% yield for this one reaction in 

the series. 

- i£-^ (-)i 

(a) LDA (2eq.), THF, -78°C, Ih; (b) homogeranayl iodide, THF-HMPA 
(2:1), -78°C 5h; -40°C 16h; (c) 2,4,4,6-tetrabromocyclohexa-2,5-dienone, 
CH3NO2, 20°C, 2h; (d) LDA (leq.), THF, -78°C, Ih; PhSeBr, -78°C Ih; -40°C 
2h; (e) H2O2, THF, cat. CH3CO2H, 0°C, 0.5h. 

Scheme 2.5 

2.3 Previous Formal Syntheses 

In addition to these total syntheses, two formal syntheses have been reported. 

Kraus and Gottschalk reported an improved route to the key intermediate 5 that Prestwich 

and Shieh used in Scheme 2.5.^ Also, Gosselin and Rouessac developed a better route to 

intermediate 23 used by White et al. in Scheme 2.4. 



2.4 Previous Work Done by Dr. Bill Edgemond on This Protect 

Although there has clearly been a lot of effort put into this synthetic work, there is 

room for improvement. Despite the four total syntheses and two formal syntheses 

described above, there is still a need for a relatively high yielding enantiomerically pure 

synthesis. This new synthesis would ideally be highly convergent, as it is commonly 

accepted that convergent syntheses increase yield, decrease production time, and vastly 

decrease the difficulty vnth which analogues are produced. With this in mind, the original 

retrosynthetic analysis by Dr. John Marx was conceived and is shown below as Scheme 

2.6. 

The first discoimection is a relatively obvious choice. The seven membered ether 

ring allows for obvious disconnection at the oxygen, and the lactone provides a myriad of 

coimection ideas. The second discoimection is less obvious, but the precursor to 29 is a 

known compound and the utility of having one carbon at the 3 position of the 5-membered 

ring in 30 was thought to be great. 

OMs 

28 29 

PhOjS-

-OAc 

30 Geranyl Acetate 

Scheaiae 2.6 



Much progress was made in causing this route to become reality and this was 

published in the dissertation of Dr. Bill Edgemond.̂  His synthetic steps have been, in 

some cases, duplicated in the current work. The synthetic strategy was then altered bit by 

bit to try to find success. Significant modifications were eventually necessary. However, 

a discussion of the steps Dr. Edgemond had success with wiH set the stage for the current 

work. 

While the acetate 31, a precursor to 29, had previously been synthesized by 

Wolinsky and Faulkner, this prior synthesis afforded only a 16% yield. ̂ ° The authors used 

molecular bromine with tin(IV) bromide as a source of bromonium ion. They were also 

able to obtain a 20% yield using silver tetrafluoroborate as a catalyst. As this ring 

structure contains three of the four stereocenters of aplysistatin and the cyclization 

produces all three in the natural relative configuration, an improvement on the current 

synthesis was sought rather than an alternate route. While Edgemond tried several 

different approaches to improving the reaction v^th the bromoniimi ion, it was eventually 

decided that a better electrophile for the cyclization could be found. The reaction shown 

in Scheme 2.7 was developed. The mercury (II) trifluoroacetate was made in situ and 

acted as a much better electrophile than the bromoniimi ion, Edgemond was able to 

achieve a 77% yield after recrystallization. 

The next step, conversion of the bromomercury species to the desired bromide, 

was easily accomplished by simply adding dry bromine in dry pyridine and stirring for a 

period of one to two days.̂ ^ This step was clean, high yielding, and produced bromide 32 

in 40-45% yield for the two steps combined. Clearly, this represents a large improvement 

8 



IIIOH "i i i i lOH 

a ^ 

-OAc 
BiHg' OAc Br̂  OAc 

Geranyl Acetate 31 32 

•iiillOH 

Br' OH 

33 

(a) Hg(TFA)2, CH3NO2, r.t., 15min; (b) aq. KBr (excess), r.t. 15min; (c) 
Br2, pry, r.t. dark, 3 days; (d) LiAlH4, ether, 0°C, 15min. 

Scheme 2.7 

over the 16-20% yield previously reported by Wolinsky and Faulkner. ̂ ° This made the 

compound a reasonable starting point for the synthesis. Though the bromide 32 could be 

recrystallized, it could not be done in a high yielding feshion and thus the crude material 

was utilized for the next step. 

After 32 was produced, the acetate group needed to be removed to produce 

compound 33. Although other methods were tried, the classical method shown in Scheme 

2.7 was the most effective. Acetate 32 was treated with LAH in ether, quenched with 

water, dried, filtered, and concentrated under reduced pressure to yield 76% of the alcohol 

33 in a very convenient manner. Compound 33 was dissolved in dry pyridine, 

methanesulfonyl chloride was added, and the mixture was stirred at room temperature for 

2 hours. After work up, the mesylate 29 was produced in 64% yield after 

recrystallization. 



After the successfiil synthesis of compound 29 in a reasonable yield, the next step 

was to synthesize compound 30, the intermediate for the other portion of the molecule. 

At first, attempts were made to synthesize the butenolide 30 directly. This was successful, 

but the butenolide was found to be unstable to basic conditions eliminating phenyl 

sulfinate ion and undergoing polymerization of the butenolide moiety. 

An alternate route that involved a more stable synthetic equivalent was thus 

required. It was decided that 3-phenylsulfonylmethyl-2-methoxyfiiran (39) should be 

synthesized, and this was accomplished as shown in Scheme 2.8. It was believed that after 

the attachment of the two rings, the methoxy group could be hydrolyzed with a mild acid. 

The resultant enol would then be expected to tautomerize to the desired butenolide. 

,COOH COOH CGOCH3 

o ^ (X O ^O Br 
34 35 

COOCH3 CH2OH CH2S02Ph 

(a) 2 eq. LDA -78 °C; (b)Br2 15min; (c)CH2N2, r.t., 15min. (d) 
MeOH/MeO'Na^ r.t., 3 days; (e) LiAlH4, ether, OX, 15min.; (f)NaH; (g) 
MsCl; (h) NaS02Ph 

Scheme 2.8 

Edgemond decided to utilize a well understood trend in the regioselectivity of 

fiirans.'^ 3-Furoic acid is a commercially available material. When this material is treated 

with two equivalents of an organolithium base, after deprotonation of the acid, the 

10 



hydrogen is removed exclusively from the 2 position. This is believed to be a result of the 

lithium coordinating v^th the nearby oxygen anion. Using this principle, he treated 3-

fiiroic acid (34) with two equivalents of LDA at -78 °C and quenched the mixture with dry 

molecular bromine. This very cleanly produced compound 35. He then treated 35 vdth 

diazomethane producing the methyl ester 36 in quantitative yield. Compound 36 was then 

placed in a methanol/sodium methoxide mixture for 3 days. This produced compound 37, 

but in very low yield (<25%). Compound 37 was then reduced to the alcohol 38 and 38 

was converted to 39 via the mesylate. 

The creation of 39 from this series and 29 as decribed above set the stage for the 

coupling reaction to be tried and following this, the completion of the synthesis. It was 

also the end of the published work by Dr. Bill Edgemond on this project. 

11 



CHAPTER III 

PROGRESS ON THE ORIGINAL ROUTE 

3.1 Introduction 

As previously described in Scheme 2.6, the original synthetic route was a highly 

convergent concept. The critical step was obviously the connection of the sk-membered 

ring, 29, with the five membered ring 30 or its synthetic equivalent 39 shown in Scheme 

2.8. Concurrent with this work, much progress and understanding was accomplished with 

regards to the synthesis of 39 and synthetic equivalents. While progress on both 

compounds was achieved concurrently, a discussion of compound 29 will be completed. 

This vdll be followed by a discussion of compound 39, and finally a discussion of the 

attempts to couple the two. 

3.2 Synthesis of Conqjound 29 

The only improvement that was made to Edgemond's route to compound 29 was a 

minor variation in the procedure of the initial cyclization to produce compound 31. The 

cyclization of geranyl acetate with mercuric trifluoroacetate was carried out several times 

as shown in Scheme 2.7. A highly variable yield was obtained. Carefiil consideration of 

the published procedure revealed a basic problem. The original procedure called for the 

cyclization to be carried out under dry conditions and the solution filtered through filter 

aid immediately. The problem with this is that the product of the initial cyclization is a 

bicyclic trifluoroacetate that is easily hydrolyzed into the desired compound 31 as shown 

12 



in Scheme 3.1. This hydrolysis, however, obviously requires water. The yield of this 

reaction thus became reproducibly high when a small amount of water was added before 

the filtration. An understanding of the mechanistic path was also usefiil later when the 

route was redesigned as described in chapter IV of this work. 

"OTFA 

TFAI 

TFAO 

W\ .JzL 

BrHi 

^T^ 

(a) water, filtration; (b) excess aq. KBr 

Scheme 3.1 

Other than this one improvement, the synthesis of 29 was high yielding and reliable 

as published in Edgemond's dissertation. A good deal of work was put in, however, on 

utilizing 29 once it was made. New work was then needed to establish a protocol for 

coupling compounds 29 and 39 (or similar compounds), as shown in Scheme 3.2. Since 

supplies of 39 were not available at this juncture, it was decided first to model this 

alkylation chemistry with simpler molecules in place of fiiran sulfone 39. 

UOH 

QMS 

29 

y ^Sp2Ph 

\ Q / ^ O C H 3 

39 

OCH3 
"SOzPh 

40 

Scheme 3.2 

While attempts to study the alkylation chemistry of model compounds with 29 

were in progress, work to obtain compound 39 vn moderate quantities was also carried 

13 



out. Modifications of the synthetic route, to produce analogs of 39 were also developed. 

This work will be described before the work on the coupling procedure is detailed. 

3.3 The Synthesis of the Furan Svnthon 39 

As previously mentioned, the original synthetic route was planned to create 

compound 39 as a synthetic equivalent to a butenolide species. This approach was 

detailed in Scheme 2.8. The bulk of the work here describes an attempt to improve on the 

yield of compound 39 followed by a slight modification of the route. 

The synthesis of compound 38 from 3-fiiroic acid was a relatively straightforward 

and easy process. However, while most of the steps were high yielding, both the yields 

published in Edgemond's work and the yields of the previous literature, for the conversion 

of compound 36 to compound 37 were below 50%.̂ '̂ ^ This was disturbing for two 

reasons. The obvious reason is that, as substituted fiirans are usefiil rti a number of 

syntheses including this one, it is expensive and time consuming to have such a low 

yielding step occur so early in a synthetic route. The other problem v^th this low yield is 

that it was inexplicable. 

The first attempt to improve on the yield of this process was made by varying the 

halogen placed on the 2 position. This is shown in Scheme 3.3 below. Although several 

literature sources were consulted for possible better ways to make these compounds, all of 

the compounds were prepared in a maimer similar to the method used by Edgemond for 

the original series. ̂ "̂ '̂ '̂̂ '̂̂ ^ 3-Furoic acid was treated vvdth 2 equivalents of a lithium base 

followed by bromine, iodine, or carbon tetrachloride to produce the 2-halo-3-fiiroic acids. 

14 



The acids were then treated with diazomethane which produced the methyl esters in 

quantitative yield. The esters were then treated with sodium methoxide to produce 

compound 37. Compound 37 was then reduced to 38 exactly as Edgemond described it. 

HOOC 

3-furoic acid 

HOOC 

41 X=C1 
35 X=Br 
42 X=I 

MeOOC 

43 x=a 
36 X=Br 
44 X=I 

MeOOC 

OMe 

37 

Scheme 3.3 

The first study on optimizing the formation of 37 involved comparison of the 

reactivity of the different halogens. Edgemond's procedure called for stirring the bromide 

36 y^th sodium methoxide in methanol for three days at room temperature. This 

procedure was investigated for all three halofiirans. It was found that approximately 40% 

of compounds 43 and 36 were converted to compound 37, while only about 10% of 

compound 44 was converted to 37. The explanation for this is straightforward. The 

mechanism for this reaction is accepted to be an addition-elimination type process. The 

addition is clearly of the methoxide nucleophile to the polar C-X bond, and, as the polarity 

is proportional to the electronegativity of the halogen, the rate would be expected to also 

be proportional. This was also confirmed by repeating the experiment for 22 hours at 

room temperature to measure relative rates of substitution. The resultant percent 

conversions were, 13.3%, 6.2%, 1.9% for the chloro, bromo, and iodo compounds, 

respectively. 

15 



At this point, a variety of changes in the procedure was used to attempt to increase 

the yield. Both lithium and potassium methoxide were used, but neither produced an 

improvement in yield. The reaction was then run at reflux for varying time periods and the 

yield did not increase, and lastly the reaction was run with of silver nitrate and sodium 

methoxide in methanol. It is known that silver nitrate will bind chloride ions, and it was 

thought that it might increase the polarity of the C-Cl bond. 

The use of silver nitrate was also used in an attempt to understand why there 

seems to be a limit of 50% on the yield. It was thought that if the yield were the result of 

an equilibrium between the nucleophiles, then binding one of them would shift the 

equilibrium to one side. The runs with silver nitrate gave no improvement in any way, and 

it was thus decided that such an equilibrium did not exist. The reaction was then run yrith 

sodium methoxide and allyl chloride was introduced before the reaction was worked up. 

It was thought that perhaps the intermediate methoxide addition product was unusually 

stable and lasted until workup. However, the aUyl chloride trapped none of the supposed 

intermediate. 

As a last attempt to understand this reaction, it was carried out using methanol d4 

in an NMR tube, and the spectrum was taken at intervals. After 4 days, about 40% 

product resulted and all of the starting material was gone. There were several other peaks 

that were clearly di-substitued fiiran species, but none of them was identified. At this 

time, the apparent 50% yield barrier of this reaction is still not explained. 

The first alteration that was made in the route for the purpose of increasing the 

yield was an attempt to produce the /-butyl ester analogue of 43 so that the conversion to 

16 



the methyl ester could be carried out under higher temperature. A literature procedure 

was consulted for the transformation of acids to /-butyl esters using isobutylene.̂ * This 

procedure was attempted but did not succeed during this work. After this, two atter̂ Dts 

were made to convert the acid to the acid chloride and then to the /-butyl ester using either 

/-butanol or potassium /-butoxide. Both of these were also failures. At this point, in order 

to see if the two previous failures were technique related or more fimdamental, 36 was 

converted to the methyl ester 37 using the acid chloride and methanol. This did work 

well, so the problem was not in the formation of the acid chloride. 

Having failed to increase the yield of the oxygen substitution of the halide, it was 

decided to attempt to methoxylate the fiiran ring directly. 3-Furoic acid was treated with 

2 equivalents of methyl lithium followed by treatment y^th dimethyl peroxide. It was 

thought that perhaps the anion would attack one of the oxygens and displace the other 

methoxy group as a leaving group. This was tried several times under a variety of 

conditions, but it never succeeded. Looking for some literature precedent for the use of a 

peroxide led to a literature reference where a fiiran was substituted on the 2 position using 

/-butyl perbenzoate.̂ ^ This procedure was then attempted on 3-fiiroic acid dianion. This 

attempt also failed to produce the desired 2-atkoxy fiiran species. 

Two other unrelated ideas were tried as alternatives. Compound 41 was treated 

yvith aluminum trichloride and /-butanol. This reaction failed. Lastly, after some literature 

research was done on the production of fiirans, it was decided to attempt to build the 

alkoxy group into the fiiran as shown in Scheme 3.4 below. ̂ ^ The first step of this scheme 

17 



was never achieved, and it was decided that this scheme was not promising and did not 

warrant a good deal of effort. 

o 
Nâ  

aooc R 
OH 

Scheme 3.4 

Having tried a number of more exotic methods, and despite the modest yield, it 

was concluded that the straightforward approach of using sodium methoxide was the best. 

However, while reading literature on the substitution of fiirans, a paper by Tanis was 

discovered in which he placed a TMS group on the 2 position of a fiiran. ̂^ He then 

oxidatively cleaved it and produced the same butenolide species that was the goal of this 

work. The synthetic route to the five-membered ring portion of aplysistatin was then 

modified as shown below in Scheme 3.5. Most of the procedures were used vnth. a 

minimum of adaptation from Tanis' work and the rest were common procedures. The 

TMS group was placed on the dianion, which was formed simply with a lithium base, 

using TMSCl. The acid was then reduced with LAH. The chlorine was substituted using 

a literature procedure that invoked mesyl chloride, lithium chloride, s-collidene, and 

DMF.̂ ^ Compound 47 was then smoothly converted to compound 48 using the classic 
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Finkelstein reaction. Having compounds 47 and 48 on hand gave the option of converting 

the chloride into the Grignard reagent or using the iodide for lithium halogen exchange. It 

was also discovered that, using /-butyl lithium as a base, 3-fiirancarboxaldehyde would 

accept a TMS group at the 2 position as well. This was thought to be usefiil in the event 

that the five-membered ring portion was used as the electrophile for the coimection step 

later. 

HOOC 

3-FiJroic acid 

HOOC 

Mga 
50 48 49 

Scheme 3.5 

At this point several attempts were made to couple compounds 49 and 50 to 

acetone or benzaldehyde as model reactions. However, neither compoimd 49 nor 50 was 

successfiilly coupled. This failure must be due to either feulty technique or reagents 

because synthesis of these fiiran Grignards reagents and lithio compounds was successfiilly 

reported by Tanis.̂ '̂̂ ^ However, adequate effort was not placed into finding the problem 

yvdth these reactions, since most of the effort at this point was devoted to the coupling of 

these fiiran compounds as well as other reagents to compound 29. 
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29 R=H; R'=Ms 
33 R=H; R'=H 
51 R=TMS; R'=Ms 
52 R=TMS; R'=Ac 

53 R=H; X=C1 
54 R=H; X=Br 
55 R=H; X=I 
56 R=H; X=2-trimethylsilyl-3-fiuyl-
57 R=H; X=CH2=CHCH2-
58 R=H; X=(CH3CH202C)2CH-
59 R=H; X=PhS02(Ph)CH-
60 R=TMS; X=Br 

Scheme 3.6 

3.4 Attempted Coupling of Compound 29 yyith Various Reagents 

Work to couple compoimd 29 with fiiran derivatives such as 39 or model 

compounds is described with the general formula shoyvn in Scheme 3.6. 

The first of the coupling reactions attempted was a model reaction using alkylation 

of diethyl malonate to produce compound 58. Using sodium ethoxide as a base, and 

ethanol as a solvent, several attempts were made to join the conjugate base of diethyl 

malonate y^th 29 at room temperature. Starting material was recovered in all cases. 

After these failed, sodium hydride was tried as a base, DMSO was tried as a solvent, 

different amounts of base were used, and one of the trials yrith ethanol as a solvent was 

refluxed. After these failures, the production of 58 was no longer attempted. 

Upon fiirther consideration, it was decided that perhaps a closer model to 

compound 39 could be devised. The obvious choice seemed to be benzyl phenyl sulfone, 

and this was readily prepared from the sodium salt of benzenesulfonic acid and benzyl 
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bromide. The coupling of compound 29 y^th benzyl phenyl sulfone to produce compound 

59 was tried twice. Both times THF was used as a solvent, methyl lithium as a base, and 

the reactions were run at room temperature. The only differences were that the first trial 

was a very small scale, and 2 equivalents of base was used, and the second larger trial used 

4 equivalents of base. The first reaction gave a very inconclusive NMR spectrum, and the 

second was a clear failure. Though the results of the second experiment were 

inconclusive, it appeared that the main product was a bicyclic compound that will be 

discussed later. 

At this point the actual coupling to produce compound 56 was tried ty^ce each 

through the two routes shoyvn in Scheme 3.7 below. Several literature sources were 

consulted for typical conditions.̂ '̂̂ '̂̂ '*'̂ '̂̂ '̂̂ '̂̂ ^ All four of these attempts were also Mures 

as only starting material was recovered. However, after this, a couple of attempts to join 

butyl mesylate and phenyl magnesium bromide were made unsuccessfully. While this does 

Scheme 3.7 

not relate directly to the described work, it is possible that the feilure to produce 

compound 56 via this route, was related to technique. However, some time later, the 

production of compound 57 was attempted. This reaction was conducted by simply 
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adding some commercial allyl magnesium chloride to compound 29. After work up, the 

resultant material was the alcohol 33. This is a profound result that suggests that had the 

technique appHed to the attempted synthesis of 56 been sufficient, the result would have 

been the same, i.e. compound 33. In other words, the carbon adjacent to the mesylate is 

so sterically hindered that a sufficiently strong nucleophile ydll attack the sulfiir rather than 

the adjacent carbon. 

After these results, it was decided to try to replace the mesylate with a halogen. 

This was a dual purpose decision. It was thought that a halogen might be a better leaving 

group than the mesylate, and thus facilitate the coupling. It was also thought that, were 

the coupling to not succeed as planned, a halogen could be readily converted into an 

organometallic nucleophile, reversing the polarity of the coupling. 

Most of the halogen work was done using bromine because of its versatility. 

WMe iodine compounds can be converted into organo-lithium reagents, and chlorine 

compounds into Grignard reagents, bromine compounds are usefiil for both.̂ "*'̂ ^ Therefore 

the attempted production of compound 54 received much effort. Mesylate 29 was treated 

yvith 10 equivalents of lithium bromide in acetone, DMF, or THF, both at 25°C and at 

reflux. Lithium chloride was also used in acetone at 25 °C. 

All of these reactions gave back starting material, except for the use of LiBr in 

refluxing DMF. This reaction gave a product which clearly had a rearranged skeleton, and 

which was identified as the bicyclic compound 62 as shoyvn in Scheme 3.8 below. 

Compound 62 was identified initially by the feet that the low-field NMR signal adjacent to 

the Br in 29 (6 4.0, doublet of doublets) was replaced by a doublet (6 3.8). This is due to 
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the feet that in the strained bicyclic compound 62, the bond angle to the adjacent P 

hydrogen is about 90°, as judged from molecular models, and thus gives a coupling 

QMS 

Br- 1- -OH 

CMS 

OMs 

29 61 R=OMs 
62 R=Br 

Scheme 3.8 

constant of approximately 0 Hz, so that only coupling to the a-proton is observed. 

Complete analysis of the COSY and NOESY spectra and consideration of mechanistic 

principles left no doubt of the structure. It is suspected that after the bicyclization of 29 

into 61, the desired bromide-mesylate exchange occurred to give 62. 

The last attempts to halogenate compoimd 29 were made yvith sodium iodide to 

attempt to produce compound 55. The reaction of many mesylates yvith sodium iodide in 

acetone is a common reaction, and this was tried several times. Both room temperature 

and reflux conditions were used, and the reaction was tried in the presence of/?-toluene 

sulfonic acid. All of these reactions yielded no product and gave back only starting 

material. 

After the failure to substitute compound 29 with a halogen, several attempts were 

made substitute the alcohol 33 directly. The first of these followed a literature procedure 

that was useful during the work yvith compound 39 and its derivatives.̂ ^ The treatment of 

an alcohol yvith mesyl chloride, lithium chloride, and s-collidine in DMF at room 
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temperature is a usefiil way to produce chlorides. This route was not extremely promising 

because it proceeds through a mesylate and the isolate mesylate had not responded to 

nucleophiles. It was tried, however, and predictably it failed, yielding only starting 

material and none of the desired compound 53. 

At this point, multiple attempts were made to convert the alcohol directly to the 

bromide 54. The first set of attempts utilized triphenyl phosphine and NBS, and were run 

in DMF. This reaction was tried at 35 °C and yielded only starting material. It was then 

tried at 85°C and yielded the bicyclic compound 61. 

The next set of attempts were modeled after a literature procedure which calls for 

the use of triphenyl phosphine, and carbon tetrabromide.̂ ^ This reaction was first tried in 

dichloromethane as a solvent and then pyridine was used. Several attempts were made 

yvith pyridine using varying stoichiometries, times, and temperatures. One of the attempts 

appeared to have some success but the NMR was very crude and the results were never 

duplicated. Most of the attempts yielded only starting material, and a few of them 

produced the bicyclic compound 61. 

The last attempt to brominate compoimd 29 was made simply yvith concentrated 

HBr. This reaction predictably failed, producing the expected elimination product. 

Two other facts have also been learned during the course of this work that are 

relevant to the stability of these compounds. An attempt to activate the relevant carbon to 

attack by producing the triflate analogue of compound 29 also feiled as the triflate was 

never produced. 
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It was also found that the acetate, 32 could, after several weeks of storage at room 

temperature, completely decompose into 1,2,3,4-tetramethyl benzene. It was also found 

that compound 29 would form tetramethyl benzene after refluxing in DMF for 3.5 hours. 

While the exact mechanism of this is unknoyvn, a probable mechanism is shown below in 

Scheme 3.9. As tetramethylbenzene is the same oxidation state as compounds 29 and 32, 

it is not an extremely surprising outcome. Also, the elimination of both the hydroxide and 

the acetate groups require acid catalysis, and the byproducts of the reaction are water, 

acetic acid, and hydrobromic acid. Therefore, this reaction is clearly self-catalytic. 

Scheme 3.9 
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By this point, the crux of the problem had become obvious. Compound 29 is a 

stable compound at room temperature, but the carbon adjacent to the mesylate is quite 

sterically hindered. In the more stable chair conformation, a nucleophile simply can not 

get to that carbon and will either attack the sulfiir first or else do nothing. Alternatively, if 

enough energy is applied, the ring flipped form can react to form the bicyclic ether 61 

(Scheme 3.8) and destroy the starting material. While it can not be said that a thorough 

study was done to prove that it was impossible to access this carbon, all of the attempts 

made during this work do suggest that it is unfeasible. Never during the course of this 

work was the carbon-oxygen bond replaced yvith anything else and forcing conditions 

caused the bi-cyclization of the material. 

The next step, protection of the tertiary alcohol, seemed rather obvious. While all 

possible alternatives certainly were not exhausted, this protection did turn out to be more 

challenging than originally expected. Because the tertiary alcohol is by nature acid 

sensitive, any protecting groups removable only by acids seemed unfeasible. Conversely, 

due to the ease of the bicyclized compound's formation and its base catalyzed nature, any 

protecting group requiring base or heat to remove was unfeasible. This left silicone 

protecting groups as the most natural choice. The TMS groups was successfully added to 

create both the protected acetate 52 and the protected mesylate 51 as shoyvn in Scheme 

3.6. Although atten^ts were made to create 51 with TMSCl in DMF using a 

stoichiometric amount of base, these were failures. However, both 32 and 29 were 

converted smoothly to 52 and 51, respectively, when TMSCl was added to a solution of 

32 or 29 in pyridine and stirred at room temperature. 
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The creation of the protected compounds did not, however, solve the problem, as 

the TMS group proved to be too labile to withstand either the heat or reduction conditions 

required by this synthesis. Compound 51 was treated with Uthium bromide in DMF at 

90°C and the result was the bicycHc compound 61. Compound 52 was treated yvith LAH 

and the result was reduction of both the acetate and the protecting group to produce 

compound 33. Finally, compound 52 was treated with sodium hydroxide in ethanol at 

room temperature This also resulted in the reduction of both the acetate and the 

protecting group to produce compound 33. 

At this point, a more stable protecting group was sought. Attempts were made to 

use the /-BDMS group. It was never successfiilly produced, however. Compound 32 was 

stirred with /-BDMSCl in pyridine and yielded only starting material. The reaction was 

then repeated tyvice, once yvith DMAP as a catalyst, and once yvith TsOH as a catalyst. 

Both times only starting material was found. Then a literature procedure was found and 

followed using DMF as a solvent and imidazole as a base catalyst.̂ ° This also produced 

only starting material. 

At this point, it was decided to completely redesign the synthesis to incorporate 

one more carbon atom before the cyclization and thus to avoid the problem of displacing 

the oxygen in conqjound 29. This route is described in Chapter IV of this work. Because 

a new route was being utilized, no further work was done to attempt to make compound 

29 useful in this synthesis. 

27 



CHAPTER IV 

COMPLETED FORMAL SYNTHESIS 

4.1 Introduction 

At this point, it was decided to redesign the synthesis in light of the steric 

hindrance inherent in compound 29. Three factors governed the concept of this new 

route. First, a convergent route was still desired. By insisting that the sk and five 

membered rings be formed first and the middle ring last, the relatively easy production of 

analogues, should they be desired in the fiiture, was stiU maintained. Second, the 

connection utilized by Prestyvich and Shieh and described in Scheme 2.5 was already in the 

literature as being effective. And lastly, compound 27 shoyvn in Scheme 2.5 is a 

compound which is commercially available in a chkally pure form. 

4.2 New Route 

With these things in mind, the route shown in Scheme 4.1 was devised. It was 

decided that, as compound 6 was a known precursor to aplysistatin, via Scheme 2.5, the 

synthesis would stop there. As supplies of geranyl acetate were on hand, the acetate was 

smoothly hydrolyzed to the alcohol at room temperature using sodium hydroxide and 

methanol. The alcohol was then vacuum distilled before use in some cases. Geraniol was 

then successfiilly converted to compound 63 using thionyl chloride as described in the 

literature.^ ̂  
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Scheme 4.1 

At this point, the conversion from compound 63 to compound 64 was attempted using 

nitromethane as a source for both the nitro group and the extra carbon. This 

conversion was tried tyvice and both times neither starting material nor product was 

isolated. However, a literature search reveEiled that compound 64 was a knoyvn 

compound with a synthesis published by Fumoto et al.̂ ^ Therefore, the use of 

nitromethane was abandoned. 

4.3 Improvements on the New Route 

The synthesis of compound 64 as described in Scheme 4.2 below, provided an 
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Scheme 4.2 

improvement to the route above. Fumoto relied on a route to homogeraniol (74) 

previously published in Org. Syntheses.^^ The first step in this route was a Swem oxidation 

of geraniol to form geranial (72). This procedure was tried three times during the course 

of this work. However, in place of triethyl amine, pyridine was used for the final step of 

the oxidation. This proved to be detrimental to this procedure. Once a yield of about 

40% was obtained, and once starting material that had been isomerized to a ratio of about 

6:4 of the Zxo E isomers was isolated. 

This isomerization was found to be a consistent issue. Citral is a compound readily 

available from commercial sources for a very modest price. Citral is a mixture, one bottle 

proved to be about 6:4, of £':Z3,7-dimethyl-octa-2,6-dieneal. The common name for the 
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E isomer is geraniol, and the common name for the Z isomer is nerol. Several of these 

reactions were run using the less expensive mixture. In all cases, they behaved as the pure 

E isomer did and produced products in mixtures similar to the starting material. The 

entire following discussion refers to the pure E isomer unless otherwise stated. 

PCC was tried as an oxidant according the original procedure by E.J. Corey.̂ ^ This 

was tried tyvice. Once, an amount of sodium acetate was used for a buffer as 

recommended by Corey for acid sensitive compounds. However, in both cases, 

confound 72, though formed, was isomerized into an ^:Z ration of about 6:4. 

It was found to be more convenient and effective in this work to effect the same 

conversion with a Collins oxidation. The procedure of Collins was adapted.̂ ^ Geraniol 

was placed in the presence of dipyridinium chromate, and produced compound 72 in high 

yield. It should be noted that this procedure did increase the ratio of the Z to E isomers 

from about 19:1 in the starting material to about 9:1 in the product. 

At this point, the Wittig reaction reported by Leopold for converting geranial (72) 

into 4,8-dimethyl-l,3,7-nonatriene (73) was followed.̂ ^ Methyltriphenylphosphonium 

bromide was used in place of the iodide, and despite the warning in Leopold's paper, LDA 

was used as a base. Neither of these changes seemed to have any substantive effect, and 

compoimd 73 was isolated in high yield. 

The hydroboration described by Leopold was then followed yvithout substantative 

change.̂ ^ It worked quite well in producing homogeraniol (74). The yield was thought to 

be high, but was never measured due to the presence of 2-hydroxy-3-methyl butane. This 
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is a natural byproduct of disiamyl boran reactions and was easily removed by 

chromotography after 2 more steps in the synthesis. 

The conversion to the iodide via the mesylate, as described by Fumoto, also 

worked well and homogeranyl iodide (76) was produced in good yield.̂ ^ It was here that 

column chromatography was found to be the most convenient. Although the 2-hydroxy-

3-methyl butane did form the corresponding mesylate, the mesylate did not form the 

iodide. Therefore, compound 76 was only compound in the first fraction of the column 

using petroleum ether as an eluent. 

Compound 76 was then converted effectively to the nitro compound 64, as 

described by Fumoto using sodium nitrite.̂ ^ This completed the known synthesis of the 

precursor, and set the stage for the electrophilic cyclization using mercuric 

trifluoroacetate. It was found that compound 64 cyclized in a manner similar to geranyl 

acetate because the number of atoms in the intermediate is the same as shoyvn in Figure 

4.1. This is significant, not only because it is usefiil in this synthesis, but it also adds 

something to the groyving knowledge of these types of cyclizations. This is believed to be 

the first known example of this particular cyclization, in which a nitro group is utilized in 

the cyclization. This process gives the cyclohexyl ring yvith a two carbon appendage, and 

complements the previously published processes. The synthesis of acetate 31 gives a one 

carbon appendage, and the synthesis by Wolinsky demonstrates a four carbon 

appendage.̂ '̂ ^ 

The route from compound 65 to compound 68 (Scheme 4.1) was also redesigned 

to take advantage of the well known Nef reaction. This new route is shown in Scheme 
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Figure 4.1 Comparison of Geranyl Acetate and Compound 64 

4.3. There was some concern that the carbon-mercury bond would not be able to 

yvithstand the harsh conditions of the Nef reaction. However, there was no sign of 

degradation about this bond. The first attempt at this reaction was run according to the 

literature.̂ ^ There were, however, two issues. Compound 65 was not very soluble in 3M 

sodium hydroxide. Although several cosolvents were tried, the addition of about 8% THF 

proved to work well. The second issue was temperature. Although the literature 

recommended that this reaction be run at 0°, this did not give completion. The reaction 

was much more effective at room temperature. 

BrHg H A H 

65 

BrHg 

77 

BrHg 

78 

Scheme 4.3 

Br H A H 

68 

The product of this reaction turned out to be of some interest. After much 

analysis, it was concluded that while the Nef reaction did yield the desired compound, 77 

existed primarily in the hemiacetal form. There was very little signal for an aldehyde in 
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both the NMR and IR, but the NMR was consistent for the hemiacetal, and the compound 

behaved chemicaUy as the hemiacetal would have been predicted to do. Furthermore, the 

hemiacetal 79 shown below in Figure 4.2 is a known compound and was reported by Hoye 

in 1982.̂  Compound 77 was easily converted to 79 by first converting compound 65 into 

79 80 

Figure 4.2 Relevant Compound Previously Reported by Hoye 

compound 81 using molecular bromine as shoyvn below in Scheme 4.4. Compound 81 

was then smoothly converted to compound 79 using the Nef reaction. The spectral data 

then was compared to the literature and although there was some variation from Hoye's 

values, it was small enough to be attributable to the polarity differences caused by the 

impurities present. The synthesis of 79, a knoyvn precursor to aplysistatin completes the 

formal synthesis. However, Hoye formed compound 79 from the corresponding lactone 

80 shoyvn above in Figure 4.2. He reported the synthesis of this lactone in 1978.̂ * As a 

conformation of the identity of compound 79, it was successfiilly converted into the 

lactone using Jones reagent. The spectral data was compared to that reported by Hoye and 

it was an exact match. While this paper does indeed report a completed formal synthesis, 

it is still believed that the end of this route is more promising than the method employed by 

Hoye. 
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Scheme 4.4 

The reduction has turned out to be slightly challenging. Confound 77, when 

pure, is only slightly soluble in methanol. The addition of THF as a cosolvent does 

increase the solubility somewhat, but still it is impractical to get all of the starting material 

dissolved. When this reaction was run on a small scale, under very dilute conditions, it 

was a clear success and compound 78 was clearly produced. However, when attempted 

on a larger scale(i.e. about 500mg of starting material), this reaction did not produce clean 

product. It is believed that during the time that was taken trjdng to get compound 77 to 

dissolve, the hemiacetal form of compound 77 was converted to the methal acetal. This 

compound would naturally not react yvith sodium borohydride. Another attempt was then 

made to dissolve compound 77 first in a small amount of THF and add this to a solution of 

sodium borohydride in methanol. This reaction yielded a complex mixture of products. 

After column chromatography, it is believed that a small amount of starting material and 

product were isolated, but that a larger amount of the same methyl acetal was also 

produced. 
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4.4 Conclusions and Future Work 

Due to time constraints, this is the end of this work. It is believed that an 

improved and workable synthetic strategy has now been developed, and that with a 

moderate amount of effort, this strategy can be brought to finiition. All of the reactions to 

produce compound 77 have been shown to produce product in good yield yvith the 

exception of the electrophilic cyclization. This reaction has been shown to produce 

product and the yield is believed to be good, however, the yield was never calculated. The 

reduction of compound 77 to compound 78 using sodium borohydride has been shown to 

work. However, yvithout improving the conditions, it is inconsistent. It is thought that 

perhaps a better reducing agent, such as borane, could be used. 

The earlier work by Prestyvich and Shieh should serve as a good model for the first 

connections step (Scheme 4.1; 69 =* 70).̂  The last connection step (71 =^ 6) should take 

advantage of the usual rate increase of intramolecular reactions. If enatiomericaUy pure 

lactone is used, then two optically active diasteromers should result, which should be 

seperable. This approach to a formal synthesis yvill give access to chirally pure aplysistatin 

in good yield with easy access to many analogues. 
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CHAPTER V 

EXPERIMENTAL DETAILS 

5.1 General 

Unless otherwise noted, all commercially available starting materials were used as 

received from suppliers. Tetrahydrofliran and ethyl ether were distilled from the sodium 

ketal of benzophenone when used as reaction solvents. Dichloromethane and pyridine 

were distilled from calcium hydride. 

For reactions described as run under dry conditions, aU glassware was either dried 

in an oven at 150° or flame dried. These reactions were run under a nitrogen atmosphere. 

Unless othenvise noted, all reactions were extracted using the listed solvents, the 

aqueous layer extracted tyvice, the combined organic phases washed yvith saturated 

aqueous sodium chloride, dried yvith anhydrous magnesium sidfete, filtered, and 

concentrated on a rotary evaporator. This is the meaning of the words "work up," in this 

chapter. 

All NMR spectra were run on one of four instruments. Brucker 200 MHz, 

Brucker 300MHz, Varian 300 MHz, and Varian 500 MHz instruments were all used. For 

all spectra, the spectrometer field strength will be specified. Unless otheryvise noted, all 

300 MHz spectra were run on the Varian. All ppm values are in reference to 

tetramethylsilane. Unless othenvise noted, deuterochloroform was used as a spectrum 

solvent. All IR spectra were run on a Perkin-Elmer 1600. 
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Unless otherwise stated, chromatography was performed using 200-300 mesh 

silica gel and ethyl acetate, petroleum ether mktures as an eluent. Melting points were 

taken on a Mel-Temp and are uncorrected. 

5.2 Preparation of 4-Bromomerciirial-2-acetoxvmethvl-1.3.3 
-trimethvl-cvclohexanol (31) 

The procedure of Dr. Bill Edgemond was used with only minor changes.^ Under 

dry conditions to an Erlenmeyer flask (150 mL) containing a stir bar, nitromethane 

(20mL), and mercuric oxide (1.2g, 5.54mmol), trifluoroacetic acid was added dropwise 

via syringe until all of the mercuric oxide had be converted to soluble mercuric 

trifluoroacetate (about ImL). Geranyl acetate (l.OmL, 0.92g, 4.67mmol) was then added 

slowly via syringe. After stirring 15 minutes at room temperature, water (ImL) was then 

added quickly. The entire reaction mixture was then filtered through celatom and the filter 

cake washed three times yvith dichloromethane. The filtrate was the stirred vigorously at 

room temperature yvith aqueous saturated potassium bromide (150mL). After the entire 

mixture was worked up using sodium bicarbonate and dichloromethane, crude solid 

compound 31 resulted. Although this compound could be recrystallized using mixtures of 

ether and petroleum ether, it usually was used crude for the next step. M.P. = 159-160°. 

'H NMR (500 MHz) 5 4.39 (dd, IH, J = 12.0, 2.5 Hz), 4.36 (dd, IH, J = 12.0, 2.5 

Hz), 2.74 (dd, IH, J= 13.0, 4.0 Hz), 2.05 (s, 3H), 2.03 (dd, IH, J = 14.5, 3.0 Hz), 1.95 

(dd, l H , y = 16.0, 3.0 Hz), 1.88 (dt, IH, J = 13.0, 4.0 Hz), 1.66 (t, lH,J=5.0Hz) , 1.46 

(td, IH, / = 12.8, 4.0 Hz), 1.21 (s, 3H), 1.18 (s, 3H), 1.06 (s, 3H) 
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^̂ C NMR (125 MHz) 5 171.0, 71.6, 63.6, 57.4, 44.7, 39.8, 35.5, 27.6, 25.8, 23.8, 

21.2. 

5.3 Preparation of 4-Bromo-2-acetoxvmethyl-L3.3-
trimethvl-cvclohexanol (32) 

The procedure of Dr. Bill Edgemond was adapted.^ Compound 31 (2.01g, 

4.07mmol) was dissolved in pyridine (150mL) under dry conditions. Molecular bromine 

(0.68g, 4.26mmol) was distilled from concentrated sulfiiric acid and immediately 

dissolved in a small amount of dry pyridine. The bromine solution was the added to the 

solution of compound 31 quickly via syringe. The reaction mkture was then protected 

from light and stirred for 3 days at room temperature. The reaction mixture was then 

worked up using ethyl ether and 5% HCl. Crude compound 32 (1.19g) was isolated. 

While, this compound could be recrystallized from ethyl ether and petroleum ether, this 

was never done without significant loss of yield and thus the crude material was used for 

the next step. 

^H NMR (200 MHz) 6 4.40 (dd, IH, J = 10.0, 5.0 Hz), 4.28 (dd, IH, J = 10.0, 5.0 

Hz), 3.95 (dd, IH, J= 12.2, 4.2 Hz), 2.6-2.4 (s, IH, OH), 2.04 (s, 3H), 2.2-1.8 (m, 3H), 

1.72 (dt, IH, J = 12.1, 5.0 Hz), 1.58 (dd, IH, J= 13.6, 4.9 Hz), 1.21 (s, 3H), 1.14 (s, 

3H), 0.97 (s, 3H) 

^̂ C NMR (125 MHz) 5 171.0, 71.7, 65.9, 63.4, 55.5, 42.9, 39.7, 31.9, 30.2, 23.7, 

21.2, 17.6. 
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5.4 Prer)aration of 4-Bromo-2-acetoxvmethvl-L3,3-trimethvl-
trimethvlsilvloxvcvclohexane (52) 

Compound 32 was dissolved in pyridine at room temperature under dry conditions. 

Trimethylsilylchloride (excess) was then added in one portion via syringe. The mixture 

was then stirred at room temperature for 2 hours. The reaction mixture was then 

separated using ethyl ether and 5% HCl. The aqueous phase was then extracted twice 

with ethyl ether and the combined organic phases were washed successively with 5% HCl 

until the aqueous phase became acidic. After standard work up, compound 52 was 

isolated. 

Ĥ NMR (300 MHz) 5 4.41 (dd, lH,y= 11.8, 2.3 Hz), 4.17 (dd, IH, J = 11.8, 5.9 

Hz), 3.95 (dd, IH, J = 12.3, 4.1 Hz), 2.02 (s, 3H), 2.2-0.8 (m, 6H), 1.18 (s, 3H), 1.09 (s, 

3H), 0.91 (s, 3H), 0.07 (s, 9H). 

5.5 Preparation of 4-Bromo-2-hvdroxvmethvl-1.3.3-
trimethyl-cvclohexanol (33) 

The procedure of Dr. Bill Edgemond was adapted.̂  Compound 32 (1 eq.) was 

dissolved in a small amount of ether and cooled to 0°. Lithium aluminum hydride (3 eq.) 

was then added very slowly and the reaction mixture stirred for 15 minutes at 0°. Water 

was then added slowly until the bubbling stopped and the reaction mixture was warmed to 

room temperature. The mixture was diluted yvith ether, sodium sidfete added until the 

ether was dry, and the mixture filtered. The filtrate was then concentrated on a rotary 

evaporator to yield compound 33 as a viscous oil. Compound 33 could then be 

recrystallized using mktures of ethyl ether and petroleum ether. M.P. = 90-92°. 
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Ĥ NMR 5 3.96 (m, 3H), 2.2-1.5 (m, 7H), 1.36 (s, 3H), 1.18 (s, 3H), 0.87 (s, 3H). 

5.6 Preparation of 4-Bromo-2-methanesuIfonoxvmethvl-1.3.3-
trimethvl-cvclohexanol ^29) 

The procedure of Dr. Bill Edgemond was adapted.^ Compound 33 (0.50g, 

2.0mmol) was dissolved in ca. 40mL of pyridine at room temperature under dry 

conditions. Methanesulfonyl chloride (0.24mL, 0.36g, 3.1mmol) was then added slowly 

via syringe and the reaction mixture was stirred at room temperature for 2.5 hours. The 

reaction mkture was the worked up using ethyl ether and 5% HCl. Crude compound 29 

was produced as either an extremely viscous oil or as crystals. Compound 29 was then 

recrystallized using mixtures of ethyl ether and petroleum ether. M.P. = 99-101 °. 

^H NMR (200 MHz) 6 4.62 (dd, IH, J= 10.8, 3.4 Hz), 4.36 (dd, IH, J= 10.8, 5.4 

Hz), 3.94 (dd, IH, J= 12.2, 4.3 Hz), 3.01 (s, 3H), 2.3-0.8 (m, 6H), 1.17 (s, 6H), 1.00 (s, 

3H). 

'̂C NMR (125 MHz) 5 68.2, 64.9, 56.2, 43.3, 39.9, 37.5, 31.9, 30.2, 23.8, 17.7, 

15.3. 

5.7 Preparation of 4-Bromo-2-methanesulfonoxvmethvl-1.3.3-
trimethvl-trimethvlsilyloxvcvclohexane (51) 

Compound 29 (22.8mg, 69.3pmol) was dissolved in pyridine (25mL) at room 

temperature under dry conditions. Trimethylsilylchloride (ImL, 7.88mmol) was then 

added in one portion via syringe. The mixture was then stirred at room temperature for 
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4.3 hr. The reaction mkture was then worked up using ethyl ether and 5% HCl. 

Compound 51 was isolated. 

Ĥ NMR (300 MHz) 5 4.61 (dd, IH, J= 9.9,1.7 Hz), 4.31 (dd, IH, J= 11.0, 6.1 

Hz), 3.92 (dd, IH, J= 12.3, 3.9 Hz), 2.97 (s, 3H), 2.3-1.6 (m, 5H), 1.18 (s, 3H), 1.15 (s, 

3H), 1.02 (s,3H), 0.10 (s,9H). 

5.8 2-Bromomethyl-7-oxo-1.3.3-trimethvl-r2.2.n bicycloheptane (62) 

Adapting a literature procedure^ ,̂ compound 33 was dissolved ui 

dimethylformamide along with 1 equivalent each of NBS and triphenylphosphine under 

dry conditions in an attempt to produce 5-bromo-l-bromomethyl-2-hydroxy-2,6,6-

trimethyl-cyclohexane. After stirring for 3.5 hours at 85°, the mixture was worked up 

using ethyl ether and 5% HCl. Compound 62 was isolated. 

'H NMR (200 MHz) 6 3.84 (d, IH, J = 5.0 Hz), 3.4-3.2 (m, 2H), 1.92-1.50 (m, 

4H), 1.48 (s, 3H), 1.34-1.22 (m, IH), 1.15 (s, 3H), 1.01 (s, 3H). 

^̂ C NMR (50 MHz) 5 87.5, 86.1, 58.9, 42.6, 31.6, 30.2, 28.6, 26.3, 21.5,18.8. 

5.9 1.2.3.4 Tetramethylbenzene 

Compound 29 was dissolved in dimethylformamide along yvith 10 equivalents of 

lithium bromide under dry conditions. The reaction was refluxed for 3.5 hours yvith 

stirring, cooled to room temperature, and worked up using ethyl ether and 5% HCl. 

1,2,3,4 tetramethylbenzene was isolated. 

Ĥ NMR 5 6.95(s, 2H), 2.45 (s, 6H), 2.35 (s, 6H). 
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5.10 Benzyl phenyl sulfone 

Benzyl bromide (2mL, 16.8mmol) was dissolved in a small amount of 

dichloromethane under dry conditions. The sodium salt of benzenesidfinic acid (4.14g, 

25.2mmol) was then added in one portion. The mixture was then refluxed for 17 hours 

with stirring. The mixture was then worked up using ethyl ether and 5% HCl. Benzyl 

phenyl sulfone was produced. The product was then recrystallized using ethanol and 

water. 

'H NMR 5 7.3-7.0 (m, lOH), 4.30 (s, 2H). 

5.11 Preparation of 2-Bromo-3-Furoic Acid (35) 

The procedure of Dr. Bill Edgemond was adapted.̂  3-Furoic acid (34) (2.0 g, 

17.9 mmol) was dissolved in THF (130 mL) under dry conditions. The reaction mixture 

was cooled to -78° and n-butyl lithium (1.5 M, 37.2 mL,3.0 eq) was added dropwise. 

After 20 minutes molecular bromine (10.52g, 3.5 eq.) which had been freshly distilled 

from sulfiiric acid into dry pyridine (150 mL) was added. The mixture was allowed to 

warm to room temperature, and was then worked up using ether and 5% (aq.) HCl. 1.63 g 

of crude material resulted. This material was a 3.2:1 mixture, by NMR, of product to 

starting material. The mixture was then used crude for the next step. 

^HNMR (200 MHz) 5 7.45 (d, IH, J= 2.14 Hz), 6.80 (d, IH, J = 2.14 Hz). 
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5.12 Preparation of Diazomethane 

Diazomethane was prepared according to the following two different literature 

procedures yvith little variation. These methods were used interchangably. 

5.12.1 Method One 

As adapted from Ngan and Toofan,̂ ^ A^^methyl-AT'-nitro-JV-nitrosoguanidine 

(MNNG) was added to an Erlenmeyer flask containing equal amounts of ethyl ether and 

30% sodium hydroxide in an ice bath. After 5 minutes the ether was decanted into a 

second Erlenmeyer flask containing solid sodium hydroxide for drying. After another 5 

minutes, the ether solution of diazomethane was decanted into the reaction flask for use. 

5.12.2 Method Two 

Diazomethane was also produced using diazald as described by Boer and Backer.'*̂  

5.13 Preparation of Methyl-2-bromo-3-Furancarboxvlate (36) 

The procedure of Dr. Bill Edgemond was adapted.̂  A solution of diazomethane 

was prepared as described above using MNNG (3.69g). A solution of compound 35 

(1.44g, 8.36 mmol) dissolved in ethyl ether was then added slowly in one portion at room 

temperature. After 15 minutes, the reaction mkture was concentrated on a rotary 

evaporator yvithout work up. The result was 1.53g of crude product which was used in 

the synthesis of compound 37 without puriflcation. 

Ĥ NMR (200 MHz) 5 7.40 (d, IH), 6.70 (d, IH), 3.84 (s, 3H). 
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5.14 Preparation of 2-Chloro-3-Furoic Acid r41) 

3-Furoic acid (34) (2.0 g, 17.9 mmol) was dissolved in THF (130 mL) under dry 

conditions. Thereactionmixture was cooled to-78° and n-butyl lithium (1.5 M, 37.2 mL, 

3.0 eq) was added dropyvise. After 20 minutes, carbon tetrachloride (20mL) was added. 

The mixture was allowed to warm to room temperature, and was then worked up using 

ethyl ether and 5% (aq.) HCl. 2.45 g of crude material resulted. This material was a 5:1 

mkture, by NMR, of product to starting material. The crude mkture was then used for 

the next step. 

Ĥ NMR (200 MHz) 5 7.32 (d, IH, J = 2.14 Hz), 6.79 (d, IH, J = 2.14 Hz). 

5.15 Preparation of Methvl-2-Chloro-3-Fiirancarboxvlate (43) 

A solution of diazomethane was prepared as described above using MNNG 

(5.21g). A solution of compound 41 (1.63g, 11.1 mmol) dissolved in ethyl ether was then 

added in slowly in one portion at room temperature. After 15 minutes, the reaction 

mixture was concentrated on a rotary evaporator yvithout work up. The result was 1.86g 

of crude product which was used in the synthesis of compound 37 yvithout purification. 

Ĥ NMR (200 MHz) 5 7.27 (d, IH, J= 2.16 Hz), 6.70 (d, IH, J= 2.16 Hz), 3.83 

(s, 3H). 

5.16 Preparation of 2-Iodo-3-Furoic Acid (42) 

3-Furoic acid (34) (2.0 g, 17.9 mmol) was dissolved in THF (130 mL) under dry 

conditions. The reaction mkture was cooled to -78° and methyl lithium (1.4 M, 33.6 mL, 
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2.5 eq) was added dropwise. After 20 minutes, molecular iodine (14.3 Ig) was added. The 

mixture was allowed to warm to room temperature, and was then separated with ether and 

5% (aq.) HCl. After extracting the HCl yvith ether twice, the organic layer was washed 

with 10% sodium thiosulfate and after standard work up, 3.56 g of crude material 

resulted. This material was a 9:1 mixture by NMR of product to starting material. The 

crude mkture was then used for the next step. 

Ĥ NMR (200 MHz) 5 7.59 (d, IH, / = 2.14 Hz), 6.77 (d, IH, 7= 2.14 Hz). 

5.17 Preparation of Methvl-2-Iodo-3-Furancarboxvlate f44) 

A solution of diazomethane was prepared as described above using MNNG 

(5.08g). A solution of compound 42 (3.48g, 13.8 mmol) dissolved in ethyl ether was then 

added in slowly in one portion at room temperature. After 15 minutes, the reaction 

mixture was concentrated on a rotary evaporator yvithout work up. The result was 2.80g 

of crude product which was used in the next step yvithout purification. 

*H NMR (200 MHz) 5 7.55 (d, IH, J= 2.22 Hz), 6.72 (d, IH, J= 2.22 Hz), 3.83 

(s, 3H). 

5.18 Preparation of Methvl-2-methoxv-3-Furancarboxvlate (37) 

The procedure of Dr. Bill Edgemond was adapted.' To freshly distilled methanol 

(5.5 mL) was added freshly cut sodium (0.23g, lOmmol). After gas evolution had ceased, 

compound 43 dissolved in a minimum amount of methanol was added in one portion at 

room temperature. After stirring for 72 hours under nitrogen at room temperature, the 
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reaction mixture was worked up using ethyl ether and 5% HCl. 0.525g of crude product 

resulted. 

^HNMR (200 MHz) 5 6.79 (d, IH, J = 2.33 Hz), 6.57 (d, IH, J= 2.33 Hz), 4.07 

(s, 3H), 3.76 (s, 3H). 

5.19 Preparation of 2-Trimethvlsilvl-3-Furoic Acid (45) 

The procedure decribed by Kumajima was adapted.'*^ 3-Furoic acid (34) (0.50g, 

4.46mmol) was dissolved in THF (250mL) under dry conditions. The mixture was cooled 

to -78°. Lithium diisopropyl amide (4.70 mL, 2M solution) was added dropyvise from a 

syringe. After 10 minutes, trimethylsilylchloride (0.62mL, 4.9mmol) was added dropwise 

from a syringe. After 15 minutes, the mixture was warmed to room temperature and 

worked up using ethyl acetate and 5% HCl. 0.448g of crude product resulted. 

'H NMR (200 MHz) 6 7.59 (d, IH, J= 1.84 Hz), 6.78 (d, IH, J = 1.84 Hz), 0.37 

(s, 9H). 

5.20 Preparation of 3-Hvdroxvmethvl-2-trimethvlsilvl-fiiran (46) 

Compound 45 (340mg, 1.85mmol) was added dropyvise to 2.96 mL of IM borane 

in THF room temperature. After stirring 100 minutes at room temperature, the reaction 

mixture was worked up using aqueous saturated sodium bicarbonate and ethyl acetate. 

23 Img of crude product resulted. 

Ĥ NMR (200 MHz) 5 7.53 (d, IH, J = 1.70 Hz), 6.42 (d, IH, J = 1.70 Hz), 4.55 

(s, 2H), 0.27 (s, 9H). 
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5.21 Preparation of 3-Chloromethvl-2-trimethvlsilvl-fijran r47) 

The procedure described by Collington and Meyers was adapted.^" Compound 46 

(1.24g, 7.31mmol) was added to s-coUidine (1.06mL, 0.98g, 8.04mmol) at room 

temperature under dry conditions. Lithium chloride (310mg, l.Oeq.) dissolved in lOOmL 

of dry dimethylformamide was then added to the solution of 46 with stirring. Then 

methane sulfonyl chloride (0.62mL, 8.04mmol) was added slowly via syinge. After 2.5 

hours of stirring, the mixture was poured over ice water. The aqueous layer was extracted 

3 times yvith 1:1 ethyl ether:pentane. After standard work up, 1.17g of crude product 

resulted. 

^H NMR (200 MHz) 5 7.54 (d, IH, J= 1.62 Hz), 6.42 (d, IH, J = 1.62 Hz), 4.53 

(s,2H), 0.31(s, 9H). 

MS m/z Mn88; M+2 200. M:M+2 3:1, base peak 173, 175. 173:175 3:1. 

IR 3100, 2950, 1700, 1550 cm"̂  

5.22 Preparation of 3-Iodomethvl-2-trimethvlsilvl-fiiran (48) 

Compound 47 was dissolved in dry acetone at room temperature under dry 

conditions. Sodium iodide (2.0 eq.) was added and the solution refluxed for 2 hours. The 

reaction mixture was then worked up using ethyl acetate and distilled water. Compound 

48 was isolated. 

Ĥ NMR (200 MHz) 5 7.51 (d, IH, J= 1.68 Hz), 6.35 (d, IH, J = 1.68 Hz), 4.35 

(s,2H), 0.31 (s,9H). 
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5.23 Preparation of Geraniol 

Geranyl acetate (lOmL) was dissolved in a mixture of sodium hydroxide (2M, 

50mL) and methanol (lOOmL). After stirring for 2 hours at room temperature, the 

reaction mkture was then worked up using ethyl ether and 5% (aq.) HCl. Geraniol was 

isolated and vacuum distilled. 

Ĥ NMR (300 MHz) 5 5.43 (m, IH), 5.12 (m, IH), 4.17 (d, 2H, J = 6.3 Hz), 2.2-

2.0 (m, 4H), 1.71 (s, 6H), 1.61 (s, 3H). 

5.24 Preparation of Geranyl Chloride (63) 

Geraniol (1 .Oeq.) was dissolved in dichloromethane under dry conditions. Pyridine 

(1.1 eq.) was added quickly via syringe. Thionyl chloride (1.1 eq.) was then added slowly 

via syringe. The mixture was then refluxed yvith stirring for 2 hours. The reaction mixture 

was then worked up using ethyl ether and 5% (aq.) HCl. Geranyl chloride was isolated. 

Ĥ NMR (300 MHz) 5 5.43 (m, IH), 5.05 (m, IH), 4.08 (d, 2H, J = 7.8 Hz), 2.2-

2.0 (m, 4H), 1.67 (s, 3H), 1.62 (s, 3H), 1.58 (s, 3H). 

5.25 Preparation of Geranial (72) 

The procedure of Collins was adapted.̂ ^ Geraniol (35g, 226.9mmol) was added to 

a slurry of dipyridinium chromate (290g, 1.12 mol) in dichloromethane (4L) under dry 

conditions. After stirring for 5 hours at room temperature, stirring was ceased and the 

solution was decanted and then filtered. The remaining solids were then washed several 

times with ethyl ether and the washings filtered and added to the dichloromethane. After 
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standard work up, crude geranial (72) (32.16g, 211.2 mmol) was isolated and used 

yvithout purification. 

Ĥ NMR (300 MHz) 5 10.02 (d, IH, J = 12.9 Hz), 5.90 (d, IH, J= 10.7 Hz), 5.10 

(m, IH), 2.3-2.08 (m, 7H), 1.68 (s, 3H), 1.61 (s, 3H). 

5.26 Preparation of (^-4.8-dimethvl-1.3.7-nonatriene (73) 

The procedure of Leopold was adapted.̂ ^ Methyltrimethylphosphonium bromide 

(82.3g, 230.4mmol) was added to THF (300mL) to create a slurry under dry conditions. 

The mixture was cooled to 0° and LDA (1 lOmL of a 2M solution in THF, 220mmol) was 

added slowly via addition fiinnel. The mixture was warmed to room temperature and 

stirred for 30 minutes. The mixture was then cooled again to 0° and geranial (32.16g, 

211.2 mmol) dissolved in a small amount of THF was added slowly using an addition 

fiinnel. The mixture was warmed to room temperature and stirred for 2 hours. Methanol 

(4mL) was added and the entire reaction mixture was reduced to about a third of its 

volume on a rotary evaporator. The mixture was then diluted with petroleum ether and 

filitered through celite. The solids in the flask and the filter cake were then washed with 3 

portions of hot petroleum ether. The filtrates were combined and after standard work up, 

crude compound 73 (34.6g) was isolated. This was used in the next step without 

purification. 

Ĥ NMR (300 MHz) 5 6.75-6.50 (m, IH), 5.90 (d, IH, J =23 Hz), 5.20-5.05 (m, 

2H), 5.02 (d, IH, J = 24 Hz), 2.3-2.0 (m, 4H), 1.80 (s, 3H), 1.72 (s, 3H), 1.63 (s, 3H). 
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5.27 Preparation of Homogeraniol (74) 

The procedure of Leopold was adapted.̂ ^ 2-Methyl-2-butene (120mL, 559mmol) 

was added slowly using an addition fimnel to a solution of borane in THF (IM, 271mL, 

271mmol)at0°. Stirring was continued for 2 hours at 0°. At this point, compound 73 

dissolved in a small amount of THF (about 50mL) was added dropyvise using an addition 

fiinnel. The mkture was stirred for 2 hours at 0° and then warmed to room temperature 

and stirred overnight. Ethanol (5mL) was then added and the mkture cooled to 0°. 

Sodium hydroxide (3M, 87.8mL, 263 mmol) was then added rapidly through the addition 

fiinnel. Hydrogen peroxide (30%o, 87.8mL) was then added dropwise very slowly through 

the addition fiinnel. The reaction mkture was warmed to room temperature and stirred 

for three hours. Stirring was stopped and the layers separated. The aqueous layer was 

extracted three times with ethyl ether and the organic layers combined. After standard 

work up, compound 74 along yvith 3-methyl-2-butanol were isolated. This mixture was 

used for the next step yvithout purification. 

'H NMR (300 MHz) S 5.2-5.0 (m, 2H), 3.7-3.5 (m, 2H), 2.34-2.22 (m, 2H), 2.15-

2.00 (m, 4H), 1.69 (s, 3H), 1.64 (s, 3H), 1.60 (s, 3H). 

5.28 Preparation of (ir)-l-Methanesulfonvl-4.8-dimethvl-3.7-nonadiene (75) 

The procedure of Fumato was adapted.^^ A mixture of compound 74 with 2-

hyroxy-3-methyl butane was dissolved in dichloromethane under dry conditions, 

Methanesulfonyl chloride (excess) was added quickly via syringe. Pyridine (excess) was 

added quickly via syringe. The mixture was stirred for 2 hours at room temperature. The 
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mixture was then worked up using ethyl ether and 5% HCL A mkture of compound 75 

and 3-methyl-2-butyl methanesulfonate was isolated. This mixture was used in the next 

step yvithout purification. 

Ĥ NMR (300 MHz) 5 5.2-5.0 (m, 2H), 4.3-4.1 (m, 2H), 3.00 (s, 3H), 2.7-2.4 (m, 

2H), 2.2-1.98 (m, 4H), 1.64 (s, 3H), 1.62 (s, 3H), 1.58 (s, 3H). 

5.29 Preparation of Homogeranyl Iodide (76) 

The procedure of Famato was adapted.̂ ^ The crude mixture containing compound 

75 and 3-methyl-2-butanol methanesulfonate was dissolved in acetone under dry 

conditions. Sodium iodide (excess) was added in one portion. The mixture was then 

refluxed yvith stirring for one hour. The mixture was then worked up using ethyl ether and 

5% HCl. The crude product was chromatographed through a silica gel column (230 mesh, 

1.5x8 inches) using petroleum ether. The first fractions were combined to give compound 

76 (25.28g, 91.2mmol). This represents a 40.2% yield for the five steps from geraniol to 

compound 76. 

Ĥ NMR (300 MHz) 5 5.2-5.1 (m, 2H), 3.05-3.2 (m, 2H), 2.58-2.72 (m, 2H), 2.2-

2.0 (m, 4H),1.72 (s, 6H), 1.64 (s, 3H). 

5.30 Preparation of (F)-2.6-Dimethvl-9-mtronona-2.6-diene (64) 

The procedure of Famato was adapted.̂ ^ Sodium nitrite (13.21g, 154mmol), 

phuloroglucinol (12. Ig, 97.33mmol), and urea (12.1g, 202mmol) were dissolved in 

DMSO (75mL) under dry conditions and stirred at room temperature. Compound 76 
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(25.28g, 91.2mmol) was then added via syringe and the mixture was stirred overnight. 

The mixture was then worked up using petroleum ether and water. The crude product was 

subjected to column chromatography using increasingly polar mktures of ethyl acetate 

and petroleum ether. The first fraction contained compound 64. The second isolated 

fraction was homogeraniol (74). Though a yield was not calculated, it was estimated to be 

about 15-18g. 

Ĥ NMR (300 MHz) 5 5.2-5.0 (m, 2H), 4.5-4.3 (m, 2H), 2.8-2.6 (m, 2H), 2.2-2.0 

(m, 4H),1.71 (s, 3H), 1.68 (s, 3H), 1.62 (s, 3H). 

5.31 Preparation of 4-Bromomerciirial-2-(2-nitroethvl)-1.3.3-
trimethyl-cvclohexanol (65) 

Mercuric oxide (1.0 eq.) was added to nitromethane under dry conditions. 

Trifluoroacetic acid (about ImL per 1.2 g of mercuric oxide) was added slowly via syringe 

until all of the mercuric oxide was converted into soluble mercuric trifluoroacetate. 

Compound 64 was then added slowly via syringe and the mixture stirred at room 

temperature for 15 minutes. Water (2mL) was then added and the mixture filtered 

through celite. The celite was then washed three times yvith dichloromethane and the 

filtrate was stirred with an equal volume amount of aqueous saturated potassium bromide 

for 15 minutes at room temperature. The mixture was then worked up using saturated 

sodium bicarbonate and dichloromethane. Crude compound 65 was isolated. The crude 

product was then subjected to column chromatography using increasingly polar mktures 
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of ethyl acetate and petroleum ether. The fractions containing compound 65 were then 

combined and recrystallized using chloroform. 

Ĥ NMR (300 MHz) 5 4.8-4.5 (m, 2H), 2.72 (dd, IH, J= 12.6, 4.5 Hz), 2.41 (m, 

IH), 2.1-1.8 (m, 2H),1.6-1.3 (m, 2H), 1.29 (s, 3H), 1.21 (s, 3H), 1.08 (s, 3H). 

5.32 Preparation of 4-Bromomercurial-2-(2-ethanal)-1.3.3-
trimethvl-cvclohexanol (77) 

The Nef reaction was adapted from the literature." Compound 65 (390mg., 

0.789mmol) was dissolved in a mixture of sodium hydroxide (3M, 150mL) and THF 

(lOmL) and stirred at room temperature for 15 minutes. The mixture was then transferred 

to an addition fiinnel and added slowly to sulfiiric acid (30%, 200mL) with stirring at 

room temperature. The mixture was then extracted yvith dichloromethane four times and 

the organic layers were combined. After standard work up, the hemiacetal form of 

compound 77 (442mg.) was isolated as a crude solid. 

Ĥ NMR (300 MHz) 5 5.6-5.3 (m, IH), 2.7-2.5 (m, IH), 2.4-0.8 (m, 7H), 1.46 (s, 

3H), 1.15(s, 3H), 1.10(s, 3H). 

5.33 Preparation of 4-Bromomercurial-2-(2-hvdroxvethvl)-1.3.3-
trimethvl-cvclohexanol (78) 

A small amount of compound 78 (< 25mg.) was dissolved in methanol (50mL) and 

cooled to 0°. Sodium borohydride (excess) was added in one portion and the mkture was 

stirred for 5 minutes. Dilute HCl was added slowly and the mixture yvarmed to room 
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temperature. The mkture was then worked up using ethyl ether and 5% HCL Crude 

compound 78 was isolated. 

Ĥ NMR (300 MHz) 5 3.88 (dt, IH, J= 10.2, 4.2 Hz), 3.57 (dt, IH, J= 9.9, 4.2 

Hz), 2.77 (dd, IH, J= 11.7, 6.0), 2.1-0.8 (m, 7H), 1.46 (s, 3H), 1.27 (s, 3H), 1.16 (s, 

3H). 

5.34 Preparation of 4-Bromo-2-(2-nitroethvl)-1.3.3-trhnethvl-
cvclohexanol (81) 

A small amount of compound 65 (37mg, 0.075 mmol) was dissolved in pyridine 

(50 mL) yvith molecular bromine (13 Img, 0.820 mmol) under dry conditions. The mixture 

was then stirred for three days in the dark at room temperature. The mixture was then 

worked up using ethyl ether and 5% HCL Crude compound 81 (40mg) was isolated and 

used in the next step yvithout purification. 

Ĥ NMR (300 MHz) 5 4.5-4.8 (m, 2H), 3.98 (dd, IH, J = 3.9, 12.1 Hz), 2.3-0.8 

(m, 8H), 1.30 (s, 3H), 1.18 (s, 3H), 1.10 (s, 3H). 

5.35 Preparation of 4-Bromo-2-(2-ethanal)-1.3.3-trimethvl-
cvclohexanol (79) 

The Nef reaction was adapted from the literature." Crude compound 81 (40 mg) 

was dissolved in a mixture of sodium hydroxide (3M, 50mL) and stirred at room 

temperature for 15 minutes. The mixture was then transferred to an Erlenmeyer flask 

containing sulfiiric acid (30%, lOOmL) and stirred at room temperature. The mixture was 

then extracted yvith dichloromethane four times and the organic layers were combined. 
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After standard work up, the hemiacetal form of compound 79 (4 Img.) was isolated as a 

crude solid. 

'H NMR data was previously reported by Hoye.̂  

5.36 Preparation of 6-Bromo-2-oxo-3.7.7-trimethvl-[4.31 
bicyclononanone (80) 

To crude compound 79 (41mg) was added Jones reagent (ImL). After stirring for 

15 minutes at room temperature, the mixture was slowly quenched with methanol. The 

mixture was then extracted with dichloromethane three times and the organic layers were 

combined. After standard work up, the mkture was then chromatagraphed on a 

preparative TLC plate and eluted yvith 80:20 hexane:ethyl acetate. The top band was 

isolated to give compound 80 (10 mg) as a crude solid. 

Ĥ NMR was in perfect agreement with that reported by Hoye.̂ ^ 
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CHAPTER VI 

SPECTROSCOPIC DATA 

6.1 Introduction of Spectroscopic Data 

NMR spectroscopy has become the main source of compound identification used 

in organic chemistry over the last few years. Because of this, the NMR spectrums of the 

relevant compounds discussed in this work are reproduced here in Chapter VI. It is noted 

that some of these spectra contain impurities. However, the peaks which separate the 

desired compound from its precursors or related by product are clearly shoyvn. 

Figures 6.1-6.12 are of the sk-membered ring compounds discussed in Chapter 

III. Figures 6.13-6.24 are of the five-membered ring compounds discussed in Chapter III. 

Figures 6.25-6.36 are of the compound discussed in Chapter IV and used in the improved 

route for this work. 
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