
Stereoselective transformations of oxygen-bearing ring compounds
by Karen Elizabeth Bartelt

A thesis submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy in
Chemistry
Montana State University
© Copyright by Karen Elizabeth Bartelt (1988)

Abstract:
New methodologies or reagents which can find application in the stereocontrolled synthesis of natural
products are always in demand. A series of stereoselective transformations of the
6,8-dioxahicyclo[3.2.1]octane and the 2-(1-carbonyl)-3,4-dihydro-2H-pyran skeletons is investigated.
Reduction of 2-(1-carbonyl)-3,4-dihydro-2H-pyrans by either trialkylaluminums or diethylzinc is
stereoselective for the Cram product; in the case of diethylzinc only the Cram product is seen.
Triethylaluminum is used in a synthesis of brevicomin in which the exo isomer predominates by better
than five to one. The structures of interesting by-products are determined, and a molecular mechanical
treatment of C-4 substituted bicyclic ketals is given. Reductive cleavage of
6,8-dioxabicyclo[3.2.1]octane systems is performed with both trialkylaluminums and diethylzinc. In all
cases, the 0-6 bond is cleaved and the alkyl group delivered trans to the original one atom bridge. As
precursors for cleavage by aluminum iodide, two solid 7-anisoyl-6,8-dioxabicyclo[3.2.1]octanes are
synthesized. X-ray data determine the anisoyl groups to be exo. Cleavage by AlI3, does not give
expected products. Attempted cleavage of these same systems by bromine results in dibromination at
the C-4 position instead. Cyclopropanation of 3,4-dihydro-2H-pyran derivatives is accomplished using
both carbenoid and chlorocarbene reagents. Cyclopropanation is more facile when a protecting group is
applied to hydroxyl groups present or when the substituent at the C-2 position is a methoxy group.
Ring-opening of the cyclopropanes formed is attempted using silver ion, HBr, H2/Pd, and B2H6 but no
useful ring openings occur. 
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ABSTRACT

New methodologies or reagents which can find application in the 
sterepcontrolled synthesis of natural products are always in demand. 
A  series of stereoselective transformations of the 6,8- 
dioxabicyclp[3.2.1Joctane and the 2-(I-carbonyl)-3;4-dihydro-2H-pyran 
skeletons is investigated. Reduction of 2-(I-carbonyl)-3,4-dihydro- 
2H-pyrans by either trialkylaluminums or diethylzinc is 
stereoselective for the Cram product; in the case of diethylzinc only 
the Cram product is seen. Triethylaluminum is used in a synthesis of 
brevicomin in which the exo isomer predominates by better than five to 
one. The structures of interesting by-products are determined, and a 
molecular mechanical treatment of C-4 substituted bicyclic ketals is 
given. Reductive cleavage of 6,8-dioxabicyclo[3.2.1]octane systems is 
performed with both trialkylaluminums and diethylzinc. In all cases, 
the 0-6 bond is cleaved and the alkyl group delivered trans to the 
original one atom bridge. As precursors for cleavage by aluminum 
iodide, two solid 7-anisoyl-6,8-dioxabicyclo[3.2.1]octanes are 
synthesized. X-ray data determine the anisoyl groups to be exo. 
Cleavage by All- does not give expected products. Attempted cleavage 
of these same systems by bromine results in dibromination at the C-4 
position instead. Cyclopropanation of 3,4-dihydro-2H-pyran 
derivatives is accomplished using both carbenoid and chlorocarbene 
reagents. Cyclopropanation is more facile when a protecting group is 
applied to hydroxyl groups present or when the substituent at the C-2 
position is a methoxy group. Ring-opening of the cyclopropanes formed 
is attempted using silver ion, HBr, /Pd, and B^H^, but no useful 
ring openings occur.
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CHAPTER I 

INTRODUCTION

The synthesis of natural products is an exciting area of organic 

chemistry today. ' The 6,8-dioxaMcyclo[3.2.1]octane [1] and 2-(l- 

carbonyl)-3,4-dihydro-2H-pyran [2] systems (Figure I) represent 

useful intermediates in the synthesis of small cyclic oxygen- 

containing natural products. Since, these natural products often 

contain a number of stereocenters, there is a constant search for new 

methodologies or reagents which will facilitate stereoselective 

transformations. Three types of reactions were considered to be 

useful in stereoselective natural product syntheses; reagents not used 

on these systems previously were investigated. Carbonyl reductions 

were performed on 3,4-dihydro-2H-pyran compounds by trialkylaluminums 

and diethylzinc; cleavages of the 6,8-dioxabicyclo[3.2.1]octane 

systems were attempted with trialkylaluminums# diethylzinc# aluminum 
iodide# and bromine; and cyclopropanation of 3,4-dihydro-2H-pyran 

systems were attempted with both carbenoid and chlorocarbene reagents. 

A  variety of ring opening agents# including HBr, silver ion# and Hg/Pd 

were used to open the cyclopropanes formed.
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I
4 / /'X2
5

60

Figure I. The 3,4-dihydro-2H-pyran [_!] and 6,8-dioxabicyclo
[3.2.1]octane [2] skeletons and numbering systems

Stereoselective Reductions

It was a goal of this research to investigate the stereochemical 

consequences of converting 3,4-dihydro-2H-pyran carbonyl compounds to 

substituted 3,4-dihydro-2H-pyran alcohols with trialkylaluminums and 

diethylzinc. The alcohols formed could be cyclized to bicyclic ketal 

natural and unnatural products (Figure 2)> and serve as synthetic 

intermediates for other natural product skeletons (Figure 3).

3a 4q

Three alcohol results In EXO ketal.
Group of higher priority will be CIS to one-membered bridge

Erythro alcohols give ENDO kettils.
Group of greater priority Is TRANS to one-member bridge.

Figure 2. Cyclization of 3,4-dihydro-2H-pyran alcohols to
6,8-dioxabicyclo[3.2.1]octanes



3

X,

Multlstrlatin. exO BrevIcomln endo BrevlcomIn

r l
A A

I— .—o-— (D

Frontalln

7

Japanese hop 
oil constituent

8

Pheromone of 
Mus musculus

Bullerone1
10

Figure 3. Natural products possessing the 6,8-dioxahicyclo
[3.2.1]octane skeleton

It is evident by the number of stereocenters in the natural

products in Figure 3 that control of the stereochemistry is essential

in any natural product synthesis. The stereochemical course of a
2reaction can be explained using the model first put forth by Cram ,: 

and modified by Felkin3 and Anh4. To quote from the original Cram 

paper, .
"in non-catalytic (kinetically controlled) reactions ... that 

diastereomer will predominate which would be formed by the approach of 
the entering group from the less hindered side of the double bond when 
the rotational conformation of the C-C bond is such that the double 
bond is flanked by the two least hindered bulky groups attached to the 
asymmetric center."

Modification of the Cram model by Felkin involved a different

rotational conformation in which perpendicular attack is still
4assumed3. Anh considered non-perpendicular attack to be crucial , and
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steric interaction of the entering group with the small versus the 

medium ligand predicts the dominant product. However, as Figure 4 

shows, any of the models predict the same "Cram" product ought to 

predominate in the absence of chelation.

Figure 4. A comparison of Cram, Felkin, and Anh models of 
carbonyl reduction

A cyclic model can be applied to systems that contain a 

heteroatom, where the heteroatom and carbonyl oxygen may complex with 

the reagents, as shown in Figure 5. However, application of this 

model must be done with care, since it is known that reductions are 

sensitive to such conditions as solvent, reagent, and substituents on 

the heteroatom'’. Indeed, neither model can predict the outcome of 

this type of reaction; the stereochemical outcome implies the model 

which best applies to reaction conditions.
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L

Figure 5. Cyclic model, chelation control

Reactions of 3,4-dihydro-2H-pyran carbonyl compounds by a wide

variety of carbanions have been studied extensively and have resulted

in a number of natural product syntheses. Prior work has included

studies on the steric course of Grignard addition to 2-formyl-3,4-

dihydro-2H-pyran [JJl] . It was concluded that the steric bulk of the

incoming "R" group affected the erythro/threo alcohol mix (Figure 6).^

Reduction of 2-acetyl-6-methyl-3,4-dihydro-2H-pyran by NaBH^ has been

found to proceed with slight stereoselection for the threo alcohol
6 7(60:40) (Figure 7). Breviccxnin [6b] has been synthesized with 4:1 

stereoselection for the endo isomer (Figure 8).

R%
H
\

I I I 2a, threo I 2b, erythro

Figure 6. Steric course of Grignard addition
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Figure 7. Reduction by NaBH^

11

1. TMEDA
2. C2H5Ll

3. CH3I
4. H* 0 —  

6a
o ----J . ^

6b

Figure 8. Stereoselective synthesis of endo hrevicomin [6b]

Stereochemical control of carbonyl reductions is an important
g

topic currently pursued by many research groups. Howe has alkylated

alpha, beta-epoxyaldehydes using methyllithium, methyl Grignards, and

allylstannanes to give non-chelation control products with moderate to
ghigh stereoselectivity (Figure 9). Keck investigated the addition of 

allyl-tri-n-butylstannane to alpha-hydroxyaldehydes, and found that 

the proper choice of a Lewis acid and protecting group can result in 

excellent stereoselectivity for either the erythro or threo alcohol 

(Figure 10). Reetz^ reported on 1,2- and 1,4- asymmetric inductions 

on beta-hydroxyaldehydes (Figure 11). The stereoselectivity shown in 

Figure 11 could be reversed if the weaker Lewis acid, H^Ti(O-Ipr) 

was substituted for H ^ T i C l K o r e e d a  and Tanaka** reduced aldehydes 

with gamma-alkoxy-allylstannanes under chelation control conditions to
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give a preponderance of three vicinal diols (Figure 12). Danishefsky 
and. Dininno were able to control the allylation of ribo- and 

galacto-aldosulose derivatives by varying the Lewis, acid catalyst 
(Figure 13). In their synthesis of 6-acetoxy-5-hexadecanolide [27],

I 3 •Jefford could select for either isomer by varying the carbanion and 

suppressing or enhancing chelation (Figure 14).

16

CH3Li

. A -
OH

17a
predominates

O

OH
17b

Figure 9. Howe's alkylation of alpha, beta-epoxyaldehydes

OR

CHO ^ ^ S n S u ,  

Lewis acid
I

Figure 10. Keck's erythro and threo stereoselection

« ^ 0 ^ C H 0  H3CTiCI3 

H3C" H CH2C|2» -78°

20

4> OH

" A l t ,
21a
threo, 92

* OH

.Aa C'" ch3
0

H3C H H

21b
erythro, 8

Figure II. Reetz's asymmetric inductions
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22

R1CHO

1. BF3, -78° R1
2. CH3OH1 H2O

OH

iT
23b

OH

R
23a

predominates

Figure 12.. Alkylations by Koreeda and Tanaka

Figure 13. Stereocontrol of allylation of aldosulose derivatives

Figure 14. Synthesis of erythro/threo-6-acetoxy-5-hexadecanolide
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Ttialkylaluminums, specifically, have not been studied recently

as reagents for carbonyl reductions. Their use as acetal. cleavage
14 '.reagents is well documented (Figure 15), as is their use in

reqioselective additions to 2,3-epoxyalcohols15 (Figure 16) and

reductive rearrangement of alkoxyenol ethers^^ (Figure 17). The use
of trialkylaluminums in stereoselective reduction and alkylation of

17alicyclic ketones has been discussed by Ashby and Laemmle , who found 

that a two-fold excess of trimethylalumium will attack the carbonyl 

group 90% from the more hindered side (Figure 18).

Figure 15. Acetal cleavage by triisobutylaluminum

H31= Z O - O H 1. Me3AI, O0

2. NaIO4 CisH3I/ ^ C H O

Figure 16. RegioselectiVe addition by trimethylaluminum
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'cr ' o '  'OEt 

32

Figure 17. Rearrangement induced by R3Al

Figure 18. Reaction of alicyclic ketones with R3Al

Diethylzinc, while widely used in the Simmons-Smith reaction, has

Deen used ,extensively in the reduction
■...... 1has been utilized to some extent by Reetz

not been used extensively in the reduction of carbonyls. Dimethylzinc
10

Cleavage ■ Reactions

It became a second goal of this research to find methods to 

effect regioselective cleavage of the 0 8  bond and provide a means of 

entry into oxepanes. Several examples of representative natural 

products are shown in Figure 19. If cleavage of the O S  bond were not 

realized, the stereochemistry of the cleavage that did occur was to 

be determined. When the number of stereocenters in natural products, 
for example those shown in Figure 19 is noted, the stereochemical 

outcome of the cleavage can be of significance even if the 

regioselective outcome of cleavage is not realized.
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Laurenon

ZoopatonoL R = 'y*=*' 36

MontanoL R ■

TomentanoL R =

37

38

Lauthlsan

18 18 19Figure 19. Montanol20, zoopateno^Q , tonentanol ,
Iaurenan^u, lauthisan

The ease of synthesis of the 6,8-dioxabicyclo[3.2.1]octane

skeleton from 3,4-dihydro-2H-pyranyl alcohols makes these ketals

attractive synthetic intermediates. Cleavage of bicyclic ketals by

various reagents has been an on-going study in this research group. 
21Schwarz effected the cleavage of the 5,7-dimethyl system using Pd(C)

22to get the cis-pyran alcohols (Figure 20). Kim employed AlH3 as a

ketal cleavage reagent in his synthesis of civet cat glandular
23component (Figure 21). When Kim used AlH2Cl on the 5,7-dime thy I 

system, he noted the product ratio of cis- and trans-pyran-alcohols
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24shown in Figure 22. In his Ph.D thesis , Jun demonstrated the 

ability to cleave the 0 6  bond with triethylsilylhydride, and open 

both rings with MgBr2 (Figure 23).

X V
OH

4 1 a ,b
O ----1X
15a,b

Figure 20. Cleavage with Pd(C)

45 44

Figure 21. Synthesis of civet cat glandular component
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Figure 22: AlH^Cl cleavages

Figure 23: Et^SiH and MgBr^ cleavages

Certain cleavage reagents have resulted in more spectacular
24rearrangements. Two novel products resulted when Jun used AlI^ on

certain bicyclic ketal systems (Figure 24). Acetyl iodide, employed
25by Bjorklund and Jun , converted ketals to delta, epsilon-unsaturated 

ketones by elimination of both bridging oxygens. This procedure was
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used in the synthesis of the Douglas fir Tussock moth pheromone 

(Figure 25).

AII3
CH3CN

54a, b

a, R = Ipr
b, R = n-Bu

Figure 24. Pyridine and enone produced by AlI^ cleavages

I . C5Hi1MgBr

C l0' X H O 2. t-BuLl
3. C 10HaiBr

C5H,Sn-Tl

C10HzV
CH3(CH2)9^ O  ^ w v ( C H 2)4CH3

53
'C5H 11

Figure 25. Acetyl iodide cleavages of 6,8-dioxabicyclo 
[3.2.Ijoctanes

Otdier research groups have employed bicyclic ketals as synthetic 

intermediates. Utaka1s group^ converted frontalin lactone to alpha 

cinenic acid and other products, including an oxepane in low yield
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(Figure 26). Recently a spirocyclopropyl bicyclic ketal was used as
27an intermediate in the synthesis of pederol (Figure 27).

Figure 26. Conversion of frontalin lactone to alpha cinenic acid 
and an oxepane

OTBS OTBS

61

Figure 27. Bicyclic ketal in the synthesis of pederol 

Cyclopropanations and Ring Openings

The third goal of this research was to cyclopropanate protected 

3,4-dihydro-2H-pyrans or pyranyl alcohols. An unexplored alternative 

route into oxepane natural products might be found via the 

cyclopropanetion of 3,4-dihydro-2H-pyran derivatives, followed by ring 

opening. The 6,9-dioxabicyclo[3.3.1]nonane skeleton, exemplified by 

64, is potentially available via thermal rearrangement (Figure 28).
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Striped ambrosia beetle pheromone 
64

Figure 28. Conversion of 3,4-dihydro-2H-pyrans to oxepanes and
6,9-dioxabicyclo[3.3.1]nonanes

Cyclopropanations of 3,4-dihydro-2H-pyran are known in the
29literature, and include Simmons-Smith reactions , use of

dichlorocarbenes^, and monochlorocarbene^ * (Figure 29). Duggan 
32Hall reported the dichlorocarbenation of the 2-methoxy derivative. 

(Figure 31).

Figure 29. Cyclopropanations of 3,4-dihydro-2H-pyran compounds
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Cyclopropanation of.3,4-dihydro-2H-pyran carbonyl derivatives is 

not well documented in the literature. This is because generation of 

a carbenoid in the the presence of diethylzinc would result in 
reduction of the aldehyde or ketone functionalities; esters, however, 

would be inert. Generation of monochlorocarbene . requires n- 
butyllithium, which reacts with carbonyls, while dichlorpcarbene is 

generated in sodium methoxide (or potassium-t-butoxide), which may 

result in enolate formation.
The third goal of this research would be fully realized only if

the cyclopropane ring could be opened to an oxepin or oxepane system.

Ring opening in cyclopropane systems well known. Opening of medium

sized dihalo non-oxyqenated rings has been accomplished by silver ion

and found to proceed in a disrotatory manner via an allylic

intermediate33 (Figure 30). Diboranes have been found to cleave

alkyl-cyclopropanes at 100° 34. A spirocyclopropane was opened with

Adam's catalyst27. Ring opening of one isomer of the

monochlorocarbene derivative of 3,4-dihydro-2H-pyran has been

accomplished using both silver ion and quinoline (Figure 31). A 2-

methoxy-3,4-dihydro-2H-pyran has been opened by silver ion to give
32chloromethoxyhexenes and chloromethoxyhepten-2-ones (Figure 31). It

was hoped that one of these reagents would successfully open the 

dihydropyran-derived cyclopropanes.
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■—X  Br
x K l  AgOTs Z ^ h - V h

'B r CH3CN
OTs

69 Br . 7 0

Figure 30. Ring-opening of alkyl cyclopropanes

OCH3

75

Figure 31. Ring-opening of 3,4-dihydro-2H-pyran-derived 
cyclopropanes

As the group effort continues to develop new synthetic methods 

that will allow for the preparation of natural products, the following 

questions. became the focus of this research. .Can 3,4-dihydro-2H- 

pyrans be reduced in a stereoselective manner using trialkylaluminums 

or diethylzinc? Can new methods of ketal fragmentations be. found, 

especially those which afford .stereoselection? Can cyclopropane



intermediates be prepared and utilized as precursors to oxepin or 

oxepane ring systems? In the sections that follow, the work required 

to answer these questions will be presented.
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CHAPTER 2

RESULTS AND DISCUSSION 

Reductions

Trialkylalumlnums
The work of Ashby and Laemnde17 in the late 1970's demonstrated 

the stereoselectivity of reaction in the reduction of alicyclic 

ketones with trialkylaluminums. The postulated mechanism, shown in 

Figure 32, involved a six-center intermediate. If the 

trialkylaluminum possessed a beta hydrogen, reduction could occur as 

well as delivery of an "R" group. Reduction was favored with small 

amounts (ca 1.2 eg) of trialkylaluminum; alkylation dominated in these 

systems with larger amounts (ca 2.0 eg) of trialkylaluminum.

Reduction Alkylation

Figure 32. Mechanism of reduction and alkylation by trialkylaluminums
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Several 3,4-dihydro-2H-pyran carbonyl derivatives were subjected 

to reduction conditions, using three different trialkylaluminum 
reagents (Figure 33). A companion analysis with diethylzinc was also

I ' ■carried ' out. . Structure determination relied heavily on H-NMR data 

and comparison to known bicyclic ketals. Exo/endo isomer ratios were
determined by a specific protocol, When there was baseline separation 

by GLC, isomer ratios were taken by determining the area of the GLC
Ipeaks for each isomer. If GLC separation was poor, a H-NMR spectrum

of the isomer mixture was interpreted. Resonances corresponding to
25 35exo or endo positions at C-4 and C-7 are well documented ' (Figure 

34). Isomer ratios were then determined from integration of analogous 

1H-NMR peaks. If no other separation was possible, integration of 

GCMS peaks were used. Since these are proportional to the energy of 

the molecule rather than the amount present, they offered the poorest 

exo/endo comparison, and were avoided unless there was ho alternative.

CHO

11

Zvformyl-r 3 ,4 -  
dIhydro-2H-pyran

2-acetyl-6-methyl 
3 ,4-dihydro-2H-pyran

2-carbomethoxy 
2 ,5-dimethyl 
3 ,4-dihydro-2H 

pyran

'0

94

2^propanoyl-6-methyl
3 ,4-dlhydro-2H- 
pyran

Substrates reduced by trialky !aluminumsFigure 33.
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exo, 1.18

Figure 34. Known ^H-NMR resonances of exo and endo bicyclic ketals

When 2-formyl-3,4-dihydro-2H-pyran [_11_] was allowed to react with 

1.2 equivalents of trimethylaluminum, GCMS revealed a small amount of 

starting material and two products with M+ = 128, apparently due to 

methylations. Analysis of the ^H-NMR spectrum was difficult in CDCl^, 

but possible in benzene d-6. Integration of the methyl doublets of 

alcohols [12a,b] determined the ratio of threo/erythro to be 25:75 

(Figure 35). The alcohols were further characterized by cyclizing 

them to their easily identified bicyclic ketals [76a,b] by stirring 

them with a catalytic amount of toluenesulfonic acid in benzene. The 

ketals were the exo/endo-7-methyl-6,8-dioxabicyclo[3.2.I]octanes
I 19[76a,b] and matched previous H-NMR data from our group . The ratio 

of methyl doublets in 76a,b was 27:73. Since the endo ketal arises 

from the erythro alcohol, it can be said that there is a stereofacial 

selectivity of 3 for the erythro alcohol.
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S 0^I S 0 ^l

x.
76b

Figure 35. Alkylation of _H with trimethylaluminum

Reaction of _1_1 with 1.2 equivalents of triethylaluminum produced 

a mixture vAiich was assigned the composition shown in Figure 36 on the 

basis of GLC areas. The structure of the erythro isomer 77b was 

determined by comparison of its ^H-NMR spectrum to that of 12b which 

was determined previously. Further confirmation was made by cyclizing 

all products to bicyclic ketals. Ketal [_1] is known; identification 

of 78b as being endo was made by comparison to ^H-NMR shifts of the 

methyl triplets of brevicomin [6J isomers36. A peak present in the 

GLC trace but never identified was in the correct elution spot for the 

exo ketal, [78a]. Since the threo alcohol was identified in the mass 

spectrum, it is suggested that this was, indeed, the exo ketal. Ratio 

of GLG exo/endo peaks was 1:10, thereby suggesting a selection for the 

endo ketal [78b] of 91:9. Thus under these conditions, 35% simple 

reduction occurred; ethylation accounted for 60% of the products, with 

selection for endo ketal [78b] of 91:9.
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Reduction, 40%
1. Et3AI1 1.2 eq

2. H4

I I +

60% Ethylation

Figure 36. Reaction of _1_1 with triethylaluminum and product 
composition

Previously, Ashby and Laemmle^ noted that an increase in the 

amount of R^Al increased the amount of alkyl delivery. The experiment 

was repeated, this time with 2.0 equivalents of triethylaluminum 

(Figure 37). In excess of 90% of recovered material were the alcohols 

[77a,b]. Analysis of the methyl triplets in the 1H-NMR spectrum of 

the alcohol mixture in benzene d-6 showed that there was an 89:11 

ratio of erythro 77b to threo 77a. Subsequent attempts to use this 

mixture in a stereoselective synthesis of endo brevicomin [6b] were 

unsuccessful. Although the alkylation procedure was used by
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Bjorklund25b successfully, a variety of attempts to alkylate 77 in 

this manner failed. One example is shown in Figure 38.

CHO

1. Et3AIl 2 eq
2. H+ 90%

78b

Figure 37. Reaction of JA with 2.0 eq triethylaluminum

Figure 38. Attempted synthesis of endo brevicomin [6b]

Reaction of JA with 2.0 equivalents of triisobutylaluminum 

afforded largely the simple reduction product [80], which was cyclized 

to ketal [JJ and identified (Figure 39). When 2-acetyl-5-methyl-3,4- 

dihydro-2H-pyran [13] was allowed to react with 1.2 equivalents of 

trimethylaluminum and cyclized, the only product obtained was 5,7,7- 

trimethyl-6,8-dioxabicyclo[3.2.1]octane [46] (Figure 40).
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IBu3AI, 2 eq 

2 4  hr

11

aCH2OH

H*

80

Reduction only

Figure 39. Reaction of 11 with triisobutylaluminum

Alkylation only

Figure 40. Reaction of _13 with trimethylaluminum

In a reaction of 13 with 2.0 equivalents of triethylaluminum, 

GCMS of the reaction mixture indicated that a substantial amount of 

the simple reduction product alcohols as well as the ethylated 

alcohols were formed (Figure 4.1). The products were cyclized and 

analyzed as bicyclic ketals. Although 2.0 equivalents of 

triethylaluminum substantially ethylated IV, simple reduction 

prevailed (57%) in this case. Exo/endo-5,7-dimethyl-6,8- 

dioxabicyclo[3.2.1]octanes [15a,b] were formed in the ratio 65:35, a 

slight enrichment of. the exo isomer oyer the typical 60:40 NaBH4 
reduction. Reductive ethylation accounted for 37% of the products, 

Exo/endb-7-ethyl-5,7-dimethyl-6,8-dioxabicyclo[3.2.1]octanes [81a,b] 

nearly co-eluted on GLC (OV-17). However, analysis was possible due
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to good separation of methyl triplets and singlets in the ^H-NMR 

spectrum. Exo 81a had a methyl triplet at 0.87 ppn and a singlet at 

1.29 ppm; endo 81b had a methyl triplet at 0.95 ppm and a singlet at 

1.23 ppm. The methyl triplet of exo brevicomin [6a] is centered at 

0.88 ppm; while for endo 6b,this signal is centered at 0.97 ppn. The 

C-7 methyl groups of _15 also are characteristic of the isomer, as the 

exo isomer has a signal at 1.16 ppn while the endo resonates at 1.31 

ppm (see Figure 34). The methyl singlet of 81a occurs at lower field 

than that of 81b, consistent with the positions assigned. The isomer 

ratio exo/endo 81 was determined to be 57:43. Both of these ratios 

can be rationalized as resulting from Cram products. As shown in 

Figure 42, preferred attack is from the same side.

1. Et3Al, 2 eq

2. H*
15a

+

15b
15 a /15b ■ 64:36  
Reduction, 57%

Ethylation,

o —
+ / zX Z

81b
37% 81 a /8 Ib  -  43:57

Figure 4I. Reaction of _13 with triethylaluminum
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HCXlA r Et

Me

Ethylation results In 

ERYtHRO alcohol

Reduction results In 

THREO alcohol

Figure 42. Preferred attack, by triethylaluminum showing Cram products

Emphasis of the research then shifted to the stereoselective 

reduction of the ester, 2-carbomethoxy-2,5-dimethyl-3,4-dihydro-2H- 

pyran [82] by trimethyl-, triethyl-, and triisobutylaluminum. The 

cyclized products thus formed generated some interesting 

stereochemical questions at the. €-4.center'of the resultant bicyclic 

ketals, in addition to contributing to knowledge of reduction at C-I.

When ester [82] was reacted with 1.2 equivalents of 

triisobutylaluminum, GCMS of the reaction mixture revealed a pair of 

isomers, M+= 142, and another pair of isomers, M+= 198 (Figure 43). 

The lower molecular weight pair, which accounted for 90% of the 

product mix, were identified as exo/endo-I,4-dimethyl-6,8- 

dioxabicyclo[3.2.1]octanes [83a,b]. The later-eluting ketal, exo [83] 

in this case, was the more abundant by a factor of 2/1. Assignment of 

stereochemistry at the C-4 center was made by comparison to 

multistriatin [5J C-4 shifts assigned by Gore ... Exo (axial) C-4 

methyl groups in these ketals always resonate at lower field than endo 

(equatorial) methyls. Table I compares the C-4 methyl resonances in
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83a,b , all four multistxiatin [27] isomers, and another ketal, [84],
37synthesized in a 50/50 mixture by Gore .

The M+ = 198 isomers accounted for less than 10% of the products 

and could not be totally characterized.. The mass spectrum was used 
for isomer ratio, with the later-eluting isomer in a 60:40 ratio over

I
the earlier-eluting isomer. The 0.8-1.I ppm region of the H-NMR 
spectrum of the isomer pair was exceedingly complex —  not an unusual 

prospect if the exo/endo-isobutylated ketals were, formed. The 

molecular ion and 1H-NMR features point toward the isobutylated ketals 

f85a,b] (Figure 43). Since there are two independent stereocenters in 

this molecule, yet only two isomers present by GCMS,. one of the 

stereocenters is presumed to have the same configuration. Since only 

one heteroatom proton signal was seen in the 1H-NMR spectrum, it was 

assumed that the C-7 positions have the same stereochemistry. The 

fact that the heteroatom signal present was a triplet of doublets 

indicates that it should be in the exq position so as to undergo "W" 

coupling with the axial proton at C-2. Both 83 and 85 are formed with

a preponderance of the exo (axial) C-4 methyl group.

*0

Reduction, 90% Alkylation, <10% 

Figure 43. Reaction of 82 with IBu3Al
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Table I. Comparison of C-4 methyl groups of 83, 84, and 5

C-4 Axial Methyl C-4 Equatorial Methyl

1.01 ppm 0.81 ppm

0 .9 8  ppm 0 .8 3  ppm

0 .9 9  ppm 0 .8 3  ppm

Ester [82] was then reacted with 2.1 equivalents of 

triethylaluminum. GCMS analysis of the crude material showed only 

three components: ketals [83a,b] from reduction of the aldehyde 

impurity (,1%), ester [82] (64%), and one peak present as 35% of the 

products, M+ = 170, presumably one ethylated alcohol (Figure 44). *H- 

NMR of a collected fraction indicated primarily the erythro isomer 

[86b].

Starting materials

65%

Figure 44. Reaction of ester 82 with triethylaluminum
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Obviously, triethylaluminum is an unsuitable reducing agent for 

this system at room temperature. However, since only one apparent 

product resulted, the reaction mixture was recombined with 

toluenesulfonic acid in benzene and allowed to cyclize. It was 

thought that the ester would be unaffected, and that two ketals, 

epimeric at C-4 [87, 88] would be the only other products (Figure 45).

Figure 45. Expected products of cyclization of 86b

In retrospect, a better approach would have been separation 

followed by cyclization of alcohol [86b], or to attempt total 

reduction of the ester (this was done later). Analysis of the 

cyclized mixture indicated that while the alcohol [86b] cyclized to 

give the expected products, ester [82] was not inert to cyclization 

and indeed generated some interesting products itself. No less than 

five derivatives were present in the proportions shown in Figure 46. 

Poor separation on OV-I7 precluded assigning percentages to each

fraction.
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83. 3.7% 87 + 88. 42.6%

Figure 46. Products of alcohol/ester cyclization

Ito prove that some products did arise from ester [82] only, the 

ester was stirred in tosic acid/benzene as above. • A comparison of the 

GLC traces is shown in Figure 47. Products arising solely from the 

ester will be discussed at the end of this section.
To summarize the data from the reduction and cyclization, simple 

reduction products constituted a minor (3.7%) amount of the reaction 

mixture. As in previous reductions, the exo isomer [83a] whs formed 

in an 82:18 ratio over the endo isomer [83b]. The major ethylation 

product (32%) was a pair of isomers [87] epimeric at C-7 and with an 

axial methyl group at C-4. There was no stereoselectivity at C-7; 

nearly equal amounts of the exo and endo isomers were evident by 

analysis of 1H-NMR data. The minor ethylation product (10%) was a 

pair of isomers [88] having an equatorial methyl group at C-4. In 

this case there was reasonable stereoselection for the Cram product 

via reduction at C-7; exo/endo = 25:75 (Figure 48).



33

Figure 47. GLC traces of cyclization products of ester 
[82]/alcohol [86b], and ester [82J alone

- " x I I .  Et3AI. 2 eq C
^ 0 ^  
5------

s. C  2. H* 83a
0 x  CO2Me X s

82
8 7 a .b; 32% 
8 7 a /8 7 b  -  I

88a. b: 10% 
8 8 a /8 8 b  -  2 5 :7 5

88a

83b Reduction. 4%

X
87b

X 1

88b

Figure 48. Stereoselection in reduction/alkylation of ester [82]
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Ester [82] was then submitted to 3.0 equivalents of 

trimethylaluminum under reflux conditions. GCMS analysis Of the crude 

mixture indicated a nearly complete conversion (95%) to the 

dimethylated alcohol [jH]. This was confirmed by analysis of IR and 
13C-NMR spectra. In addition, GLC fractions were collected and 

identified by their H-NMR spectra. The main, component (95%) was the 

result of QJl cyclizing in the gas chromatograph to bicyclic ketals 

[92a,b]. Again the axial C-4 methyl group predominated, this time by 

82:18. Minor components were ca 2% of ester [82] and 2% of the 

monomethylated ketals [93a,b]. In the latter, there was slight 

selectivity for the axial C-4 methyl group (60:40). This pair of 

ketals was judged to have an endo methyl group at C-7 on the basis 

of the 1H-NMR shifts of the methyl doublets (1.27 and 1.24 ppm) 

(Figure 49).

Figure' 49. Products of alkylation of ester [82] by 
trimethylaluminum and subsequent cyclization

Brevicomin Synthesis
It was thought that this new knowledge of the stereoselectivity 

of trialkylaluminums could be applied to a synthesis of exo-brevicomin
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[6a]. The ketone chosen for attack was 2-propanyI-6-methyl-3,4- 

dihydro-2H-pyran, [94]. This was prepared by alkylating the enamine 

of 13. Because in previous attempts triisobutylaluminum tended to 

give the most reduction and least alkyl delivery, it was used to 

insure delivery of hydride only. Ketone JM was converted to 

hrevicomin in 98% yield; stereoselection for the exo form ̂ a was 84:16 

(Figure 50).

6a/6b  = 84:16

Figure 50. Stereoselective synthesis of exo-brevicomin 

Diethylzinc Reductions

Ester [82] proved to be inert to attack by diethylzinc, so use of 

the agent was confined to 2-acetyl-6-methyl-3,4-dihydro-2H-pyran, 

[13]. When 2.0 equivalents of diethylzinc were allowed to attack 13, 

the product mix was comprised of 20% ketals [ 15a,b] in the ratio 

56:44. The other 80% consisted of only 81b, the endo ketal. No 81a 

was detected by ^H-NMR or GCMS. This constitutes the best selectivity

for a Cram product yet seen (Figure 51).
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O

81b

BOX alkylation
15

20% reduction

Figure 51. Reaction of JJ with diethylzinc

Stereochemical Ananalies and 
Molecular Mechanics

Reduction of ester [82] with trialkylaluminums resulted in

products with apparent anonalies in the orientation of the methyl

group at C-4. In all cyclizations, an axial, or exo, C-4 methyl group

was formed preferentially. The pheromone multistriatin [5J has been

extensively studied and its stereochemistry is well known.̂  Natural

multistriatin is endo, that is, the C-2 and C-4 methyl groups are

equatorial. A non stereospecific synthesis of multistriatin resulted

in all four isomers; however, endo C-4 isomers predominated by 92:8.

Acid catalyzed hydrolysis of a  or y multistriatin will epimerize the

C-4 center to give an 20:80 mixture of exo/endo. Similar

equilibration of £ or 6 multistriatin results in a 5:95 exo/endo

mixture. A recent synthesis of (-)-tx-multistriatin [_5] proceeded by
38formation of ester intermediate 95a,b in a 50:50 ratio. Heating 

this mixture in aqueous acid for four hours converted this to 25:75 

exo/endo mixture (Figure 52). In all systems discussed so far in this 

work, the trend is just the reverse: the axial (exo) C-4 methyl group

is formed preferentially.
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4H l̂ vVvJj- COgCHa

(-)ot Multistriatin

Figure 52. Intermediate in the synthesis of (-)-a-multistriatin

To further investigate the stereochemistry of the C-4 center 

during cyclization, ester [82] was reduced to the expected alcohol 

[96] by lithium aluminum hydride, then cyclized. In two separate 

reductions, different ratios of exo/endo resulted. In one case, 

83a/83b =60:40; in the other, the ratio was 82:18 (Figure 53). To 

determine whether the C-4 center could be isomerized to increase the 

proportion of endo isomer, as had been done with multistriatin, ketals 

[83a,b] with an initial exo/endo of 60:40 were placed in 

toluenesulfonic acid/benzeiie for a period of two weeks. Ratios of 

three analogous 1H-NMR peaks are shown after zero, one, and two weeks 

on Table 2. As is evident, trends are difficult to quantify on the 

basis of a single 1H-NMR peak ratio. What can be said is that after 

two weeks, the 60:40 ketal mix can be converted to a roughly 50:50 

mix. In no way is there a facile conversion to the equatorial isomer.

LlAlH4

°  CO2CH3 
82

TaOH

''O'
96

CH2OH

TsOH 

2 weeks

Figure 53. Conversion of 82 to the alcohol; cyclization to ketals
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Table 2. ^H-NMR peak ratios during attempted epimerization

Methyl doublets 
(0.98, 0.83)

Hetercmethine doublets 
(3.88,3.82)

Olefinic
(5.22,

methines 
5.17)

O weeks 1.17 1.50 1.67

I week 1.24 1.68 1.74

2 weeks 0.61 1.09 1.04

A molecular mechanical treatment of model ketal systems sheds 

seme light upon the apparent anomaly at the 0 4  methyl group (Table 

3). In any axial/equatorial pair, the axial methyl compound is higher 

in energy than the equatorial isomer. The presence of a methyl group 

at C-7 raises the energy of the system; an endo group raises the 

energy more than an exo methyl. Two methyl groups raise the energy 

more. The products resulting from reduction of ester [82] are, then, 

the thermodynamically unstable ketals. The axial C-4 methyl group 

must arise from kinetic phenomena. Suggested mechanisms for both 

axial and equatorial methyl groups are depicted in Figure 54.

Alkyl or H at C-7 Bulky groups at C-7
Delivery of H to equatorial position Bridged intermediate, methyl

assumes equatorial position

Figure 54. Mechanism of formation of axial C-4 methyl group
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Table 3. Molecular mechanics summary

97h. 30 .2456

XvZ-X.
97g. 29 .4171

I  28

&<D
£  27

9 7 f.  27 .5099

X

I(Z)
97e. 2 7 .1 3 4 4

97d. 26 .6899 X ^ X
X 97c, 26 .3 5 3 0

97b, 25 .2523

X z X
97a, 24 .4 7 8 5  * I

Other Cyclization Products
Cyclization of ester [^2] resulted in a pair of ketal lactones

[89] which offer further insight into stereochemical questions at the
I 13C-4 center. Structure elucidation included H-NMR, C-NMR, IR, and

GCMS data. In the mass spectrum, no ion larger, than 128 could be

analyzed, although occasionally a small 156 peak appeared. HRMS of 

the 128 peak gave CgH15O; HRMS of the 127 peak gave C7H11O2,
indicating the presence of at least two oxygens. * Facile loss of CO2

would be expected in this system; (M+ - CO2) = 112 is the third

largest peak. A comparison of 13C-NMR spectra to a known system26 is 

shown in Figure 55. Two signals are not Seen with 89. One could 

easily be obscured by solvent (CDCi3). Both peaks not seen are
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quaternary carbons, and their absence can be attributed to the small 

size of the sample in addition to the relatively short (15 sec) 
receiver delay which would have caused saturation. The infared 

spectrum gave compelling evidence for the proposed structure —  a 

large resonance at 1801 cm-1, consistent with a 5-membered lactone 

carbonyl.39 The 1H-NMR spectrum was in all ways consistent.with the 

proposed structure, and was similar in many respects to ketal-lactone 

[57], synthesized for comparison purposes.

17.4

106

89b

--20
-ĝ not seen
xo

Figure 55. 13Comparison of C-NMR data of known 
system [57] to proposed lactone [89]

Confirmation of structure 89 was further supported by hydrolizing 

ester [82] in KOH, acidifying, isolating acid [98], and stirring this 

acid in tosic acid/benzene (Figure 56). Mass spectral and 1H-NMR data 

of the product matched the ester cyclization product exactly. Both C- 

4 isomers were characterized fully, and the presence of a carbonyl was 

further substantiated by observing large aromatic solvent induced 

shifts by recording the 1H-NMR spectra in benzene d-6. The ketal 

methines and C-4 methyl groups were shifted upfield 0.45-0.51 ppm, 

implying the structural features shown in Figure 57. It is also
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interesting to note that the equatorial (endo) 0-4 methyl group 
predominates in this isomer pair by a ratio 68:32.

Figure 56. Hydrolysis of 82 and cyclization

Figure 57. ASIS shifts of 89, structural features

It was hypothesized that presence of bulky groups at C-7 may 

affect the stereochemistry at C-4, since the favored stereoisomer at 

C-4 in ketal lactone [89] had the equatorial group. Exo/endo-1,5- 

dimethyl -7 ,7-diphenyl-6,8-dioxabicyclo[3.2.1]octanes [99a,b] were

synthesized from ester [82] and 2.0 equivalents of phenylmagnesium 

bromide (Figure 58). The pure ketals were isolated by distillation, 

and two stereoisomers were present in a 67:33 ratio. This time the 

major isomer had the higher field methyl doublet at 0.92 ppm, 

indicating the preponderance of the endo (equatorial) ketal. Perhaps
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due to the presence of benzene rings, an equatorial methyl at C-4 is 

favored.

<t> <P
82 99a 99b

Figure 58. Synthesis of bulky ketals [99]

A second product of the tosic acid/benzene cyclization of ester 

[82] worth discussing is the pair of isomers [90a,b]. A working 

hypothesis to account for this interesting transformation might 

include loss of methanol form the ester hydrolysis; followed by a 

subsequent attack of this released molecule to another protonated 82 

(Figure 59). Stereochemistry was determined as follows. In a 

separated fraction of 90a, four methyl groups were in evidence: a 

methoxy group at 3.74 ppm characteristic of an ester, a methoxy group 

at 3.52 ppm characteristic of an ether, a singlet at 1.23 ppm, and a 

doublet at 0.86 ppm. Other signals included a doublet at 4.12 ppm (J 

=8.6), an apparent doublet of triplets at 2.18 ppm (J = 16.7, 3.1), 

an apparent quartet at 1.68 ppm, and protons at 1.4 and 1.06 ppm. 

When the methyl doublet at 0.86 ppm was irradiated, the signal at 1.06 

sharpened and 1.68 resonance was changed to a broad doublet of 

doublets. Irradiation of the signal at 1.06 collapsed 1.68 to broad 

singlet, and changed the signal at 2.18 to a doublet, J = 11.
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Irradiation of the resonance at 1.43 collapsed the signal at, 4.12 to
a singlet, changed the signal at 1.68 to a.broad doublet, J = 11,
sharpened the signals at 1.06 and 2.18, and collapsed the 0.86 methyl

doublet to a singlet. When the signal at I.68 was irradiated, the

signal at 1.06 was sharpened and 2.18 resonance changed to a doublet

of doublets, J = 13, 2. Irradiation of 2.18 affected the area around

1.43 (which Was partially obscured by a large methyl signal), changed

the signal at 1.68 to a triplet, and collapsed the 1,06 resonance to a

triplet, J = 13. Figure 59 shows the structure consistent with this

data. The magnitude of the coupling at 4.12 (8.6Hz) indicates diaxial

hydrogen interaction, as does the relatively shielded region of the

resonance (H <H ). The methyl group at C-5 is relatively.shielded; ax eg
this indicates an equatorial methyl4 9 The methoxy group is

equatorial —  deshielded relative to 90b (3.52 vs 3.37). In

cyclohexanes, equatorial methoxy groups resonate at lower field than
41do axial methoxy groups I

IThe other isomer 90b is epimeric at C-6. In the H-NMR spectrum, 

a broad singlet at 4.43 ppm replaces the doublet at 4.12. This is 

consistent with an equatorial hydrogen at C-6 coupled to an axial 

hydrogen at C-5; J3^ eq is much smaller that JaxyZax- The methyl

doublet at C-5 resonates at 0.83 ppm, indicating the same 

stereochemistry at that center. The methoxy group is relatively 

shielded, and therefore axial. The ester methoxy' group resonates at 

3,70 ppm. All other resonances were not resolved, as this isomer 

could not be collected separately and was analyzed as a mixture of 90a

and 90b.
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Figure 59. Attack upon 100 to give 90a,b

Cleavages

Trialkylaluminum Cleavages

A second emphasis of this research was to demonstrate the utility 

of trialkylaluminums, diethylzinc, and selected other reagents for the 

cleavage of bicyclic ketals. It is known that acetals are good low 

temperature protecting groups when using DIBAH, but are cleaved to 

ethers at 70° A report by Mori and Yamamoto ^  investigated the 

removal of a (2R,4R)-2,4-pentanediol protecting group with high 

stereoselectivity using 5 equivalents of triisobutylaluminum (Figure 

60). We imagined extending the idea for the possible use of 

trialkylaluminum reagents in cleaving bicyclic ketals with

stereoselection.
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O

101

YV
OH OH

YY YY
CH2Cl

0

101a

Figure 60. Cleavage of ketal by triisobutylaluminum

Preliminary data made it apparent that the only possible products

of this reaction resulted from cleavage of either the 0-6 or 0-8 bond,

with alkyl group addition (Figure 61). Unfortunately, alkyl-

substituted pyran alcohols and tertiary oxepane alcohols have many

spectral features in common. A look at two cleavage products from a
26different reaction brings to light the similarity of spectral data 

(Table 4).

102

103

Figure 61. Potential cleavage points on bicyclic ketals
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I 13Table 4. H-NMR and C-NMR data from oxepane and pyran alcohols

'0
104

OH

1H: 3 .9 4  IH d. 3 .6 0  IH m.
3 .2 0  IH d, 2 .3 0  IH s,
1 .50  6H m, 1 .18  3H s.
1 .13 3H, d.
13C: 18.2  q, 1 9 .4  t. 2 2 .5  q.
2 9 .9  t, 3 3 .4  t, 6 6 .6  d.
7 1 .5  t. 7 3 .9  s. * I

1H: 3 .6 0  IH m. 3 .3 4  2H s,
2 .5 5  IH s, 1 .50  6H m,
1.17 3H s. 1 .14  3H d.
13C: 19.7  t, 2 2 .6  q. 26 .7  q,
3 1 .9  t. 3 2 .7  t. 6 2 .6  t,
6 6 .7  d. 73 .6  s.

The most obvious difference in the proton data involves the ring 

(3.20, 3.94 ppm) versus non-ring (3.34 ppm) proton signals. Inthe

case of compound [104], equivalence of the protons is fortuitous —  they 

are, in fact, non-equivalent by virtue of being vicinal to an 

asymmetric center. In other words, presence of a singlet as opposed 

to two signals is not definitive of a pyran. In compounds [59]and [104] 

there are differences in the ^C-NMR spectrum —  18.2 vs 26.7 ppm and

71.5 vs 62.6 ppm. When experiments were carried out on other systems, 

the quantity of cleavage product necessary for a good off-resonance 

spectrum was never obtained.
IThe literature has other examples of H-NMR data of oxepane 

rings44. In Figure 62, two oxepanes of different stereochemistry are 
compared. Here three slight differences between oxepanes and pyrans 

become apparent. The shift of H-2 is ca 3.66 ppm -—  a little



47

deshielded for an axial pyran hydrogen. The J values for the H-7 ax- 

ax and ax-eq interactions are atypical for pyrans; ^axyZax rather 

small (9 vs 11 Hz), while ^axyZeq is large (4 vs 2 Hz). Lastly, the 

axial methyl groups at 1.26 and especially 1.37 ppm are deshielded 

relative to pyran axial methyl groups. These subtle differences can 

be diagnostic.

1.26 s v

3.66 m

105a

1.37 s x

4.70. dd

3.67 m
105b

Figure 62. Oxepane system, diagnostic IH-NMR data

Figure 63. Axial positions in the oxepane ring

Cleavage of 7-methyl-6,8-dioxabicyclo[3.2.1]octane [76a,b] by 

five equivalents of trimethylaluminum was allowed to proceed for 18 

hours. Starting materials had an exo/endo = 28:72. Recovered
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material consisted of three components in the ratio 24:52:24 by GLC

(Figure 64). The earlier-eluting pair were starting materials, now in

the ratio 24:52, indicating that the endo ketal [76b] was attacked

preferentially. The trans-erythro pyran alcohol [41d], identified
23from prior data by Kim was the only product, and can indeed arise 

only from the endo ketal. The reaction resulted in the

stereoselective delivery of a methyl group (Figure 65).

76a 76b
28:72

76a 76b 41d
24:52

Figure 64. Reaction profile of 76a,b with trimethylaluminum

Figure 65. Mechanism of attack by trimethylaluminum

Cleavage of 5,7-dimethyl-6,8-dioxabicyclo[3.2.1]octanes [15a,b] 

by five equivalents of trimethylaluminum was allowed to proceed for 24 

hours. Starting ketals [15a,b] were initially present in the ratio
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52:48. Three products in the ratio 21:6:73 by GLC were recovered and
analyzed. The first two.peaks were starting material, again with
preferential depletion of the endo 15b ketal. The last peak was

determined to be a pair of isomers, 36:64, which nearly co-eluted even

on a capillary GLC column (Figure 66). By careful analysis of
Idecoupling data in the H-NMR spectrum, the major component was found 

to correspond,to the erythro alcohol expected if the endo ketal was 

being opened preferentially to give 106b. The minor component was
Iassumed to be threo alcohol [106a], and had a H-NMR spectrum nearly

identical to 106b, with the exception of a relatively deshielded

proton at 3.72 ppm. Initially this gave sane credence to alternate

structure 107, an oxepane (Figure 67), However, the large coupling

constant (12 Hz) of H-2 indicated an axial/axial interaction with a

proton at C-3. If 107 arose from exo ketal [15a], H-2 and H-3 would

exist in an axial/equatorial relationship and have a much smaller

coupling constant between them. Therefore, . the pyran alcohols

[106a,b] were the only products of this reaction, and were produced in

such a ratio that indicated faster Opening of the endo ketal by
45trimethylaluminum. Lipkowitz noted a similar reactivity during

catalytic hydrogenation of [.15 ], and attributed the difference to 

steric factors related to the C-7 exo methyl group. . As will be seen 

in later reactions, when there is no methyl group at C-I, both isomers 

react equally well;
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5a 5b 5a 5b
5 2 :4 8  21 :6  1 0 6 a ,b

Figure 66. Reaction profile of 15a,b with trimethylaluminum

H 3 .1 6 , ax 

107

Figure 67. Alternate oxepane 107, eliminated by virtue of 
coupling constants

The third ketal cleaved by trimethylaluminum was chosen because 

there would be no exo/endo biases at C-7. Cleavage of 1,4-dimethy1- 

6,8-dioxabicyclo[3.2.1]octanes [83a,b], with an initial ratio of 80:20 

was incomplete after 18 hours, but totally complete by 40 hours. Two 

products co-eluted on GLC, but were discerned to be in the ratio early 

eluting/late eluting = 32:68 by GCMS. It was not obvious whether the 

two isomers were primary pyran alcohols [108a,b] or tertiary oxepane 

alcohols [109a,b] (Figure 68). The proton spectrum had three separate 

signals near heteroatoms, which gave sane credence to the oxepane 

structure. However, any hydrogen bonding would make the -CH^OH 

protons of the pyran alcohol non-equivalent (Figure 69). A lanthanide



51

induced shift (LIS) study of the ^H-NMR spectrum using Eu(fod)  ̂ gave 

credence to the pyran system in that the magnitude of the induced 

shifts matched well with proton positions in the pyran system. The 

mass spectral data provided the most compelling support for the pyran 

structure [108a,b]. The presence of a large (M+ - 31) peak is 

considered good evidence for a primary alcohol, and the mass spectrum 

of both isomers has (M+ - 31) fragment peaks at intensities of 46% and 

59% of the base peak, respectively. The relative stereochemistry of 

the products was assigned on the basis of the C-4 methyl group shifts, 

since in six-membered rings an axial methyl group is less shielded 

than an equatorial methyl. This is also consistent with the initial 

isomer mix; starting ketal [83a], present in a larger amount, can give 

rise only to major product [108a] (Figure 70).

109a 109b

Figure 68. Reaction profile for cleavage of 83 by 
trimethylaluminum
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Figure 69. Non-equivalence of protons in pyrans due to H-bonding

0 9 2V ^3.73 HsJ!̂  J ^ C H 2OH
1.07 f I. 18

0.82
3.37 
I. 15

HvJ^x L ch2OH,̂.,S
108a 108b

Figure 70. Pyran alcohols 108a,b and chemical shifts

The reaction of 5,7-dimethyl-6,8-dioxabicyclo[3.2.I]octanes 

[15a,b] and five equivalents of triethylaluminum was allowed to 

proceed at room temperature, then at reflux for 20 hours. Starting 

materials, originally present in a 52:48 exo/endo ratio, were 

converted to a pair of isomers which co-eluted on GLC. Sane starting 

materials were still present, now in the ratio 3:19, which indicated 

that the exo ketal was attacked preferentially. GCMS analysis showed 

the new product to consist of two isaners in the ratio 70:30 (Figure 

71). The L-NMR spectrum of these isomers indicated differences only 
in the position of the methyl triplets and H-2; thus the structure 

assignment is based on the loss of exo ketal [15a] to produce threo 

alcohol [110a] (Figure 72).
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15a 15b
52:48

15a 15b 110a,b
3:19

Figure 71. Reaction profile of cleavage of ^5 by triethylaluminum

Figure 72. Assignment of relative stereochemistry to product H O

Cleavage of 5,7,7-trimethyl-6,8-dioxabicyclo[3.2.1]octane [46J by 

triethylaluminum proceeded for 18 hours at room temperature. Starting 

material accounted for 50% of the recovered mixture; however, three 

new products in the ratio 9.2:5.8:35 were also seen (Figure 73). The 

product present in the smallest quantity was never identified, but the 

two present in larger amounts were characterized completely. Present 

as 9.2% of the product mix was the pyran alcohol [49], resulting from 

delivery of hydride, and was identified by comparison to data recorded
24by Jun . The major product, present as 35% of the mixture was 

determined to be the ethylated pyran alcohol [111]. The ^H-NMR 

spectrum showed three methyl singlets, a methyl triplet at 0.76 ppm, a 

doublet of doublets at 3.04 ppm, and overlapping quartets at 1.71 ppm.
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Irradiation of the resonance at 0.75 collapsed the signal at 1.71 ppm 

to two singlets. Irradiation of the area around 1.18 ppm, presumably 

ring protons, partially collapsed the signal at 3.04 ppm. The J 
values associated with the 3.04 ppm signal (11.6, 2 Hz) are consistent 

with axial/axial and axial/equatorial interactions of H-2 with the 

protons at 0 3  in the pyran ring. In order to eliminate oxepane [112] 

as a possibility, a LIS study was performed. Framework Molecular 

Models were constructed and showed that the relative positions in 

Table 5 must be evident if either structure were appropriate. The 

actual LIS, showing proximity to the hydroxyl, occurred in the order: 

3.04> 1.20> I.16> 1.71> 1.00. This series of shifts is consistent 

with pyran [111 ], and inconsistent with 112.

Figure 73. Cleavage of 46 by triethylaluminum

Table 5. Model compounds used to determine structure 111

C-2 H
gem. dimethyls

to IN
I 

I
O O X O

H
eq methyl

S  / C-7 methylenes ~ k  i T ' H  c "7
methyl\O/

>. C-6 methyl J 80 T -  ° - 2 

112 C- 8

ax methyl
/ 7  OH

111 methylenes
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The mode of attack by triethylaluminum was identical to that of 

trimethylaluminum; the entering ethyl group ended up cis to the "R" 

group at C-I. Delivery of hydride instead of the alkyl group was also 

in evidence (Figure 74).

Figure 74. Mechanism of attack by triethylaluminmum 

Diethylzinc Cleavages

Endo-7-ethyl-5,7-dimethyl-6,8-dioxabicyclo-[3.2.1]octane [81b] 

was prepared by the stereoselective reduction of J_3 with diethylzinc. 

Further exposure of 81b to diethylzinc at reflux temperature resulted 

in another product, determined to be alcohol [114] (Figure 75). In 

evidence were two methyl triplets, indicating two ethyl groups. Also 

present were two singlet methyls and a doublet of doublets (J = 11.6,

1.9 Hz) at 3.27 ppm, consistent with the proton at C-2 experiencing 

axial/axial and axial/equatorial interactions with C-3 protons. This 

pair of reactions results in phenomenal stereoselectivity at two
centers.
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Figure 75. Cleavage of 81b by diethylzinc 

Aluminum Iodide Cleavages '
24 . 46As an extension of the work begun by Jun , aluminum iodide was 

investigated as a cleavage agent of 6,8-dioxabicyclo[3.2.1]octanes. 

Previously, Jun had effected cleavage of an assortment of bicyclic 

ketals (see Introduction) to produce enones in all cases, and 

substituted pyridines in two situations (Figure 76).

Figure 76. Mechanism Of enone formation
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Ketal [115], in an initial 60:40 exo/endo ratio, was allowed to 

react with AlI3 for 24 hours. As with previous cleavages of this 

type, a menage of products resulted. Although GCMS indicated a 

product having the correct molecular ion for a substituted pyridine 

(M+ = 239), no compound of this type was ever collected. Two 

products, each corresponding to ca 20% of the product mixture were
Idetermined to be the enone [116], identified from its H-NMR spectrum 

and similarity to other enones, and biphenyl [117], readily 

characterized from the mass spectrum (Figure 77).

Figure 77. Cleavage of 115 with AlI3

It was thought that this cleavage procedure could be applied to 

the synthesis of functionalized biphenyls, enones, and pyridines 

(Figure 78). Tb this end, the ortho, meta, and para anisoyl derived 

ketals [118], [119], [120] were synthesized. Exo/endo-7-(ortho, meta, 

and para)-anisoyl-5,7-dimethyl-6,8-dioxabicyclo[3.2.1]octanes [118], 

[119], and [120] were prepared by the reaction of n-butyllithium. on 

the appropriate hromoanisole, followed by addition of _13. These are 

interesting compounds in that two of the six ketals are solids (X-ray 

structures in Experimental) and both the solid forms [118a] and [120a]
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have the anisoyl group in the position exo to the one membered bridge. 
It is intersting to note that the stereoselection was never at the 
level of aluminum or zinc compounds. Table 6 shows the exo/endo 
ratios.

Table 6. Anisoyl-derived ketals used in cleavages__________ , _____ ,

OMe
OMe

118a,b 119a,b 120a,b
a /b  = 52:48  a /b  » 4 8 :52  a /b  -  54 :46

118a is crystalline 120a is crystalline

H-OCH

Figure 78. Expected products of AlI^ cleavage of 118, 119, 120

Upon completion of the cleavage of 120, only a high boiling group
Iof three components was recovered. . Although HBMS and H-NMR spectra 

exist, analysis was never completed due to the lack of separation. 

Aluminum iodide cleavage was repeated on ketals [118], [119], and
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[120]. Para ketal fragmented into a variety.of products, the largest 

■+of which had M = 202 and 204. Attempts at fraction collection 
failed, and the products were not characterized further. Ortho ketal

[118] fragmented into no less that ten products. GCMS indicated

molecular ions consistent with the expected enone [121] (M+ = 230),
+ 'the expected pyridine [122] (M = 269)> and a coupled biphenyl [123] 

(M+ = 214), but again efforts to separate and collect failed.

The most interesting result arose from cleavage of the meta ketal

[119] . Experimental conditions were unusual in that the I2 color

disappeared in only _15 minutes. There was complete conversion to one 

apparent compound [124], This single product was found to be two 

nearly superimposed isomers by GCMS. ^H-NMR data showed isomeric 

methyl doublets (1.20, 1.25 ppm) coupled to a proton at 3.35 ppm;

singlet methyls at 1.52 and 1.55 ppm; a single methoxy signal at 3.78 

ppm; a broad singlet at 4.10 ppm, and signals typical for a meta- 

substituted benzene ring. The highest mass determined by PCI was 

C 14H18°21, (m+ “ CHg), substantiating the addition of HI and loss of
O in the reaction. It was apparent that this was neither an enone nor 

a pyridine.■ Since the methoxy group and substitution pattern on the 

benzene ring were unaltered, the loss of oxygen had to occur at the O- 

6 or 0-8 position, possibly with the addition of HI across the 

eliminated oxygen position. All four possibilities are shown in 

Figure 79. Qxepane [124d] can be eliminated immediately because it 

has only singlet methyls; pyran [124b] should show a clean doublet of 

doublets at H-2 and is considered a poorer choice. Neither oxepane
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[124c] nor pyran [124a] could be eliminated as a product in this 

reaction on the basis of the data at hand.

124a

»  ?

R = 3-methoxyphenyl 124c

124b

124d

Figure 79. Possible cleavage products of 119 by AlI^

It was thought that a simpler system would be easier to analyze> 

so ketal [_1] was subjected to cleavage by AlI3. Only one product was 

in.evidence; molecular formula by HRMS was determined to be CfiH1^OI, 

again showing addition of HI and loss of 0. The only available ^H-NMR 

spectrum was taken on a continuous wave instrument at 60 MHz, and was 

bereft of detail beyond showing a two proton multiplet at 3.38 ppm and 

signals totalling seven protons from I.2-2.5 ppm. Lack of a methyl 

group, enone proton, or aldehyde proton negated the possibility of 

opening both rings or rearrangement. None of the structures [124a-c] 

is consistent with the 1H-NMR spectrum in that too few protons near

heteroatoms are present (Figure 80).
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All.

125b 125c

Figure 80. Cleavage of 1_ by AlI3 

Brcanine
Finally, bromine was investigated as a cleavage agent of these 

systems. Liquid bromine was added separately to ketal [_1] and ketals 

[ 15a,b] at rocan temperature InCCl4. Ketal [I) was .completely 

dibrominated at the C-4 position (Figure 81), while the.ketals [15a,b] 

were converted primarily in the C-4 dibrominated product, but some 

other side reactions occurred (Figure 82). While this reagent did not 

result in cleavage, the transformation is a useful one in that it 

opens the way for functionalization at C-4 via cuprates.

The molecular formula of 126 was determined by HEMS to be

CcH0O0Brh. . Additional structural analysis was based on 1H-NMR and 6 8 2 2
13C-NMR data. The 1H-NMR spectrum of 126 was virtually identical to 

that of Jl from 3-6 ppm. Therefore, any brominations had to occur on 

carbons 2, 3, or 4. H and H, resonated, in areas typical for protons

vicinal to bromine atoms. Hg was Strongly coupled to Hf (J = 14Hz); 

strongly coupled to H (J= 14Hz) as would be typical of diaxial 

interactions; and weakly coupled to H^ (J = 4.7Hz), typical of 

axial/equatorial coupling. Hf showed strong coupling only to Hg and 

weaker coupling to Hg (J = 4.7), although it was also very weakly 

coupled to Hh . Hg was coupled to all other proton signals except Hg ,
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while Hji was strongly coupled to (12.5Hz) and weakly coupled to Hg . 

Carbon resonances at 104.47, 72.67, 68.39, 65.79, 39.46, and 27.81 
were also consistent with structure 126.

Figure 81. Reaction of _1 with Br^; resultant dibrominatlon

iThe H-NMR spectrum of 127a,b bore striking similarities to that

of 126 in the 2-3 ppm region and resembled its parent ketals [15a,b]

with isomeric methyl groups at 1.22 (exo) and 1.30 (endo) ppm,

isomeric quartets at 4.24 and 4.34 ppm, and a broad singlet at 4.18

ppm. In addition, there was. a large singlet resonance at 1.85 ppm,
40consistent with a methyl group vicinal to a carbon bearing bromines . 

Due to the presence of the two isomers, the region around 2.4 ppm was 

less distinct; the proton at 1.5 ppm was partially obscured by a water 

peak. HRMS of CgH^O^Br^ was consistent with a dibrominated 6,8- 

dioxabicyclo[3.2.1]octane.
Minor product [128] was not evident in the original.GCMS trace 

and could have arisen as an artifact of collecting 127 through a 

copper column. It is mentioned here only to confirm similar 

observations if these reactions are pursued. This compound also had a 

chemical formula of CrH1 JD0Br0 and had a 1H-NMR spectrum similar to
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that of 127 but lacked a quartet characteristic of the proton at C-7. 
Other features maintained were a methyl group vicinal to a bromine 
(1.84 ppm, s), and splitting patterns not unlike other bicyclic ketal 

rings previously discussed (See Experimental). Further analysis was 

prevented by lack of a decoupled spectrum.

15a,b

Br

127a;b
Br

Figure 82. Reaction of 15a,b with Br^

Cyclopropanations

A . variety of cyclopropanations were attempted on 3,4-dihydro-2H- 

pyran derivatives. The title compound itself, 65, underwent facile 

conversion to 2-oxo-bicyclo[4.1.0]heptane [66] in excess of 90% yield 

using a modified Simmons-Smith procedure at room temperature (Figure 

83). Cyclopropanation using monochlorocarbene and the procedure of 

Closs and Closs31 resulted in a low-yield conversion to the exo arid 

endo chlorinated derivatives 67a,b (Figure 84). The typical exo/endo 

ratio was 60:40, and a normal distilled yield Of the cyclopropanated 

mixture was 15%, although a yield approaching 30% was realized upon 

use of two equivalents of n-butyllithium.
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Figure 83. Simmons-Smith reaction

+ I 15%

67a

Figure 84. Chlorocarbenation of 65

Cyclopropanations were then attempted on a variety of

functionalized 3,4-dihydro-2H-pyran derivatives. These were much more 

difficult to perform, as reagents used to form carbenes or 

chlorocarbenes could be counted upon to react with carbonyls or become 

complexed by alcohol functionalities. Eventually, protecting groups 

were investigated as alternate methods.

Alcohols

When exposed to Simmons-Smith conditions for 48 hours at room 

temperature, 2-(I-hydroxyhexyl)-3,4-dihydro-2H-pyran [129a,b] gave

nothing but starting material. Refluxing 129 under the same

conditions for 24 hours or adding two equivalents of diethylzinc 

failed to produce cyclopropanes. Although there was no direct
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evidence that this occurred, formation of a complex would be one 

reason that cyclopropanation could have been hindered (Figure 85).

Zn
E /  "E t

Figure 85. Possible complex formation with pyran alcohols

Cyclopropanation was then attempted on 2-(I-hydroxyethyl)-3,4- 

dihydro-2H-pyran [12a,b] under more rigorous conditions. Four 

equivalents of diethylzinc were used, and the mixture refluxed for 18 

hours (Figure 86). Even under these conditions, large amounts of 

starting material were recovered. However, approximately 8% of 

recovered material was identified as cyclopropane [130]. 

Identification was made by comparison of the ^H-NMR spectrum of 130 to 

the spectra of 12a (three) and the cyclopropanated pyran esters 

[131a,b]. Thus it is possible to form the cyclopropane under extreme 

conditions.

Figure 86. Formation of cyclopropane 130
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Attempts to cyclopropanate _12 were unsuccessful in that the 

diethylzinc attacked, reduced, and largely ethylated the carbonyl. 

What is of interest here is not the failure of the cyclopropanetion, 

but the phenomenal stereoselectivity of the diethylzinc in the 

reductive ethylation, as only the endo ketal [81b] was seen as an 

ethylation product (Figure 51).

Esters

In contrast, the ester carbonyl of (32 was inert to diethylzinc. 

In fact, after 18 hours under Simmon-Smith conditions at room 

temperature, there was no apparent reaction by GLC. Recombination 

under reflux conditions for 40 hours resulted in a mixture composed of 

four peaks by GLC (Figure 87). The earliest-eluting peak was never 

successfully trapped and remains unidentified. The second peak was 

starting ester. The latest-eluting peaks were the cyclopropanes 

[131a,b] present in 22% and 7% yields, respectively. There was a 

greater than 75% selectivity for cyclopropane [131a].

Figure 87. Formation of cyclopropanes from pyran ester [82]

The stereochemistry of the cyclopropaneted products was assigned 

as follows. In the chair conformation of cyclohexanes, axial protons 

are upfield of equatorial protons; axial methyl groups are downfield
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of equatorial methyls'^. Therefore., axial protons are relatively
shielded, as are equatorial methyls. In 131a, the methyl group 

resonates at 0.93 ppm (shielded) and the heteroatom proton signal is 

at 3.40 ppm (deshielded). Compound [13lb]had analogous shifts of 1.05 

ppm (deshielded) and 3.19 ppm (shielded). In working with models, it 

was found that perfect chairs are nearly impossible to construct. 
Instead, the cyclopropane ring seems to constrain the other 

substituents into pairs that are either pseudoaxial or 

pseudoequatorial. The "up" or "down" position of the cyclopropane 

ring was then assigned by determining that 131a had proton shifts 

consistent with equatorial positions on the six-membered ring, while 

131b had proton shifts consistent with axial positions (Figure 88).

Figure 88. Assignment of relative stereochemistry to 131a,b

Consider that the pyran ester [82] exists in the two 

conformations shown in Figure 89. Regardless of conformation, attack 

by the carbene should always be from the less-hindered side. It would 

be expected that the product distribution should reflect this 

conformational equilibrium. The A values for substituents in 

cyclohexanes (where A = -RT ln[eq/ax]) are 1.7 for a methyl group and

1.1 for an ethyl ester. Conformation 82a, which gives rise to 131a,

H3Q

C O 2CH3 
axial positions

C O 2CH3
Y equatorial positions
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has an A value of I.7/1.I = 1.5; conformation 82b has an A value of 

I.1/1.7 = 0.64. Therefore, one would expect to see a product 

distribution close to the ratio I.5/0.64 = 2.4, or 70:30. The actual 

131a/131b was 9.4/3 or 76:24. Although cyclopropanation of this 

system was incomplete, at least there was no reduction of the carbonyl 

and cyclopropanes were produced in low yield. The product ratio of 

the cyclopropanes reflected the conformational equilibrium predicted 

by A values.

Figure 89. Attack by carbene on two conformations of ester [82] 

Chlorocarbene Reactions

Emphasis then shifted to chlorocyclopropanation of 3,4-dihydro- 

2H-pyran systems, since it was thought that presence of a chlorine on 

the cyclopropane ring would make the eventual ring opening easier. 

This entire process proved to be extremely difficult with the 

functionalized dihydropyrans.

Initial attempts were made using two equivalents of n- 

butyllithium on 2-(l-hydroxymethyl)-3,4-dihydro-2H-pyran [80]. No 

cyclopropanation occurred. This was puzzling, in that reaction of the 

unfunctionalized dihydropyran was low-yield, but did occur. To

CH3
82b82a



further investigate this observation, a Series of competitive 

chlorocyclopropanations were performed upon pairs of substrates, 
present in equimolar amounts, to determine whether either the ring 

oxygen- or the hydroxyl Was responsible for hindering the reaction. 
Progress of all reactions was monitored by GCMS.

The first competitive reaction consisted of equimolar amounts of. 

cyclohexene [132] and 65 (0.5 equivalents of each) reacting with 0.6 

equivalents of n-butyllithium. After 20 hours, there was 

approximately 40% conversion of the two starting materials, and all 

four cyclopropanes were detected. Cyclopropanation of the pyran ring 

was the much-preferred reaction. The bulk of products (33%),. 

consisted of 67a,b , the exo/endo pair previously identified; the 

remaining 7% were the exo/endo.pair arising from cyclohexene; In a 

competitive situation, the oxygenated ring is the preferred site for 

chlorocarbene attack. Yields of all products were low (Figure 90).
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Figure 90. Competitive chlorocarbenation of 65 and 132

The next two competitive reactions involved 50:50 mixtures of 80 

and 4-(I-hydroxymethyl)-cyclohexene [134], which was prepared in high 

yield from 1,2,3,6-tetrahydrobenzaldehyde [135]. In the first 

reaction, 4.Immol of each were allowed to compete for an excess 

I.Smmol (10 - 8.2mmol needed for hydroxyl proton removal) of :CHC1 for
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22 hours. In the second reaction, the same amounts of reactants 

competed for an excess of 5.Bmmol of :CHQ1.: Conversion in the first 

reaction was in good yield to give predominantly the pyran derived 
cyclopropanes [136a,b], as identified from their mass spectra. The 

second reaction gave a much poorer ' yield of 136a,b. Earlier 
difficulties. were not seen again, although this method of 

cyclopropanation continued to be low yield (Figure 91).

Figure 91. Competitive reaction of 80 and 134

When ester [82] was exposed to :CHCl conditions for 24 hours at 

room temperature, there was no evidence of cyclopropanation. Instead, 

there was only the expected attack upon the carbonyl by n- 

butyllithium.

In contrast to this, the chlorbcyclopropanation of 3,4-dihydro-2- 

methoxy-2H-pyran [137] did occur. Approximately 50% conversion 

occurred after only three hours at room temperature, and all four 

possible cyclopropanes [138a,b,c,d] were seen separately and

identified by HRMS. No effort was made to isolate or identify the 

four isomers beyond the HRMS determination, and a 1H-NMR of the

composite. However, from the fact that the preferred conformation of<
the original pyran, ring likely has the methoxy group axial (in
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cyclohexanes, the A-value for a methoxy group is 0.7 ), and the fact 

that in these systems, the endo-chlorinated isomer tends to elute 

first, the four cyclopropanes were tenatively identified (Figure 92). 

Their relative area in order of elution was 32:20:32:16; the first two 

should thus have endo chlorines. The isomers present in larger 

amounts should arise from the dominant conformation (Figure 93).

47

c,< C l . c'"''<Ol . . . ci-<Cl0 OCH3 
138a

'0 OCH3 
138b

0 OCH3 
138c

'0 OCH3 
138d

Figure 92. Identification of isomers 138a-d

OCH3

L chci

j : CHCI

138a, c 138b, d

Figure 93. Two conformations of 137, attack by :CHC1 

Protecting Groups

Although delivery of :CH^ and :CHC1 did occur on 2-substituted

3,4-dihydro-2H-pyrans, by and large the reactions had poor yields. It 

was thought that an appropriate protecting group could be applied to 

the alcohol functionality and then the cyclopropanation could occur. 

Four protecting groups were investigated: tosylate, benzyl ether, 

tetrahydropyranyl ether, and 2-methoxy-tetrahydropyranyI ether.
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Alcohol [80] was chosen as the compound to be protected with all four 

groups; alcohols [129a,b] were also reacted with some of the groups. 

All four protecting groups could be put on 80. Cyclopropanations 

occurred with various degrees of success.

Alcohol [80] was converted to its benzyl ether [139] in 30% 
(distilled) yield. Cyclopropanation was attempted using diethylzinc 
and diiodomethane, but was incomplete after 46 hours at room 

temperature. After refluxing the mixture for 4.5 hours and stirring 

for 17 hours at room temperature it was found that 139 was converted 

completely to cyclopropanes [140a,b] in the ratio 47:53 (Figure 94).

80
CH2OH

NaH
OCH2CI

THF

Figure 94. Synthesis and Simmons-Smith reaction of 139

Chlorocarbenation of 139 was then attempted. It was assumed

that any or all of four possible cyclopropanes would form. Instead, a

rather unusual pair of products resulted. They eluted prior to the

starting benzyl ether, yet came off the column in broad peaks. The

mass spectrum of these products was identical to that of starting
I 13material, yet the H-NMR, C-NMR, and IR were not. One of the pair 

was present in great excess. Despite the difference in GLC retention 

time, attempts to separate products and reactants by distillation 

always resulted in contamination by reactants. When the reaction was
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finally run to complete depletion of starting materials, distillation 
was ..not attempted. Spectral data, point toward formation of 

hemiacetals [141a,b]. It is probable that loss of water occurred 
under GCMS Conditions, accounting for the identical mass spectra. So 

in this substrate, exposure to :CtiCl did not produce cyclopropanes. A 

proton was removed instead, and aqueous workup resulted in the 

hemiacetal (Figure 95).

'0 
139

*
n-BuLi

CH2CI2 '0 
139

*

Figure 95. Attempted :CtiCl reaction with 139

To further confirm this hemiacetal structure, it was thought that

it could be "trapped" by conversion of the hydroxyl to its

tetrahydropyranyl ether . Since hemiadetal [141] was likely to be

acid sensitive, the reaction was gently catalyzed by use of pyfidihium
48para-toluenesulfonate (PPTS), prepared by the method of Miyashita .

IAgain, HRMS gave only the parent benzyl ether [1.39], but H-NMR was 

consistent with compound [142] (Figure 96).
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HO PPTS

DHP

THP

141 142

Figure 96. Formation of THP ether

Further use was made of the THP protecting group in one other 

circumstance. Alcohols [129,b ] were partially converted to their THP 

ethers by the procedure above (Figure 97), and this mixture was 

refluxed under Simmons-Smith conditions. The reaction was considered 

successful in that the starting alcohols [129a,b] were still present 

after the reaction, while the THP ethers disappeared on GCMS. New 

later-eluting cyclopropane substituted alcohols [145a-d] were later 

collected separately and identified. A large amount of 2-oxo- 

bicyclo[4.1.0]heptane [66] was also recovered. Apparently the THP 

ether fell off under Simmons-Smith conditions, and the resulting 

dihydropyran was easily cyclopropanated (Figure 98).

OH OTHP
'129 143

Figure 97. Formation of THP ether from 129
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Et2Zn

144

Figure 98. Conversion of THP ether [143] to cyclopropahated 
alcohol [145] and other products

Tosylates are frequently employed as leaving/protecting groups 

for alcoholsAlcohol [80] was easily converted to its tosylate [146] 

in 53% yield. As is typical for secondary alcohols, . 129a,b was 

unreactive to tosylation. Tosylate [146] was completely unreactive to 

monochlofocarbene, even when three equivalents of n-butyllithium were 

added (Figure 99).
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Figure 99. Tosylations

Both 3,4-dihydro-2H-pyran [80] and 3,4-dihydro-2-methoxy-2H-pyran 

[136] were useful in conversion of 80 into protected alcohols [147] 

and [148] (Figure 100). While it was originally thought that these 

would be used in cyclopropanations, they were used in attempted metal 

ion complexation reactions instead.

Figure 100. Other protecting groups for pyran alcohols

OCH3
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The whole point of performing these various cyclopropanations was 
then to open the cyclopropane ring, to give ideally the oxepane. With 

at least a small selection of cyclopropanated dihydropyranyl systems, 

attempts were made to open the cyclopropane rings. Exposure of £6 to 

10%Pd/C and for 19 hours gave nothing but starting materials. The 

two isomeric cyclopropanes [139] were refluxed in the presence of 

for 2 hours, but no products resulted (Figure 101).

Ring Openings

10% Pd/C
—---- =■* No reaction

66
02^6

— —— No reaction 
A

140

Figure 101. Unsuccessful ring openings

Seme success was evident when 66 was refluxed in IM HgSO^/acetbhe 

by the procedure of Neef, et al49. The 1H-NMR showed no cyclopropyl 

protons; GCMS showed a large* number of compounds of mass 98. Ring 

opening occurred, but in a variety of ways. Thus this method is not 

useful in a controlled method of ring-opening (Figure 102).



O 
6 6

H2S O 4
acetone

Four ring opening products, M+ = 98

Figure 102. Ring opening by H2SO4

An attempt was made to open the cyclopropane ring using 48% HBr 
50at reflux temperature . Analysis of the single large product was

hampered by the fact that it did not show up on GCMS. In the ^H-NMR
Ispectrum, there is no evidence of cyclopropyl protons. H-NMR data 

showed a quartet at 3.90 ppm, a two hydrogen multiplet at 2.9-3.7 ppm, 

a methyl doublet at 1.30 ppm, and multiplets from 0.8-2.0 ppm. 

Cleavage of the cyclopropane ring could have occurred at three points 

(Figure 103). Structure [149a] is the only one consistent with the
1H-NMR data at hand.

66 149a

66 149c 149d

Figure 103. Ring opening by HBr, possible products
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relatively easy, as ring openings of the non-oxygenated gem-
33dihalocyclopropanes has been accomplished by a number of authors 

In a mixture of exo and endo monohal©cyclopropanes, it is expected 

that the exo isomer would be more reactive in an electrophilic ring 

opening, due to participation by the oxygen^ (Figure 104).

Ring opening of the chlorocyclopropanes should have been

Figure 104. Assistance by oxygen

32An experiment was duplicated in which both exo and endo 67a,b 

were refluxed in quinoline. As expected, the exo 67a vanished, 

converted to 2,3-dihydro-oxepin [73] while endo 67b was inert to 

refluxing in quinoline.

67b

Cl".

67a

Quinoline
No reaction

Quinoline

Figure 105. Ring opening of the exo isomer by quinoline
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Then attempts were made to solvolize 67a,b and ring open to the
33methoxy oxepane using silver ion in methanol . This reaction was 

performed three times, and each time there was either depletion of the 

exo cyclopropane 67a or complete loss of the same and conversion to 

one later eluting product by GCMS. A ^C-NMR of this mixture gave the 

carbon resonances of starting materials plus the following seven 

signals: 102.7, 75.6, 67.4, 52.4, 38.8, 31.5, and 25.5 ppm. Attempts

to collect the product separately and obtain other data were 

unsuccessful.

Cl +

67b 67a

Ag*. CH3OH 67b unaffected

67a converted to 
one product 150

Figure 106. Ring opening by Ag+

It was thought that perhaps the ring opening of 67a could be
33performed as easily using silver tosylate , and that the product 

could be recovered as a solid. Silver tosylate and 67a,b were 

combined in refluxing acetonitrile for two hours. Mass spectra 

taken before and after reaction show neither depletion of the exo 

isomer 67a nor formation of new products. Another ring-opening 

technique which works well on medium ring halocyclopropanes was 

unsuccessful with an oxygenated ring (Figure 107).
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Figure 107. Potential products of tosylation of 67a 

Other Reactions

Lastly, attempts were made to use the macrocyclic type 

derivatives 147 and 148 as complexation agents. Although reaction of 

148 was unsuccessful, the combination of 147 with TiCl^ at -78° 

resulted in the immediate formation of a yellow solid. This melted at 

room temperature, and a gray-green solid in a colorless liquid was 

recovered. GCMS showed that the single product had a different mass 

spectrum; *H-NMR spectrum indicated that the double bond was gone.

Figure 108. Reaction of 147 with TiCl^
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Conclusions

Reductions and Alkylations

A  variety of 3,4-dihydro-2H-pyfan-2-carbonyl derivatives were 

reduced with stereoselection using trialkylaluminums. Reaction 

conditions were such that chelation was neither enhanced nor 

suppressed. In all cases there was a preponderance of the non- 

chelation-controlled (Cram) product. Trimethylaluminum reduced the 
aldehyde substituted dihydropyran with modest stereoselection for the 

erythro alcohol; two methyl groups were delivered in the reduction of 

the ester-substituted dihydropyran. Reduction by trie thy !aluminum was 

. complicated by the fact that delivery of both a hydride and an ethyl 

group could and did occur. However, delivery of an ethyl group was 

enhanced by increasing the number of equivalents of triethylaluminum, 

and this reaction was quite stereoselective for the erythro 

alcohol/endo ketal (91:9). Triisobuty!aluminum delivered largely 

hydride under these reaction conditions, and this fact was applied to 

a simple stereoselective synthesis of the insect pheromone brevicomin, 

in which the exo isomer was prepared 84:16 over the endo isomer.

Diethylzinc proved to be an excellent agent for a stereoselective 

delivery of an ethyl group to give the Cram product only. In the 

reduction of MVK dimer, only the endo ketal was seen.

■ Reduction and . subsequent cyclization of the ester-substituted 

dihydropyran resulted in a family of 6,8-dioxabicyclo[3.2.1]octanes 

with a preponderance for an axial methyl group at C-4; This is not 

typical of similar known systems —  natural multistnriatin has an endo 

methyl group at this position. A MM-2 study of these bicyclic ketals
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with methyl groups at C-4 and C-7 demonstrated that, in all cases, 
ketals with axial methyl groups at C-4 have a higher steric energy 
than ketals with equatorial methyls at C-4. When the C-7 positions 

are occupied by carbonyl or phenyl, groups, the dominant isomer has an 

equatorial methyl at C-4. Perhaps the presence of a bulky group at C- 

7 forces the reaction to proceed via a bridged intermediate while with 

less bulky substituents a simple four-center intermediate can be 

attained.

Cleavages
Trialkylaluminum compounds proved to be useful in the cleavage of 

6,8-dioxabicyclo[3.2.1]octanes. The original hope that the 0-8 bond

would be cleaved was never realized, but all bieyclic ketals were 

cleaved to some extent to give trans-alkyl - substituted pyraris. There 

was evidence that the presence of an alkyl group at C-7 affected the 

reactivity toward cleavage. Ketals having that group endo were less 

reactive than exo substituted ketals,- the ketal with only hydrogens at 

C-7 reacted most completely.
Cleavage of a single ketal by diethylzinc occurred after 

stereoselective reduction. Only one alcohol was formed; this reagent 

has phenomenal stereoselectivity for the trans-ethylated-erythro-pyran 

alcohol.
Cleavage by AlI3 did not result in reproducible products, and it 

can be concluded that this is not a viable ketal fragmentation reagent 

at this time. Although prior researchers fragmented bicyclic ketals 

to enones and pyridines in low yield, only one of the five ketals 

fragmented in this report resulted in an enone. In some cases.
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multiple products resulted. In the two situations where only one 
product was seen, data were not complete enough to determine the 
fragmentation, although both ketals experienced loss of oxygen and 
addition of HI.

Brcanine did not cleave 6>8-dioxabicyclo[3.2.1]octanes at all. 
Instead, dlbromination of the C-4 position occurred. This procedure 

offers the exciting possibility of functionalization at C-4, since a 

carbon bearing a bromine can be alkylated via cuprates.

Cyclopropanations .

Cyclopropanation of 3,4-dihydro-2H-pyran occurred under mild 

Simmons-Smith conditions in high yield. Attempts to cyclopropanate
3.4- dihydro-2H-pyran alcohols under similar conditions failed, 

although a cyclopropane was, produced in low yield under much more 

vigorous Simmons-Smith conditions. When a dihydropyran alcohol was 

converted, to its benzyl ether, Cyclopropanation proceeded under mild 

conditions in high yield, but with little stereoselection. When a 

mixture of a dihydropyran alcohol and its tetrahdropyranyl ether Were 

exposed to cyclopropanation conditions, only the THP ethers reacted to 

give, upon workup, cyclopropanated pyran'alcohols. There was little 

stefeoselection in this reaction either.

An ester substituted 3,4-dihydro-2H-pyran was cyclopropanated 

with stereoselection to give two cyclopropaneS in modest yield. The 

proportions of the Cyclopropnae products reflected the conformational 

equilibrium of the starting ester.

Chlorocyclopropanation proved to be a low yield.reaction even on

3.4- dihydro-2H-pyran and, indeed, only one of the substituted pyrans



was chlorocyclopropanated successfully. When the substituent at the 

2- position was a methoxy group, the compound could be converted into 

four cyclopropanes commensurate with the conformational equilibrium of 

the starting material. The success of this conversion implies that an 

oxygen at the 2- position may enhance the cyclopropanation.
Opening of the pyran-ring cyclopropanes was generally difficult 

and did not result in any oxepane rings. Therefore the

cyclopropanation/ring opening procedure does not seem to be a viable 

route into the aforementioned natural product systems. The

cyclopropanated dihydropyrans were either inert to reagents that 

readily reacted with their non-oxygenated counterparts, . or the 

fragmentation that did result was not specific to one bond. Again, 

this points to future studies concerning the role of oxygen in a wide 

variety of chemical reactions.

85
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CHAPTER 3

EXPERIMENTAL

IH-NMR spectra were recorded at Montana State University on a

Bruker WM-250 FT-NMRz with chemical shifts reported in parts per

million relative to CDCl^ (7.24 ppn) and benzene d-6 (7.15 ppm); the

samples done in benzene are so indicated. At Illinois State 
IUniversity, H-NMR spectra were recorded on a Hitachi-Perkin-Elmer R- 

24B 60MHz NMR In CCl^ with tetramethylsilane as an internal standard. 

Carbon magnetic resonance spectra were taken in CDCl^ on a JEOL FT- 

90QX NMR. Mass spectra were taken at Montana State on a VG MM-16F 

mass ■* spectrometer. At Illinois State, a Hewlett-Packard 5790A 

equipped with a 5970 mass selective detector was used for mass 

spectra. High resolution mass spectra (for accurate mass) and 

positive chemical ionization mass spectra were taken on a VG 7070 high 

resolution mass spectrometer. Infared spectra were recorded on a 

Nicolet DX FTIR. GLC analyses were performed with a Varian Aerograph 

2700 gas chromatograph, equipped with either 8 'xl/4" 13% DEGS, 15% OV- 

17, or 10% SE-30 columns.



87

Preparation of 2-acetyl-6-methyl-3,4-dihydro-2H-pyran [13]

A mixture of 100 mL methyl vinyl ketone (1.43 mole), 105 mL 

benzene and ca 0.1 g hydroquinone were heated in a bomb for 3 hours at 

175°. The benzene was removed by rotoevaporation, and the remaining 

mixture distilled to give 39.Ig (279 mmole, 39%) of methyl vinyl 

ketone dimer (bp, 30 torr = 72-74°).

Preparation and characterization of threo and erythro 2-(1-

hydroxyethyl)-6-methyl-3,4-dihydro-2H-pyran [14a,b]

To 3.1 g methyl vinyl ketone dimer [J_3] (22 mmole) stirring in 25

mL methanol at 0° was added 0.31 g NaBH^ (9.0 mmole) and the mixture

stirred at room temperature for ca 2 hr. The reaction was quenched

with 25 mL HgO. The solution was extracted 3 times with methylene

chloride, dried with MgSO^, and concentrated. A yield of 95%, or 2.96

g, was recovered. These alcohols have a propensity to cyclize^;

indeed, they cyclize in CDCl^. ^H-NMR spectra taken in benzene d-6

showed the non-cyclized products, as follows:

1H-NMR of 14b: 4.39 IH br s
3.77 IH q J = 6.4 
3.59 IH m 
2.28 IH d J = 3.9 
I.3-1.9 4H m 
1.64 3H br s (CH-C=C-)
1.06 3H d J = 6.6

1H-NMR of 14a: same as 4b, except Hq = 3.62, CH^-C=C- = 1.68

HRMS: 142.0992 observed. 142.1008 theoretical for C0H1 .CL.o 14 z
IR: 3440, 2922, 1683, 1290, 1241, 1063
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Preparation of exo and endo 5,7-dimethyl-6,8-dioxabicyclo[3.2.1] 

octane [15a,b]

The crude alcohols [14a,b] were cyclized by stirring in benzene

with a catalytic amount of toluenesulfonic acid. Reaction took place

at room temperature, and was complete in less than four hours. A

ketal mixture of exo/endo = 1.5 is typical; enrichment of the endo

isaner happens occasionally, as does preparation of nearly pure exo.

1H-NMR of _15a: 4.15 q IH J = 6.2
4.04 IH brs
1.41 3H s
1.16 3H d, J = 6.2

1H-NMR of _15b: 4.19 q J = 6.3
4.13 brs
1.41 3H s 
1.31 3H d J = 6.2

IR: 2945, 1380, 1239, 1174, 1101, 1070, 1023, 840

Preparation of threo and erythro 2-(I-hydroxyethyl)-3,4-dihydro-

2H-pyran [12a,b]

To 2.00 g _1Ĵ  (8.9 mmole) placed in 20 mL CH^Cl^ at 0° under 

nitrogen were added 5.3 mL trimethyl aluminum (2M in hexane, 10.7

mmole) via syringe and the mixture allowed to stir at roan temperature 

for 20 hours. The mixture was worked up by adding 20 mL CH^Cl2 ,

cooling to 0°, and adding 1.8 g NaF and I mL water slowly. As the

remaining trimethyl aluminum deconposed, there was much gas evolution 

and a solid formed. This was stirred 3 hr at roan temperature, 

filtered, and the solid was washed with CH2Cl2. The filtrate was 

dried with MgSO4 and concentrated to give 1.53 g crude _12.
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The IH-NMR spectrum of these two isomers was difficult to

decipher in 

sufficiently

CDClg. The threo and erythro methyl doublets were 

separated in benzene-d-6 to make the following

assignments.

1H-NMR of 12a: 6.31 IH br d
4.52 I H m
3.50 IH q 
3.30 IH m
2.05 IH d
I.4-1.8 4H m 
1.38 3H d

1H-NMR of _12b: 6.34 IH br d
4.51 IH m
3.68 IH q J = 5
3.40 IH m J = 4.6 
1.72 IH d
1.48-1.87 4H m
1.01 3H d

Preparation and analysis of exo and endo 7-methyl-6,8-

dioxabicyclo[3.2,1]octane [76a,b]

A mixture of 12a,b totalling 0.32 g were stirred in 10 mL benzene

and a catalytic amount of tosic acid for 16 hr. The reaction

mixture was washed twice with 10 mL bicarbonate and 10 mL water,

then dried and concentrated to give 0.20 g ketals 76a,b .

1H-NMR of 76a: 5.55 S
4.25 q J = 6 
4.03 br s 
1.75-1.96 2H m 
1.43-1.73 4H m
1.20 3H d J = 6.6 1

1H-NMR of 76b: 5.50 s
4.13 2H m 
1.78-2.03 2H m 
1.45-1.76 4H m 
1.36 3H d J = 6.1
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Preparation and characterization of threo and erythro 2-

(1-hydroxypropyl)-3f4-dihydro-2H-pyran [77a,b]

The reaction was carried out the same as with trimethyl aluminum,

except that 10.68 mL triethylaluminum (IM in hexane, 10.7 mmole) were

added via syringe. Crude material totalled 1.24 g and is described in

the results section. The threo isomer of the ethylated alcohol could

not be collected separately. The erythro isomer had the following

^H-NMR spectrum.

6.36 IH br d
4.68 IH br s
3.6- 3.8 2H m 
1.95-2.05 2H m
1.7- 1.9 2H m
1.00 3H t

Attempted synthesis of brevicomin using 2-1(hydroxypropyI)-3,4- 

dihydro-2H-pyran [77]

To 0.42 g of a mixture of 77a,b (3 mmole) in 10 mL freshly 

distilled tetrahydrofuran under at -78° were added 3.65 mL t- 

butyllithium (1.7M, 6 mmole). The solution was stirred in an ice bath 

for I hr and at room temperature for 30 minutes. After cooling to 0°, 

0.19 mL methyl iodide (3 mmole) was added and allowed to stir for 3 

hr. The solution was quenched with 10 mL saturated NH4Cl, extracted 

three times with diethyl ether, washed with 10 mL 5% HCl, and 

concentrated to yield 0.35 g crude material. This was found to be 

largely starting material. This procedure was repeated using the 

procedure in Bjorklund's MS thesis ^ , and modified with TMEDA, but 

never was there alkylation at C-6.
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Preparation and characterization of exo and endo 7-ethyl-6,8- 
dipxabicyclo[3.2.1]octane [78]

As described in previous sections, 0.54 g of crude material [77]

were cyclized in tosic acid/benzene, and 0.27 g were recovered. The
IH-NMR spectrum the endo isomer is given below; comparison to

brevicomin isomers can be accomplished by referring to the synthesis

of brevicomin [6].

1H-NMR of 78b: 5.49 IH hr s
4.14 IH br s
3.88 IH dt J = 4.2, 6.7
1.49-1.93 8H m
1.00 3H t J = 7.4 O ----X,

S 0 ^

HRMS: 142.0968 observed, 142.1008 theoretical for CgH^Og

Comparison of GLC areas of this isomer with the small peak 

assumed to be the exo isomer gives a ratio of exo/endo of better than 

ten.

Reduction of 11 with triisobutyl aluminum

As described previously, 0.60 g acrolein dimer [11] (5.4 mmole) 

was reacted with 2.14 mL triisobutyl aluminum (3M in toluene, 6.4
Immole) for 24 hours. Workup was identical to previous reactions. H-

NMR spectra of the alcohol [80] and ketal [_!_] are given below.

1H-NMR of 80: 6.36 IH br d J = 6
4.68 IH hr s
3.90 IH m 
3.64 2H dd J = 4.4 
1.78-2.09 2H m 
1.29-1.78 2H m
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1H-NMR of U 5.48 IH hr s
4.47 IH hr s 
3.92 IH d J = 4.2 
3.75 IH t J = 5.9 
1.82-2.0 2H m 
1.45-1.82 4H m

Reaction of 13 with trimethyl aluminum

To 7.1 mmole of methyl vinyl ketone dimer [_13 ] stirring at Ov 

under in dry CH^Cl^ were added 8.6 mmole of CH2I2 via syringe,

followed by 8.3 mmole of trimethyl aluminum. This was stirred for 22

hr and worked up as described previously. The 1.48 g of crude

materials recovered were composed primarily (70%) of unreacted 

diiodomethane. The other product matched 1H-NMR data exactly for the

ketal 5,7,7-trimethyl-6,8-dioxabicyclo[3.2.1]octane [46].

Reduction and ethylation of 13 with triethylaluminum

To 1.21 g (8.6 mmole) _13 stirring in 30 mL dry CH3Cl2 at 0 

degrees were added 17.2 mL (17.2 mmole) triethyl aluminum via syringe 

and the solution stirred for 22 hr at room temperature. The reaction 

was quenched as described before, and 0.44 g of crude materials were 

recovered. The 1H-NMR data of the ethylated ketal s [8J_] are 

delineated below.

3.89 m
1.69-1.80 2H p J = 6
1.49-1.64 6H m
1.40 3H s
1.23 3H s 
0.95 3H t J = 7.5

3.91 IH m 
1.89-1.97 2H m 
1.38 3H s 
1.29 3H s 
0.87 3H t J = 7.5

HRMS: 170.1302 observed, 170.1307 theoretical for C^qH^q02

81b



93

Exo and endo ethyl groups were assigned by comparison to the 
methyl triplets of brevicomin [6J. Note that the exo and endo methyl 

groups show the same trend in shift (see Figure 34) but the magnitude 

of difference is smaller.

Characterization of 2-carbomethoxy-2,5-dimethyl-3,4-dihydrp-2H- 

pyran [82]

A sample of _82 was found in the refrigerator and the structure
Isubstantiated by MS and H-NMR. It was presumably the product of a

Diels Alder reaction between 2-methyl-2-propenyI-al and methyl

methacrylate. Approximately 5% of the self condensation product was

present as an impurity.

1H-NMR of 82: 6.17 br s
3.72 3H s 
2.17-2.25 IH m 
1.65-1.95 3H m 
1.50 3H br s 

. 1.44 3H s

IR: 2925, 1735, 1676, 1450, 1437, 1292, 1244, 1202, 1157, 1159

MS: 170, 152, 138, 111, 82

Reaction of ester [82] with triisobutyl aluminum

To 3.52 g ester [82] (20.7 mmole) stirring at 0° under N^ in 40 

mL CH^Cl^ were added 24 mmole triisobutyl aluminum (24 mL of 25% in 

toluene) via syringe, followed by 24 mmole CH^Ig- The reaction was

quenched after 3 hr at room temperature. Analysis showed no reaction 

had occurred. The crude material was resubmitted to reaction with 12 

mmole (I mL) CH3I2 and 10 mL triisobutyl aluminum and stirred at room 

temperature for 46 hr. The solution was worked up by adding 20 mL 

CH3Cl3, cooling to 0°, and adding 4 g NaF and I mL H3O. After a

vigorous evolution of gas, the solution was stirred for 0.5 hr,
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filtered, and the precipitate washed with CH^Cl^. The filtrate was 

dried with MgSO^ and concentrated to give only 0.20 g crude material, 

which was analyzed and found to be composed of isobutyl iodide, ketals 

[83a,b], and ketals [85a,b].

Ketals [83a,b] were analyzed by comparison to alpha and beta

multistriatin. The chemical shifts at the C-2 and C-4 carbons in

alpha are 0.81 and 0.81, while the same methyl groups occur at 1.24

and 1.10 in beta. All four multistriatin isomers were characterized

by Gore, et al35, who noted that "in all cases where methyl group

configuration is known or has been predicted, the endo methyl group

signals are 0.29-0.44 ppm upfield of exo methyl signals." This

leads to the following assignments.

1H-NMR of 83a: 5.22 hr s
3.87 d ,J = 6.9 
3.33 dd J = 6.7, 2
2.00 app sept J = 6
I.4-1.9 4H m 
1.31 3H s 
0.98 3H d J = 7.3 1

1H-NMR of 83b: 5.17 brs
3.82 d J = 6.7 
3.35 dd J = 6.3, 1.8
2.00 app sept J = 6 
1.32 3H s
0.83 3H d J =  7.0 

HRMS: 142.0993 observed, 142.1008 theoretical for c Qh 14O2

IR: 3052, 2941, 2888, 2864, 1422, 1310, 1276, 1250
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Methylene protons near heteroatom were assigned on the basis 

of W coupling possible in the exo position but not the endo:

To further confirm the structure of 83a and 83b, comparison

was made to this ketal, which was synthesized by Pearce and 

others^ in a 50/50 mix:

1H-NMR of 84b: 3.86 d J = 6.6
3.41 dd J = 6.8, I 
1.31 3H s 
0.93 3H t 
0.83 3H d J = 6.2

1H-NMR of 84a: 3.88 d J = 6.7
3.38 dd J = 6.5, 1.8 
1.31 3H s 
0.99 3H d 
0.92 3H t

IR: 2985, 2940, 2885, 1453, 1378, 1122, 1105, 1043, 1030, 913

1H-NMR of 85a,b: 5.15 hr s, 5.18 hr
3.57 td J = 7.6
2.07 2H sept J = 6
0.94 3H d
0.98 3H d
0.99 3H d, 0.80 3H

The stereoselectivity of the reductive addition is based on the 

fact that only one proton signal near a heteroatom is seen.
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Reaction of 2-carbomethoxy-2,5-dimethyl-3,4-dihydro-2H-pyran [82] with 

triethyl aluminum

Under conditions identical to previous reductions, 3.00 g (17.6

mmole) of ester [f32J were reduced with 35 mL (35 mmole) of triethyl 

aluminum. The mixture stirred for 66 hr and worked up as before to 

yield starting ester [82J and 2-(I-hydroxypropyl)-2,5-dimethyl-3,4- 

dihydro-2H-pyran [86b] in a ratio 64:35. 

or o d d : d .ud nr s
10

H-NMR of 86b: 6.06 hr s
3.41 br d J
2.23 br s app
1.81-1.92 2H m 
1.27-1.64 4H m 
1.53 3H br s
1.08 3H s
1.05 3H t J = 7.3

Irradiation of the signal at 3.41 ppm simplified the multiplet 

centered at 1.3 ppm; irradiation of the 2.23 ppm signal caused fine 

structure to occur in the 3.41 doublet; irradiation of the methyl 

triplet at 1.05 ppm partially collapsed the 1.3 ppm multiplet.

MS: 170, 142, 111, 99, 82, 71

HRMS: 170.1307 observed, 170.1307 theoretical for

Characterization of exo-1,4-dimethyl-7-exo/endo-ethyl-

6,8-dioxabicyclo[3.2.1]octane [87a,b]

^H-NMR of 87a: 5.17 br s
3.75 dd J = 5, 10.7
2.05 ov dq 2H J = 6.6 
1.60-1.76 2H m 
1.22-1.50 3H m 
1.19 3H s 
0.98 3H d J = 7.1 
0.97 3H t J = 6.8

0 ----X.//

1H-NMR of 87b: 3.41 dd J = 9.7, 3.3
1.05 3H t J = 7.5 
0.98 3H d J = 7.6
All other signals unresolved from 87a
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HRMS: 170.1306 observed, 170.1307 theoretical for CinH10O0IU Io Z
Characterization of endo-1,4-dimethyl-exo/endo-7-ethyl-
6,8-dioxabicyclo[3.2.1]octane [88a,b]

1H-MMR of 88a: 5.12 IH hr s
3.68 IH dd J = 4, 7.3
1.36-1.76 7H m
1.21 3H s
0.97 3H t
0.84 3H d J = 6.6

1H-NMR of 88b: 5.16 IHbr s
3,44 IH dd J = 4, 7.3 
1.20 3H s
1.05 3H t J = 7.5 
0.81 3H d J = 6.6

0 -------

HRMS: 170.1312 observed, 170.1307 theoretical for C^gH^gOg
Methyl triplets were assigned by canparison to brevicomin isomers. 

Positions of methines and methylenes were assigned on the basis of 

decoupling experiments. DoiiBle irradiation of the area near 1.41 ppm 

collapsed both triplet signals at ca I ppm and simplified the signal 

at 3.68 to a broad doublet. Irradiation of the area around 1.72 ppm 

collapsed the methyl doublets at ca 0.8 ppm, the triplet at 1.05 ppm, 

and simplified the signal at 3.68 to a broad singlet.

Reaction of 82 with trimethylaluminum

After cooling 11.8 mmol (2.00 g) of ester [82] in 50 mL CH^Cl^ 

under N^ to 0°, 18 mL of trimethylaluminum (35.3 mmol of 2M) was 

added. After stirring under mild reflux for 40 hr, the reaction was 

quenched by addition of 5 mL 1.6M HCl. The reaction was stirred for 

an additional 20 hr, diluted with H^O, and filtered. The organic 

layer was separated, and the aqueous layer extracted twice with 30 mL 

diethyl ether. The combined organic layers were dried with MgSO4 and 
the solvent stripped. Four products were discerned by GLC (SE-30); of
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the 1.12 g recovered, one of these constituted 95% of the mass. ^C-

NMR of the crudes implied no cyclization to ketal; neither did the IR. 

The dimethylated alcohol [91] was formed.

IR: 3452(hr), 2980, 2921, 2844, 1676, 1440, 1387, 1336, 1145

Cyclization to bicyclic ketals is facile under higher 

temperature, as in the GLC. Two of the products were analyzed after 

cyclization, and found to be the mono- and dimethylated ketals [93a,b] 

and [92a,b], isomeric at C-4.

1H-NMR of 92a: 5.14 IH br s

13,C-NMR of 91: 135.8, 105.5, 77.8, 73.2, 24.6, 23.3, 23.1, 22.1
17.0, 15.6

2.15 IH app sept
2.5-2.8 3H m 
1.30 3H s 
1.13 6H s 
0.97 3H d J = 7.2

IH-NMR of 92b: 5.10 IH br s
1.12 6H s
0.80 3H d J = 6.6
Other signals unresolved from

HRMS of 92b: 170.1293 (-1.4mmu)
HRMS of 92a: 170.1317 (-l.Ommu) C1nH10O.

- x -  n o  n m  / i 4 ______ \ I U 11 10  .10 18v2
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1H-NMR of 93a: 5.18 br s
3.65 q J = 6.7 
1.27 3H d J = 7.3
1.18 3H s 
1.00 3H d J = 6.7

1H-NMR of 93b: 5.15 brs
1.24 3H d J = 6.3 
1.13 3H s 
0.80 3H d J = 6.7 
Other signals unresolved

HRMS: 156.1168 (-1.8mmu) C9H14O3 
Synthesis of brevicanins [6a,b]

A solution of 310 mg (2.0 mmole) of 2-propanoyl-6-methyl-3,4 

dihydro-2H-pyran [94] (prepared by the reaction of the enamine of 13 

with methyl iodide, followed by hydrolysis) in 20 mL methylene 

chloride was placed under N3 at 0°. After addition of 2.4 mmole of 

triisobutyl aluminum via syringe, the solution was stirred for 18 hr. 

This did not allow for complete conversion of starting materials, so 

the mixture was cooled to 0°, two more mL of triisobutyl aluminum (6 

mmole) were added and allowed to react for an additional 14 hr. The 

reaction was quenched at 0° and ca 4 mL 5% HCl added to destroy the 

remaining triisobutyl aluminum and cyclize the products to ketals. 

The CH3Cl3 layer was separated from the aqueous, and the aqueous layer 
extracted three times with 25 mL CH3Cl3. The organic layer was 

dried with MgSO4 and concentrated to give 0.31 g (99%) of exo and endo 
brevicanins [j6] in the ratio 6a/6b = 5.4
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^H-NMR of 6a: 4.11 br s
3.91 t J = 6.5 
1.55-1.81 6H m 
1.41-1.52 2H p, J
1.40 3H s 
0.88 3H t

1H-NMR of 6b: 4.20 br s
3.97 dt J = 4.3 
1.43-1.98 8H m
1.42 3H s 
0.97 3H t J = 7.5

Stereoselective alkylation of j_3 b% diethylzinc
As described previously, 1.0 g methyl vinyl ketone dimer _1_3 (7.1 

mmole) and 28.4 mL (28.4 mmole) diethyl zinc were combined under N^ in 

methylene chloride, stirred for 18 hr, and worked up as usual. There 

was a small amount of solvent present in the 1.14g that were 

recovered. Of the crude material, 20.2% was determined to be 6,8- 

dioxabicyclo[3.2.1]octane [15a,b] by GCMS and 1H-NMR spectra

interpretation. The major product, ketal [81b], had a GCMS and 1H-NMR 

identical to previously identified products from the triethylaluminum 

reduction.

Attempted reaction of 82̂  with diethylzinc

Addition of 2 equivalents of diethylzinc to 5.9 mmol (1.00 g) of 

ester [82] in CH^Cl^ and subsequent stirring at roan temperature and 

workup afforded nothing but starting material.

Cyclization and character!zation of products of 2-carbomethoxy-

2,5-dimethyl-3,4-dihydro-2H-pyran [82]

Starting ester [82] was cyclized separately, to determine what 

products arise solely from the cyclization of the ester, without prior
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reduction. Of the 1.3 g stirred in tosic acid/benzene for 18 hr, 
quenched, and extracted in the usual manner, 1.28 g were recovered. 

GLC and GCMS confirmed that only ketals [83a,b], from cyclization of 

the aldehyde impurity; the pair of ketal-lactones [89a,b]; and pyran 
derivatives [90a,b], arose from the ester. As expected, the ethylated 
ketals [87] and [88] were reduction products; other products are 

artifacts of the ester reacting in tosic acid.
Reduction of ester [82] with lithium aluminum hydride; cyclization .

To 0.669 g (17.6 mmole) LAH stirring in 100 mL dry diethyl ether

under were added 5.0 g (29.4 mmole) ester [82] via syringe. The

solution was refluxed for 30 minutes and quenched slowly with 12 mL

ethyl acetate. 50 mL 5% HCl was added and the solution filtered. The

HCl layer was extracted three times with 50 mL ether, dried with

MgSO^, and concentrated to give 3.58 g crude material. Conversion to

alcohol [96J (by GCMS) was only about 70%:

1H-NMR of 96: 5.95 IH br s
3,35 2H s 
2.39 IH br s 
1.59-1.87 4H m
1.42 br 3H s 
1.03 3H s

Cyclization of 2.14 g of this alcohol plus ester proceeded in 

consisting of the ketals [83a,b] in an exo/endo >4.5, plus sane ester. 

The reaction was repeated as above using 5.0 g (29.4 mmol) 82, but 

with 1.21 g LAH (31.8 mmole) at roan temperature for 48 hr. The 

solution was worked up to give only 1.92 g (13.5 mmol) of pure alcohol 

(46%). Sane product was lost in filtration, which was quite 

difficult. For two weeks, 1.0 g of this alcohol was stirred in tosic

CH2OH
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acid. Work-up and analysis on three occasions resulted in a final 
recovery of only 0.30 g product.
Synthesis and characterization of 2,5-dimethyl-7-oxo-6,8-dioxabicyclo-

[3.2.I]octane [89a,b]

Hydrolysis of 0.52 g of ester [82] proceeded at room temperature

for 19 hr in 100 mL 10% KOH with 10 mL methanol added for solubility.

The solution was then acidified to pH = 6 and extracted with diethyl

ether, but no hydrolysis product was recovered. The aqueous layer was

taken to pH = 3 and extracted with , dried, and concentrated to

give 0.35 g which was found to be largely the target acid [98].

^H-NMR of 98̂ (benzene d-6):

6.19 IH brs 
3.80 IH very br s
2.11 IH m
1.91 IH m 
1.37-1.56 2H m 
1.35 3H s 
1.29 3H s

MS: M+ = 156
HRMS/PCI: 157.0861 observed, 157.0865 theoretical for CgH13O3
IR: 3600, 2975, 2928, 2886, 1723, 1678, 1246, 1196, 1188, 1156,

1120, 1101
Cyclization of acid [98] to ketal-lactones [89a,b] * I

Using standard cyclization procedures, 0.20 g of this acid was

stirred in tosic acid/benzene and 0.10 g were recovered. Only the two

ketal lactones below were seen. Mass spectral data matched that of
Icrude product from cyclization of ester [82]. H-NMR in both CDCl3 and 

(benzene d-6) are given; ASIS shifts reinforce the presence of a 

carbonyl.

COOH
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1H-NMR of 89b: 5.57 IH hr s (5.09)
I.8-2.0 IH m
1.71 2H dd J = 3.3, 10.7 
I.3-1.5 2H m
1.41 3H s (1.21)
0.93 3H d J = 6.6 (0.48)

X

1H-NMR of 89a: 5.59 IH br s (5.06)
1.40 3H s (1.18)
1.11 3H d J = 7.0 (.61) 
other signals unresolved 
from 89b tv

HRMS: C-H..0- 127.0762 observed, 127.0759 theoretical
C^H^O 112.0883 observed, 112.0888 theoretical

IR: 1801, 1129, 921

Synthesis of I,5-dimethyl-7-oxo-6,8-dioxabicyclo[3.2.1]octane [57]

A 1.19 g mixture of _13 and 2-carbomethoxy-2,6-dimethyl-3,4-

dihydro-2H-pyran [ 153] were refluxed in 25 mb 10% KCH for 3 hr.

Canpound [_13] was extracted with diethyl ether, and the aqueous layer

was acidified to pH = I. This layer was extracted with ether and

0.43 g of J57 recovered.

1H-NMR of 57: 1.6-1.85 6H m
1.58 3H s
1.42 3H S

Synthesis of I,5-dimethyl-7,7-diphenyl-6,8-dioxabicyclo[3.2.1]octane 

[99a,b]

To 39.4 mmole of phenyl magnesium bromide (13.1 mL of 3M) 

stirring in 100 mL dry ether under N^ were added 3.35 g (19.7 mmole) 

of ester [82J via syringe. The mixture was refluxed mildly for 3.5 hr 

and quenched with 75 mL H^O (which was too much - a sticky suspension 

developed). After filtration, the water layer was extracted three
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times with 50 mL ether. Recovered material was 1.58 g of a light 

yellow oil, also containing sane light colored crystals. GCMS of this 

material showed starting ester, an M+ = 218 corresponding to the 

monophenylation of the aldehyde, and M+ = 294, corresponding to the 

diphenylated product.

Cyclization of 0.89 g crude material proceeded in tosic acid for

24 hr; 0.92 g recovered. Separation by distillation was successful in

that the lower boiling fractions were distilled, leaving 0.68 g of

pure diphenylated ketals [99a,b] as a residue (2.3 mmole, 11.6%).

1H-NMR of 99a: 7.15-7.59 10H m
5.62 IH br s 
1.79 IH m
I.6-2.0 4H m
1.15 3H s 
0.92 3H d 1

1H-NMR of 99b: 7.15-7.59 m 10H
5.65 IH br s
1.89 IH m
I.6-2.0 4H m 
1.14 3H s
1.05 3H d J = 7.0 <P

CH^-CH positions were assigned on the basis of decoupling a single 

methyl doublet at a time.

HRMS: C20H22O2 294.1625 observed, 294.1620 theoretical

Character!zation of 2-carbomethoxy-2,4-dimethyl-6-methoxy-

tetrahydropyran [90a,b]
IH-NMR of 90a: 4.12 d J = 8.6

3.74 3H s
3.52 3H s
2.18 app IH dt J = 16.7,
1.68 IH dq 3.2, 12.6
1.43 3H s
1.06 IH td J = 12, 3 
0.86 3H d J = 6.7

CH3O 0 CO2CH3
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1H-NMR of 90b: 4.45 IH hr s

3.70 3H s 
3.37 3H s 

" 2.26 IH dt 
1.34 3H s .
0.83 3H d J=7
Other signals unresolvea

CH3O CO2CH3

IR: 1738, 1748, 1457, 802 

MS: 170 (M+ - 32), 143, 111, 85

HRMS: 170.0944 observea, 170.0943 theoretical for CgH^O-g
(M+ - CH3OH)
Decoupling data:

Irradiation of 2.18 changes 1.68 
1.06

to

1.68 2.18
1.06 ,S Il

1.43 4.12 brs
2.18 funny t
1.68 brd
0.86 S
1.06 ■ d

1.06 1.43
1.68 brs.
2.18 d, J = :

Cleavage of 7-methyl-6,8-aioxabicyclo [ 3.2.. 11 octane [76] by 

trimethy!aluminum ana analysis of products

To 0.39 g (3.0 mmole) of a mixture of 76a ana 76b, (exo/enao = 

0.38), stirring in 20 mL dry CH3Cl3 unaer N3 at 0° was adaed 7.6 mL
■ Otrimethy !aluminum (15 mmole, 2M). The mixture was refluxed at 50 for 

18 hr. The reaction was quenched at 0° with 15 mL 5% HCl, extracted

three times with diethyl ether, dried, and concentrated to obtain 0.23

g products. Ketals [76a] and [76b] were present in the ratio 0.47,
. 21and spectra were identical to previous data by Schwartz . In 

addition, one pyran alcohol, [41d], was seen. The alcohol had a



106

spectrum identical to a spectrum retaken on the Bruker 250 ^H-NMR of
23one of Kim's pyran alcohols

1H-NMR of 41d: 4.09 IH m
3.81 IH m 
3.50 IH app p 
1.96 IH d 
1.28-1.77 6H m
1.21 3H d, J = 6.7
1.13 3H d, J = 6.5

HRMS (PCI): 145.1207 observed, 145.1228 theoretical for C0H1-O-

Cleavage of 5,7-dimethyl-6,8-dioxabicyclo[3.2.1]octane [15a,b] by

trlmethylaluminum and characterization of the products

To 0.28 g (2.0 mmole) of a mix of 15a and 15b, (exo/endo = 1.1),

in 20 mL of CH^Cl2 under ^  at 0° was added 10 mL (20 mmole) of

trimethylaluminum. This mixture was refluxed at 40° for 24 hr. It

was then cooled to 0° and carefully quenched with 20 mL 5% HCl The

solution was extracted three times with diethyl ether, dried,

concentrated, and found to weigh 0.22 g . By GLC, only starting

materials and a single product were evident; GCMS resolved this

product into two components, earIy/late = 0.56.

1H-NMR of 106a 3.71 IH m
3.46 IH s
3.16 IH dd J = 12,2 
I.2-1.7 6H m
1.17 3H s
1.13 3H s
1.07 3H d, J = 6.6 OH 1

1H-NMR of 106b: 3.44 IH m
3.25 IH dd, J = 12,2
2.90 IH m 
I.2-1.7 6H m
1.18 3H s 
1.16 3H s
1.08 3H d, J = 6.3
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Decoupling data:

Irradiation of 3.44 changes
2.90 
1.65
1.41
1.18
1.08

IR: 3448, 2974, 2933, 2869, 1461, 1448, 1380, 1261, 1233,
1215, 1085, 1053, 1044, 978, 910, 888, 734

MS: 143(M+~15), 140, 113, 95, 91, 79, 69, 55, 43, 41

HRMS (PCI): 159.1381 C H O  (early)
159.1387  ̂ " (late)
159.1385 theoretical

3.25
3.44
3.16, 3.25
3.16, 3.25
3.72, 3.44, 3.25, 3.16

These can be compared to the similar alcohols [41a] and [41b] analyzed 
24by Jun and others:

/ X 3.44 3.45
I I H I H

41o yz^ozT 4 / 1 - 1 6 41b y d / 1.14
H S H T

3.05 OH 3.27 OH

Cleavage of I,4-dimethyl-6,8-dioxabicyclo[3.2.1]octane [83a,b] by 

trimethylaluminum and analysis of products

To 0.53 g (3.7 mmole) of 83a and 83b (exo/endo = 4.5) in 40 mL 

CHgClg under Ng at 0° were added 9.3 mL (18.7 mmole) 

trimethylaluminum. The reaction was allowed to reflux at 40° for 18 

hr, and worked up with NaF as described previously. Of the 0.25 g 

recovered, components were largely starting ketals. The reaction was 

rerun with 0.16 g 83a,b (1.1 mmole) and 2.3 mL trimethylaluminum (5.5 

mmole) and refluxed for 40 hr at 50°. The reaction mix was cooled to 

0° and quenched slowly with 15 mL 5% HCl. The solution was extracted

three times with diethyl ether, dried, and concentrated. Of the



0.13 g recovered, GLC showed that all starting materials were

converted to two products —  barely discemable on OV-17—  but

separated by GCMS in the ratio 108a/108b = 3.0.

1H-NMR of 108a: 4.00 IH d, J = 11
3.73 IH m
3.11 IH fat q 'I
1.1-1 .9 5H m I L c h 2OH
1.18
1.07

3H s 
3H d > O \\

0.92 3H d

1H-NMR Of 108b: 3.99 IH d, J=Il
3.37 IH m
3.15 IH m
1.1-1 .9 5H m [ L c h 2O h
1.18 3H s C1.15 3H d ' U \
0.82 3H d

Lanthanide induced shift data of 108a,b upon addition

Eu(fod)3

SHIFT 25ul 50ul 75ul

3.99 maj 4.34 4.70 5.08
3.99 min 4.28 4.59 4.94

3.73 maj 3.99 4.22 4.52
3.37 min 3.71

3.13 maj 3.45 3.68 4.09
3.13 min - 3.50 3.68

1.72 2.00 2.38 2.80

I.18 maj 1.38 1.55 1.78
1.18 min 1.34 1.47 1.66

I.15 min 1.23 1.26 1.32

1.07 maj 1.16 1.24 1.32

0.92 maj 0.99 1.03 1.08

0.82 min 0.85 0.88 0.93

easily

.012 M
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Decoupling data:
Irradiation of 4.00 

3.73
changes 3.13 to 

1.67 S
3.13 4.00 two singlets
1.75 3.13 two singlets
1.58 3.73 . q, J= 6
Il 0.92 S
H 0.82 , partial s

1.18 0.82 S
Il 3.7,3 hr s

1.07 3.73 S

MS: 140 (M+-IS) [6], 127 [59], 109 [38], 69 [25], 55 [33], 43 [100]

HRMS (PCI): 159.1387 C H  CL
159.1377 * "
159.1385 theoretical

Cleavage of 5,7-dimethyl-6,8-dioxahicyclo[3.2,1]octane [15a,b] with 

triethy!aluminum and analysis of products

To 0.56 g ketal [15a,b] (3.9 mmole), (exo/endo = 1.1) in CH2Cl2 

under N2 at 0° was added to 19.7 mmole (19.7 ;mL) triethylaluminum. 

The mixture was stirred at roan temperature for 24 hr and followed by 

GCMS. At this time, the reaction still contained starting materials. 

The mixture was then refluxed at 50° for 20 hr and worked up with NaF 

as described previously. GCMS showed three types of products: small

amounts of. starting ketal [15], a pair of isaners which eluted later 

than ketal [15] but which give the same .mass, spectrum. These are 

thought to be the dihydropyran alcohols [ 14a,b], products of an E-I 

type reaction. The major product was a pair of isaners barely 

discemable on GCMS: llOa/llOb = 2.2.



H O
IH-NMR Of 110a:

3.40 IH app p, J = 6.7 
3.15 IH ddd, J = 11.6,6.7,3 
2.95 IH hr s
1.84 2H ov q, J = 13.3 
I.1-1.8 6H m
1.08 3H s
1.08 3H d J = 7.2 
0.80 3H t J = 7.3

1H-NMR of 110b:

3.40 IH app p
3.13 IH ddd 
I.1-2.95 as above
1.08 3H s
1.08 3H d, J = 7.2 
0.78 3Ht J = 7.3

Irradiation of 3.40 changes 3.12 to hr d, J = 11.6
1.08 hr s

3.12 3.40 q, J = small
1.84 1.3m less sharp

0.80 hr s
1.08 3.40 d, J = 6.7

3.12 app td, J =
0.80 1.84 

1.3 m
d, J = 13.3 
less sharp

IR: 3587, 2972, 2936, 2871, 1463, 1342, 1326, 1211, 1086,
1062, 1048, 1032, 1013, 997

PCI showed high mass of 173

MS: 143(M+-29), 127, 109, 43 (base)

HRMS: 143.1072 observed, 143.1072 theoretical for CgH^C^

Cleavage of 5,7,7-trimethyl-6,8-dioxabicyclo[3.2.1]octane [46] by 

triethylaluminum, and analysis of products

To 0.32 g (2.1 mmole) of ketal [46J in 30 mL dry CH2Cl2 at 0° 

under N2 was added 10 mL (10 mmole) of triethylaluminum. The solution 

was refluxed for 18 hr and quenched by cooling to 0°, adding 30 mL 

CH2Cl2, 2.0 g NaF, and I mL H2O. This suspension was stirred at room 

temperature for 3 hr, filtered, and the solid washed with CH3Cl2 . The
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organic solvents were dried, 

GLC showed four components, 

was the starting ketal [46J. 

[49] and [111], are analyzed. 

^H-NMR of 4_9 (benzene d-6):

3.17 IH m
2.97 IH app dd J = 5.7, 
2.50 IH s 
I.1-1.6 6H m 
1.19 3H s
1.17 3H s
1.02 3H d J = 6.1 

MS: 143(M+-15), 140(M+-18),

concentrated, and found to weigh 0.24 g. 

of which the earlest eluting and largest 

The two main products, tetrahydropyrans

CDCl3:

10.5
3.45 IH m
3.12 IH dd J = 11.6, 
1.85 IH m 
1.35-1.65 5H m
1.15 3H s 
1.10 3H s 
1.13 3H d J = 6

125, 81, 71, 55, 43 (base)

HRMS (PCI): 143.1075 observed, 143.1072 theoretical for CgH15O2
^H-NMR of 111 (benzene d-6): CDCl3:

3.04 IH dd J 
2.53 IH s 
1.71 2H ov q, 
I.0-1.5 6H m
1.20 3H s 
1.16 3H s 
1.00 3H s 
0.76 3H t, J

: 11.6 , 2.2

J = 14.2, 7.3

7.3

3.21 IH dd J = 11.9, 1.7

1.88 2H ov q, J = 
I.2-1.7 6H m 
1.16 3H s 
1.09 6H s

0.81 3H t J = 8.3

IR: 3568, 3447, 2971, 2934, 2889, 1483, 1377, 1355, 1208,
1195, 1137, 1094, 1062, 1050, 999

MS: 43(base), 55, 109, 139, 157, IeS(M+-H3O), 171

HRMS (PCI): 169.1593 observed, 169.1592 theoretical for C11H71O
(<M+1>-H20)

Lanthanide-induced shift data:

SHIFT 50ul IOOul 150ul (

3.04 3.53 4.52 5.46
1.71 1.76 1.82 1.87
1.20 1.37 1.54 1.72
1.16 1.32 1.46 1.63
1.00
0.76

1.03 
did not

1.06
move

1.10
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Cleavage of 5,7-dimethyl-endo-7-ethyl-6,8-clioxabicyclo[3.2.I]octane 

81b with diethylzinc

To 1.14 g of a mixture which was largely ketal [81b] under in

10 mL CH^Cl2 at 0° was added 2 eg ClL,^ and 4 eg diethylzinc. The

mixture was refluxed for 24 hr and worked up by adding 2 mL 10% KQH.

It was then filtered, dried, and concentrated. A substantial amount

of ketal [81b] was still present, but ca 1/3 was converted to the

diethylated tetrahydropyran [114].

1H-NMR of 114: 3.27 IH dd J = 11.6, 1.9
2.62 IH S 
1.83 2H dg 
1.20-1.64 8H m 
1.07 3H s
1.01 3H s 
0.88 3H t J = 7.4 
0.81 3H t J = 7.4

HRMS: 200.1759 observed, 200.1776 theoretical for £±2̂ 24̂ 2

Decoupling data:

Irradiation of 0.81 collapses 1.83 to br d J = 13.3
1.35 3.27 J = 11.6
1.35 0.88 to singlet

Cleavage of 115 by AlI^
A mixture of 3 mL CH^CN, 0.062 g (23 mmol) dried Al foil, and

0.50 g (19.6 mmol) was fitted with an argon balloon and allowed to 

stir under reflux for 3 hr. Due to the large excess of the dark

color did not disappear. The reaction was guenched with after 23 

hr and extracted with a 50/50 mixture of diethyl ether and 10%Na2S2Og. 

A precipitate formed, which dissolved upon addition of 20 mL 5% NaCti. 

The ether layer was subseguently washed with two 10 mL portions of 

Na2S3O3, dried with MgSO4, and concentrated. Analysis of the two 

major components is given.



^H-NMR of enone [116]:

7.31 3H m
7.18 2H dd J = 7.
6.06 IH brs
3.56 IH q J = 7.0
2.37 2H m
2.16 2H m
I.90 2H m
1.44 3H d J = 7.0

HRMS (PGI): 201.1278 observed, 201.1277 theoretical for C14H17O
1H-NMR of biphenyl [117]:

113'

MS: M+ = 154(100)

HRMS: 154.0782 observed, 154.0780 theoretical for C12H 1q

Synthesis of anispyl-substituted bicyclic ketals [118], [119], and

[120]
Ortho: 5,7-dimethyl-7-(2-anisoyl)-6,S^-dioxabicyclo[3^2.1]octane

[118]
Tb 35.7 mmol (4.45 mL) of 2-brcano-anisole under N2 in freshly 

distilled tetrahydrofurari at -78°. was added 36 mmol (14.3 mL of 2.SM) 

of n-butyllithium by pressure equalizing dropping funnel over the 

period of an hour. Then 35.7 mmol (5.OO g) of 2-acetyl-6-methyl-3,A- 
dihydro-2H-pyran [13] in THF was added via syringe. The solution was 

allowed to stir for I hr, quenched with 25 mL 5% HCl, and stirred for 

an additional hour. The solution was extracted three times with 

CH2Cl2, dried with MgSO4, and concentrated to give 9.876 g of crude 

product, Distillation produced 8.297 g (33.4 mmole, 93.6%) ketal mix, 

exo/endo .= 48:52. Over the period of a week, the later-eluting

isomer crystallized to give tiny clear, crystals. Crystals were

7.60 4H d
7.45 4H t
7.35 2H t

, 1.5
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submitted for x-ray analysis, and this isomer was determined to be 
exo.

1H-NMR of 118a (250MHz):

7.67 IH dd J = 7.4, I 
7.23 IH dd J = 7.4, I 
6.99 IH dd J = 7.4, I
6.85 IH d J = 7.4
4.74 IH brs
3.80 3H s
2.09 IH m 
I.5-1.9 5H m 
1.66 3H S
1.54 3H s

IR: 2984, 2934, 2837, 1710, 1683, 1585, 1489, 1437, 1358, 1246,
1172, 1037, 981, 756

HRMS: 248.1407 (+0.5mmu) C15H20O3
1H-NMR (60MHz) CDCl3 118b:

7.75 IH dd 
7.03 3H m
4.58 IH brs
3.80 3H s
2.13 IH s
1.55 3H s
1.52 3H s 
I.0-2.0 6H m

HRMS: 248.1410 (+0.2mmu) C15H30O3
Meta: 5,7-dimethyl-7-(3-anisoyl)-6,8-dioxabicyclo[3.2.1]octane

OMe

.OMe

[119]

The reaction proceeded as before using 31.6 mmol (4.00 mL) of 3- 

bromo-anisole and 4.42 g (31.6 mmol) of _1_3. It was unclear whether 

cyclization was complete, so the crude mixture was stirred in 

toluenesulfonic acid/benzene for 18 hr. The reaction was quenched 

with Na3CO3 and filtered through Florisil. Only 2.835 g (11.4 mmol) 

were recovered (36%). Although recovered material appeared to be one
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ketal by ^H-NMR, GCMS showed two isomers, ratio 61:39. Neither isomer

ever crystallized.

1H-NMR of U 9  (60MHz, CDCl3):

6.5-7.2 4H m 
4.27 IH hrs 
3.71 3H s 
1.49 3H s 
1.44 3H s 
I.2-2.2 6H m

IR: 2933, 2849, 1683, 1584, 1468, 1433, 1290, 1248, 1044, 758

HRMS: 248.1412 (+2.7mmu) C. H O
248.1407 (+0.5mmu) A

Para: 5,7-dimethyl-7-(4-anisoyl)-6,8-dioxabicyclo[3.2.1]octane

[120]

As previously described, 35.7 mmol 4-bromo-anisole was reacted 

with 35.7 mmol _13 and 40 mmol n-butyllithium. The reaction was 

quenched with 5% HCl and allowed to stir overnight. GCMS showed two 

components only, ratio 54:46, so no further purifications were 

performed. After ca 10 days, flaky opaque crystals came out of 

solution; 1H-NMR spectrum of these crystals corresponded to that of 

the later eluting ketal. Recovered material totalled 8.689 g (98%). 

Crystals were submitted for x-ray analysis, and were determined to be 

exo.

1H-NMR (250 MHz, CDCl3) of 120a:

7.32 2H d J = 8.4
6.85 2H d 
4.41 IH be 
3.78 3H S 
1.60-2.18
1.58 3H s 
1.50 3H s
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C15
C13 C14

Figure 109. ORTEP diagrams for 118a and 120a
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HEMS: 248.1408 observed, 248.1412 theoretical for

IR: 2936, 1715, 1611, 1498, 1442, 1381, 1246, 1173, 1036, 833

1H-NMR (250 MHz, CDCl3) of 120b:

7.29 2H d
6.85 2H d
4.36 IH brs
3.80 3H s 
I.1-1.8 6H m
1.53 3H s 
1.48 3H s

General cleavage of I, 118, 119, and 120 by AlI3
A mixture of 0.217 g (8.1 mmol) dry Al foiland 3.07 g (12.1 mmol) 

I2 in 8 mL CH3CN were refluxed under N2 until the iodine color turned 

straw yellow, or after 3 hr. The color change was noted as quickly as 

15 min, but often did not occur at all. Then 8.1 mmol ketal [119] was

added via syringe, and the mixture allowed to reflux for ca 24 hr. 

The solution was cooled, poured onto water and extracted twice with 20 

mL diethyl ether. This layer was washed twice with 5% NaOT. The 

aqueous layer was then acidified and re-extracted with ether. The 

organic layers were combined, dried with MgSO4, and concentrated. 

Analysis of cleavage product 124 

1H-NMR of 124:

7.45 IH d J = 8.4
6.90 IH t
6.80 IH m
6.59 IH d J = 8.4
4.10 IH br s 
3.78 3H s 
3.35 IH app sept 
1.74 ? H
1.54 3H d J = 6.6 
1.25 3H d J = 7.5
1.20 3H d J = 7.5

isomeric
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Decoupling data: Irradiation of 3.35 collapsed 1.54, 1.25, 1.20

MS: 344, 329, 301, 174, 131, 115, 43
HRMS (PCI): (M+ - CH3) 345.0338 (+1.4 mmu) C14HlgO2I
Analysis of cleavage product from reaction of _1 with AlI3
1H-NMROf 125 (60 MHz, CCl4):

3.38 2H m 
2.20 IH m 
I.2-2.0 7H m

HRMS (PCI): 226.9952 (0.5mmu) C5H 12OI (M+l)
MS: 226, 99, 81, 79, 55.

liquid bromine (0.90 mL) was added via syringe
+2

Reaction of I with Br-
A  solution of 17.5 mmol of ketal [_1] in 20 mL CCl4 under N3 was

allowed to stir at room temperature. After 5 minutes, 17.5 mmol of
The reaction was

quenched after 24 hr with IO mL IM'Fe'". The organic layer was

separated and the aqueous layer extracted twice with 20 mL diethyl

ether. The organic layers were combined, dried with MgSO4, and

concentrated. Only one product was in evidence by GCMS, and was

identified as follows.

1H-NMR Of 126:

H 5.51 IH s
Hf 4.61 IH brs
IF , 3.39 2H d ov t
Hc ,a 2.84 IH ddd J = 14, 13.6, 4.8

2.66 IH dd J = 14, 4.7 
2.30 IHbrt J =14, 12.5, 4.8> 3.7, small 
1.47 IH dd J = 12.5, 4.7

Br 
Br 
H1

1M
-Hb

rHd
Hc
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"b is coupled to H , and H C/d g
is coupled to H- , f,g,h

H- is coupled to H f e,g
Hgis coupled to all signals except 5.51

Hh is coupled to H^ g

13C-NMR: 104.47 (C-S)7 72.67, 68.39, 65.79 (C-1,4,7),
27.81 (C-3)

HRMS (PCI): 271.8903 (-3.3mmu) C6HgO2Br2

IR: 2966, 2896, 1434, 1227, 1130, 1017, 964, 798, 729

39.46 (C-2),

Reaction of 15a,b with Br-

To a solution of 7.0 mmol of 15a,b stirring in 20 mb CCl^ under 

N2 at room temperature was added 8.0 mmol Br2 via syringe. After 24 

hr, the excess Br2 was decomposed with 2 -methyl - 2 -butene. The

solution was extracted three times with 20 mL CH2Cl2 and washed with 

NaHCO2. After drying with MgSO4 and concentrating, 1.086 g was 

recovered. Four components were collected from an SE-30 column and 

analyzed.

The largest component was determined to be a pair of dibrominated 

bicyclic ketals, in an exo/endo commensurate with starting ketals: 

1H-NMR of 127a:

4.25 IH q J = 6.3 
4.18 IH brs
2.99 IH ddd J = 13, 5.3, small
2.68 IH dd J = 5.6, small
2.0-2.4 2H m
1.85 3H s
1.22 3H d J = 6.3

1H-NMR of 127b:

Hb
0 . Hg

H 4.34 IH J = 6.4 
3 1.30 d J = 6.5

All other signals not distinct from 127a
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HRMS (PCI): 298.9280 (+0.2mmu) CLH CUBr
298.9281 (+0.Immu) ft ^ ^

Minor product was incompletely analyzed; the data is given below. 

1H-NMR of 128:

4.30 IH hr s
3.13 IH ddd J = 14, 5.3
2.69 IH dd J = 15.6, 6.3
2.34 IH m 
1.84 3H s
1.58 IH dd J = 15.6, 6.25 
1.4 I H m
1.35 3H d J = 6.3

Cyclopropanation of 3,4-dihydro-2H-pyran [65]

A mixture of 1.09 g (13.0 mmole) of 65 and 26 mL diethylzinc 

(26.0 mmole) were stirred at 0° under Ng in 40 mL CHgClg. Then 1.29 

mL (16.0 mmole) freshly distilled diiodomethane were added via 

syringe. The mixture was stirred at room temperature for 3 hr, 

quenched with ca 5 mL 10% KOH, and the resulting solid filtered. The 

filtrate was dried with MgSO4 and concentrated. Of the 1.11 g 

recovered, a small amount of solvent was also present. 1H-NMR 

confirmed the cyclopropane [66].

3.40 2H m 
He 3.29 IH m

1.88 2H m
1.40 2H m 

Hd 0.88 IH m 
Hb 0.56 IH m 
Ha 0.44 IH m

Jab=5'7/ Jad=2' Jbd=6-7' 13

MS: 98(M+), 83, 69

IR: 3074, 3014, 2993, 2862, 1441, 1383, 1213, 1151, 1078, 1016, 
913, 701

13C-NMR (CDCl3, 90MHz): 65.19, 52.15, 21.59, 19.10, 11.08, 10.05
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Chlorocyclopropanation of 3,4-dihydro-2H-pyran [65]

Approximately 8 mL (12 mmol) of dichlorcxnethane were placed in a 

250 mL three neck flask equipped with a stirrer, a pressure equalizing 

dropping funnel, and a condenser topped with a balloon. A nitrogen 

atmosphere was established, 10.0 mL (11.0 mmol) of 3,4-dihydro-2H- 

pyran [65] were added, and the solution was cooled to -20° (NaCl/ice). 

The n-butyllithium (11 mmol) was injected into the dropping funnel via 

a septum, and added over one hour to the solution below. White solid 

formed immediately, indicating formation of LiCl. The solution was 

allowed to reach ambient temperature and stirred for 48 hr. The 

solution was quenched with 70 mL of H^O and the organic layer 

separated. The aqueous layer was extracted three times with hexane, 

and the organic layers combined, dried with Na^SO^, and concentrated. 

A total of 8.72 g of crude material were recovered, which were 

distilled to give only 1.39 g of pure chlorocyclopropanes [67a,b]. 

Yield in this case was 9.6%; distilled yields up to 15% were 

recovered. When the reaction above was repeated using 55 mmole of 65 

and H O  mmole of n-butyllithium and the solvents evaporated over a 

steam bath, a yield of 29.7% (2.16g) of 67 was obtained, in a nearly 

50/50 mixture.

1H-NMR of 67a,b: 3.66 IH d J = 8.2
3.55 IH dt J = 11.3, 3 
3.22 IH td J = 11.7, 1.6 
2.89 IH d J = 4.5 
2.02 IH dd J = 14.4, 7 
1.83 IH app sept, J = 
I.2-1.5 3H m app

6.3
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IR: 2931, 2927, 2860, 1438, 1281, 1209, 1133, 1109, 1070, 1042,
1022, 970, 767

13C-NMR: 67a: 64.27, 50.09, 36.33, 22.13, 14.87, 12.50 
67b: 63.62, 58.05, 34.81, 22.13, 17.90, 13.79

HRMS (PCI): 67a: 133.0413 (0.7mmu) C H OCl (M+l)
67b: 133.0398 (2.2mmu) "

Attempted eyeIopropanation of 2-(I-hydroxyhexyl)-3,4-dihydro-2H- 

pyran [129a,b]

Alcohol [129] weighing 1.75 g (9.5 mmole) was combined in the

usual manner with diethyl zinc (20 mmole) and diiodomethane (12

mmole). It was stirred at room temperature for 2 days and worked as

described previously. The products were characterized to be only the

exo and endo ketals [144], probably cyclized due to the CDCl3.

1H-NMR of 144a: 5.50 IH br s
4.05 IH br s
4.01 IH t J = 6.7 
1.85 2H m 
1.20-1.65 12H m 
0.87 3H t J = 7

5.50 IH br s 
4.13 IH br s 
3.95 IH m 
1.75-1.95 4H m 
1.40-1.70 4H m
1.31 6H m 
0.88 3H t J = 7

H-NMR of 144b:

The stereochemistry was assigned on the basis of GLC elution 

order (exo is before endo in a wide variety of these systems). 

Comparison of the C-I hydrogen to the same protons in the 7-methyl 

substituted 6,8-dioxabicyclo-[3.2.1]octane [76] revealed identical 

shifts. The H-7 signals did not match up well and were indeed 

reversed in shift. Perhaps the hexyl group does some shielding.
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The crude materials were recombined with the Simmons-Smith 

reagents and refluxed 24 hr, but only the ketals were seen in any 

quantity. Some small products were seen on GCMS, but none of these had 

the proper M+ for a cyclopropanation.

Cyclopropanation of erythro and threo 2-(l-hydroxyethyl)-3,4- 

dihydro-2H-pyran [12]

To 0.50 g (3.9 mmole) of 12a,b stirring under in 20 mb CH^Cl^ 

were added sequentially 15.6 mb diethylzinc (15.6 mmole) and 0.63 mb 

(7.8 mmole) diiodomethane. The solution was refluxed for 16 hr,

quenched with 10 mb CH^d^ and 10 mb 10% KOH, filtered, dried with 

MgSO^, and concentrated. The 0.72 g product recovered consisted of 

starting materials plus one cyclopropane [130] in 8% yield.

1H-NMR of 130:

3.58 IH app td J = 5.7, 8.3
3.45 IH td J = 6.7,
3.01 IH ddd J = 10.7, 7.6, small
2.61 IH br d J = 3
[0.9] IH partially buried
1.10 3H d J = 6.3
0.61 IH m
0.40 IH td

Irradiation of 3.58 changes 0.40 to t , J = 6.3
0.61 t, J = 8.3

3.45 3.01 d, J = 10.7
2.61 sharp s
1.10 S

3.01 3.45
2.61 3.45 app p, J =
0.61 0.40 br d J = 5.

3.58 d J = 8.3
0.40 0.61 q J = 4.6

3.58 t J = 5.7

6.7

124.0886 observed, 124.0888 theoretical for C0H10O [M+ - Ho0]o Iz Z
HRMS:
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Stereochemistry assigned by comparison to :

CO2Me

Cyclopropanation of 2-carbcmethoxy-2,5-dimethyl-3,4-dihydro-2H- 

pyran [82]

A combination of 1.0 g (5.9 mmole) ester [82], 0.57 mL (7.0 

mmole) diiodomethane, and 24 mL (24 mmole) of diethyl zinc were 

stirred 18 hr, and worked up as described previously. GLC showed 

starting materials only, so crude materials were recombined with 30 mL 

(30 mmole) Et^Zn and 1.0 mL CH^I  ̂ (12.4 mmole) at 0° and refluxed 

(40°) for 48 hr. Only 0.60 g were recovered, consisting of an 

unidentified product, starting material, and cyclopropanes [131a,b] in 

22% and 7% yield respectively.

1H-NMR of 131a: 3.75 3H s
3.40 IH dd J = 2,6
I.8-2.0 2H m
I.4-1.6 2H m
1.28 3H s
0.93 3H s
0.57 IH dd J = 6,2
0.49 IH dd (app t) J = 6,6

HRMS: 184.1087 observed, 184.1099 theoretical for C inH1fiO.10 16 3
IR: 2955, 2926, 2867, 1739, 1457, 1225, 1151, 1130
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1H-NMR of 131b: 3.71 3H s
3.18 IH dd J = 2.8,5.8
I.6-1.9 4H m 
1.39 3H s 
1.04 3H s
0.55 IH dd J = 2.6, 5.9 
0.49 IH ud (app t) J = 5.9,

HRMS 184.1096 observed, 184.1099 theoretical for c ioHi6°3
IR: 2955, 2924, 2854, 1754, 1735, 1457, 1150

Relative stereochemistry of the cyclopropyl protons was assigned
40on the basis of J values :

J=b
Jo=
Jbc
Joc

= 4-9  
= 4 -9 .6  
= 7 -12  
< Jbc

Canpetitive chlorocarbenation of 3,4-dihydro-2H-dihydropyran [65] and 

cyclohexene [132]

A mixture of 1.2 mmol of cyclohexene [132] (0.98 g, 1.21 mL) and

1.2 mmol of 3,4-dihydropyran [^5] (1.00 g, 1.08 mL) in 10 mL CH^Cl2 

were cooled to -20° under an N2 atmosphere. As the solution stirred, 

1.43 mmol (5.71 mL of 2.SM) of n-butyllithium were added via syringe 

over 15 minutes. The mixture stirred for 70-hr and quenched with 3 mL 

H2O. After separation of the layers, the aqueous layer was extracted 

twice with diethyl ether and the organic layers recombined, dried with 

MgSO4, and concentrated. Recovered crude material totalled 0.544 g, 

and consisted of 60% starting materials, 33% 67a,b , and 7% 133a,b . 

Cyclopropanes were identified and integrations determined by GCMS.

MS: 67a,b : 97, 91, 79, 67
133a,b : 95, 88, 81, 77, 68, 67
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Competitive chlorocarbenation of 80 and 134

A mixture of 4.1 mmol (0.50 g) of 80, 4.1 mmol (0.46 g) of

134, and 10 mmol of n-butyllithium were combined as described above. 

The reaction was quenched and worked up as above, and 0.694 g of crude 

material were recovered. GCMS comparison of starting material and 

products indicated that 134 apparently decreased relative to the 

amount present at the start. Only two large products were noted, and 

these were found to have the MS: 115, 97, 79. HRMS (PCI) of the 115

peak gave 115.0761 (-1.5 mmu), C6Hn 02- t^ s could have only have 
arisen from compound [80] (loss of C-Cl). Despite the difference in the 

mass spectrum, the only conclusion is that the oxygen-bearing ring is 

again preferred as a site for cyclopropanation.

Competitive chlorocarbenation

The procedure was identical to the preceeding reaction except 5.6 

mL (14 mmol) of n-butyllithium were added. Recovered crude material 

totalled 0.858 g. The mass spectrum of product was identical to those 
in the previous section, except a small 126 peak was in evidence. 

This peak, presumably (M+-HCl) again supported cyclopropanation of the 

pyran ring as opposed to the cyclohexene ring.

MS: 126, 115, 108, 95, 94, 79, 67

Synthesis of 4-(I-hydroxymethyl)cyclohexene [134]

An isopropanol solution containing 9.08 mmol (10.0 g) of I,2,3,6- 

tetrahydrobenzaldehyde [135] was cooled to 0°. One equivalent (3.43 

g) of NaBH4 was slowly added, and the mixture quenched slowly with 

HgO. The aqueous layer was extracted three times with 20 mL ether.
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dried with MgSO4 , and concentrated. Recovered product totalled 9.38 g
(92%) of 134.. No further purification was attempted.
IH-NMR (60 MHz) of 134 :

5.58 2H S 
3.38 2H br d 
I.4-2.3 7H m

Attempted chlorocyclopropanation of ester [82]

In an attempt to pre-form monochlorocarbene, 17.7 mmol (3 eg,

7.08 mL of 2.SM) n-butyllithium were placed in 15 mL CH2Ol2' at -20° 

under a nitrogen atmosphere. The ester was then added slowly. An 

"extremely vigorous reaction occurred, with much evolution of heat. 

Despite the vigor, no chlorocyclopropanes were detected. The products 

were not characterized, but HRMS implied attack upon the ester group 

by one or two butyllithiums.

Chlorocyclopropanation of 3,4-dihydro-2-methoxy-2H-pyran [137]

A solution of 17.5 mmol (2.0 g) of 137 and 20 mL CH2Cl2 Under N2 

was cooled to -20°. A dropping funnel was filled with 14 mL (35 mmol, 

2.SM) n-butyllithium and this was added to the solution over 0.5 hr. 

The mixture was stirred for three additional hours and quenched with 

IOmL H2O. The CH2Cl2 was separated and the aqueous layer extracted 

twice with 20 mL diethyl ether. The organic layers were combined, 

dried, concentrated, and 2.512 g were recovered. Four 

chlorocyclopropanes were in evidence; relative areas in their elution 

order were 32:20:32:16.

CH2OH
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HRMS (PCI), in order of elution:

163.0526 (O.Ommu) C-H O Cl 
163.0524 (0.2iranu) * 
163.0517 (O.Ommu) "
163.0527 (-O.lmmu) "

Cl
OCH3

138a 138b

IH-NMR (60 MHz, CCl^), composite 138:

4.61 IH m 
3.36 3H s 
3.38 IH m

Cl""
OCH3

I.2-1.7 4H m 
0.8-1.I 2H m

138c 138d

Synthesis of dihydropyranyl benzyl ether [139]

A 250 mL three necked flask was fitted with a reflux condenser

and stir bar; 50 mL freshly distilled tetrahydrofuran, 9.65 mmol (10.0

mL) alcohol [80], and 5.0 g NaH (10 mmol, 50% in oil) were added. A

nitrogen atmosphere was established, and 9.65 mmol (11.1 mL) benzyl

chloride injected through the septum. The solution was refluxed for 4

hr and quenched with 30 mL H2O. The aqueous layer was extracted twice

with diethyl ether, and the organic layer washed with 5% HCl. After

drying with Na2SO^ and concentrating the residue, the products were

distilled and 6.166 g (30%) of pure benzyl ether [139] recovered.

1H-NMR (250MHz, CDCl3):

7.33 5H s with fine structure
6.40 IH d J = 5.8
4.68 IH m (| I
4.59 2H d J = 2.9
4.02 IH m 0
3.56 2H ov dd J = 8.8, 18.8

IR: 3050, 3030, 2924, 2854, 1650, 1453, 1350, 1241, 1071, 1008,
890, 720, 698

13C-NMR (90MHz, CDCl ): 143.3, 137.9, 127.8(2C), 127.3(3C), 99.9
73.7, 73.3, 72.1, 24.3, 19.0
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MS: 204, 113, 91
HRMS (PCI): 205.1233 (-O.Snunu) C13Hl7O2
Synthesis of cyclopropanes [140]

Benzyl ether [139] (10.4 mmol, 2.12 g) was added, to 30 mL CH2Cl2

and cooled to 0° under N„. First 20.7 mmol diethylzinc were added via
syringe, then 1.66 mL (20.7 mmol) diiodomethane. After 46 hr, the

reaction was quenched with 5 mL 10% KQH, filtered, and dried with

Na2SO^. By GCMS, conversion was less than 50%. A fraction of the

crude mixture (0.760 g) was resubmitted to Simmons-Smith conditions

with 4.9 mmol and 4.9 mmol CH2I2 - This mixture was refluxed for 4.5

hr at ca 50°, and allowed to stir at room temperature overnight.

Workup was with I mL 10% KOH at room temperature. The precipitate was

filtered and washed with dichloromethane. All organic fractions were

combined, dried, and concentrated to give 0.621 g product. GCMS

showed total conversion to the two cyclopropanes [140a,b] (79%

recovered yield).

1H-NMR (250MHz, CDCl3):

7.35 5H brs
5.61 2H brs
3.3-3.7 4H m
1.2-2.I 4H m 
0.91 IH m 
0.59 IH m 
0.46 IH m

13C-NMR: 138.2, 127.8(2C), 127.1(3C), 72.9, 71.0, 69.5,
48.8, 22.7, 17.7, 10.1, 9.9 (major)
51.1, 24.0, 19.7, 11.1, 8.3 (minor)

IR: 3066, 3001, 2929, 2861, 1443, 1364, 1211, 1155, 1078, 720,
697

HRMS (PCI): 219.1364 (2.Immu) C '.H1pO9
219.1352 (3.3mmu) " "
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Attempted chlprocyclopropanation of 139
The . reaction was run as.described previously, using 9.8 mmol 

(1.98 g) 139, 10 mmol n-butyllithium, and excess (I mL) CH^Cl^. The 
n-butyllithium was added slowly via syringe.. The reaction was worked 

up as before, and 2.20 g of crude products Were recovered. By GCMS,

there, was evidence of starting benzyl ether, but this was determined
' ' ' ' , ' ' ; " .to be a breakdown product in the GCMS. The reaction was repeated with 

4.5 mmol (0.911 g) 139 and converted to hemiacetals [141a,b] in 86% 

yield.
1H-NMR (CDCl3, 250MHz) of 141:

7.29 5H s with fine structure 
5.23 IH s (major) 5.33 IH brs (minor)
4.55 2H d
3.93 I H m  (major) 3.64 (minor)
3.44 2H m
1.3-1.9 7H m

13C-NMR. (90MHz): 139.1, 128.3(3C), 127.5(2C), 92.3, 73.6, 73.3, 68.4,
29.4, 27.3, 17.6

IR (neat): 3500, 3031, 2945, 2867, 1442, 1356, 1175, 1116, 1034,
974, 910, 720, 696

Preparation of pyridinium paratoluenesulfdnate

Pyridine (12.1 mL, 150 mmol) and paratoluenesulfonic acid (5.70 

g, 12.1 mmol) were combined and stirred for I hr at room temperature. 

The excess pyridine was stripped via rotoevaporation (60°), and a 

large amount of white solid formed. This was recrystallized from 

acetone to give only 0.618 g (8%) PPTS.

Formation of THP ether 142 from 141

Hemiacetal [141] (0.20 g, 0.90 mmol), dihydropyran [65] (1.4

mmol, 0.13 mL),. and 0.01 g PPTS were combined at room temperature in 5 

mL CH3Cl3 and stirred for 21 hr. The solution was diluted with 10 mL
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diethyl ether, and a white solid formed. The organic layer was washed 

with 10 mL 50/50 H^O/brine, dried with MgSO^, and concentrated. The 

resulting product was a colorless oil weighing 0.24 g (0.78 mmol, 

87%).
1H-NMR (60MHz, CCl4):

7.20 5H s 
4.84 2H hr s 
4.47 2H S
3.2- 4.I 5H m
1.2- 2.2 12H huge s

HRMS (PCI): largest fragment only, 221.1164 (1.3mmu)

Formation of THP ether from 129a,b

The ether formation was performed as above with 5.4 mmol (1.0 g) 

129, 8.1 mmol 64, and 0.125 g (0.5 mmol) PPTS. Conversion in 4 hr at

room temperature was incomplete, so the crude materials were 

resubmitted to reaction conditions at room temperature for 5 days.

Workup was performed as before, and 1.598 g were recovered. By GCMS,

conversion to cyclopropanes [142a,b] was approximately 50%. This 

mixture was used in the next reaction.

Cvclopropanation of 129a,b/142a,b

The 50/50 mixture of alcohols [129a,b] and ethers [142a,b] was 

assumed to contain at most 6.0 mmol (1.60 g if pure 142) of material 

for cyclopropanation. This was combined at 0 as described previously 

with 12.0 mmol diethylzinc (12 mL, 1M) and 12 mmol CHgIg (I mL) •

There was an immediate vigorous reaction to form the zinc reagent.

Upon cessation of the bubbling, the solution was refluxed for 2 hr, 

the stirred at room temperature for 20 hr. After transfer to an ice 

bath, 5 mL 10% KCH were added. The organic layer was filtered and the



. 132 - ■ ’ '

precipitate washed with CH0Cl0. The, organic layer was dried with
 ̂: .. . ■

MgSO^ and concentrated to give 1.076 g products. GCMS indicated 
disappearance of the THP ethers; the alcohols seemed to not have 

reacted. Fractions were collected from an 8 ft SE-30 column, and 

consisted of 2-oxo-bicyclo[4.1.0]heptane [66], ketals [144a,b], and 
cyclopropanes [145a-d]. The first two fractions were identified from 

previous spectra.
H-NMR of 145a-d was of the combination of all four cyclopropanes 

and thus contains heterOatom protons characteristic of erythro/threo 

relationships as well as the "up" or "down" relationship of the proton 

bordering the cyclopropane ring.
IH-NMR of 145 a-d:

Heteroatom protons at 4.08, 3.67, 3.57, 3.39, 3.27, 3.10
1.97 IH m
1.62 BH brs 
0.87 3H t 
0.59 IH m 
0.43 IH m

MS (PCI): 198, 181
HRMS (PCI): 199.1721 (-2.3mmu) C19H9-CL

199.1692 (0.6mmu) ^  ^  Z 
199.1709 (-l.lmmu) "
199.1691 (0.7mmu)

Tosylation of 80
Alcohol [80] (2.0 g, 17.5 mmol) was ccmbined with 3.8.1 g (20.0 

mmol) toluenesulfonic chloride in .pyridine and placed in the 

refrigerator for 40 hr. The solution was . poured onto ice and

extracted three times with 20 mb diethyl ether. The ether layer was 

washed three times with 20 mL CuSO4 and once with water. After drying
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with MgSO^ and concentration, 2.483 g of tosylate [146] were recovered 

(53%).
IH-NMR (60MHz, CCl4):

7.70 2H d 
7.27 2H d 
6.14 IH d 
4.61 IH m 
3.8-4.I 2H m
3.2-3.6 IH m 
2.43 3H hr s
I.6-2.2 4H m

MS: 268, 173, 155, 113, 96
HRMS: 268.0768 calculated, 268.0536 observed for c^ H lgO4S

Attempted tosylation of 129a,b
The procedure above was applied to 5.4 mmol of 129a,b and 6.8

mmol (1.29 g) of tosyl chloride. No tosylation occurred after 40 hr;

GCMS was identical to starting material.

Attempted chlorocyclopropanation of 146

Tosylate [146] (1.0 g, 3.7 mmol) was exposed to one equivalent of
I:CHC1 as described previously for 3 days. GCMS and H-NMR showed 

starting material only. Exposure of 146 to three equivalents of :CHC1 

for 20 hr caused no reaction.

Formation of THP ether from 80
Alcohol [80] (2.00 g, 94% pure, 16.5 mmol) was stirred with 17.5 

mmol 3,4-dihydro-2H-pyran [65] and 0.19 g PPTS (0.08 mmol) at room 

temperature for 26 hr. This mixture was quenched and worked up as 

described previously to give 3.011 g THP ether [147] (92%).
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I H-NMR of 147:. 6.25 IH d J = 6,4

4.74 IH m
4.56 IH m
3.6- 4.I 5H m
1.6- 2.I IOH 2 br s

OTHP

MS: 198, 114, 101, 96, 85, 81
HRMS (PCI): 199.1338 (-0.4mmu) C11H15O5
Synthesis of methoxy THP ether 148

Alcohol [80] (2.0 g, 16.5 mmol) was stirred with 10 eq (ca 20 mL)

of 137 for 70 hr. The mixture was diluted with 40 mL diethyl ether, 

washed with 50/50 water/brine, dried with MgSO4, and concentrated to 

give 3.831 g product (16.8 mmole, 100%).

HRMS: 115.0749 (+1,0 mmu) CgH11O5 , 113.0597 (+0.5 mmu) CgHgO2

Attempted ring opening of 66 by H5
A  flask containing 200 mL CH5Cl2 and 0.986 g (10.1 mmol) 56̂  was 

degassed with nitrogen for 15 min. Theh 1.06 g (1.0 mmol) 10% Pd/C 

were added carefully, and the mixture shaken in a Parr apparatus at 30 

psi for 19 hr. • The solids were filtered and the solvent dried with 

MgSO. and concentrated. Only starting materials (by GCMS) were 

present in the 0.593 g recovered.

Attempted ring opening of 140 by B5Hg

A mixture of 0.62 g (2.8 mmol) 140, 0.11 g (2.8 mmol) NaBH4, and

2OmL fresh tetrahydrofuran were cooled to 0° under N5 . Freshly

IH-NMR of 148:

6.11 IH d J = 6.3 
4.77 3H m
3,2-4.0 3H m 
1.85 br 4H m
1.62 br 2H m

MS: 115, 97, 96, 83, 81, 71, 58, 55, 41 OCH3
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distilled BF^.EtgO (5.6 nmol, 0.70 mL) was added via syringe, and the
Omixture refluxed for 2 hr. After cooling to 0 , I mL 10% KCE and I mL 

30% HgOg were added and stirred for one ,hour. Neutralization was 

accomplished with 5% HCl and the aqueous layer extracted twice with 20 

mL CHgClg. After drying with Na2SO4 and concentrating, no evidence of 
anything but starting material was in evidence by GCMS.

Attempted ring opening of 66 by HgSO4Zacetone
At 0°, 5 mL of 9M HgSO4 were combined with 40 mL acetone, and

then. 1.00 g (10.2 mmol) 65 were added. Ohs solution turned yellow, 

then red, and a yellow solid formed. After 45 minutes the reaction 

was stopped and the solid filtered. The aqueous layer was extracted 

twice with 20 mL CHgClg; then it was made basic with 10% KOH and 

extracted again. The organic layers were combined, dried with MgSO4 , 

and concentrated to give 0.39 g of a large variety of products of

molecular weight 98. It was assumed that the reagent fragmented

cyclopropane [66] into many products. No ' further analysis was 

pursued.
Reaction of 67a,b with quinoline

A small amount (<0.1 g) of 67a,b in a 60:40 exo/endo ratio 

mixture was refluxed in da 3 mL quinoline for 2.5 hr. A GCMS sample 

showed only quinoline and the earlier eluting (ehdo, 67b) cyclopropane 

in evidence.

Ring opening of 65 by HBr
A mixture of 0.92 g 65 (9.4 mmole) and 1.2 g (7.1 mmole) 48% HBr

were refluxed for two hours. Ten mL of CHgClg were added and the

organic layer washed with NaHCOg and HgO. After drying and
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concentration, 0.74 g were recovered. Attempts to obtain a mass
spectrum were unsuccessful, although only one peak was seen on GCMS.

An interesting H-NMR spectrum of the product is given. It is most

consistent with structure [149a].

1H-NMR of 149 (60 MHz7 CCl4):

3.90 IH q J = 7
2.9-3.7 2H m 
1.30 3H d 
0.8-2.0 5H m

Reaction of 67a,b with AqClO4/methanol

A  mixture of 0.667 q (5.0 mmol) 67a,b in ah exo/endo =55:45 and 

2.07 g (10.0 mmol) AgClO4.XH3O were stirred in 15 mL methanol at room 
temperature for 22 hr. The silver salts were filtered and the 

solution extracted three times with 20 mL CHgClg. To check for Ag+, 

the organic layer was washed with NagCO3. The combined organic layers 

were dried with MgSO4 and concentrated. Of the 0.492 g recovered, 

GCMS showed substantial depletion of 67a and conversion to one later 

eluting product. The relative areas were 67b:67a:150 = 34:17:49.

MS of 150: 129, 128, 113, 101, 97, 85, 75, 71

HRMS: none available
13C-NMR: 102.7, 75.6, 67.4, 52.4, 38.8, 31.5, 25.5
1 13H-NMR: available, unable to match with C-NMR

Attempted ring opening of 67a,b with silver tosylate

A solution of 67a,b (1.27 g, 9.6 mmole, a/b = 0.934) was refluxed

in 8 mL CH-CN for 10 minutes. A solution containing 2.20 g (7.8 3
mmole) AgOTs was added via syringe and the mixture refluxed for two 

hours. Ah equal volume of diethyl ether was added and the precipitate
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filtered. The recovered solid, a silver salt which darkened upon
standing, weighed 0.347 g. It was extremely difficult to separate the 

products from CH^CN, so 10 mL CH^Cl^ and 20 mL H^O were added to 

create a separable organic layer. The aqueous layer was extracted 

once more with CH^Cl^ and the organic layers combined, dried with 

MgSO^, and the solvent blown off with an stream. GCMS of the 

products showed only starting cyclopropanes, [67a/67b] = 0.869, and no 

other peaks.

Reaction of 147 with TiCl^
After cooling to -78° under N^, 1.00 g (5.05 mmol) 147 in 2OmL

CH2Cl2 was exposed to 10 mL TiCl4ClM, ca 10 mmol) via syringe. A 

bright yellow solid formed immediately. The reaction was quenched 

after 15 min with 5 mL H3O. The aqueous layer was extracted once with 

20 mL CH3Cl2, dried, and concentrated. The crude mixture consisted of 

a gray-green solid in a colorless liquid, and weighed 0.526 g.

1H-NMR (60 MHz, CCl4):

5.25 IH t
4.25 IH m
3.0- 4.0 6H m
1.0- 2.0 12H m

MS: 121, 111, 98, 85, 83, 79, 67, 57, 56, 55, 41 

HRMS (PCI): (M+ - CH3CH) 169.1232 (-0.3 mmu) C10H17O3



.

138

REFERENCES CITED



1. W. Ayer and R. Mc Caskill, Cain. J. Chem. , (1987), J55, 15.
2. D. Cram and K. Kopecky, J . Am. Chem. Soc., (1963), 85, 1245;

D. Cram and F. Elhafez, J. Am. Chem. Soe., (1952), 74, 5828.

3. M. Cherest, H. Felkin, and N. Prudent, Tetrahedron Lett., (1968),
9_, 2199.

4. N.T. Anh, Topics in Current Chemistry, (1980), 88, 145.

5. J. Morrison and H. Mosher, Asymmetric Organic, Reactions, 
Prentice Hall, Englewood Cliffs, N.J.,(I97I) p.88.

6. B. Mundy, K. Lipkowitz, G . Dirks, (1977), Heterocycles, 6y 51.

7. T. Cohen and M. Bhupathy, Tetrahedron Lett., (1983), 24, 4163.

8. G. Howe, S. Wang, and G. Procter, Tetrahedron Lett., (1987), 28> 
2629.

9. G. Keck and E. Boden, Tetrahedron Lett., (1984), 25., 265.

10. M. Reetz, K. Kesseler, S. Schmidtberger, B. Wenderoth, and R. 
Steinbach, Angew. Chem. Int. Ed. Engl., (1983), 22, 989.

11. M. Koreeda and Y. Tanaka, Tetrahedron Lett., (1987), 28, 143.

12. S. Danishefsky and M. DeNinno, Tetrahedron Lett., (1985), 26,
823.

13. C. Jefford, D. Jaggi, J. Boukouvalas, Tetrahedron Lett., (1986), 
27, 4011.

14. A. Mori and H. Yamcanoto, J. Qrg. Chem., (1985), 5D, 5446.

15. W. Roush, M. Adam, and S. Peseckis, Tetrahedron Lett., (1984), 
25, 1377.

16. C. Malanga, R. Menicagli, M. Dell'Innocent!, and L. Lardicci, 
Tetrahedron Lett., (1987), 2A, 239.

17. E. Ashby and J. Laemmle, J. Qrg. Chem., (1975), 40, 1469.

18. R. Chen and R. Rowand, J. Am. Chem. Soc., (1980), 102, 6611.

19. Y. Oshima, G. Cordell, and H. Fong, Phytochemistry, (1986), 25, 
2567.

20. R. Carling and A. Holmes, J. Chem. Soc., Chem. Comm., (1986), 
565.

21. T. Schwartz, Ph.D. Thesis, Montana State University, (1982), 109.

139



140
22. Y. Kim and B. Mundy, J.Qrq.Chem., (1982), 4%, 3556.
23. Y. Kim, Ph.D. Thesis, Montana State University, (1982), 132.

24. J. Jun, Ph.D. Thesis, Montana State University, (1985), 38.

25. a. M. Bjorklund, J. Jun, and B. Mundy, Tetrahedron Lett, (1985), 
26, 3895; b. 6. Mundy and M. Bjorklund, Tetrahedron Lett.,
(1985), 26, 3899.

26. M. Utaka, H. Makino, Y. Oota, S. Tsuboi, and A, Takeda, 
Tetrahedron Lett., (1983), 24, 2567.

27. M. Pirrung and P. Kenney, J. Orq. Chem., (1987), 52, 2335.

28. T. Sato, T. Itoh, C. Hattori, and T. Fujisawa, Chem. Lett., 
(1983), 1391.

29. H. Simmons, T. Ca i m s , S. Vladuchick, and C. Hoiness, Organic 
Reactions, (1973), 20, I.

30. E. Schweizer and W. Parlham, J. Am. Chem. Soc., (1960), §2l> 4085.

31. G. Closs and L. Gloss, J. Am. Chem Soc., (1959), 81_, 4996.

32. A. Duggan and S. Hall, J. Orq. Chem., (1975), 40, 2234.

33. a. J. Long, Aldrichimica Acta, (1981), _14, 63; b. C. Reese and 
A. Shaw, J. Am. Chem. Soc., (1970), 92, 2566; C. H. Loozen,
W. Robben, d. T. Richter, and H. Buck, J. Qrq. Chem., (1976),
41, 384; e. S. Sandler, J. Orq. Chem., (1967), 32, 3881.

34. B. Rickbom and S. Wood, J. Am. Chem. Soc., (1971), 93, 3940.

35. W. Gore, C. Pearce, R. Silverstein, (1975), J. Orq. Chem., 40, 
1705.

36. R. Silverstein, J. Chem. Education, (1968), 45, 794.

37. C. Pearce, W. Gore, R. Silverstein, (1976), J . Orq. Chem., 41_,
603.

38. M. Larcheveque and S. Henrot, Tetrahedron, (1987), 43, 2303.

39. N. Colthup, L. Daly, S. Wiberly, Introduction to Infared and 
Raman Spectroscopy, 2nd Edition, Academic Press, New York, 
(1975), p. 294.
L. Jackman and S . Stemhell, Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry, 2nd Edition , 
Pergamon Press, Oxford, (1969), p. 112.

40.



141

41. A. Gaudemer, Determination of Configuration by NMR Spectroscopy, 
in Stereochemical Fundamentals and Methods,' Vol I., John Wiley 
and Sons, New York, (1977), p. 102

42. E. Winterfeldt, Synthesis, (1975), 10, 617-630.

43. A. Mori and H. Yamamoto, J. Qrg. Chem./ (1985), 50, 5444.

44. A. Abell and R. Massy-Westropp, Aust. J. Chem., (1985),
38, 1031.

45. K. Lipkowitz and B. Mundy, J. Qrg. Chem., (1976), 41, 373.

46. M. Bhatt and J. Babu, Tetrahedron Lett., (1984), 25, 3497.
47. B. Mundy, Concepts of Organic Synthesis: Carbocyclic Chemistry,

Marcel Dekker, Inc., New York, 1979, 13.

48. M. Miyashita, A. Yoshikoshi, and P. Grieco, J. Qrg. Chem., 
(1977), 42, 3772.

49. G. Neef, G. Cleve, E. Ottow, A. Seeger, and R. Wiechert, J. Qrg. 
Chem., (1987), 52, 4143.

50. D. Andrus, Organic Synthesis, Collective Volume 3, (1955), 692. 

M. Bjorklund, M.S. Thesis, Montana State University, (1984),27.51.



MONTANA STATE UNIVERSITY LIBRARIES


