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Abstract:
Fragmentation of 5,7,7-trimethyl-6,8-dioxabicyclo[3.2.1]octane was investigated with different Lewis
acids. The Lewis acids used in the study were: aluminum trichloride, tin tetrachloride, and titanium
tetrachloride. The aluminum trichloride gives the most fragmentation products at room temperature.
Tin tetrachloride produces the most products, at reflux. The 7-methyl-2,6-octadione was determined to
be a reasonable intermediate for the fragmentation reaction. Two novel products were characterized
from the fragmentation reaction. 
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ABSTRACT

Fragmentation of 5,7,7-trimethyl-6,8- 
dioxabicyclo[3.2.1]octane was investigated^with different 
Lewis acids. The Lewis acids used in the study were: 
aluminum trichloride, tin tetrachloride, and titanium 
tetrachloride. The aluminum trichloride gives the most 
fragmentation products at room temperature. Tin 
tetrachloride produces the most products, at reflux; The 7- 
methyl-2,6-octadione was determined to be a reasonable 
intermediate for the fragmentation reaction. Two novel 
products were characterized from the fragmentation reaction.



CHAPTER I 

INTRODUCTION

Interest in the 6,8-dioxabicyclo[3.2.1]octane I 
skeleton is derived from the fact that there are a number of 
natural products with this structural feature. The number
ing convention used in this paper, is shown in Figure I.

I

3

1

Constituent of 
Japanese hops

4

Aggression pheromone Multistriatin
of house mouse

5 6

Figure I .  Natural 6,8-Dioxabicyclo[3.2.1]octanes
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The number of reported syntheses of frontalin^, and
brevicomin2 in the past several years is high. The
methodology is diverse; from radical* chemistry to
fermentation2 chemistry. The 6,8-dioxabicyclo[3.2.1]octane 
skeleton has a unique characteristic, it contains a bicyclic 
acetal. The term acetal is used, instead of ketal, to be 
consistent with what is now generally reported in the 
literature. It is noted that acetals are generally found in 
synthesis as protecting groups for ketones and aldehydes. 
Usually, when acetals are cleaved with acid, the resulting 
products are a diol and the ketone or aldehyde. So, when 
the acetal is part of a bicyclic ring system, the

C O 2H

Constituent of Civet

Figure 2. Synthesis of
(c/s-6-methyltetrahydropyran-2-yl)acetic Acid
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fragmentation of the ring system can lead to novel products. 
The 6,8-dioxabicyclo[3.2.1]octane frame is useful as 
synthetic intermediates3^4, shown in Figures 2 and 3, for 
natural products. With this in mind, more modes of 
fragmentation were investigated.

^ 10̂ 2

cis/trans 22:78

Pheromone of the Tussock Moth

Acl

C m H10^21 ZX
Ci0H2I

Solenopsin A

Figure 3. Synthesis of natural products from Acl fragmentation
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Bartelt^ has demonstrated, that when a bicyclic acetal 

is treated with trialkyl aluminum reagents; the product is 
an alcohol (Figure 4).

7 8 R= H 9.2%
9 R= Et 35%

Figure 4. Bartelt fragmentation

More recently, Jun6 has reported the formation of a 
cyclopentane diol from a bicyclic acetal (Figure 5).

Figure 5. Jun fragmentation
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During the search for new products of the fragmentation 

reaction, we decided to study the product ratios obtained 
with different Lewis acids; and to investigate how the 
solvent influences the reaction. What can be said about the 
mechanism of the reaction? What are the possible uses of 
the fragmentation product? The starting point of the 
investigation began with results reported by Jun7; the 
reaction of 7 with AlI3 in refluxing acetonitrile; as shown 
in Figure 6.

All3, CH3CN

A +

11

Figure 6. All3 fragmentation
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As shown in Figure 7, compound 7 was synthesized from 

methyl vinyl ketone (MVK). The intermediate of the reaction 
sequence is MVK dimer (MVK)2.

O

Figure 7. Synthesis of 7

(MVK)2 was thought to be a useful building block for 7- 
acetyl-4,4a,5,6,7,8-hexahydro-4a-methyl-2(3H)-naphthalenone 
as shown in Figure 8. We desired to determine if acetal 7, 
could be further functionalized after treatment with 
bromine. If so, it would add to the diverse uses of
bicyclic acetals in synthesis.
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TMSCI

TMS = trimethylsilylFigure 8. Synthesis with (MVK)2
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CHAPTER 2

RESULTS AND DISCUSSION

Fragmentation of 7 with aluminum(III) chloride in 
refluxing acetonitrile leads to a complex mixture of 
products. There are five major products, 13, 11, 14, 12 and 
10 shown in Figure 9. The reaction was monitored by

13

Figure 9. AICI3 fragmentation products
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gas chromatography, during six hours of refluxing. The
first aliquot at 0.5 hrs, showed 54.5% 13, 15i 4% 11, 11.4% 
12, 1.2% 14, and 3.0% 10. .After time 1.5 hfs, the 
percentages were determined to be 70.8% 13, 18.8% 11, 1.6% 
12, 1.8% 14, and 4.8% 10. For times greater than 1.5 hrs
the percentages didn't change significantly. Comparing the 

f®r®nG©s between 0.5 hrs and 1.5 hrs; the biggest change 
the quantity of enone 13, which showed an increase of 

16%. In this same time period the quantity of diketone 12 
was reduced by almost ten percent. The quantities of the 
other products didn't change significantly. Compound 12 is 
a reasonable intermediate for three of the products, 13, 11, 
and 10. It is understood that the formation of enones 13, 
and 11 are from the corresponding enolates of diketone 12. 
^ke formation of pyridine 10 is from the incorporation of 
solvent into the reactive intermediate. The mechanism for 
formation of 14 required additional study. When 12 was
subjected to the reaction conditions, the formation of the
10, 11, and 13 was observed. A possible mechanism for the 
formation of 12 is shown in Figure 10. The first step
requires complexation of the Lewis acid to the acetal. It 
is assumed that the Lewis acid complexes with the 06-oxygen, 
with preference on the exo face. This is followed by
cleavage of the carbon oxygen bond at the acetal bridgehead 
(C5-0.6) . The 08-C1 bond is then cleaved, and leads to the 
formation of the methyl ketone moiety. Thei resulting
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A. A
Figure 10. Proposed Mechanism for Fragmentation



11
cation, could rearrange forming the epoxide, and upon 
further reaction with the Lewis acid provides the diketone®.

A comparison of tin (IV) chloride reacting with 5,7,7- 
trimethyl-6,8-dioxabicyelo[3.2.1]octane in different 
solvents and temperatures is provided by Table Ii Not all 
of the percentages for the reactions add up to 100%. The 
reason for this is that not all of the products were 
identified/ ]ust the major components were characterized.

Table I. • Reaction of SnCl4 with 7
Solvent Temp (0C) 13 11 14 12 7
CH5Cl5 22 25.4 66.4
CH5Cl5 40 64.3 20.5 3.3 11.9
CHCl5 22 3.1 96.9
CHCl5 61 10.9 63.3

' "Wi' ' - I * - ‘ ti-frwr

11.4
CCla 22 . 1 0 0

CCl4 77 66.9 20.2 4.7

The first noticeable difference is the lack of 
reactivity at 22°C in carbon tetrachloride and chloroform. 
Upon warming the reaction mixture the amount of 12 changes 
in dichloromethane. None of 12 seems to be present in the 
final product ratio of the carbon tetrachloride reaction. 
The major product in dichloromethane and ca^bdh 
tetrachloride is enone, 13. For the reaction in chloroform, 
at 61°C, the major product is 12. Compound 14 is a product 
in all of the reactions. The reaction condition resulting
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in the most 14 was chloroform at 6i°C; Starting material 
was present, after reflux, only in chloroform. Enone 1.1 was 
formed in chloroform at 22°G, but after refluxing, it was 
not present in the reaction mixturei Table 2 shows the
comparison of TiCl^ in different solvents.

Table 2. Reaction of TiCl^ with 7
Solvent Temp (0C) 13 11 14 12 7
CH9Cl9 22 100
CH9Cl9 40 2.3 7.7 27.9
CHClti 22 100
CHCl-s 61 9.8 1.3 9.9 47.4 ■
CCl4 22 100
CCl4 77 11.2 17.1 41.3

When the Lewis acid was TiClî  there was no reaction at 
22°C. It wasn't until the mixture was refluxed that any 
reaction took place. All of the reaction mixtures contained 
starting material after reflux. The largest percentage of 
remaining starting material was in chloroform. None of th<§ 
non-conjugated enone 13 was formed in any of the reactions. 
The reaction in carbon tetrachloride has the highest 
percentage of. 12, and the only reaction which didn't produce 
a measurable quantity of: compound 14. There wasn't a 
measurable amount of diketone 12 formed in dichloromethane
reaction.
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Table 3 shows the data from.the fragmentation reaction 

w^th Al (III) chloride as the Lewis acid; The reflux times 
for these reactions were two to. six hours. As seen in 
e^rIisn reactions r fragmentation occurs most readily in 
dichloromethane. Over half of the starting material was 
consumed at 22°C. The major fragmentation product in 
dichloromethane and chloroform is 11. The major product in 
carbon tetrachloride is 12. Compound 14 was observed with 
carbon tetrachloride and chloroform as the solvents.

Table 3. Reaction of AlCl^ with 7
Solvent Temp (0C) 13 11 14 12 I

CH7Cl9 22 2.8 39.7 8.9 48.6
CH9Cl9 . 40 4.7 46.2 24.6

v'-v - ̂ j- -

17/2
CHCl^ 22 <

2.4 78.7
CHCl * 61 0.5 20.5 1.4 0.5 45.9
CCl4 22 100
CCl4 77 12.6 6.4 6.9 16.5 52,3

The reaction with carbon tetrachloride as the solvent 
had the largest amount of enone 13. The reaction in 
dichloromethanef at 4O0C, was the one in which most of the 
starting material was consumed.

A comparison of Sn (IV) chloride, Ti (IV) chloride and 
Al (III) chloride reactions at 22°C, shows the following 
reactivity: Al(III) chloride > Sn (IV) chloride > Ti (IV)
chloride. This trend is independent of solvent, even though
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no reaction was observed in carbon tetrachloride at 22°C. 
Figure 11 is a comparison of product ratios in

SnCM AIQ3
Lewis odd

Figure 11. CH2Q2 22oC

□ 7
□  12
□  11 
□l3

dichloromethane, and is representative of the reactivity at 
22°C. The AICI3 reaction has three fragmentation products, 
where the others contain mostly starting material. Figure 
12 shows the reactivity in dichloromethane at 4O0C, which is

SnCM TIQ4 A I03

Lewis odd
Fjgum 12 . CH2CJ2 660C

□ 7
□  12
□  11

□l3
□  14

representative of the results in the other solvents.
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Tin(IV) chloride is the most reactive; but the aluminum(III) 
chloride reaction was refluxed for only 2.25. hrsz when the 
other reactions were refluxed for a minimum of 12 hrs.

When the Lewis acid was titanocene dichloride, in 
carbon tetrachloride, a reaction was not observed, even 
after refluxing for a days This was a bit surprising 
because in other reactions in carbon tetrachloride, after 
refluxing, some fragmentation was observed.

The following Lewis acids did not react with the acetal 
7, in dichloromethane: Tin (IV) chloride monohydrate, Ni (II) 
chloride hexahydrate, and boron trifluoride etherate. It 
was surprising that the latter showed no reaction. Except 
^hr the boron trifluoride etherate, the acids have water as 
part of the complex at the beginning of the reaction. The 
reaction may be driven by the acid complex absorbing water. 
This would not necessarily be true for the formation of 12. 
The loss of water is not the driving force for formation of 
12. The loss of water is a driving force for the formation 
of enones 11 and 13^. As stated earlier, it might be the 
case that the Lewis acid has to complex with 7 before 
fragmentation occurs. Therefore if the starting Lewis acid 
is hydrated, it might not be able to complex with 7. 
Without the complex to the 7, a reaction does not occur.

The attempted mono alkylation of (MVK) 2 at the 
thermodynamic site proved to be difficult. A number of 
reaction conditions and bases were used with little success.
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The problems lie in lack of selectivity during alkylation, 
the reaction not going to completion, separation of the 
products, and the tendency of (MVK)2 to polymerize. Column 
chromatography was difficult; only small portions of the 
products could be isolated in pure form. Distillation left 
polymer and a mixture of products. Even separation by prep 
GC was not very successful. Most of the data collected for 
the products were on mixtures, or very small quantities of 
material.

Treatment of 7 with bromine leads to a mixture of mono 
and di substituted acetal, 16 and 15 respectively. The 
ratio of mono- and di- bromo acetals changes over the course

Br2

CCI4

Figure 13. Reaction of Br2 with 7

Br

of the reaction. If the solvent is dry, more dibromo
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acetal, 15, is formed after two hours. The longer the 
reaction time the more of the mono bfomo product, 16, is 
formed10. This suggestsvthe stability of the dibromo acetal 
is almost nonexistent. Four attempts to . dehydrohalegenate 
the dibromo and monobronto acetal were unsuccessful. The. 
dibromo acetal, 15, was converted to the monobromo acetal, 
16, and the monobromo acetal didn't react. Formation of a 
Grignard reagent was not successful.

Treatment of 7 with refluxing formic acid yields the 
following: enone 13 as the major, product, with minor 
products being enone 11 and diketone 12. The fragmentation 
products are consistent with the observed results in the 
Lewis acid studies.

Since earlier studies^ 4 have used the fragments of the 
bicyclic acetal in synthesis of natural products; where can 
we go with the products from Lewis acid reactions? One, can 
envision a synthesis of (3-Irone from enone 13 shown in 
Figure 14.
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O

3) BuLi,

p -Irene

Figure 14. Proposed synthesis with 13

The new strategy is similar to the reported synthesis of p- 
Ionone-H. Enone 11 could be used to synthesize a decaline 
system as shown in Figure 15; which could be used as a 
backbone of the Valerane natural
products.
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Figure 15. Proposed synthesis of Valerane backbone

Alternatively, enone 11 could be converted to the 
Eremophilones framework, as shown in Figure 16. The 
pyridine 10 could be used as a hindered base.
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Figure 16. Proposed synthesis of Eremophilone skeleton
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CHAPTER 3 

CONCLUSION

When acetal 7 is exposed to various Lewis acids, 
fragmentation readily occurs in dichloromethane, and to a 
lesser extent in carbon • tetrachloride. . Acetonitrile 
actually participates and is incorporated into the
fragmentation sequence. This affords a new and novel 
product that has been characterized. Diketone 12 is a key 
intermediate for all the fragmentations. This is shown by 
subjecting the diketone to the reaction conditions. If 
reactivity is measured by the number of fragmentation - 
products, then aluminum trichloride is the most reactive at 
room temperature. Titanium tetrachloride is the least 
reactive at room temperature. Tin tetrachloride is the most 
reactive at refluxing temperatures, and titanium
tetrachloride is the least reactive.

The lack of reactivity of the bromo acetal was
disheartening. Since the elimination reactions and Grignard 
formation failed, further investigation is needed. A
possible reaction is with n-BuLi, or MeLi, in
tetrahydrofuran; this would hopefully form a lithio species 
or induce elimination.
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CHAPTER 4
J

EXPERIMENTAL

All reactions were run under an atmosphere of nitrogen. 
Tetrahydrofuran (THE), and ether were distilled from sodium 
benzophenone ketyl. Dichloromethane (CHgClg)r dimethyl 
sulfoxide (DMSO), benzene, acetonitrile/ chloroform (CHClg), 
diisopropylamine, I,2-dimethoxyethane (DME), were distilled 
from CaHg. Methanol (MeOH) was distilled from Mg. tert- 
Butanol (t-BuOH) was distilled from potassium. Carbon 
tetrachloride (CCI4) was distilled from phosphorus 
pentoxide. All other reagents were used as received from 
the manufacturer. 1H and 13C NMR spectra were recorded in 
CDClg at 300 and 75 MHz, respectively, on a Bruker AC-300 
spectrometer. Gas chromatography (GC) was performed on a 
Perkin-Elmer 392OB equipped with a 30m Megabore SPB-5 COItmn, 
from Supelco, He carrier gas, and FID detector. ' Low (El, 70 
eV) and High resolution (HRMS) mass spectra were obtained on 
a VG 7070E-HF spectrometer. Column chromatography was 
performed with silica gel (grade 60, 230-400 mesh) from
Aldrich. "Extracted with (organic solvent)", means the 
aqueous layer was extracted with 3 portions of solvent, with 
a volume approximately equal to the reaction volume. Unless 
stated otherwise, all organic layers were dried with
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anhydrous MgSO4; .Solvents were evaporated at reduced

I •
pressure on a rotary evaporator:

2-Acetyl- 6-methyl-3 r 4-dihydro-2H-*pyran { (MVK) 2 }
A solution of 100 mL (0.842 g/mL, 1:20 mol) methyl 

vinyl ketone (3-butene-2-one) , stabilized by 1% 
hydroquinone, and I mL benzene was placed in a steel tube 
and heated at 17 5°C for two hours. After cooling, the 
benzene was removed by rotary evaporation and the product 
was distilled, yielding 65.5 g (77.8%) bp 71°C at full 
aspirator pressure. nmr: d 4.5 bt(IH), 4.25 dd (IH),2.2
s(3H), 1.95-1.75 m(4H), 1.7 s(3H); 13C: 209:12 s, 149.57 s,
96.04 d, 79.98 d, 25.60 q, 23.22 t, 19.68 q, 18.85 t. HRMS 
cal. 140.08373, found 140.08373.

5.7,7-Trimethyl-6,8-dioxabicyclo[3.2.1]octane 7
A flame-dried two-necked flask equipped with a magnetic 

stir bar and a condenser was charged with 0.730 g Mg (30.0 
mmol) in 35 mL of diethyl ether: Methyl iodide (1.87 mL,
30.0 mmol) was added at a rate to keep the mixture 
refluxing. . The mixture was stirred for ah additional 15 
minutes after the addition was completed: The reaction
mixture was cooled to O0C, and (MVK) 2 (4.20 g, 30.0 mmol)
was slowly added, the solution turned from pink to a miIky- 
white during the addition of. the (MVK)2, and the mixture was 
allowed to stir for 15 minutes. The magnesium complex was



24
destroyed by addition of a mixture, ■ containing 5% HCl and 
concentrated HCl (5:1). The layers were separated, and the 
water layer was extracted with ether. The combined organic 
layers were washed with saturated sodium.bicarbonate, and 
saturated sodium chloride, then dried with anhydrous sodium 
sulfate. The solvent was removed by evaporation. The * 1
resulting residue was distilled (bp 47-49°C at full 
aspirator pressure) to give 3.35 g (71.6% yield) of product.
1H nmr: 3.87 d 1H, 1.95 m 1H, 1.75 m 1H, 1.59 m 1H, 1,39 s 
3H, 1.35 s 3H, 1.24 s 3H. 13C: 107.30 s, 81.19 d, 80.85 s, 
34.24 t, 29.24 q, 25.89 q, 24.31 t, 20.96 q, 17.21 t. HRMS 
cal. 156.11503, found 156.1149

7-Methyl-2r 6-octadlone 12
To a flamed-dried flask was added 7 (6.92 g, 44.3 mmol) 

and 120 mL of CHgOlg. Tin (IV) chloride (5.18 mL, 44,3 mmol) 
was added to the solution dropwise; the resulting solution 
was a dark yellow orange. The mixture was warmed slowly to 
RT, and stirred overnight; The solution turned a dark 
brown, and was quenched with NH^Cl(sat.) and diluted with 
water. The layers were separated, then the aqueous layer 
was extracted with CHgClg. The combined organic layers were 
dried and evaporated. The resulting brown residue was 
distilled to give 4.34 g (62.8%) of starting material (Bp 60 
°C at full aspirator pressure), The residue in the 
distilling flask was placed on a small pad of silica and
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washed with 60 mL of 8:2 Hex/EtOAc to give 1.51 g (21.8%)' 
diketone. 1H nmr: 2,52 m IHr 2.45 q 4Hr 2.11 s 3H, 1.80 p 
2Hr 1.06.S-3H, 1.03 s 3H. 13C: 214.18 s, 208.41 sr 42.60 
t, 40.80 d, 38.98 t, 29.83 q, 18^19 q, 17.75 t. HRMS cal. 
156.11503, found 156.11439.
Fragmentation of dioxabicycloT3.2.11 octane

I) To a solution composed of 7 (3.14 g, 2.01 mmol), and 
CHgClg (30 mL) was added SnCl4 (2.35 mL, 2.01 mmol) at 0°C. 
The resulting yellow solution was warmed to R iT., then 
heated to reflux for 2 hrs, and an aliquot was taken. 
Starting material was present by TLC and GC. The mixture 
was refluxed for an additional 13 hrs. The reaction mixture 
was quenched with brine and diluted with water; the aqueous 
layer was extracted with CHgClg. The combined organic 
layers were dried, arid passed through a small plug of silica 
to give 1.82 g (frac. I {64.3% 13}), 1.30 g (frac. 2). 
Frac. I was chromatographed to give 1.02 g of 13, 0; 226 g 
11, 0.139 g 12, 0.014 g 14. 11 1H nmr: 5.89 s IH , 2.41- 
2.29 bm 6H, 1.95 m 1H, 1.08 d 6H. 13C: 200.29 s, 171.84 s, 
123.63 d, 37.56 t, 35.74 q, 27.71 t, 22.94 t, 20.56 q. 
HRMS, cal. 138.10446, found 138.10461. 14 1H nmr: 2.45 dt 
2H, 2.23-2.09 m 2H, 1.82 m 2H, 1.59 s 3H, 1.29 s 3H, 1.19 s 
3H. 13C: 193.15 s, 78.98 s, 54.77 s, 37.31 t, 36.08 t, 
27.22 q, 21.98 q, 21.42 t, 21.09 q. HRMS, cal. 174.08114, 
found 174.08153. 13 1H nmr: 5.50 s 1H, 2.50 m 2H, 2.37 bs 
2H, 1.68 s 3H, 1.25 s 6H. 13C: 190.19 s, 140.47 s, 120.95
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d, 47.70 s, 35.72 t, 24.88 €,■ 23.88 q, 18; 31 q; HRMS, cal. 
138.10446, found 138.10605;

2) To a solution composed of 7 (1.01 g, 6.46 mmol) and 
10 mL CHC13 was added tin (IV) chloride (0.766 mL, 6.55 mmol) 
at O0Cr a precipitate formed (white), which gradually went 
into solution as the mixture warmed to RT. The aliquot at 
17 hrs. was found to consist of 85.9% starting material, and 
a small amount of diketone. The mixture was then heated to 
reflux for 18 hrs. The mixture was cooled to RT, and 
quenched with brine and water. The aqueous layer was 
extracted with CHgClg• The combined' organic layers were 
washed with NaHCOg, brine, and dried; A GC was taken of. the 
solution, to give the following data: 10.9% 14, 63.3% 12, 
11.4% 7.

3) To a solution composed of 7 (I;01 g, 6; 46 mmol) and 
10 mL CCI4 was added tin (IV) chloride (0; 7 66 mL, 6.-55 mmol) 
at 0°C. ~ The aliquot at 19 hrs; was found to contain only 
starting material. The mixture was then heated to reflux 
for 18 hrs. The mixture was cooled to RT, and quenched, with 
brine and water. The aqueous layer was extracted with 
CHgClg. The combined organic layers were washed with 
NaHCOg, brine, and dried. A GC was taken of the solution, 
to give the following data: 66.9% 13, 20.2% 11, 4.7% 14.

4) To a solution composed of 7 (I;01 g, 6.46 mmol) and 
10 mL CCI4 was added titanium (IV) chloride (0.830 mL, 6.55
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mmol) at 0°C. The aliquot at 19 hrs; was found to contain 
only starting material. The mixture was then heated to 
reflux for 18 hrs. The mixture was cooled to RT, and
quenched with brine and water; The aqueous layer was
extracted with CHgClg. The combined organic layers were 
washed with brine and dried. A GC was taken of the
solution, to give the following data: 11.2% 11, 17.1%. 12,
41.3% 7.

5) To a solution composed of 7 (1.01 g, 6.46 mmol) and
10 mL CHCl 3 was added titanium (IV) chloride (0.830 mL, 6.55 
mmol) at O0C. The aliquot at 15 hrs. was found to contain 
only starting material. The mixture was then heated to 
reflux for 1.5 hrs. The mixture was cooled to RT, and
quenched with brine and water. The aqueous layer was
extracted with CHgClg. The combined organic layers were 
washed with, brine, and dried. A GC was taken of the
solution, to give the following data: 9.8% 11, 1.3% 14,
9.9% 12, 47.4% 7.

6) To a solution composed of 7 (1.01 g, 6.46 mmol) and
10 mL CHgClg was added titanium (IV) chloride (0.830 mji, 6 „55 
mmol) at 0°C. The aliquot at 19 hrs. was found to contain 
only starting material. The mixture was then heated to 
reflux for 18 hrs. The mixture was cooled to RT, and 
quenched with brine and water. The aqueous layer was
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extracted, with CHgClg • The combined organic layers were 
washed with, brine, and dried. A GC was taken of the 
solution, to give the following data: 2.3% 11, 7.7% 14, 
27.9% 7.

7) To a solution composed of 7 (1.01 g, 6.46 mmol) and 
10 mL CCI4 was added titanoeene dichloride (1.63 g, 6.55 
mmol) at 0°C, the mixture turned red immediately. The 
aliquot at 19.5 hrs. was found to contain only starting 
material. The mixture was then heated to reflux for. 20 hrs. 
The mixture was cooled to RT, and quenched with brine and 
water. The aqueous layer was extracted with CH2Clg. The 
combined organic layers were washed with brine and dried. A 
GC was taken of the solution, to give the following data: 
100% 7.

8) To a solution composed of AICI3 (0.886 g, 6.55 mmol) 
and 10 mL CHCl3, was added 7 (1.01 g, 6.45 mmol) at RT. The 
mixture was stirred for 20 hrs, at RT. Data from an aliquot 
showed 2.4% 12, and 78.7% starting material. The reaction 
mixture was refluxed for 2.25 hrs. The mixture was cooled 
to RT, and quenched with brine and water. The aqueous layer 
was extracted with CH2Clg. The combined organic layers were 
washed with brine and dried. A GC was taken of the 
solution, to give the following data: 0.5% 13, 20.5% 11, 
1.4% 14, 0.5% 12, 45.9% 7.
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9) To a solution composed of AlCl3 (0.886 g, 6i55 mmol)
and 10 mL CH2Cl2, was added 7 (1.01 g, 6.45 mmol) at RT. 
The mixture was stirred for 20 hrs. at RT. Data from an 
aliquot showed 2.8% 13, 39,7% 11, 8.9% 12, and 48.6%
starting material. The reaction mixture was refluxed for 
2.25 hrs. The mixture was cooled to RT, and quenched with 
brine and water. The aqueous layer was extracted with 
ch2c12• The combined organic layers were washed with brine 
and dried. A GC was taken of the solution, to give the 
following data: 4.7% 13, 46.2% 11, '24.6% 12, 17.2% 7.

10) To a solution composed of AlCl3 (0.886 g, 6.55 
mmol) and 10 mL CCl^, was added 7 (1.01 g, 6.45 mmol) at RT. 
The mixture was stirred for 14 hrs. at RTi Data from an 
aliquot showed starting material. The reaction mixture was 
refluxed for 4 hrs. The mixture was cooled to RT, and
quenched with brine and water. The aqueous layer was,
extracted with CH2Cl2. The combined organic layers were 
washed with brine and dried. " A GC was taken of the 
solution, to give the following data: 12.6% 13, 6.4% 11,
6.9% 14, 16.5% 12, 52.3% 7. 11

11) To 50 mL of a formic acid 95-97% solution was added 
7 (1.44 g, 9.19 mmol). The mixture was refluxed for half an 
hour, cooled and NaHCG3 (sat.) was added. The solution was
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extracted with ether. The combined organic layers were 
dried, and evaporated to give a dark orange oil. The oil 
was chromatographed (8:2 Hex/EtOAc), to give 30 mg 13.

4,4-Dibromo-5,7,7-trimethyl-6r 8-dioxabicyclo[3.2.11 octane 15 
To a solution composed of 7 (3; 31 g, 21.2 mmol) and

CCl4 (200 mL) , Brg (1.09 mL, 21.2 mmol) was added. The 
resulting mixture was stirred for three hours * Water. was
slowly added to the solution. The layers were separated and 
the aqueous layer was extracted, with CHgClg. The combined 
organic layers were washed with NaHCO^ (sat;), brine, then 
dried, and evaporated to give a yellow oil, which turned red 
upon standing. The product was distilled to give the 
following: fraction I; mixture of monobrominated product bp
RT at 0.17 mmHg (1.19 g, 5; 06 mmol, 23.9%), fraction 2; 
monobrominated product bp 54-56°C at 0.17 mmHg (0.730 g, 
3.12 mmol, 14.7%), fraction 3; dibrominated product bp 56-58 
0C at 0.02 mmHg (3.76 g, 11.9 mmol, 56.2%). Frac. 2, 1H 
nmr: 3.98 m 2H, 2.16-2.42 m 2H, 1.72-1.99 m 2H, 1.60 s 3H, 
I; 43 s 3H, 1.32 s 3H. 13C: 107.15 s, 82; 07 s, 80.44,
54.08, 30.00, 28.60, 27.24, 24.45, 20.72 . Frac.. 3, 1H nmr: 
4.03 dd 1H, 3.16 dt 1H, 2.69 dd 1H, 2.25 m 1H, 1.83 s 3H,
1.40 s 3H, 1.29 s 3H. 13C: 109;19 s, 83.33 s, 80.97 d,
71.70 s, 43.18 t, 28.32 q, 25.01 t, 22.37 q, 20.46 q. HRMS 
cal. 311.93607, found 311.93515.
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Attempted dehydrobromination of 15.16

1) A flame-dried flask equipped with a magnetic stir
bar was charged with fe-BuOK (53 mg, 0.47 mmol) and ether (10 
mli). The 15 (0.15 g, 0.47 mmol) was added slowly to the
mixture. The resulting solution was stirred for 12 hrs. 
The reaction mixture was quenched with water; The water 
layer was extracted with ether. The combined organic layers 
were dried and evaporated to give monobromo acetal 16 
(quantitative).

2) DBU (71 [XL, 0 <47 mmol) and ether (10 mL) were 
placed in a flame-dried flask. The 15 (0.15 mg, 0.47 mmol) 
was added slowly to the.mixture. The solution turned clear, 
from milky, after 15 minutes. The mixture was stirred for 
12 hrs. The reaction was quenched with water; The layers 
were separated; and the aqueous was extracted with ether. 
The combined organic layers were, washed with brine and 
evaporated to give a quantitative amount of. starting 
material.

3) The crude reaction product from the DBU reaction 
was taken up in 15 mL of THF. fc-BuOK (118 mg, 1.05 mmol) 
was added, and the reaction mixture was heated for two 
hours, at which time an aliquot was taken. On the basis of 
TLC data, the reaction was not complete. The mixture was 
refluxed overnight and had the same TLC at the aliquot at



two hours. The reaction was quenched with NH4CI (sat.). 
The layers were separated and the aqueous phase was 
extracted with EtgO* The combined organic layers were dried 
and evaporated. The crude product was chromatographed (7:3 
ether/hexane) to give 108 mg (98.6%) 16.

4) A flame-dried flask equipped with magnetic stir bar 
was charged with 15 (277 mg, 1.18 mmol) and DMSO (10 mL) . 
To the stirring solution was added fc-BuOK (133 mg, 1.18 
mmol), and stirring was continued for four hours. The TLC 
data showed three products and starting material. The 
reaction mixture was stirred for an additional 48 hrs, and 
quenched with NH4CI (sat.). The layers were separated and 
the aqueous phase was extracted with EtgO. The combined 
organic layers were dried, then evaporated to give a yellow 
oil. The yellow oil was passed through a small flash plug 
of silica to give 223 mg (80.5% mass balance) of clear white 
oil; which was determined to be 87.0% starting material.

Attempted alkylation of (MVK)2
I) Potassium (48.0 mg 1.23 mmol) was added to freshly 

distilled t-BuOH (10 mL) at 0°C. The t-BuOH was allowed to 
warm to R.T. The (MVK) 2 (0.150 mL, 1.11 mmol) was added 
dropwise to the solution. The mixture was stirred for ten 
min., before the addition of(Mel (0.076 mL, 1.23 mmol). The 
resulting mixture was stirred for an additional two hrs,

32
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then quenched, with NH4CI (sat.) . The layers were separated 
and the aqueous phase was extracted with EtgO; The combined 
organic layers were dried. The GC data of the dried organic 
layer showed only starting material.

2) . To a solution composed of LDA (10.4 mmol) and THE
(30 mL) at 0°C, was added (MVK) 2 (1.30 mL, 9.49 mmol) ;
followed immediately by HMPA (0:825 mL, 4.74 mmol) . The 
mixture was warmed to R.T., and stirred for 30 min. The 
solution was cooled to 0°C, and the MeI (0.653 mL, 10.4 
mmol) was added. • The resulting mixture was warmed to R.T. 
and stirred for 2 hrs. The reaction was quenched with NH4CI 
(sat.). The aqueous layer was extracted with Et2O; the 
combined organic layers were washed with brine, and dried. 
The GC analysis showed a number of products including the 
following:
starting material(13.2%) , monokinetic alkylation (7.13%), 
dikinetic alkylation (7.27%). For dialk prod 1H nmr: 4.50
bs 1H, 4.39 dd 1H, 3.09 p 1H, 2.01-1.72 m, s, 7H, 1.27-1.01
dd 6H.

3) A flame-dried two-necked flask was charged with
MeOH (30 mL) and Na (0.177 g, 7.71 mmol). After the Na was 
consumed; the MeOH was removed by rotary evaporation, except 
approximately I mL. THE (30 mL) was added to the flack, 
followed by (MVK) 2 (0.96 mL, 7.01 mmol). The solution
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turned orange after ten min. at R. T. The solution" was 
cooled to -I0C during a ten miru period, and MeI (0.048' mL,
7.71 mmol) was added  ̂ The reaction mixture was kept at -1°C 
for 5 min. and then refluxed for 15 min. The mixture was 
allowed to cool to R.T. and quenched with NH4Cl (sat.). The 
aqueous layer was extracted with Et2O/ the combined organic 
layers were washed with brine, and dried. The GC analysis 
showed a number of products including the following: 
starting material (86*9%), dikinetic alkylation (3.2%). For 
dialk prod 1H nmr: 4.50 bs 1H, 4.39 dd 1H, 3.09 p 1H, 2.01-
1.72 m,s, 7H, 1.27-1.01 dd 6H.

4) To a flame-dried two-necked flask equipped with a 
reflux condenser and magnetic stir bar was added 30 mL of 
MeOH. The Na (0.240 g, 10.4 mmol) was added as three 
chunks, the mixture was allowed to cool to R;T* The MeOH 
was evaporated. THE (40 mL) was added to the white solid 
mass. (MVK) 2 (1.30 mL, 9.49 mmol) was added dropwise, then 
the mixture was stirred for 45 min. at R.T., followed by 15 
min. at -I C. The MeI (0.65 mL, 10.4 mmol) was added, arid 
the mixture was stirred for 20 min. The reaction was 
quenched with NH4Cl (sat.)< The aqueous layer was extracted 
with Et2O; the combined organic layers were washed with 
kE'ine, and dried. GC analysis showed mostly starting 
material (93.8%).



35
5) To a flame-dried , two-necked flask . equipped with a 

reflux condenser and magnetic stir bar was added 30 mL MeOH. 
The Na (0.133 g, 5.80 mmol) was added as three chunks, the 
mixture was allowed to cool to R.T. The MeOH was removed by 
rotary evaporation. DMF (40 mL) was added to the solid. 
(MVK) 2 (0.722 mL, 5.27 mmol) was added dropwise to the 
solution. The mixture was stirred for 10 min.; then MeI 
(0.036 mL, 5.80 mmol) was added to the reaction mixture. 
The reaction was quenched, after 10 min., with NH4Cl (sat.). 
The aqueous layer was extracted with EtgO; the combined 
organic layers were washed with brine, and dried. TLC 
analysis showed only starting material, and very polar 
material which didn't move above the baseline.

6) A flame-dried two-necked flask equipped with a stir 
bar and condenser was charged with KH (0.029 g, 0.729 m m ol) 

and DME (12 mL). The (MVK)2 (0.102 g, 0.729 mmol) was added 
slowly to the mixture. The solution turned a dark orange 
after stirring for one hour. MeI (0.050 mL, 0.802 mmol) was 
added in one portion. The solution got lighter after one 
hour. The reaction mixture was stirred for. 12 hrs., an 
aliquot was taken, GC analysis showed approximately 50% 
reaction completion. The reaction mixture was quenched with 
NH4Cl (sat.) after 14 hrs. The aqueous layer was extracted 
with EtgO; the combined organic layers were washed with 
brine, dried, and evaporated off to give crude oily mixture.



The oil was purified ,by chromatography on silica, with 19:1 
Hex/EtOAc, yielding 5:8 mg (4.7%)crude dialkylated kinetic 
product, arid 7.8 mg of (MVK) 2 (7.6%); the rest of. the
reaction mixture was determined to be polymer. For dialk

- 36 V.

prod 1H nmr: 4.50 bs IH, 4.39 dd 1H, 3.09 p 1H, 2.01-1.72
m, s, 7H, 1.27-1.01 dd 6H•

7) A flame-dried two-necked flask equipped with
magnetic stir bar and balloon of Hg, was charged with the 
LDA (10.4 mmol) in THE (30 mL) at O0C. The mixture was 
warmed to R.T. After being cooled back to zero, MeOTF (1.18 
mL, 0.0104 mol) was added dropwise, and the resulting 
mixture was stirred for an additional two hrs. The reaction 
mixture was quenched with NH4CI (sat.) and diluted with 
water. The layers were separated, and the aqueous layer was 
extracted with EtgO; the combined organic layers were washed 
with brine, dried, and evaporated to give a mixture of 
starting material (49.2%) and four other unidentified 
products (maybe rearranged alkyl prod):

2,2-Ethylenedioxy-3-butene
Ethylene glycol (19.9 mL, 0.357 mol) was added to a 

solution of MVK (29.7 mL, 0.357 mol) in dry benzene(350 mL). 
A catalytic amount of TsOH was added to the solution. The 
reaction mixture was refluxed for 36 hrs, then cooled and 3 
A sieves were added. The solution was heated for an
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additional 12 hrs. . The sieves were filtered away from the 
solution, and rinsed with dichldromethane. The solvent was 
evaporated to give 4 6.1 g of orange oil, which was 
fractionally distilled (through a vigroux column). Fraction 
I, R.T., (5.66 g) contained benzene and acetal product;
Fraction 2, 35-40°C, contained (1.29 g, 3.18%) acetal
product. Fraction 3f 55-60°C, contained (0.795 g) acetal 
product and other unidentified products. Fraction 4, 75-80° 
Cf (22.3 g) consisted of two layers, the layers were 
separated, the top layer was an acetal product and 
uncharacterized products. {The bottom layer was determined 
to be ethylene glycol.} Frac. 2, 1H nmr: 5.7 9 q 1H, 5.35 
dd 'IH, 5.12 dd 1H, 3.90 dm 4H, 1.44 s 3H. 13C: 138.413 d, 
114.713 t, 107.355 s, 64.475 t, 24.567 q.

3,4-Dibromo-2.2-ethylenedioxybutane
Bromine (0.064 mL, 1.24 mmol) was added, in one 

portion, to a solution composed of 2,2-ethylenedioxy-3- 
butene (0.142 g, 1.24 mmol) and CCl4 (8 mL) . The mixture, 
was stirred for 30 min., and quenched with water (8 mL) . 
The layers were separated, and the aqueous layer was 
extracted with dichloromethane. The combined organic layers 
were washed with NaHCO3 (sat.), brine, then dried, and 
evaporated to give 0.33 g (96%) product. nmr: 4.09 dd
IHf 4.00 q 4H, 3.99 dd IH, 3.50 t IH, 1.50 s 3H. 13C:
109.073 s, 65.415 t, 65.300 t, 58.532 d, 33.726 t, 21.171 q.



38

3r 4-Dibrom6-2-but:anQne
To a .solution composed of MVK (1.62 mL, 19.4 mmol) and 

CCI4 was added bromine (1.00 mL, 19.4 mmol). The solution 
turned deep red. After five minutes the solution was clear,. 
The mixture was stirred for 35 minutes (total time) > then 
water was added (10 mL). The layers were separated, and the 
aqueous layer was extracted with CHgClg. The combined 
organic layers were washed with saturated NaHCOg, and brine; 
then dried and evaporated to give 5 g of crude product. As 
the product sat for a couple of days, it turned black. The 
black oil was loaded on silica and rinsed with 8:2 Hex/EtOAc 
to give a yellow oil, which was determined to product by ^H 
nmr and nominal mass spec. 1H nmr: 4150 dd IH, 3.90 t IH, 
3.61 dd IH, 2.39 s 3H.
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