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ABSTRACT 

SmaJl cycloalkanones with adjacent fused cyclopropane rings are excellent 

substrates for highly diastereoselective a'-alkylations of enoiates derived from these 

systems. Diastereoselectivity can be attributed to steric interactions between the 

cyclopropane endo methylene hydrogen and the incoming electrophile, since this atom 

shields the face of the enolate cis to the cyclopropane. Monoalkylation of enoiates 

derived from bicyclo[3.1.0]hexan-2-one, bicyclo[4.1.0]heptan-2-one and 

bicycIo[5.1.0]octan-2-one with general electrophiles resulted in the corresponding 3-

alkylated cyclopropyl ketone derivatives in synthetically useful yields. 

Diastereoselectivities for these systems ranged from 4:1 for six-membered cyclopropyl 

ketones to >20:1 for five- and seven-membered cyclopropyl ketones. Enoiates derived 

from these 3-alkylated cyclopropyl ketones exhibited similar diastereoselectivities and 

yields to give the corresponding 3,3-diaIkylated derivatives when alkylated with similar 

electrophiles. The relative stereochemistry of alkylation was determined to be trans to 

the cyclopropane through analysis of anisotropic shielding interactions between alkyl side 

chains containing phenyl rings and the endo protons on the cyclopropane carbon. This 

relative stereochemistry can be controlled by the sequence of alkylation, since reversal in 

the alkylative steps results in an inversion at the newly formed quaternary center. 

Synthesis of tricyclic enones was carried out through application of this a'-

alkylation methodology using electrophiles that could later be modified to give the 

corresponding 1,3- and 1,4- cyclopropyl diketones. Cyclization of these diketone 

intermediates through intramolecular aldol condensations resulted in a series of tricyclic 
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enones whose ring junction relative stereochemistry is controlled through correct 

ordering of electrophiles in the alkylation steps. The result is a broadly applicable toolbox 

of annulated materials that can be applied towards the synthesis of natural products 

containing fused five- and six-membered rings with a defined stereochemistry at the ring 

junction. 



CHAPTER I. INTRODUCTION 
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1.1 Topographical Considerations; Cyclic Cyclopropyl Ketones 

Since the initial discovery of the tetrahedral nature of carbon, chemists the world 

over have struggled with the implications and consequences of this truth. The very 

reactions that are used to manipulate chemical bonds are limited in overall usefulness 

because, in the absence of any biasing factors, stereochemical mixtures inevitably result. 

For many decades, chemists have worked to mimic the products of nature in hopes of 

harnessing a unique feature exhibited by a particular compound. In these attempts to 

mimic natural products, even modem synthetic methods tend to be stereochemically 

inefficient and laborious when compared with the corresponding natural processes. 

Because of this, the development of asymmetric synthetic methods that favor the 

formation of one stereoisomer over another has become of paramount importance. 

Many natural products contain rings made of carbon atoms. Since there are two 

faces to each ring, another degree of stereochemical complexity is added to an 

asymmetric synthesis. If one desves to execute a chemical manipulation on the ring, one 

must consider not only the relative configuration of substrates on the ring, but also how 

steric bulk and conformational variations within the ring will affect the stereochemistry 

of the resulting product. Because of this, one of the major challenges to modem synthetic 

chemists is control over formation of products from a reaction such that only the desired 

diastereomer is formed. 

Another major challenge facing carbocyclic chemists is the effect of conformation 

on the overall stereochemical outcome of a reaction. Even though a reaction may take 
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Figure 1; Accessibility of Nucleophilic Addition to a Cyclic Ketone 

accessible 
accessible 

accessible 

A B 

place at a certain atom on a ring, the relative orientation of the reacting center with 

respect to the rest of the ring will often determine the configuration of the resulting 

product. For example, consider nucleophilic addition to a carbonyl carbon, as shown in 

Figure 1. If the conformation of the ring dictates that the carbonyl should be oriented in a 

perpendicular fashion to the average plane of the ring as shown in Figure lA, then one 

face of the carbonyl will be readily accessible to a nucleophile. The other face will be 

shielded from nucleophilic attack by transannular ring interactions. The enantiomeric 

product mixture resulting from this type of reaction will most likely favor one 

enantiomeric product over the other. However, if the carbonyl is oriented such that it is 

in the average plane of the ring as in Figure IB, then both faces of the carbonyl are 

accessible to nucleophilic attack and the resulting product mixture will most likely be a 

mixture of enantiomers. These two cases are extreme; if the ring is conformationally 

mobile such that the orientation of the carbonyl is constantly changing with respect to the 

rest of the ring, then a complex stereochemical distribution of products is possible. 

The above examples illustrate the challenges of executing stereochemically 

predictable manipulations of carbocycles; namely, how does one overcome this 
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variability in product stereochemistry? Much work has been done over the last 15 

years in the Mash laboratory to address the issues presented above. The result is a 

methodology based on bicyclo[/n.l.0]alkan-2-one 1, that uses a flised cyclopropane ring 

to bias local conformation in carbocycles. The ultimate aim for this methodology is its 

eventual application towards the asymmetric synthesis of natural products. 

O 

1 

a (m=3) 
b (m=4) 
c(m=5) 
d (m=6) 

1.2 Asymmetric Synthesis of BicycIo[m. 1.0]alkan-2-ones 

Bicyclo[/n.l.0]alkan-2-ones 1 where m=3-l4 are readily available in 

enantiomerically pure form through methods developed in the Mash lab,'"^ and the 

mechanism of enantioselectivity has been well studied.^ "* Of particular utility is the 

broad range of cyclopropyl ketones that can be generated. 

The general scheme for the synthesis of bicycIo[m. 1.0]alkan-2-ones is shown in 

Scheme 1. Chiral ene-ketals 2 are generated from the corresponding cyclic ketone and 

chiral diol, which may be derived from readily available natural starting materials. 

Cyclopropanation under Simmons-Smith conditions yields a cyclopropyl ketal 3, which 
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Scheme 1; Enantioselective Synthesis of Bicycio[OT.1.0]alkan-2-ones 

R 

o o Zn(Cu), CHI2 o O HCl MeOH 

2 3 1 
can be hydrolyzed to give the corresponding cyclopropyl ketone, 1. Systems of this type 

are quite attractive as starting materials for natural product synthesis since they are made 

from readily available and inexpensive starting materials, and because they can be 

generated in enantiomerically pure forms in excellent yields. One can easily generate 

both enantiomeric forms of large and small carbocyclic cyclopropyl ketones by correctly 

choosing the chiral diol precursor to the ene-ketal 2. This chiral diol is derived from 

tartaric acid, which is readily available in both D and L forms, and is quite inexpensive. 

This relatively easy route into these chiral starting materials makes them very applicable 

to the synthesis of many different types of carbocyclic natural products. Further 

extending the utility of these compounds is that fragmentation of the activated 

cyclopropane can be accomplished with retention of stereochemistry, resulting in another 

chiral center that can be further functionalized.'"' To this end, these compounds have 

been utilized in several natural produa syntheses.^"'^ 

1.3 Stereochemical Effects of Fused Cyclopropanes on Manipulations of 
Bicyclo[w. 1.0]alkan-2-ones 
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Since a cyclopropane ring is rigid and planar, it can act as a conformational 

anchor at both the carbons involved in the ring fusion and those in the immediate vicinity. 

Indeed, studies of low energy confonner populations through molecular modeling 

confirm this, indicating that regardless of ring fusion geometry, the local conformation of 

the cyclopropane/carbonyl structure is conserved. In ring systems 1, larger rings with 

m> S tend to be conformationaily mobile, but the carbonyl usually is oriented such that it 

is perpendicular to the average plane of the ring. Conversely, in the smaller sized ring 

systems 1 where m<6, the rings tend to be flatter, less mobile, and the carbonyl tends to 

be oriented more in the plane of the ring. Additionally, the cyclopropane in these smaller 

systems tends to be oriented perpendicular to the average plane of the ring, which has 

other consequences to be explored in the present work. 

Changes in the orientation of the carbonyl with respect to the average plane of the 

ring in 1 greatly change the stereoselectivity of its reactions with nucleophiles, as 

discussed above. In the case of 1,2 additions, high diastereoselectivity was observed for 

systems where m > 5, and low diastereoselectivity was observed for systems where m < 

6.'^ This observation is in keeping with the calculated orientation of the carbonyl, as its 

orientation relative to the rest of the ring is critical in determining the stereochemistry of 

the resulting products. Along these same lines, high diastereoselectivity has also been 

observed in most cases for 1,2 and 1,4 additions to the corresponding a,P-unsaturated 

analogues of 1.'^ 
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1.4 Asymmetric Amiulations 

Since many natural products contain carbocycles, one of the goals of modem 

synthetic chemists has been to develop strategies to form rings asymmetrically. In a 

stepwise formation of a ring, the carbon chain that will make up the newly formed ring 

will be attached at one point along a substrate, then later connected at another point to 

complete the connectivity. However, due to the tetravalent nature of carbon, these two 

attachment points are difficult to add such that only one stereochemistry at each ring 

junction carbon results. Furthermore, the relative stereochemistry of these two ring 

junctions is also difficult to set correctly. 

The carbonyl group is commonly used in stepwise formation of new rings because 

of its ability to act both as an activating group for the a hydrogens to make a nucleophile, 

and as an electrophilic center susceptible to nucleophilic attack at the acyl carbon. 

However, activation of a hydrogens by a carbonyl is somewhat problematic in 

asymmetric synthesis because newly formed chiral centers a to a carbonyl are readily 

racemized. Thus, most of the annulation strategies involving the carbonyl group involve 

the formation of a new chiral quaternary center a to the carbonyl to eliminate the a 

hydrogens and thus the possibility of racemization of these centers. 

Izumi has developed nomenclature for reactions leading to chiral centers. The first 

of these, called enantioselective, is the formation of a new cchiral center on an achiral 

substrate where the enantiodifferentiation results from chirality of a reagent or catalyst. 

The other, diastereoselective, is the formation of a new chiral center based upon a 
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preexisting chiral center on the substrate. One can apply this terminology to a discussion 

of the many different methodologies available for ring annulation. 

One of the most conmion methods used for annulation of a ring to a substrate 

bearing a carbonyl is the Robinson ring annulation.'^*'' This annulation is a three-step 

sequence (Scheme 2) where alkylation of an enolate through Michael-type addition to 

methyl vinyl ketone (MVK) occurs, followed by an intramolecular Aldol condensation 

and dehydration to give the corresponding enone. Though it has been shown that there 

are several different transient intermediates that occur during a Robinson annulation, the 

irreversible dehydration step in Scheme 2 completes the annulation sequence with the 

formation of produa.'' 

Scheme 2; The Robinson Armulation Sequence 

0 

A 
o 

o 

A, 
OH 

Though extremely useful in synthetic organic chemistry, the Robinson annulation 

sequence suffers fi'om several problems inherent in its mechanism making it unsuitable 

for asymmetric synthesis. First, only six-membered rings can be armealed using this 

methodology since the first step is limited to Michael type additions. Second, the overall 

yields of the bicyclic product are typically quite low due to the polymerizeable nature of 

the MVK. Third and most important, cyclized produas resulting from the Robinson ring 

annulation sequence are racemic since the reaction is not enantioselective. That is, there 
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is no factor that causes the MVK to differentiate between the two faces of the enolate 

during its alkylation at the prochiral a carbon. 

While many different authors have described modifications to the Robinson 

a n n u lation sequence to solve the problems of the aforementioned low yields,the most 

important work has been in the modification of the reaction conditions to give 

enantiomerically enriched products. There are two different general methods for the 

creation of a chiral bicyclic product from achiral starting materials that both rely upon the 

chirality of chiral additives. One method is to introduce chirality into a substrate that, 

even after the initial alkylation, remains achiral through the presence of a plane of 

symmetry. The second method is to introduce chirality into the substrate in the first 

alkylation step. 

An example of this first method for the creation of chiral bicyclic products is the 

use of amino acids as chiral additives. It has been demonstrated that amino acids can be 

used to effect asymmetric cyclizations starting with symmetric 1,3-diketones.^^'^' 

Enantioseleaion takes place in the second step of this cyclization, where, after addition 

of the new carbon chain and carbonyl, chelation of the amino acid forces the 

intramolecular aldol condensation to occur on only one of the two otherwise equivalent 

carbonyls of 4.^° The result is an enantiomerically enriched product mixture with e.e's of 

greater than 90% observed in some cases. 
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O 

4 

Since one of the ring junctions resulting from the Robinson ring annulation is sp^ 

hybridized and is not a chiral center, other modifications made to this sequence have 

focused on the formation of the other sp^ hybridized center, which is the second method 

mentioned above.^^ Many different chiral additives have been used for 

enantiodifferentiation that result in enantiomerically enriched product mixtures after the 

first alkylation step.^^'^^ Here, cyclization occurs on an unsymmetrical substrate, unlike 

the amino acid catalyzed cyclizations which occur on symmetrical substrates. 

Other methods are available for diastereoselective generation of chiral quaternary 

centers that have been employed in Robinson-like annulations. Chiral enamines have 

been employed as nucleophiles in alkylations for the purposes of setting chiral centers 

with subsequent annulation. In a variation of the 1,3-diketone method discussed above, 

differentiation between two carbonyls can be accomplished by formation of an enamine, 

whose chirality results in attack at only one of the carbonyls.^' Enamines have also been 

used in chiral alkylations of mono-ketones to afford diketones that can be cyclized to give 

the corresponding bicyclic systems. 
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The purpose of the work described herein was twofold; First, to explore the effects 

of a fused cyclopropane ring on the stereochemical outcome of a'-alkylations of 

bicyclo[/w. 1.0]alkan-2-ones la-c as a route towards the asymmetric formation of new 

quaternary centers. Second, this methodology was then applied towards the development 

of an annulation strategy useful towards the synthesis of tricyclic enones with a defined 

ring fusion. This proposition was tested by observation of the stereochemistry resulting 

from a'-alkylations of la-c with standard electrophiles, and extended to other 

electrophiles that could be modified to later effect annulation. 
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CHAPTER 2. a' -ALKYLATIONS OF BICYCLO[M 1.0]ALKAN-2-ONES 
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2.1 Introduction to a' -Alkylation 

The carbonyl group is one of the most versatile functional groups in organic 

chemistry, and plays a major role in biochemical processes as well. It can behave as an 

electrophilic center and, through activation of the a hydrogens, as a nucleophile. 1,2 and 

1,4 additions to the carbonyl center of bicyclo[/n.l.0]alkan-2-ones had been explored, so 

the purpose of the present work was to expand that knowledge further to cover the area of 

a'-alkylation.'^ These alkylations had been demonstrated in a limited number of 

instances by others in the Mash lab, but the fiill spectrum of alkylations on the smaller 

ring sizes had yet to be explored.^^'"*^ 

The starting materials la and lb were prepared using the method of Corey and are 

racemic.^ Cyclopropyl ketone Ic was prepared from cycloheptzuione as shown in 

Scheme 3. 

Scheme 3; Synthesis of Ic. 

O r~\ o 
I. Br2. 
HC)(CH2)20H 

2. NaOMe 2. 1% HCl 
MeOH 

1. CH^Ij 
Zn(Cu) 

Ic 

2.2 a' -Alkylations of Bicyclo[/w. 1.0]alkan-2-ones 

Alkylations of racemic la-c were carried out at low temperature in THF, using 

lithium diisopropylamide (LDA) to generate the enolate. After addition of the 
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electrophile, the reactions were capped and allowed to stand in a freezer at -22 °C for a 

period of time, then were quenched while still cold with a saturated aqueous solution of 

ammonium chloride. This was allowed to come to room temperature, where the product 

was isolated by two-phase extraction and purified by silica gel chromatography (see 

Experimental Section). 

The results of monoalkylations of 1 are shown in Table l."*' Treatment of 

bicyclo[3.I.0.]hexan-2-one (la) with LDA at -78 °C followed by addition of a-

bromotoluene gave a single diastereomeric product in good yield whose relative 

configuration, though not unambiguously assigned, was thought to be that of 5a, where 

the relative configuration of the newly added alkyl chain was trans to the fiised 

cyclopropane ring. This relative stereochemistry was assigned based on the expectation 

attack of the electrophile will occur from the face of the enolate opposite the 

cyclopropane ring. Further, steric interference between the cyclopropane endo protons 

and the alkyl chain would make this configuration energetically more favorable and 

preferred over the alternative configuration {vide infra). Methylation of la with 

iodomethane using LDA as a base resulted in a similar 3-alkylated product 6a. However, 

the yield was significantly lower due to the relatively high volatility of this product. In 

both cases, no doubly alkylated products were observed. 

Similar alkylations of bicyclo[4.1.0]heptan-2-one (lb) with a-bromotoluene, 3-

bromopropene, iodomethane and I-iodoheptane gave products 7a-10a respectively, 

except small amounts of the minor diastereomers 7b-10b were observed. Additionally, a 

small amount of (/5*,5/?*)-3,3-di(phenyl)methylbicyclo[4.I.0]heptan-2-one (18) was 
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recovered in less than 10% yield. In these cases, the relative stereochemistry of the 

newly added alkyl group of the major diastereomer was expected to be trans to the 

cyclopropane ring, again because of attack of the electrophile at the face of the enolate 

opposite the cyclopropane ring as with 5a. Diastereomer ratios were determined using 

NMR spectroscopy.^^ 
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Table 1: a'-Alkylations ofBicyclo[m.l.0]aIkan-2-ones 

1. LDA, THF, -19C 

2. RX 

Ketone m R-X Products Yield 
(%r 

Diastereomer 
Ratio (a:b)'' 

la" 3 CeHsCHjBr Sa 70 >20:1 

3 CH3I 6a 26 >20:1 

Ib'^ 4 CeHsCHzBr 7a,b 70 8:1 

CH2=CHCH2Br 8a,b 73 7:1 

CH3I 9a,b 68 10:1 

CH3(CH2)6l 10a,b 18 4:1 

Ic^ 5 C6H5CH2Br 11a 65'' >20:1 

CH2=CHCH2Br 12a 00
 n >20:1 

CH3I 13a 60'' >20:1 
Id 6 C6H5CH2Br 14a 7/ >20:1 

CH2=CHCH2Br ISa 7/ >20:1 

CH3I 16a 8/ >20:1 

CH3(CH2)8l 17a l¥ >20:1 

of monoa kylated products; 'TDetermined by ''C NMR spectroscopy, li 
detection 20:1; '^cemic ketone used; ''Yields reported were consistently lower than 
those reported elsewhere (reference 43); ®See reference 43;"'^See reference 44 
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Yields and diastereoselectivity for these allcylations were good with the exception of 10, 

which was far lower. In this case, use of the unactivated (i.e. not allylic or benzylic) and 

relatively bulky 1-iodoheptane resulted in a kinetically slower reaction where the rate of 

epimerization of the product was competitive with that of alkylation. Alkylation of 

bicyclo[5.1.0]octan-2-one with a-bromotoluene, S-bromopropene"*^ and iodomethane also 

gave similar results, with only one diastereomeric product observed. Alkylations of Id 

have been performed previously with similar results to those of Ic.'*^ 

As with many alkylations, those discussed here tend to proceed faster when an 

activated or a sterically undemanding unactivated electrophile such as iodomethane is 

used. In instances where alkylation is much faster than epimerization, equilibration data 

suggest that these alkylations are kinetically controlled. Equilibration of 9a and 13a in a 

/-BuONa//-BuOH solution at room temperature for 40 h resulted in a 2:3 mixture of 

9a:9b and a 2:3 mixture of 13a:13b. Slow equilibration of 7a to 7b was also noted in 

CDCI3 at room temperature. 

18 

2.3 a' -Alkylations of3-AIkylbicycIo[/n. 1.0]alkan-2-ones 
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To extend the alkylation methodology presented in the previous section, 

sequential a'-alkylations of 3-alkylbicyclo[yw.l.0]alkan-2-ones were performed (Table 

2)."*^ Treatment of the bicyclo[3 .1.0] compound 5a with LDA followed by iodomethane 

gave a single diastereomeric methylated product 20a in 32% yield, along with a 

significant amount (-32%) of a dimeric product. Although the relative stereochemistry 

of this product is unknown, and NMR suggest 19 to be the most likely structure as 

a mixture of diastereomers. 

OH 

Ph 

19 

The rather disappointing results of the alkylation of 5a led to the development of 

other alkylation protocols. It was found that treatment of 5a with a refluxing mixture of 

NaH and iodomethane in THF gave the corresponding methylated product 20a in 63% 

yield demonstrating a significant improvement. No reduaion in diastereoselectivity was 

observed. Treatment of 5a with a similar mixture of NaH and a-bromotoluene in 

refluxing THF gave the desired 3,3-di(phenyl)methyibicyclo[3.I.O]hexan-2-one (21) in 

43% yield. 
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Table 2: a'-AIkylations of 3-AlkyIbicyclo[m.l.0]alkan-2-ones 

1. LDA, THF,-TffC 

2.RX " i/nJ 'f7»-3 

a 

Ketone m R' Base R-'X Products Yield 
(%r 

Diastereomer 
Ratio (atb)'' 

5a 3 CH2C6H5 LDA CH3I 20a 32 >20:1 
NaH CH3I 20a 63 >20:1 
NaH C6H5CH2Br 21 43 na 

7a 4 CH2C6H5 LDA CH2=CHCH2 22a 54 >20:1 
NaH CH2=CHCH2 22a 80 >20:1 

8a 4 CH2=CHCH2 LDA C6H5CH2Br 23a,b 74 11:1 

11a 5 CH2C6H5 LDA CH3I 24a 44 >20:1 

13a 5 CH3 LDA CsHsCHjBr 2Sa 46 >20:1 
"Based upon staiting material; 'Measured by '•'C NMR spectroscopy. 

Treatment of bicyclo[4.1.0]heptan-2-one 7a with LDA followed by a-

bromotoluene gave the corresponding alkylated product 22a in 54% yield. As with the 

above alkylations of 5a, treatment of 7a with the same electrophile in refluxing THF with 

NaH as a base gave the same product in a greatly improved yield, 80%. In both cases, 

high diastereoselectivity was observed, with the minor diastereomer not detectable by 

NMR spectroscopy. Benzylation of 8a using LDA as base gave a somewhat less 

diastereoselective alkylation, producing in 74% yield a chromatographically inseparable 

11:1 mixture of 23a/23b. 

Alkylation of bicyclo[5.1.0]octan-2-one derivatives 11a and 13a with a-

bromotoluene and iodomethane, respectively, gave the corresponding doubly alkylated 
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products 24a and 25a in 44 and 46 percent yields. Again, in both cases, the minor 

diastereomer was not observed. 

Interestingly, it has been noted in the Mash laboratory that 3-

(phenyI)methylbicyclo[6.1.0]nonan-2-one (26) is resistant to alkylation."*^ Treatment of 

26 with LDA followed by iodomethane resulted in the recovery of starting material, but a 

small amount of alkylation occurred on the side of the cyclopropane giving the 

corresponding alkylated product 27 in ca. 5% yield. Low kinetic acidity of the remaining 

a' proton due to poor conjugative overlap with the carbonyl was considered to be the root 

of this interesting result. In keeping with this observation, a similar alkylation using NaH 

as a base in refluxing THF yielded only complete decomposition with none of the desired 

product isolated. 

2.4 Relative Stereochemistry of 3,3-Dialkylbicyclo[m. 1.0]alkan-2-ones 

The relative stereochemistry in the 3,3-dialkylbicyclo[/n.l.0]alkan-2-ones 

generated above was assigned taking several factors into consideration. From 

examination of Dreiding models, it appeared that attack of the electrophile should come 

from the face opposite the cyclopropane ring since steric interactions between the endo 
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proton of the cyclopropane methylene and the electrophile impedes attack from that face 

(Figure 2). Attack of the electrophile from the enolate face opposite the cyclopropane 

results in the newly added alky! chain initially being trans to the cyclopropane ring 

because of these considerations. In the case of the double alkylations, it is assumed that 

after re-enolization, the electrophile again attacks at the face of the planar enolate 

opposite the cyclopropane and again give an alkylated product where the newly added 

alkyl chain is trans. 

Figure 2; Schematic of Electrophilic Attack at Enolates of Bicyclo[m.I.0]alkan-2-ones 

NMR evidence supports this model for electrophile attack in that the relative 

stereochemistry of certain 3-alkyl side chains can be determined through examination of 

the chemical shift of the cyclopropane endo proton. If this proton is in close proximity to 

the phenyl ring of a benzyl side chain, it is shielded to varying degrees by the anisotropic 

effects of the local magnetic field of the phenyl ring."*' Figure 4 shows 'H NMR spectra 

for various benzylated 3,3-dialkylbicyclo[3.1.0]hexan-2-ones, where the endo and exo 

cyclopropane methylene protons are labeled as indicated in Figure 3. 

disfavored 
attack 

&vored 
attack 
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Figure 3: Labeling Scheme for Cyclopropane Methylene Protons 

« = 1, 2 

Figure 4A shows the NMR spectrum for unalkylated starting material la, whose 

endo and exo cyclopropane methylene protons are located at 5 0.95 and 1.22 respectively. 

The mono-benzylated species 5a shows very little shielding of these two protons which 

occur at 0.96 and 1.17 ppm. In keeping with the expeaation that the newly added benzyl 

side chain of 5a is expected to be trans to the cyclopropane ring, it should not be in close 

proximity to the cyclopropane methylene protons and thus no anisotropic shielding 

should occur, as is observed. 
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Figure 4; Proton Shifts of Benzylated 3,3-DiaIkybicyclo[3.1.0]hexan-2-ones 
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However, when a second alkyi side chain is added, it is again expected that the 

newly added group will attack the enolate from the face opposite the cyclopropane ring. 

A consequence of this new side chain, such as the methyl group in 20a, is that it forces 

the benzyl group up into proximity of the cyclopropane methylene protons, shielding 

both. In this case, the endo proton is found at -0.15 ppm, and the exo proton at 0.85 

ppm, a significant change in the chemical shift of both, especially the endo proton. If 

attack of the electrophile were to occur from the face of the enolate cis to the 

cyclopropane, one would observe the reverse of this trend. Even greater shielding is 

noted in the case of 21, where both alkyl chains on C-3 are benzyl groups. 

This same anisotropic shielding of the cyclopropane endo protons is observed in 

the benzylated 3,3-dialkylbicyclo[4.1.0]heptan-2-one systems as well (Figure 5). 

However, the overall changes in their chemical shifts due to interactions with the phenyl 

ring are smaller, presumably because the phenyl ring is generally farther away from the 

endo protons through the greater conformational mobility of these six-membered 

systems. Trans attack of the electrophile is also observed in this system: 22a is the result 

of sequential alkylation of lb with a-bromotoluene followed by 3-bromopropene, while 

23a is the result of a reversal of alkylation steps. Shielding of the endo protons occurs 

only in 22a, where the phenyl-containing side chain is added before the other side chain, 

but not in the reversed compound, 23a. 
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Figure 5; Proton Shifts ofBenzylated 3,3-DiaIkybicyclo[4.1.0]heptan-2-ones 
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In the same trend for 3,3-diaIlcylated bicyclo[3.1.0]hexan-2-ones and 

bicycIo[4.1.0]heptan-2-ones where the amount of chemical shift due to shielding of the 

endo protons is inversely related to ring size, shielding efiFects of the phenyl ring are too 

small to be noticeable in 3,3-diallcylbicyclo[5.1.0]octan-2-one systems. This is likely the 

result of the phenyl ring being generally far enough away from the cyclopropane endo 

protons in these seven membered systems to have little efiFect on their chemical shifts. 

Presumably, this process is driven by steric interactions between the phenyl ring and the 

cyclopropane ring. However, in keeping with the assignments of the relative 

stereochemistry of the smaller bicyclic systems, it is expected that the 3,3-

dialkylbicyclo[5.1.0]octan-2-one systems alkylate in a fashion similar to those discussed 

above and are thus assigned accordingly. 
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This method of alkylation provides a useful and fundamental tool for creating a 

quaternary center a to a carbonyl that can be directly applied to natural product synthesis. 

More important, however, is that one can create either stereochemical configuration at 

this center by simply reversing the order of alkylation, as shown in Scheme 4. 

Scheme 4; Methodology for Control of Quaternary Center Formation 
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2.5 Conclusions 

a'-Alkylations of bicyclo[/n. 1.0]alkan-2-ones occur in an asymmetric fashion, 

through the effects of the fused cyclopropane ring. The steric presence of this 

cyclopropane ring forces the electrophile to selectively react at one face of an enolate 

over the other, making possible a selective route to 3-alkylbicyclo[/w. 1.0]alkan-2-ones 
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and 3,3-dialkylbicycIo[OT.1.0]aikan-2-ones in the smaller rings la-c. However, to apply 

this methodology to larger carbocycles containing fused cyclopropane rings, further work 

is needed to determine he stereochemical influence the fused cyclopropane ring will have 

on alkylations of these systems. In the bicyclic ketones la-c, the ring itself is 

conformationally restricted by ring size relative to larger systems, so the fused 

cyclopropane ring tends to exert its stereogenic influence mainly through steric 

interactions between the methylene endo hydrogen and the incoming electrophile. This is 

in contrast to the larger and more conformationally mobile rings, where the cyclopropane 

acts as a conformational anchor, thus biasing the orientation of an enoiate of these 

systems. The E/Z. isomerism in these larger rings further complicates the issue of 

diastereoselectivity. Acceptable parameters for molecular modeling of these systems are 

not yet available, so calculations to determine the orientation of an enoiate of these 

systems is not currently feasible. However, once these parameters are available, the 

predicted conformation and orientation of the exposed faces of the enoiate can be 

compared with the observed product mixture, as with the 1,2-additions previously 

studied.'' 



CHAPTER 3. TRICYCLIC ENONES; ANNULATIONS OF 
BICYCLO[M 1.0]ALKAN-2-ONES 
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3.1 Introduction to Asymmetric Annulation 

In the interests of natural products synthesis, a stepwise scheme for effecting 

annulation of new rings to bicyclo[m.l.0]alkan-2-ones was developed (Scheme 5). This 

method relies upon the asymmetric a' -alkylation methodology described in the previous 

chapter to give a defined stereochemistry at the newly formed quaternary ring junction. 

One alkylates with electrophiles that are later modified so that a new ring is formed 

through intramolecular aldol cyclization. Alkylation with an electrophile bearing a 

double bond yields a diketone precursor that is oxidatively cleaved to give a diketone. 

This diketone is then cyclized through an intramolecular aldol condensation/dehydration 

to give the desired tricyclic product. 

Scheme S: Alkylation/Annulation Sequence 
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Annulations to cyclopropyl ketones have been previously demonstrated in limited 

cases by others. Caine and Gupton annulated a six-membered ring to a (-)-2-carone in a 

Robinson fashion using ethyl vinyl ketone as shown in Scheme 6.^ The diketone is 

isolated, and the ring was closed under acidic conditions with concomittant cyclopropane 

fragmentation. A similar aimulation on the same cyclopropyl ketone was demonstrated 

with methyl vinyl ketone as well.'*^ While these examples indicate precedents for the 

annulations presented herein, they are limited in their overall utility in that only 

amiulations of six-membered rings are possible because of the Michael type alkylation in 

the first step. Additionally, the ability to control the relative stereochemistry of the ring 

junction through alkylation sequence reversal is lost. 

Scheme 6; Precedents for Annulation Methodology 
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Throughout the following discussion, it is convenient to develop a simpler system 

for discussion of these tricyclic systems since the lUPAC names are cumbersome. Figure 

6 shows three tricyclic enones A, B and C of the type that will be discussed in this 

chapter. Each will be referred to as an X-Y system, where the X represents the size of the 

original ring bearing the cyclopropane and the Y represents the size of the ring annulated 

to this original ring. Note that unlike the lUPAC method for naming these systems, the 

cyclopropane ring is ignored since it is in all of the systems. Thus, Figure 6A will be 

referred to as a 5-5 system. Figure 6B will be referred to as 7-5 system. Figure 6C will be 

referred to as a 5-6 system, and others will be referred to accordingly. 

Figure 6; Some Tricyclic Enones 

H,C 

A C B 

3.2 Precursors to Diketones from a * -Alkylations of Bicyclo[m. 1.0]aIkan-2-ones 

To first attain the 3,3-dialkylated precursors to the diketones discussed above, a' -

alkylations were performed. Electrophiles 28,''* 29,"*' and SC' were used to add the chain 

containing the double bond necessary to form the new ring. Electrophiles 29 and 30 were 

each generated from the corresponding alcohol as shown in Scheme 7. 
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,Br 

28 

Scheme 7: Synthesis of Electrophiles 29 and 30 
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Table 3 shows the results of monoallcylations of bicyclo[m. 1.0]alkan-2-ones la-c 

using annulation electrophiles 28-30. In general, the results of these alkylations are 

similar to those reported in Chapter 2, except in instances where features unique to the 

electrophile facilitated side-reactions that lowered yield. In all cases, 

diastereoselectivities of the alkylations were equal to or better than those reported in 

Chapter 2. Treatment of la with methallyl bromide (28) gave the corresponding 

monoalkylated product 31a in 58% yield. Corresponding alkylation of lb and Ic gave 

the corresponding mono-alkylated products 32a and 34a in 90 and 61% yields, 

respectively. 
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Table 3: Synthesis of Diketone Precursors via a'-Alkylations of Bicyclo[/w. I.0]alkan-2-
ones 

1. Base, THF 

2. RX 

Ketone" m Base R-X Products Yield 
(%)' 

Diastereomer Ratio (a:b)'' 

la 3 LDA 28 31a 58 >20:1 

lb 4 LDA 28 32a,b 90 4:1 

lb 4 NaH 29 33a,b 34 2.4:1 

lb 4 LDA 30 33a,b <10'' n/a 

Ic 5 LDA 28 34a 61 >20:1 

Ic 5 NaH 29 3Sa <10'' n/a 

"Racemic ketone used; Yield of monoalkylated products; TDetermined by C NMR 
spectroscopy unless otherwise noted; ''Yield determined by GC/MS analysis. 

In all cases, the relative stereochemistry of products was assigned through analogy with 

monoalkylated products reported in the previous chapter. 

As was shown in Chapter 2, alkylation of la-c with unactivated electrophiles 

generally resulted in low yields due to the unactivated nature of the electrophile. 

Electrophile 30, in addition to being a poor electrophile, suffers from its ability to readily 

eliminate to form isoprene. Accordingly, alkylation of lb with 30 at low temperature 

using LD A as a base resulted in less than ten percent yields of 33a. At low temperatures 

alkylation was slower than elimination, resulting in very low yields.'* To overcome this 

rate disparity, the same reaction was performed in refluxing THF using NaH as the base 
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and tosyiate 29 as the electrophile. Since it has been demonstrated that the tosylate 

leaving group tends to undergo displacement rather than elimination reactions, this 

leaving group was chosen instead of a halide.^° In spite of these optimizations, the 

overall yield of recovered alkylated product 33a was only raised to 34%, indicating that 

elimination of 29 is still the predominant mode of reaction for this electrophile. Similar 

resuhs were noted in the alkylation of Ic with 29 under similar high temperature 

conditions, where yields of the corresponding monoalkyiated product 3Sa were less than 

10%. In the case of Ic, monoalkylation is even slower than for the smaller lb, so 

elimination of 29 is even more predominant than before. 

In an attempt to circumvent the elimination problems of 29, electrophiles 36^* and 

37 were used in the alkylations of lb and 9a. Halo ketal 36, after alkylation, can be 

readily deprotected to regenerate the carbonyl compound, which can then be cyclized. 

Isoxazole 37, upon hydrogenation, hydrolysis and ring closure also results in a cyclized 

compound, and has the additional benefit of being an activated allylic halide.^^'^'* 

Experiments concerning alkylations of lb and 9a with these two electrophiles are 

summarized in Table 4. Alkylation of lb with 37 resulted in low yields of the 

corresponding alkylated product 38a when LDA and /-BuONa were used as bases, with 

yields only as high as 38% in the latter case. However, alkylation of the corresponding 

methylated compound 9a with the same electrophile using NaH as a base resulted in 66% 

36 37 
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of 39a. Treatment of 9a with NaH and 36 to yield 40a gave poor alkylation results, as 

has been noted by others previously.'' 

Table 4: Alkylations with Alternate Electrophiles as Precursors to 6-6 Systems 

O .0 - O 

1. Base, THF 

2. R-X ^ 

Ketone R' Base R^ Product Yield (%) 

lb H LDA 37 38a,b 6" 

lb H /-BuONa 37 38a,b 

00 

9a CHa NaH 37 39a,b 66' 

9a CH3 NaH 36 40a,b 10" 
'determined by GC/MS; Isolated yield. 

coumpound 45a resulted in a 78% yield, again with high diastereoselectivity. 

Table 5 shows the results of a' -Alkylations of 3-alkylbicyclo[/n. 1.0]alkan-2-ones for the 

synthesis of diketone precursors. NaH was used as a base in all alkylations except one, 

owing to the generally better yields that are obtained from this method over those of 

LDA. Despite this change of alkylation conditions, diastereoselectivities of were equal 

to or better than those reported in Chapter 2. 

Treatment of 31a with iodomethane in refluxing THF using NaH as a base gave 

the corresponding 3,3-alkyIated product 41a in 70% yield, with excellent 

diastereoselectivity. This result was reflected in the larger counterpart 32a, which, when 
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treated under the same conditions, yielded 88% of the corresponding 3,3-diallcylated 

product 44a with similar diastereoselectivity. Synthesis of the corresponding epimeric 

coumpound 45a resulted in a 78% yield, again with high diastereoselectivity. 

Table 5: Synthesis of Diketone Precursors via a-Alkylations of 3-

Alkylbicyclo[m. 1.0]alkan-2-ones 

m-3 

1. Base, THF 

2.R^X 

1 % 2 

'm-3 7m-3 

Ketone m R' Base R^X Product Yield 

(%) 

Diastereomer 
Ratio" 

31a 3 CH2C(=CH2)CH3 NaH CH3I 41a 70 >20:1 

6a 3 CH3 NaH 28 42a 56 >20:1 

6a 3 CH3 NaH 29 43a 38 >20:1 

32a 4 CH2C(=CH2)CH3 NaH CH3I 44a 88 >20:1 

9a 4 CH3 NaH 28 45a 78 >20:1 

33a 4 (CH2)2C(=CH2)CH3 NaH CH3I 46a 93 >20:1 

9a 4 CH3 NaH 29 47a 75 >20:1 

34a 5 CH2C(=CH2)CH3 LDA CH3I 48a 35 >20:1 

13a 5 CH3 NaH 28 49a 56 >20:1 

13a 5 CHs NaH 29 SOa 0^ — 

chromatography and thus not isolated.compounds 42a and 45a by similar treatment of 6a 
and 9a with 28 and NaH in refluxing THF resulted in 56% and 78% yields of dialkylated 
products, respectively. 
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Alkylation of 33a with iodomethane and NaH in refluxing THF gave the 

corresponding 3,3-dialkylated product 46a in 93% yield. The corresponding epimeric 

compound 47a was synthesized by alkylation of 9a with 29 under the same conditions 

resulting in a 75% percent yield of the 3,3-dialkylated product. In both cases, 

diastereoselctivity of alkylation was excellent. 

Alkylations of the 2-alkylbicyclo[5.1.0]octan-2-one systems resulted in different 

and inconsistent results. Treatment of these systems with an electrophile and NaH in 

refluxing THF gave varying decomposition mixtures whose components could not be 

readily identified. In all cases, some of the desired 3,3-dialkylated product could be 

observed, but the amount present was widely variable. In some instances, the desired 

3,3-dialkylated product could be isolated, but at lower yields than usual and the results 

were usually not repeatable. For example, treatment of 34a with iodomethane and LDA 

at low temperature in THF gave the desired product 48a in at best 35% yield. Synthesis 

of the epimeric compound 49a via alkylation of 13a with 28 in refluxing ethylene glycol 

dimethyl ether yielded only 56%, although with excellent diastereoselectivity. 

While alkylations of 3-aIkylbicyclo[4.1.0]alkan-2-one 9a with 29 in refluxing 

THF with NaH as the base gave product in high yield, similar experiments with 3-

alkylbicyclo[5.1.0]alkan-2-one 13a gave no discemable alkylated products. In this case, 

the the rate of elimination of 29 to form isoprene was much faster than that of alkylation, 

so any electrophile added was eliminated from the reaaion as a gas and no alkylated 

products were observed by thin layer chromatography. In general, the second alkylations 

of 3-alkylbicyclo[5.1.0]octan-2-ones proceed much more slowly, presumably because of 
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the lower acidity of the remaining a' proton due to poor conjugative overlap with the 

carbonyl. To solve this problem, the development of an alternative alkylation/cyclization 

scheme was necessary (vide infra). 

Interestingly, similar alkylation of 13a with 28 using LDA as a base at low 

temperature in THF gave a product whose spectral properties corresponded to structure 

51 instead of 49a, a complete departure from precedent set in past examples. 

Predominantly one diastereomer of the recovered product was isolated. 

1. LDA, 1.5 eq. 
•IHF.-78°C 

2. 42% 

,Br 

28 
13a 51 

Since all alkylations previous to this had been the result of attack of the 

electrophile on a thermodynamic enoiate, one might infer that 51 was the result of 

electrophilic attack on the kinetic enoiate. To determine if this type of 

kinetic/thermodynamic enoiate formation was truly in effect, a series of alkylations of 

13a were performed varying the amount of LDA present in each trial. The results of these 

trials are summarized in Table 6. In all cases, the predominant alkylated product 

recovered displayed spectral properties consistent with 51, along with a significant 

amount (ca. 30-48%) of unalkylated starting material 13a. 
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Table 6: Alkylations ofEnolates Derived from 3-Methylbicyclo[5.1.0]octan-2-one 

l.LDA,THF 
-78°C 

2. 

O 

• 

13a 51 13a 

Entry Eq. LDA" Yield 51 (%)^ Recovered 13a 

1 0.9 48 n/r^ 

2 l . l  46 38 

3 1.5 42 56 

material present in mixture; "^Starting material present in mixture not recovered for this 
trial. Note: relative stereochemistry of 51 assigned based upon a proposed mechanism for 
its formation. See discussion. 

The results of the alkylations of 13a with 28 contradicted the precedent set in 

previous examples in several different areas. First and foremost, what special feature of 

28 as an electrophile made it give the completely opposite alkylation regiochemistry to 

that usually observed (as in the synthesis of 24a and 25a)? Second, what was the cause 

for the apparent formation and subsequent alkylation of a less-stable enolate, since all of 

the previous alkylations showed opposite regioselectivity? 

This question has not been answered with certainty. While one may assume that 

the enolate resulting in the formation of 51 was unfavorable due to high amounts of ring 

strain,^^ bridgehead double bonds of this type are known to exist.^^ Kobrick demonstrated 

through a series of experiments that the seven-membered ring in compound 52 is large 

enough to accommodate the additional ring strain associated with a bridgehead double 
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bond.^^ While it is unlikely that the bridgehead enolate derived from 13a was a stable and 

persistent species in solution, it is not unreasonable to suggest that at any given time in 

the basic conditions used for these alkylations that a small amount of this type of enolate 

may exist. 

Scheme 8 shows a possible rearrangement pathway that can lead to the formation 

of 51. Here, enolization of the starting material gives the desired enolate, consistent with 

previous results of the alkylations to produce 48a and 49a. This enolate can be attacked 

by the electrophile, giving the 'normal' 3,3-dialkyIated compound A (49a). The 

remaining acidic proton can be removed by a molecule of starting material enolate, 

regenerating starting materiah giving the bridgehead enolate (B) discussed above. This 

enolate can attain a six-membered transition state, and rearrange through a 3,3-

sigmatropic shift mechanism (a Cope rearrangement)'^*^^ giving a new enolate (C) that is 

quenched as usual, giving the observed product 51. 

The mechanism shown in Scheme 8 can be rationalized by examination of the 

intermediates involved. As mentioned above, it is most likely that the 'normal' 3,3-

dialkylated product A was present in the mixture and was the result of attack of the 

electrophile on the 'normal' enolate. Enolization of this compound to form B may be 

possible if kinetic overlap of the remaining a-proton is sufRcient to allow facile removal. 
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Rearrangement occured to give the new enolate C, which was then quenched to give the 

observed product. This rearrangement can be rationalized not only from its ability to 

attain a six-membered transition state, but also that the resulting enolate C should be 

thermodynamically more stable and be the predominant product of the resulting 

equilibrium. 



Scheme 8: Possible Rearrangement Pathway 
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Supporting the rearrangement mechanism proposed in Scheme 8 were the results 

of the synthesis of the corresponding epimer 48a. It is likely that this product could also 

attain a six-membered transition state through which it can rearrange as with 49a. 

However, Cope rearrangement of 48a would result in a trans fused cyclopropane ring 53, 

which would be extremely unfavorable because of the high energy transition state 

necessary to complete this transformation. 

3.3 Oxidative Cleavage Yielding Diketones 

Oxidative cleavage of the diketone precursors synthesized in the previous section 

were performed to give diketones necessary to effect intramolecular aldol condensation 

and complete cyclization as shown in Scheme 5. Attempts to cleave the double bonds in 

these compounds using traditional ozonolysis methods were unsuccessful, yielding 

complex mixtures of unidentifiable products. As an alternative milder oxidizing reagent, 

catalytic RUO4 cooxidized by NaI04 was employed.Table 7 shows the results of the 

oxidative cleavages of 3,3-dialkylbicyclo[3.I.O]hexan-2-ones and 3,3-

dialkylbicyclo[5.1.0]heptan-2-ones, and Table 8 shows the results of oxidative cleavages 

of 3,3-dialkylbicyclo[4.1.0]heptan-2-ones. In all cases, the reactions proceeded smoothly, 

with good to excellent yields throughout. 

53 
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Table 7: Formation of Five- and Seven-Membered Diketones via Oxidative Cleavage 

Entry Starting Matenal Product Yield (%) 

Y o 
O 

1 

41a 
HjC'" 

54 

90 

2 

•̂ 5  ̂ O 

66 

42a 55 

A s 
O 

A o 

3 

43a 

HjC 

56 

88 

o 

4 

48a 

HjC' 
y* / 

57 

76 

o 
// 

o \ o 
5 

51 58 

60 
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Table 8; Formation of Six-Membered Diketones via Oxidative Cleavage 

Entry Starting Material Product Yield (%) 

?\ 1 II 
1 89 

HjC' HjC' 

44a 59 

T l  
2 88 

HjC^ L 

45a 60 

y o 

o ' ' ' l  °  
3 93 

HjC" 

46a 61 

11 
O 
II 

4 92 

HjC^L 
Ala 62 
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3.4 Cyclizations Yielding Tricyclic Enones 

The final step in the synthesis of tricyclic enones was base-catalyzed 

intramolecular cyclization of the diketones generated in the previous section. While this 

reaction can take place under both acidic'*^ and basic^° conditions, cyclopropyl ketones 

are susceptible to ring opening under acidic conditions, making basic ring closure 

necessary to preserve the cyclopropane intact. Discussed below are the results of ring 

closures to give tricylic enones. 

Table 9 shows the results of ring closures to yield 5-5 and 5-7 ring systems. 

Treatment of 57 with KOH in EtOH yielded the corresponding cyclized product 68 in 

75% yield, while similar treatment of 58 yielded the interesting isomeric cyclized product 

69 in a similar yield of 73%. In both cases, only one diastereomeric product was isolated. 

However, treatment of 54 under these same conditions gave different results, in that a 

mixture of the desired product 65 and a corresponding cyclopropane-fragmented product 

were isolated. The exact structure of the ring-opened product was not determined, but 

fragmented structure 63 or ring-expanded structure 64 represent the most likely identity 

of this product. This result can be understood in terms of relief of angle strain in this 

relatively small system, which contains both a cyclopropane ring and a double bond that 

increase planarity and overall strain. 
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63 64 

To solve the problems of ring opening in the above 5-5 systems, gentler 

cyclization conditions were chosen. Treatment of 54 with sodium /err-butoxide in ter/-

butanol at 25 °C gave the corresponding cyclized product 65 in 81% yield without a trace 

of ring-opened product. Similar treatment of 55 gave cyclized product 66 in 88% yield, 

again without a trace of ring opened product. 

Table 10 shows the results of cyclizations yielding 5-6 and 6-6 systems. In 

general, the results of these cyclizations were similar to those in Table 9, except that 

KOH in refluxing EtOH was used to effect ring closure because the overall lower ring 

strain of these systems reduced their susceptibility to cyclopropane fragmentation as 

discussed above. Treatment of 59 and 60 with these conditions yielded 6-5 systems 70 

and 71 in 88 and 77% yield, respectively. The corresponding 6-6 systems 72 and 73 were 

synthesized from 61 and 62, respectively, in similar yields of 85 and 83%. 
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Table 9: Cyclizations Yielding 5-5, 5-6 and 7-5 Tricyclic Enones 

Entry Base Starting 
Material 

Product Yield 
(%) 

Diastereomer 
Ratio'' 

0 

1 
/-BuONa/ 
/-BuOH 54 

65 

81 >20:1 

0 

2 
/-BuONa/ 
/-BuOH 55 

66 

88 >20:1 

o 

3 /-BuONa/ 
/-BuOH 

56 

67 

95 >20:1 

0 

4 KOH/EtOH 57 

68 

75 >20:1 

o 

5 KOH/EtOH 58 

69 

73 >20:1 

TDetermined by "C NMR spectroscopy. Ratio given of products epimeric at the ring 
junction carbon bearing the methyl group where major product is shown. 
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Table 10: Cyclizations Yielding 6-5 and 6-6 Tricyclic Enones 

O 
O 

O 
Base 

Entry Base/Solvent Starting 
Material 

Product Yield 
(%) 

Diastereomer 
Ratio" 

o 

1 KOH/EtOH 59 

70 

88 20:1 

2 KOH/EtOH 60 

o 

71 

77 11:1 

o 

3 KOH/EtOH 61 

72 

85 >20:1 

o 

X  

4 KOH/EtOH 62 

73 

83 >20:1 

junction carbon bearing the methyl group where major product is shown. 
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Because of the relatively poor kinetic acidity of the remaining a'-proton in 3-

alkylbicyclo[5.1.0]alkan-2-one systems, oxidative cleavage and cyclization of 34a were 

performed under the conditions described above. The results of this sequence are shown 

in Scheme 9, where treatment of 34a with RuCU and NaI04 resulted in the corresponding 

diketone 74. This was cyclized using /-BuONa//-BuOH to give the corresponding 

tricyclic enones 75a and 75b in a 5.4; 1 ratio, indicating a relatively small amount of 

epimerization as a result of deprotonation of the remaining a'-proton. However, the 

relative stereochemistry of the ring junction has not been unambiguously assigned. 

Scheme 9: Oxidative Cleavage and Cyclization of 34a 

O 

83% 

34a 74 

r-BuONa 

80% 
5.4:1 

75a 75b 

The behavior of the 3-alkylbicyclo[5.I.0]octan-2-one towards alkylation falls in the 

middle of a continuum of the ring sizes that have been subjected to alkylation conditions. 

On one end of the continuum are 3-alkylbicyclo[4.1.0]heptan-2-ones, which are readily 

alkylated to give the corresponding 3,3-dialkyl systems, while at the other extreme lie 3-
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alkylbicyclo[6.1.0]nonan-2-ones, which are quite resistant to alkylation. Because of the 

sluggishness of alkylation of 50a with 29 which resulted solely in the formation of 

isoprene due to elimination of the electrophile, an alternative method for annulation of 

six-membered rings was developed. This method, shown in Scheme 10, bypasses these 

elimination problems by removing the thermodynamic benefit of formation of the 

conjugated diene isoprene. This was accomplished by alkylation with racemic 76, a 

tetrahydropyranyl diol protected monotosylate, which cannot readily eliminate to form a 

conjugated system. 

Alkylation of 13a with 76 provided the corresponding 3,3-dialkylated product 77 in 

35% yield. This product existed as a complex mixture of diastereomers, because of the 

extra stereocenter introduced with the (9-tetrahydropyranyI protecting group. This was 

deprotected under acidic conditions, then directly oxidized with PDC to give the 

correspond diketone 78 in 70% yield. This was cyclized under the standard KOH/EtOH 

conditions to yield the tricyclic 7-6 system 79 in 87% yield. 

OTHP 

OTs 

76 
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Scheme 10; An Alternative Six-Membered Annulation 

OTHP 

OTHP 
1. PPTS.TsOH 
2. PDC 

10% 

13a 77 

78 

O 

KOH 

H,C 87% 

79 

The success of this method allows a separate route for the aimulation of six 

membered rings to cyclopropyl ketones, although the first step, like the previous 

annulations with 29, is somewhat limited by low yields. However, in the event of a 

natural products synthesis, this and other yields above can be optimized to increase their 

yield potential as the need dictates. 

3.5 Conclusions 

This chapter introduced methodology for the diastereoselective annulation of five-

and six-membered rings onto cyclopropyl ketones using the methodology developed in 

the previous chapter to definitively set the ring junction. While this method is not as 

straightforward as the Robinson ring annulation with respect to the number of steps 
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necessary, its benefits are clearly demonstrated in the ability to control the 

stereochemistry of the ring junction and in the ability to annulate both five and six 

membered rings. 

Future work in this area will involve the final few touches to make this 

methodology fiilly applicable to the synthesis of cyclic natural products. While many 

natural products contain the types of ring systems that have been demonstrated in this 

chapter, one will undoubtedly notice that most of these natural products do not contain 

cyclopropane rings. While much work has shown that cyclopropane rings in direct 

conjugation with the carfoonyl can be fi"agmented under many different conditions, far 

fewer studies have demonstrated that cyclopropane rings conjugated through a double 

bond to a carbonyl can be readily opened. While this type of fi"agmentation has been 

documented, there is no work currently in print that describes the relationship between 

ring size and the regiochemistry of cyclopropane fragmentation in these conjugated 

carbonyls.' Thus, it is necessary that these experiments be carried out to establish this 

relationship, making fragmentation of the cyclopropane ring easier to predict in the later 

stages of a natural product synthesis. This work is in progress in our laboratories. 

The usefulness of this methodology is in its overall breadth. Rather than devise a 

synthesis of a certain bicyclic system in the pursuit of a natural product, this methodology 

is a toolbox that allows the synthesis of many different ring systems that are found in a 

myriad of natural products from many different sources (Figure 7). Since the overall 

structure of the electrophile does not seem to affect the diastereoselectivity of alkylation. 
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one would expect that this method could be applied using derivatives of the electrophiles 

shown above with little effect on the overall outcome. 

Figure 7; Some Possible Natural Product Skeletons Available through Annulations to 
Cyclopropyl Ketones 

oppositanes 

\ 
\ 

eudesmanes 

guaianes spiroveti vanes 

The bicyclic systems generated in this chapter were demonstrated with a methyl 

group at the quaternary ring junction. However, this methodology is not limited solely to 

this methyl group, since changing the electrophile used in the formation of 3,3-

dilalkylated diketone precursor can result in many different possible products. This 

provides many more options to be used in natural product synthesis. 



66 

EXPERIMENTAL SECTION 
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General Procedures 

All reactions were performed in flame-dried glassware under argon. Reaction 

mixtures were stirred magnetically. Hygroscopic liquids and solutions of reactive 

intermediates were concentrated using a rotary evaporator at 30-40 nrmi Hg. Diethyl 

ether and tetrahydrofuran were distilled from sodium/benzophenone ketyl. 

Dichloromethane was distilled from CaH2. Diisopropylamine was distilled from and 

stored over CaH2. Starting bicyclic ketones were prepared by literature procedures."*" 

Analytical thin-layer chromatography was performed on Merck glass-backed pre-coated 

plates (0.25 mm, silica gel 60, F-254). Visualization of spots was effected by treatment 

of the plate with a 2.5% solution of anisaldehyde in ethanol containing 6% H2SO4 and 

2% acetic acid followed by charring on a hot plate. Flash column-chromatography was 

performed on Merck Silica gel 60 (230-400 mesh). Solutions were concentrated using a 

rotary evaporator at 30-150 mm Hg. NMR spectra were recorded in CDCI3 solution. 

Proton magnetic resonance spectra were recorded at 200 or 300 MHz, and NMR 

magnetic resonance spectra were recorded at 50.3 or 75.4 MHz, using tetramethyisilane 

(0 ppm) and the center line of the chloroform-c/ triplet (77.0 ppm) as internal standards. 

GC/MS analyses were performed using one of two temperature programmed methods on 

a 0.25 mm X 30 m Hewlett-Packard HP-5 crosslinked 5% Ph Me silicone column (0.25 

Jim film thickness) using He as the carrier, 1.0 mL/min; method A: injection port temp 

250 °C, detector temp 280 °C, initial column temp 100 °C, final column temp 230 °C, 

ramp 20 °C/min; method B; as in method A except final column temp 180 °C, ramp 10 
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°C/min. The mass detector operated in electron impact mode at 70 eV. Diastereomer 

ratios were determined by 'H and "C NMR analyses or by isolation. High resolution 

mass spectral analyses were obtained by the Mass Spectrometry Facility in the 

Department of Chemistry at the University of Arizona. Elemental analyses were carried 

out by Desert Analytics, Tucson, AZ. 

Experimental Section 

(i5*^/?*,5/?*)-i-(Phenyl)methylbicyclo[3.1.01heian-2-one (5a). To a solution of LDA 

(1.04 mL of a 2.0 M solution, 2.08 mmol) in THF at -78 °C under argon was added a 

solution of la (200 mg, 2.08 mmol) in THF (3 mL) via cannula. The cannula was rinsed 

with THF (1x3 mL). After 15 min, a-bromotoluene (1.78 g, 10.41 mmol) was added 

slowly via syringe. The reaction was capped and stored at -78 °C for four hours, then at 

-22 °C for 16 h. The mixture was quenched by addition of saturated NH4CI solution (8 

mL) and diluted with 150 mL H2O. The aqueous layer was extracted with CH2CI2 (5 x 

60 mL). The organic phase was dried (MgS04), filtered and removed under vacuum to 

give a yellow oil. This was purified by flash column chromatography on 230-400 mesh 

silica (200 mL) eluted with 10% EtOAc/hexanes to give 270 mg (1.45 mmol, 70%) of 

white 5a, Rf 0.51 (40% EtOAc/hexanes), mp 40-41°C. 

Spectral Data for 5a: IR (neat) cm*' 1721, 1604; 'H NMR 5: 0.91-1.02 (1, m), 

1.09-1.25 (1, m), 1.75-2.44 (6, m), 3.06-3.27 (1, m), 7.06-7.32 (5, m); NMR 6: 14.5 

(CH2), 19.9 (CH), 27.4 (CH), 29.9 (CHj), 35.5 (CHj), 42.2 (CH), 126.0 (CH), 128.3 

(CH), 128.7 (CH), 139.9 (C), 214.6 (C); GC/MS (method B, Rt = 10.65 min) m/z (relative 
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intensity): 188 (0.5), 187 (7), 186 (48), 145 (27), 117 (15), 115 (16), 104 (22), 103 (13), 

95 (40), 91 (100), 78 (12), 77 (16); HRMS (EF) calcd for CijHmO (NT) 186.1044, found 

186.1039. 

(2S*JS*SJl*)-3-Metbylbicyclo[3.I.0]bexan-2-oae (6a). To a solution of 

diisopropylamine (765 mg, 5.92 mmol) in THF at 0 °C under argon was added 

butyllithium (3.42 mL of a 1.6 M solution, 5.47 nunol) via syringe. This solution was 

stirred for 15 m, and then was cooled to -78 °C, where a solution of la (438 mg, 4.56 

mmol)  in  THF (3  mL) was  added via  cannula .  The cannula  was  r insed wi th  THF (1x3 

mL). After 15 min, iodomethane (3.23 g, 22.8 mmol) was added slowly via syringe. The 

reaction was capped and stored at -22 °C for 18 h. The mixture was quenched by addition 

of saturated NH4CI solution (8 mL) and diluted to 20 mL with H2O. The aqueous layer 

was extracted with CH2CI2 (4 x 30 mL). The organic phase was dried (MgS04), filtered 

and removed under vacuum to give a yellow oil. This was purified by flash column 

chromatography on 230-400 mesh silica (250 mL) eluted with 10% EtOAc/hexanes to 

give 136 mg (1.23 mmol, 27%) of a clear, colorless oil, 6a, Rf 0.39 (40% 

EtOAc/hexanes). 

Spectral Data for 6a: IR (neat) cm'*: 1736; ^H NMR 5: 0.95-1.05 (1, m), 1.02 (3, d, 7 = 

6.8 Hz), 1.12-1.23 (1, m), 1.66-1.84 (2, m), 1.91-2.15 (2, m), 2.31 (1, dd,J= 12.5 Hz), J 

= 8.1 Hz). "C NMR 5: 13.9 (CH3), 14.6 (CHj), 19.8 (CH), 27.2 (CH), 32.0 (CH2), 35.0 

(CH), 206 (C). 
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(i.S*^/?*,di?*)-i-(Phenyl)methyIbicyclo[4.1.01heptan-2-one (7a) and {lS*y3S*,6R*)-

J-(Phenyl)inethylbicyclo[4.1.0]heptan-2-one (7b). To a solution of diisopropylamine 

(259 mg, 2.00 mmol) in THF at 0 "C under argon was added butyllithium (1.25 mL of a 

1.6 M solution, 2.00 mmol) via syringe. This solution was stirred for 15 m, and then was 

cooled to -78 °C, where a solution of lb (200 mg, 1.82 nmiol) in THF (3 mL) was added 

via cannula. The cannula was rinsed with THF (1x3 mL). After 20 min, a-

bromotoluene (2.33 g, 13.62 mmol) was added slowly via syringe. The reaction was 

capped and stored at -27 °C for 24 h. The mixture was quenched by addition of saturated 

NH4CI solution (8 mL) and diluted with 150 mL H2O. The aqueous layer was extracted 

with CH2CI2 (5 X 20 mL). The organic phase was dried (MgS04), filtered and removed 

under vacuum to give a yellow oil. This was purified by flash column chromatography on 

230-400 mesh silica (200 mL) eluted with 10% EtOAc/hexanes to give 253 mg (1.26 

mmol, 70%) of a chromatographically inseparable 8:1 mixture of 7a/7b as a yellow-

tinted oil, Rf 0.54 (40% EtOAc/hexanes). Additionally, 43 mg (0.15 mmol, 8%) of 

(y/?*,65*)-3,3-di(phenyl)methylbicyclo[4.1.0]heptan-2-one (18) was recovered as a white 

solid, mp 110-114 °C, Rf 0.64 (40% EtOAc/hexanes). 

Spectral Data for 18; IR (neat) cm"'; 1686, 1620; 'HNMR5; 0.21 (l,dm, y= 10.0 

Hz), 0.62 (1, ddd, J= lO.O Hz,y= 7.82 Hz, 7= 5.37 Hz), 1.31-1.53 (3, m), 1.68-1.88 (3, 

m), 2.16 (1, d, y = 12.9 Hz), 2.73 (1, d, 7 = 13.1 Hz), 3.00 (1, d, 7= 13.1 Hz), 3.40 (1, d, J 

= 12.9 Hz), 6.96-7.36 (10, m); NMR 5; 7.7 (CH2), 16.8 (CH), 18.0 (CH2), 21.6 (CH2), 

26.2 (CH), 42.7 (CH2), 44.1 (CH2), 50.0 (C), 126.3 (CH), 126.6 (CH), 127.9 (CH), 128.1 

(CH), 130.7 (CH), 130.9 (CH), 137.0 (C), 137.8 (C), 208.5 (C); GC/MS (method A, R, = 
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14.83 min) m/z (relative intensity): 207 (0.37), 200 (16), 199 (100), 129 (11), 117 (16), 

115 (18), 91 (89), 65 (12); HRMS (EO calcd for C21H22O (NO 290.1671, found 

290.1668. 

Spectral Data for 7a/7b: IR (neat) cm"': 1691, 1450; 'H NMR (mixture of 

diastereomers) 5: 0.85-2.50 (10, m), 3.10-3.26 (1, m), 7.08-7.33 (5, m); NMR (minor 

diastereomer) 5: 8.0 (CH2), 16.5 (CH), 20.9 (CHj), 21.1 (CH2), 25.7 (CH), 36.6 (CH2) 

48.5 (CH), 126.0 (CH) 128.2 (CH), 129.2 (CH), 139.7 (C), 210.1 (C); ^^C NMR (major 

diastereomer) 5: 15.2 (CH2) 19.1 (CH), 20.5 (CH2), 25.4 (CH), 26.5 (CHz), 35.8 (CH2) 

45.9 (CH), 126.0 (CH), 128.3 (CH), 129.1 (CH), 139.9 (C), 211.0 (C); GC/MS (method 

A, Rt = 7.76 min) m/z (relative intensity) (minor diastereomer); 201 (13) 200 (89), 171 

(11), 145 (16), 131 (16), 129 (15), 118 (25), 117 (61), 115 (21), 109 (42), 105 (13), 104 

(13), 91 (100), 81 (17); (major diastereomer); 201 (15), 200 (100), 145 (19), 144 (11), 

131 (16), 129 (15), 118 (22), 117 (55), 115 (19), 109 (35), 104 (11), 92 (10), 91 (87), 81 

(13); HRMS (EO calcd for C14H16O (M^ 200.1201, found 200.1195. 

(/.S*^/?*,tf/J*)-3-(2-Propenyl)bicyclo[4.1.0]heptan-2-one (8a) and (lS*ySS*,6R*)-3-

(2-Propenyl)bicyclo[4.1.0]beptan-2-one (8b). To a solution of diisopropylamine (306 

mg, 2.37 mmol) in THF at 0 °C under argon was added butyllithium (1.36 mL of a 1.6 M 

solution, 2.18 mmol) via syringe. This solution was stirred for 15 m, and then was cooled 

to -78 °C, where a solution of lb (200 mg, 1.82 mmol) in THF (3 mL) was added via 

cannula. The cannula was rinsed with THF (1x3 mL). After 15 min, 3-bromopropene 

(1.10 g, 9.09 mmol) was added slowly via syringe. The reaction was capped and stored 
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at -22 "C for 24 h. The mixture was quenched by addition of saturated NH4CI solution (8 

mL) and diluted with 150 mL H2O. The aqueous layer was extracted with CH2CI2 (4 x 

30 mL). The organic phase was dried (MgS04), filtered and removed under vacuum to 

give a yellow oil. This was purified by flash column chromatography on 230-400 mesh 

silica (200 mL) eluted with 10% EtOAc/hexanes to give 199 mg (1.32 nunol, 73%) of a 

chromatographically inseparable 7.1 mixture of 8a/8b as a yellow-tinted oil, Rf 0.53 

(40% EtOAc/hexanes). 

Spectral Data for 8a/8b; ER (neat) cm"'; 1684, 1437; 'H NMR (mixture of 

diastereomers) 5; 0.92-2.57 (11, m), 4.95-5.09 (2, m), 5.58-5.86 (1, m); NMR 6 

(major diastereomer) 14.8 (CH2), 18.9 (CH), 20.4 (CH2), 25.2 (CH), 26.7 (CH2), 34.2 

(CH2), 43.4 (CH), 116.4 (CH2), 136.1 (CH), 210.7 (C); (minor diastereomer) 7.9 (CHj), 

16.3 (CH), 21.0 (CH2), 25.5 (CH), 26.7 (CH2), 35.0 (CH2), 46.0 (CH), 116.7 (CHj), 135.5 

(CH), 209.4 (C); GC/MS (method B) m/z (relative intensity) (minor diastereomer, Rt = 

6.08 min): 151(0.5), 150(54), 149(14), 135 (29), 122(12), 121 (29), 117(18), 109(39), 

108 (24), 107 (38), 106 (12), 96 (27), 95 (57), 94 (34), 93 (40), 92 (12), 91 (28), 84 (25), 

83 (14), 82 (63), 81 (100); (major diastereomer, R| = 5.98 min): 151 (5), 150 (42), 117 

(20), 109 (21), 108 (21), 107 (36), 106 (11), 96 (29), 95 (56), 94 (31), 93 (41), 92 (12), 91 

(29), 84 (26), 83 (11), 82 (62), 81 (100), 79 (81). 

Anal. Calcd forCioHwO: C, 79.95, H, 9.40; found; C, 80.18, H, 9.63. 

(75*^5*,6/J*)-3-MethylbicycIo[4.1.01heptan-2-one (9a) and {lS*y3R*,6R*}-3-

Methylbicyclo[4.1.0]heptaii-2-one (9b). To a solution of LDA (1.81 mL of a 1.5 M 
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solution, 2.72 mmol) in THF at -78 °C under argon was added a solution of lb (300 mg, 

2.72 mmol) in THF (3 mL) via cannula. The cannula was rinsed with THF (1x3 mL). 

After 20 min, iodomethane (1.93 g, 13.60 mmol) was added slowly via syringe. The 

reaction was capped and stored at -22 °C for 2 days. The mixture was quenched by 

addition of saturated NH4CI solution (8 mL) and diluted with 350 mL H2O. The aqueous 

layer was extracted with CH2CI2 (5 x 120 mL). The organic phase was dried (MgS04), 

filtered and removed under vacuum to give a yellow oil. This was purified by flash 

colunm chromatography on 230-400 mesh silica (250 mL) eluted with 5% 

EtOAc/hexanes to give 230 mg (1.85 mmol, 68%) of a 10:1 mixture of 9a/9b as a clear, 

colorless oil, Rf 0.52 (40% EtOAc/hexanes). 

Spectral Data for 9a/9b . IR (neat) cm"V 1703, 1450; 'H NMR (mixture of 

diastereomers) 6: 0.95-2.36 (9, m), 1.03 (3, d, 7 = 7.0 Hz); NMR (major 

diastereomer) 5; 14.8 (CH2), 15.6 (CH), 18.9 (CH3), 20.2, (CH2), 24.7 (CH), 30.5 (CH2), 

38.4 (CH), 211.6 (C). NMR (less prevalent diastereomer) 5: 7.6 (CH2), 15.8 (CH), 

18.9 (CH3), 21.0 (CH2), 24.3 (CH2), 24.6 (CH), 41.7 (CH), 211.6 (C); GC/MS (method 

B) m/z (relative intensity) (minor diastereomer, Rt = 3.95 min): 124 (80), 109 (27), 96 

(12), 95 (21), 94 (41), 83 (13), 82 (72), 81 (95), 80 (17), 78 (17), 67 (33), 55 (53), 54 

(100); (major diastereomer, Rt = 4.04 min): 125 (46), 124 (50), 109 (19), 95 (16), 69 (17), 

68 (22), 67 (26), 55 (43), 54 (100). 

(iiS*^/f*,(^/f*)-3-Heptylbicyclol4.1.0Jheptan-2-one (10a) and 
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(i,S*^5*,<J/?*)-3-Heptylbicyclo[4.1.0]heptan-2-onc (10b). To a solution of 

diisopropylamine (306 mg, 2.37 mmol) in THF at 0 °C under argon was added 

butyllithium (1.37 niL of a 1.6 M solution, 2.18 mmol) via syringe. This solution was 

stirred for 15 m, and then was cooled to -78 °C, where a solution of lb (200 mg, 1.82 

mmol)  in  THF (3 mL) was  added via  cannula .  The cannula  was  r insed wi th  THF (1x3 

mL). After 15 min, 1-iodoheptane (2.06 g, 9.10 mmol) was added slowly via syringe. 

The reaction was capped and stored at -22 °C for 24 h. The mixture was quenched by 

addition of saturated NH4CI solution (8 mL) and dUuted with 20 mL H2O. The aqueous 

layer was extracted with CH2CI2 (4 x 20 mL). The organic phase was dried (MgS04), 

filtered and removed under vacuum to give a yellow oil. This was purified by flash 

column chromatography on 230-400 mesh silica (250 mL) eluted with 5% 

EtOAc/hexanes to give 69 mg (0.33 mmol, 18%) of a chromatographically inseparable 

4:1 mixture of lOa/lOb as a yellow-tinted oil, Rf 0.52 (30% EtOAc/hexanes). 

Spectral Data for lOa/lOb : IR (neat) cm*': 1699, 1467; 'H NMR (mixture of 

diastereomers) 5: 0.87 (3, t,J= 7.1 Hz), 0.92-1.21 (3, m), 1.26 (12, br s), 1.46-2.05 (8, 

m); "C NMR 5: (major diastereomer) 8.14 (CHj), 14.0 (CH3), 14.1 (CHj), 18.3 (CH), 

20.2 (CH2), 22.6 (CH2), 25.0 (CH), 26.6 (CH2), 27.1 (CH2), 29.2 (CH2), 29.6 (CH2), 31.8 

(CH2), 44.3 (CH), 211.8 (C); (minor diastereomer) 8.1 (CH2), 14.0 (CH3), 14.1 (CH2), 

16.8 (CH), 21.2 (CH2), 21.8 (CHz), 25.8 (CH), 26.6 (CH2), 27.1 (CH2), 30.0 (CH2), 31.0 

(CH2), 31.5 (CH2), 46.8 (CH), 210.7 (C); GC/MS (method B) m/z (mixture of 

diastereomers Rt = 7.38 min); 210 (0.02), 209 (0.2), 208 (0.8), 124 (1), 123 (11), 111 (8), 
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110 (100), 109 (7), 95 (34); HRMS (Ef) calcd for C14H24O (NO 208.1827, found 

208.1829. 

(i.S*^i?*,7/f*)-3-(PhenyI)methylbicycIo[5.1.0|octan-2-one (11a). To a solution of 

LDA (1.61 mL of a 1.5 M solution, 2.4 mmol) in THF under argon at -78 °C was added a 

solution of Ic (300 mg, 2.42 mmol) in THF (3 mL) via cannula. The cannula was rinsed 

with THF (1x3 mL). After 15 min, a-bromotoluene (2.1 g, 12.1 mmol) was added 

slowly via syringe. The reaction was capped and stored at -22 °C for 22 h. A second 

portion of LDA (0.32 mL, 0.48 mmol) was added to the solution, and it was stirred for an 

additional 8 h at -22 °C. The mixture was quenched by addition of saturated NH4CI 

solution (8 mL) and diluted with 10 mL H2O. The aqueous layer was extracted with 

CH2CI2 (5 X 10 mL). The organic phase was dried (MgS04), filtered and removed under 

vacuum to give a yellow oil. This was purified by flash column chromatography on 230-

400 mesh silica (250 mL) eluted with 10% EtOAc/hexanes to give 339 mg (1.58 mmol, 

65%) of a clear, colorless oil, lla, Rf 0.53 (40% EtOAc/hexanes). 

Spectral Data for lla: IR (neat) cm"'; 1691, 1604; 'H NMR 5; 0.80-2.05 (10, m), 

2.45-2.72 (2, m). 2.95-3.20 (1, m), 7.05-7.33 (5, m); "C NMR 5; 12.4 (CH2), 19.2 (CH), 

23.9 (CH2), 26.7 (CHz), 29.3 (CH2), 30.2 (CH), 36.9 (CH2), 49.1 (CH), 125.9 (CH), 128.2 

(CH), 129.1 (CH), 140.6 (C), 211.9 (C); GC/MS (method A, Rt = 8.37 min) m/z (relative 

intensity); 215 (4), 214 (24), 131 (31), 130 (100), 129 (22), 118 (30), 127 (26), 115 (17), 

105 (12), 104 (23), 95 (16), 92 (11), 91 (93), 81 (11). 
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(i5*^5*,7/?*)-3-Methylbicyclo[5.1.0]octan-2-one (13). To a solution of 

diisopropylamine (203 mg, 1.57 mmol) in THF at 0 °C under argon was added 

butyllithium (0.91 mL of a 1.6 M solution, 1.45 mmol) via syringe. This solution was 

stirred for 15 m, and then was cooled to -78 °C, where a solution of Ic (150 mg, 1.21 

mmol)  in  THF (3 mL) was  added via  cannula .  The cannula  was  r insed wi th  THF (1x3 

mL). After 15 min, iodomethane (858 mg, 6.05 mmol) was added slowly via syringe. 

The reaction was capped and stored at -22 °C for 18 h. The mixture was quenched by 

addition of saturated NH4CI solution (8 mL) and diluted with 15 mL H2O. The aqueous 

layer was extracted with CH2CI2 (4 x 30 mL). The organic phase was dried (MgS04), 

filtered and removed under vacuum to give a yellow oil. This was purified by flash 

column chromatography on 230-400 mesh silica (200 mL) eluted with 10% 

EtOAc/hexanes to give 100 mg (0.72 mmol, 60%) of a clear, colorless oil, 13, Rf 0.47 

(30% EtOAc/hexanes). 

Spectral Data for 13: IR (neat) cm"' . 1691; 'H NMR 5: 0.82-2.13 (10, m), 1.04 (3, 

d, Y = 6.6 HZ), 2.39-2.59 (1, m); "C NMR 5: 11.9 (CHJ), 16.5 (CH), 19.0 (CH), 23.7 

(CH2), 26.7 (CH2), 29.8 (CH), 32.1 (CH2), 41.7 (CH3), 212.7 (C); GC/MS (method B, Rt 

= 5.13 min) m/z (relative intensity); 139 (2), 138 (23), 96 (10), 95 (26), 94 (51), 83 (28), 

82 (36), 81 (62), 79 (20), 68 (25), 67 (50), 55 (100), 54 (37), 53 (17). 

(i5*^5*,5/?*)-3-Methyl-3-(phenyl)methylbicydo[3.1.0]hexan-2-one (20a). To a 

solution of LDA (0.61 mL of a 2.0 M solution, 1.22 mmol) in THF under argon at -78 °C 

was added a solution of 5a (208 mg, 1.11 nmiol) in THF (3 mL) via cannula. The 
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cannula was rinsed with THF (1x3 mL). After 55 min, iodomethane (788 mg, 5.55 

mmol) was added slowly via syringe. The reaction was capped and stored at -22 °C for 

22 h. The mixture was quenched by addition of saturated NH4CI solution (8 mL) and 

diluted with 90 mL H2O. The aqueous layer was extracted with CH2CI2 (5 x 50 mL). The 

organic phase was dried (MgS04), filtered and removed under vacuum to give a yellow 

oil. This was purified by flash column chromatography on 230-400 mesh silica (250 mL) 

eluted with 10^20% EtOAc/hexanes to give 70 mg (0.35 mmol, 32%) of a clear, 

colorless oil, 20a, Rf 0.49 (30% EtOAc/hexanes). 73 mg of dimeric product 19 was also 

recovered. 

Spectral Data for 20a: IR (neat) cm"'; 1728, 1610; 'H NMR 5: "0.20--0.10 (1, m), 

0.78-0.92 (1, m), 1.16 (3, s), 1.67-1.92 (3, m), 2.05 (1, d, J = 13.2 Hz), 2.43 (1, d, 13.3 

Hz), 2.86 (1, d, J= 13.3 Hz), 1.0\-1.22 (5, m); '^C NMR 5; 12.1 (CH2), 17.1 (CH), 27.8 

(CH/CH3), 28.9 (CH/CH3), 34.9 (CH2), 43.4 (CH2), 50. 8 (C), 126.5 (CH), 128.1 (CH), 

130.3 (CH), 138.2 (C), 218.2 (C); GC/MS (EI") m/z (relative intensity); 200 (17), 185 

(12), 159 (6), 145 (7), 129 (7), 117 (7), 109 (11), 91 (100); HRMS (EV) calcd for 

C14H16O (NO 200.1201, found 200.1199. 

(i^*^5*,5/?*)-3-(Phenyl)methyl-3-methylbicycIo[3.1.0Jhexan-2-one (20a). A solution 

of 5a (104 mg, 0.56 mmol), iodomethane (397 mg, 2.80 mmol) and NaH (40 mg, 1.68 

mmol) in 10 mL of THF was heated at reflux for 18 h, then cooled to room temperature. 

To this was slowly added 5 mL of H2O, and the water layer was extracted with CH2CI2 (4 

X 20 mL). All organic layers were combined, dried (MgS04), and removed under 
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vacuum to give a clear, colorless oil. This was purified by flash column chromatography 

on 230-400 mesh silica (250 mL) eluted with 10% EtOAc/hexanes to give 71 mg (0.35 

mmol, 63%) of a clear, colorless oil, 20a, Rf 0.20 (40% EtOAc/hexanes). TLC analysis 

indicates that the product is identical in Rf to the product from the LDA procedure (vide 

stq)ra). 

(i>S*,5/?*)-3^Di(phenyl)inethylbicyclo[3.1.0]hexan-2-one (21a). A solution of 5a (200 

mg, 2.08 mmol), a-bromotoluene (1.78 g, 10.40 mmol), and NaH (250 mg, 10.40 mmol) 

in 10 mL of THF was heated at reflux for 6 h, then the reaction was cooled to RT and 

quenched slowly with 10 mL HjO. The water layer was extracted with 4 x 20 mL 

CH2CI2, then the CH2CI2 layers were combined, dried over MgS04, and removed under 

vacuum to give a clear, colorless oil. This was purified by flash column chromatography 

on 230-400 mesh silica (250 mL) eluted with 5% EtOAc/hexanes to give 245 mg (0.89 

mmol, 43%) of a white solid, 21a, mp 104-106 °C, Rf= 0.63 (40%EtOAc/hexanes). 

Spectral Data for 21a: IR (neat) cm"': 1733, 1613; 'H NMR 5: '0.50-"0.41 (1, m), 

0.54-0.70 (1, m), 1.26-1.40 (2, m), 1.86 (1, d, J= 13.2 Hz), 2.24-2.35 (1, m), 2.44 (1, d, J 

= 13.2 Hz), 2.67(1, d,y= 12.8 Hz), 3.01 (1, d,y= 12.8), 3.10(1, d,J= 13.2 Hz), 7.00-

7.35 (10, m); NMR 5: 11.7 (CH2), 17.6 (CH), 29.3 (CH), 30.3 (CH2), 42.9 (CH2), 

47.5 (CH2), 56.6 (C), 126.6 (CH x 2), 128.1 (CH), 128.3 (CH), 130.5 (CH), 130.7 (CH), 

136.9 (C), 138.0 (C), 218.3 (C). GC/MS (method A, Rt = 12.26 min) m/z (relative 

intensity): 187 (0.7), 185 (65), 141 (6), 129 (8), 115 (13), 91 (100); MS (EO m/z (relative 
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intensity): 277 (2), 276 (6), 193 (4), 186 (16), 185 (100), 91 (48); HRMS (EI*) calcd for 

C20H20O (NO 276.1514, found 276.1505. 

(i5*^/?*,<J/?*)-3-Allyl-3-(phenyl)methylbicycIo[4.1.0]heptan-2-one (22a). To a 

solution of diisopropylamine (160 mg, 1.24 nmiol) in THF at 0 °C under argon was 

added butyllithium (0.71 mL of a 1.6 M solution, 1.14 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of 7a (191 mg, 0.95 

mmol)  in  THF (3  mL) was  added via  cannula .  The cannula  was  r insed wi th  THF (1x3 

mL). After 30 min, 3-bromopropene (577 mg, 4.77 mmol) was added slowly via syringe. 

The reaction was capped and stored at -22 °C for 12 h. The mixture was quenched by 

addition of saturated NH4CI solution (8 mL) and diluted with 15 mL H2O. The aqueous 

layer was extracted with CH2CI2 (4 x 30 mL). The organic phase was dried (MgS04), 

filtered and removed under vacuum to give a yellow oil. This was purified by flash 

column chromatography on 230-400 mesh silica (250 mL) eluted with 5% 

EtOAc/hexanes to give 123 mg (0.51 mmol, 54%) of a clear, colorless oil, 22a, Rf 0.55 

(40% EtO Ac/hexanes). 

Spectral Data for 22a: IR (neat) cm"': 1684, 1456; 'H NMR 6: 0.28-0.40 (1, m), 

0.58-0.74 (1, m), 1.32-2.43 (9, m), 3.35 (1, d, 7 = 13.1 Hz), 5.05-5.20 (2, m), 5.83 (1, 

dddd,y= 12.4 Hz, y= 10.6 Hz, 7= 7.8 Hz, 7= 7.3 Hz), 7.10-7.32 (5, m); '^CNMRS: 7.6 

(CH2), 16.2 (CH), 17.6 (CHz), 22.6 (CH2), 25.1 (CH), 41.6 (C/CH2), 42.2 (C/CH2), 49.8 

(C/CH2), 118.7 (C/CH2), 126.2 (CH), 127.9 (CH), 130.4 (CH), 133.2 (CH), 138.1 

(C/CH2), 211.9 (C); GC/MS (method A, Rt = 8.73 min) m/z (relative intensity): 241(7), 
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240 (34), 20 (14), 199 (97), 197 (17), 196 (18), 149 (20), 143 (25), 135 (11), 129 (28), 

128 (17), 117 (25), 115 (24), 92 (U), 91 (100), 79 (18). 

Anal. Calcd for C17H20O; C, 84.95, H, 8.39; found: C, 84.63, H, 8.54. 

(i5*r^J?*,<^A*)-3-Allyl-3-(phenyl)methylbicyclo[4.1.0]heptan-2-one (22a). A solution 

of 7a (120 mg, 0.60 mmol), 3-bromopropene (363 mg, 3.0 mmol) and NaH (43.2 mg, 1.8 

mmol) in 10 mL of THF was heated at reflux for 24 h, then cooled to room temperature. 

To this was slowly added 5 mL of H2O, and the water layer was extracted with CH2CI2 (3 

X 10 mL). All organic layers were combined, dried (MgS04), and removed under 

vacuum to give a yellow oil. This was purified by flash column chromatography on 230-

400 mesh silica (250 mL) eluted with 5% EtOAc/hexanes to give 115 mg (0.48 mmol, 

80%) of a clear, colorless oil, 22a, Rf 0.58 (40% EtOAc/hexanes). 'H and NMR 

spectroscopy indicate that the produa is identical to the LDA preparation {vide supra). 

(i,S*^.y*,/J/?*)-3-(Phenyl)methyl-3-(2-PropenyI)bicyclo[4.1.0]heptan-2-one (23a) and 

(i5'*^/?*,<J/?*)-3-(Phenyl)methyl-3-(2-Propenyl)bicyclo[4.1.01heptan-2-one (23b). To 

a solution of diisopropylamine (180 mg, 1.43 mmol) in THF at 0 °C under argon was 

added butyllithium (0.83 mL of a 1.6 M solution, 1.32 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of 8a (165 mg, 1.1 

mmol)  in  THF (3  nJ^)  was  added via  cannula .  The cannula  was  r insed wi th  THF (1x3 

mL). After 30 min, a-bromotoluene (0.94 g, 5.49 nunol) was added slowly via syringe. 

The reaction was capped and stored at -22 °C for 3 d. The mixture was quenched by 
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addition of saturated NH4CI solution (8 mL) and diluted with 10 mL H2O. The aqueous 

layer was extracted with CH2CI2 (4 x 30 mL). The organic phase was dried (MgS04), 

filtered and removed under vacuum to give a yellow oil. This was purified by flash 

column chromatography on 230-400 mesh silica (200 mL) eluted with 5% 

EtOAc/hexanes to give 195 mg (0.81 mmol, 74%) of a 11:1 mixture of 23a/23b as a 

clear, colorless oil, Rf 0.57 (30% EtOAc/hexanes). 

Spectral Data for 23a/23b: IR (neat, mixture of diastereomers) cm"': 1672, 1468; 

NMR 5: 0.85-1.92 (9, m). 2.54-2.73 (1, m), 2.60 (1, d, 7 = 13.2 Hz), 2.93 (1, d, J = 

13.5 Hz), 4.96(1, d, y = 18.3 Hz), 5.03 1, d, 7 = 10.6 Hz), 5.56 (1, dddd, J = 18.3 Hz), 

7.01-7.33 (5, m). NMR 5: 8.2 (CH2), 16.4 (CH), 18.0 (CH2), 22.2 (CH2), 25.4 (CH), 

41.9 (C/CH2), 43.4 (C/CH2), 48.8 (C/CHj), 118.5 (C/CH2), 126.5 (CH), 128.8 (CH), 

130.6 (CH), 134.1 (CH), 136.9 (C/CH2), 212.7 (C); GC/MS (method A, Rt = 8.85 min) 

m/z (relative intensity) (less prevalent diastereomer): 240 (14), 199 (54), 149 (17), 143 

(19), 129 (22), 128 (13), 117 (20), 115 (23), 94 (13), 91 (100), 79 (19); GC/MS (major 

diastereomer); 241 (2), 240 (10), 199 (55), 149 (13), 143 (14), 135 (13), 129 (17), 115 

(17), 91 (100), 79(10). 

(/5*^5*,ZR*)-3-Methyl-3-(phenyl)methylbicyclo[5.L0Joctan-2-one (24a). To a 

solution of diisopropylamine (69 mg, 0.093 mmol) in THF at 0 °C under argon was 

added butyllithium (0.31 mL of a 1.6 M solution, 0.49 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of 11a (87 mg, 0.41 

mmol)  in  THF (3  mL) was  added via  cannula .  The cannula  was  r insed wi th  THF (1x3 
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mL). After 30 min, iodomethane (291 mg, 2.05 mmol) was added slowly via syringe. 

The reaction was capped and stored at -22 °C for 3 d. The mixture was quenched by 

addition of saturated NH4CI solution (8 mL) and diluted with 10 mL H2O. The aqueous 

layer was extracted with CH2CI2 (4 x 30 mL). The organic phase was dried (MgS04), 

filtered and removed under vacuum to give a yellow oil. This was purified by flash 

colunm chromatography on 230-400 mesh silica (250 mL) eluted with 5% 

EtOAc/hexanes to give 41 mg (0.18 mmol, 44%) of a clear, colorless oil, 24a, Rf 0.64 

(30% EtOAc/hexanes). 

Spectral Data for 24a; IR (neat) cm"': 1691, 1616; 'H NMR 5; 0.78-2.05 (12, m), 

2.46-2.73 (2, m), 3.08 (1, ddJ = 13.0 Hz, 7= 5.2 Hz), 7.08-7.33 (5, m). NMR 6: 21.1 

(CH2), 22.0 (CH), 24.4 (CHj), 26.3 (CH2), 28.0 (CH), 29.4 (CHa), 33.8 (C), 37.7 (C), 

48.0 (CH3), 125.8 (CH), 128.2 (CH), 129.1 (CH), 140.8 (C), 212.7 (C); GC/MS (method 

A, Rt = 8.11 min) m/z (relative intensity): 228 (15), 144 (24), 131 (14), 130 (14), 129 

(27), 119 (19), 117 (22), 115 (14), 109 (23), 104 (11), 95 (18), 94 (11), 92 (11), 91 (100), 

81 (17). 

Anak Calcd for Ci^HzoO: C, 84.17, H, 8.83; found; C, 84.50, H, 8.74. 

(/»S*^/?*,7/?*)-3-Methyl-3-(phenyl)methyIbicyclo[5.1.0]octan-2-one (25a). To a 

solution ofLDA (1.07 mL of a 1.4 M solution, 1.50 mmol) in THF under argon at -78 °C 

was added a solution of 13a (148 mg, 1.07 nrunol) in THF (3 mL) via cannula. The 

cannula was rinsed with THF (1x3 mL). After Ih, a-bromotoluene (915 mg, 5.35 

mmol) was added slowly via syringe. The reaction was capped and stored at -22 °C for 5 
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d. The mixture was quenched by addition of saturated NH4CI solution ( S  mL) and diluted 

with 10 mL H2O. The aqueous layer was extracted with CH2CI2 (5 x 125 mL). The 

organic phase was dried (MgS04), filtered and removed under vacuum to give a yellow 

oil. This was purified by flash colunm chromatography on 230-400 mesh silica (250 mL) 

eluted with 5% EtOAc/hexanes to give 114 mg (0.50 mmol, 46%) of a clear, colorless 

oil, 25a, Rf 0.56 (40% EtOAc/hexanes). 

Spectral Data for 25a: IR (neat) cm'^ 1684, 1604; NMR 6; 0.82-1.10 (12, m), 

2.40-2.65 (1, m), 2.57 (1, d, J= 14.5 Hz), 3.42 (1, d, 7 = 14.6 Hz), 7.08-7.42 (5, m); "C 

NMR 5; 18.1 (CH/CH3). 19.1 (CH2), 24.9 (CH2), 26.9 (CH2), 27.1 (CH/CH3), 33.2 (CH2), 

39.1 (C), 41.0 (CH2), 41.7 (CH/CH3), 126.4 (CH), 128.5 (CH), 129.8 (CH), 140.7 (C), 

213.3 (C); GC/MS (method A, Rt = 8.19 min) m/z (relative intensity); 229 (17), 228 

(100), 213 (12), 199 (13), 186 (10), 185 (55), 172 (20), 171 (30), 157 (16), 145 (16), 143 

(17), 131 (14), 130(11), 129(37), 128(25), 109(11), 91 (69). 

(/5*^/?*,5/f*)-J-(2-MethyI-2-propenyl)-bicyclo[3.1.0]hexan-2-one (31a). To a 

solution of diisopropylamine (530 mg, 15.76 mmol) in THF at 0 "C under argon was 

added butyllithium (2.36 mL of a 1.6 M solution, 5.45 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of la (303 mg, 3.15 

mmol)  in  THF (3  mL)  was  added  v ia  cannula .  The  cannula  was  r insed  wi th  THF (1x3  

mL). After 15 min, 3-bromo-2-methylpropene (28)^' (2.24 g, 15.76 mmol) was added 

slowly via syringe. The reaction was capped and stored at -22 °C for 4.5 h. The mixture 



84 

was quenched by addition of saturated NH4CI solution (8 mL) and diluted with 150 mL 

H2O. The aqueous layer was extracted with CH2CI2 (4 x 30 mL). The organic phase was 

dried (MgS04), filtered and removed under vacuum to give a yellow oil. This was 

purified by flash colunm chromatography on 230-400 mesh silica (200 mL) eluted with 

3% EtOAc/hexanes to give 275 mg (1.83 mmol, 58%) of a clear/colorless oil, 31a, Rf 

0.45 (40% EtOAc/hexanes). Additionally, 34 mg of an unidentified dimeric material was 

recovered. 

Spectral Data for 31a: IR (neat) cm"': 1728, 1660; 'H NMR 5: 0.94-1.02 (1, m), 

1.15-1.26 (1, m), 1.68 (3, s), 1.70-1.89 (3, m), 1.95-2.05(1, m), 2.16-2.28 (2, m), 2.50-

2.62 (1, m), 4.62 (1, m), 4.69 (1, s), NMR 5: 14.6 (CH2), 19.9 (CH3), 22.0 (CH), 27.4 

(CH), 30.1 (CH2), 38.0 (CH2), 38.6 (CH), 111.4 (CH2), 143.2 (C), 215.0 (C). Anal. Calcd 

for CioHhO; C, 79.96, H, 9.40; found: C, 79.87, H, 9.49. 

(iiS*^/?*,5/?*)-J-(2-MethyI-2-propenyl)-bicyclo[4.1.01heptan-2-one (32a) and 

(i^*^.S*,6i?*)-J-(2-MethyI-2-propenyI)-bicyclo(4.1.0|heptan-2-one (32b). To a 

solution of diisopropylamine (763 mg, 5.90 mmol) in THF at 0 °C under argon was 

added butyllithium (3.41 mL of a 1.6 M solution, 5.45 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of lb (500 mg, 4.54 

mmol)  in  THF (3  mL)  was  added  v ia  cannula .  The  cannula  was  r insed  wi th  THF (1x3  

mL). After 15 min, 3-bromo-2-methylpropene (28)^® (3.06 g, 22.7 mmol) was added 

slowly via syringe. The reaction was capped and stored at -22 °C for 4.5 h. The mixture 

was quenched by addition of saturated NH4CI solution (8 mL) and diluted with 150 mL 
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HjO. The aqueous layer was extracted with CH2CI2 (4 x 30 mL). The organic phase was 

dried (MgS04), filtered and removed under vacuum to give a yellow oil. This was 

purified by flash column chromatography on 230-400 mesh silica (200 mL) eluted with 

10% EtOAc/hexanes to give 675 mg (4.11 mmol, 88%) of a chromatographically 

inseparable 4; 1 mixture of 32a/32b, Rf 0.49 (40% EtOAc/hexanes). Additionally, 56 mg 

(0.26 nmiol, 6%) of (25*,d/?*)-3,3-di(2-methyl-2-propenyi)-bicyclo[4.1.0]heptan-2-one 

was recovered as a clear, colorless oil, Rf 0.61 (40 % EtOAc/hexanes). 

Spectral Data for 32a/32b: IR (neat) cm*' (mixture of diastereomers): 1694; 'H 

NMR (mixture of diastereomers) 5; 0.95-1.25 (3, m), 1.42-2.12 (6, m), 1.68 (3, m), 2.19-

2.31 (1, m), 2.38-2.47 (1, m), 4.72 (2, d,J= 37.1 Hz); NMR 5 (major diastereomer): 

14.1 (CH2), 18.4 (CH), 19.8 (CH2), 21.8 (CH-CH3), 24.9 (CH2), 25.2 (CH-CH3), 38.1 

(CH2), 41.6 (CH-CH3), 112.5 (CH2), 142.9 (C) 211.3 (C); (minor diastereomer): 14.1 

(CH2), 18.4 (CH), 19.8 (CH2), 21.8 (CH-CH3), 24.9 (CH2), 25.2 (CH-CH3), 38.1 (CHj), 

41.6 (CH-CH3), 112.5 (CH2), 142.9 (C), 211.3 (C). 

Anal. Calcd for CuHieO: C, 80.44, H, 9.82 ; found: C, 80.37, H, 9.86. 

(i5*^/?*,(J/?*)-i-(3-Methyl-3-butenyl)-bicyclo[4.1.01heptan-2-one (33a) and 

(/.S*^5*,di?*)-i-(3-Methyl-3-butenyl)-bicyclo(4.1.0Jheptan-2-one (33b). A solution of 

lb (1.0 g, 9.08 mmol), 2-methyl-4-(p-toluenesulfonyl)-butene (29)"*' (2.62 g, 10.9 mmol) 

and NaH (653 mg, 27.2 mmol) in 30 mL of THF was heated at reflux for 5 h, then cooled 

to room temperature. To this was slowly added 1 mL of H2O, and the water layer diluted 

to 50 mL and extracted with CH2CI2 (4 x 50 mL). All organic layers were combined. 
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dried (MgS04), and removed under vacuum to give a clear, colorless oil. This was 

purified by flash column chromatography on 230-400 mesh silica (400 mL) eluted with 

5—>10% EtOAc/hexanes to give 543 mg (3.05 mmol, 34%) of a chromatographically 

inseparable 2.4:1 mixture of33a/33b, Rf0.60 (40% EtOAc/hexanes). 

Spectral Data for 33a/33b: IR (neat) cm ': (mixture of diastereomers) 1685, 1645; 'H 

NMR 5: 0.96-2.18 (13, m), 1.71 (3, s), 4.67 (2, m); "C NMR 5: (major diastereomer) 8.1 

(CHj), 16.5 (CH-CHs), 21.1 (CH2), 21.6 (CH2), 22.1 (CH-CH3), 25.6 (CH-CH3), 25.6 

(CH-CH3), 28.7 (CH2), 34.5 (CH2, 46.0 (CH3), 110.1 (CH2), 127.7 (C), 210.2 (C); (minor 

diastereomer) 14.7 (CHj), 18.6 (CH-CH3), 20.4 (CHz), 22.2 (CH-CH3), 25.1 (CH-CH3), 

27.3 (CH2), 27.7 (CH2), 34.9 (CH2), 43.3 (CH3), 110.0 (CH2), 129.6 (C), 212.2 (C); 

HRMS (Ef) calcd for Ci2H,80 (NT) 178.1358, found 178.1366. 

(i5*^/?*,7/?*)-i-(2-Methyl-2-propenyl)-bicyclo(5.1.0]octan-2-one (34a). To a solution 

of diisopropylamine (250 mg, 1.93 mmol) in THF at 0 °C under argon was added 

butyllithium (1.14 mL of a 1.55 M solution, 1.77 mmol) via syringe. This solution was 

stirred for 15 m, and then was cooled to -78 °C, where a solution of Ic (200 mg, 1.61 

mmol)  in  THF (3  mL)  was  added  v ia  cannula .  The  cannula  was  r insed  wi th  THF (1x3  

mL). After 15 min, 3-bromo-2-methylpropene (28)''^ (652 mg, 4.83 mmol) was added 

slowly via syringe. The reaction was capped and stored at -22 °C for 17 h. The mixture 

was quenched by addition of saturated NH4CI solution (8 mL) and diluted with 150 mL 

H2O. The aqueous layer was extracted with CH2CI2 (5x15 mL). The organic phase was 

dried (MgS04), filtered and removed under vacuum to give a yellow oil. This was 
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purified by flash column chromatography on 230-400 mesh silica (200 mL) eluted with 

7.5 % EtOAc/hexanes to give 175 mg (0.98 mmol, 61%) of a clear/colorless oil, 34a, Rf 

0.63 (40% EtOAc/hexanes). 

Spectral Data for 34a: IR (neat) cm ': 1702, 1447, 1183; NMR 5; 0.85-0.96 

(1, m), 1.02-1.10 (1, m), 1.25-1.33 (1, m), 1.40-1.73 (4, m), 1.69 (3, s), 1.85-2.03 (4, m), 

2.45-2.61 (2, m), 4.62 (1, s), 4.75 (1, s); NMR 5: 12.4 (CHz), 18.9 (CH), 20.2 (CH3), 

23.9 (CH2), 26.9 (CH2), 29.6 (CH2), 29.8 (CH), 38.5 (C), 45.0 (CH), 111.3 (CHj), 143.7 

(C), 211.8 (C); HRMS (Et) calcd for CuHuO (\0 178.1358, found 178.1360. 

(i5*^5*,5/?*)-3-(2-MethyI-2-propenyI)-3-methyIbicyclo[3.1.0]hexan-2-one (41a). A 

solution of 31a (232 mg, 1.54 mmol), iodomethane (657 mg, 4.63 mmol) and NaH (111 

mg, 4.63 mmol) in 5 mL of THF was heated at reflux for 2 h, then cooled to room 

temperature. To this was slowly added 5 mL of H2O, and the water layer was extracted 

with CH2CI2 (4 X 15 mL). All organic layers were combined, dried (MgS04), and 

removed under vacuum to give a yellow oil. This was purified by flash column 

chromatography on 230-400 mesh silica (200 mL) eluted with 10% EtOAc/hexanes to 

give 177 mg (1.07 mmol, 70%) of a clear, colorless oil, 41a, Rf 0.24 (10% 

EtOAc/hexanes). 

Spectral Data for 41a: IR (neat) cm"': 1726, 1660, 1454; 'H NMR 5: 0.80-0.84 (1, m), 

1.08 (3, s), 1.13-1.25 (1, m), 1.67 (3, m), 1.87-2.15 (6, m), 4.67 (L s), 4.84 (1, s); '^C 

NMR 5: 13.6 (CH2), 17.6 CH3), 24.3 (CH), 27.6 (CH-CH3), 27.8 (CH-CH3), 36.6 (CH2), 

46.1 (CH2), 48.5 (C), 115.2 (CHj), 142.4 (C), 218.6 (C). 
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Anal. Calcd for CuHieO; C, 80.44, H, 9.82 ; found: C, 80.44, H, 10.04. 

(IS* y3S*tSR* )-3-{2-Methy 1-2-propenyl)-3-methyIbicydo [3.1.0] hexan-2-one (42a). A 

solution of 6a (232 mg, 1.54 mmol), 3-bromo-2-methylpropane (140 mg, 1.46 mmol) and 

NaH (105 mg, 4.38 nrniol) in 8 mL of THF was heated at reflux for 10 h, then cooled to 

room temperature. To this was slowly added 2 mL of H2O, and the water layer was 

extracted with CH2CI2 (5 x 10 mL). All organic layers were combined, dried (MgS04), 

and removed under vacuum to give a yellow oil. This was purified by flash column 

chromatography on 230-400 mesh silica (200 mL) eluted with 10% EtOAc/hexanes to 

give 133 mg (1.07 mmol, 56%) of a clear, colorless oil, 42a, Rf 0.57 (40% 

EtOAc/hexanes). 

Spectral Data for 42a: IR (neat) cm"'; 1728, 1643; 'HNMR 5; 0.80-0.86 (1, m), 0.93 (3, 

s), 1.10-1.22(1, m), 1.58(3, s), 1.67 (1, d,y= 13.5 Hz), 1.80-1.89 (3, m), 2.00(1, d, 7 = 

13.9 Hz), 2.25 (1, d, y= 13.2 Hz), 2.28-2.41 (I, m), 4.62 (I, s), 4.77 (1, s); NMR 5; 

15.3 (CH2), 18.8 (CH3), 23.8 (CH), 27.4 (CH), 28.5 (CH-CH3), 35.0 (CH2), 46.3 (C), 48.5 

(CH2), 114.9 (CH2), 142.3 (C), 218.8 (C). 

(i»S*^/?*,5/?*)-i-(3-Methyl-3-butenyl)-3-methylbicyclo(3.1.0Jhexan-2-one (43a). A 

solution of 6a (300 mg, 2.72 mmol), 2-methyl-4-(p-toluenesuIfonyl)-butene (29)^' (1.31 

g, 5.44 nmiol) and NaH (195 mg, 8.16 mmol) in 10 mL of THF was heated at reflux for 1 

h. Over the following three hours the remainder of the tosylate (1.31 g, 5.44 mmol) and 

NaH (195 mg, 8.16 mmol) were added, then the reaction was cooled to room 
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temperature. To this was slowly added 10 mL of H2O, and the water layer was and 

extracted with CH2CI2 (5 x 20 mL). All organic layers were combined, dried (MgS04), 

and removed under vacuum to give a yellow oil. This was purified by flash column 

chromatography on 230-400 mesh silica (200 mL) eluted with 5% EtOAc/hexanes to give 

182 mg (1.02 mmol, 38%) of a clear, colorless oil, 43a, Rf 0.60 (40% EtOAc/hexanes). 

Additionally, 52 mg of an unidentified dimeric material was recovered. 

Spectral Data for 43a: IR (neat) cm"': 1740, 1647, 1456;'H NMR 5: 0.79-0.86 (1, m), 

1.00 (3, s), 1.15-1.29 (1, m), 1.45-2.30 (8, m), 1.72 (3, s), 4.68 (2, br s); NMR 5: 14.6 

(CH2), 18.6 (CH-CH3), 22.5 (CH-CH3), 25.8 (CH-CH3), 28.7 (CH-CH3), 32.1 CHj), 36.4 

(CH2), 39.1 (CH2), 46.8 (C), 109.8 (CH2), 145.5 (C), 219.1 (C); HRMS (EF) calcd for 

CizHigO (\r) 178.1358, found 178.1357, calcd for C12H19O (NT+H) 179.1436, found 

179.1445. 

(75*^.5*,5/?*)-3-(2-MethyI-2-propenyl)-3-methyIbicyclo[4.1.0]heptan-2-one (44a). A 

solution of 32a (50 mg, 0.30 mmol), iodomethane (213 mg, 1.50 mmol) and NaH (21.6 

mg, 0.90 mmol) in I mL of THF was heated at reflux for 35 m, then cooled to room 

temperature. To this was slowly added 3 mL of H2O, and the water layer was extracted 

with CH2CI2 (4 X 10 mL). All organic layers were combined, dried (MgS04), and 

removed under vacuum to give a yellow oil. This was purified by flash column 

chromatography on 230-400 mesh silica (100 mL) eluted with 5% EtOAc/hexanes to give 

42 mg (0.23 mmol, 80%) of a clear, colorless oil, 44a, Rf 0.52 (40% EtOAc/hexanes). 
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Spectral Data for 44a: IR (neat) cm"'; 1685, 1660, 1455; 'H NMR 6: 0.90-1.25 (3, m), 

1.04 (3, s), 1.60-2.10 (5, m), 1.63 (3, s), 1.87 (1, d,y= 13.3 Hz), 2.72 (1, d,J= 13.2 Hz), 

4.63 (1, s), 4.81 (1, m); NMR 6: 8.0 (CHj), 16.2 (CH-CH3), 17.8 (CH2), 24.3 (CH-

CH3), 24.6 (CH-CH3), 26.4 (CH2), 26.6 (CH-CH3), 44.9 (C), 46.5 (CH^), 114.6 (CH2), 

142.8 (C), 212.7 (C). 

Anal. Calcd for Ci2H,80: C, 80.85, H, 10.18 ; found; C, 80.93, H, 10.18. 

(i5*^5*,diJ*)-3-(2-Methyl-2-propenyl)-3-methylbicyclo[4.1.01heptan-2-one (45a). 

To a solution of diisopropylamine (510 mg, 3.95 nmiol) in THF at 0 °C under argon was 

added butyllithium (2.3 mL of a 1.6 M solution, 3.67 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of 9a (350 mg, 2.82 

mmol)  in  THF (3  mL)  was  added  v ia  cannula .  The  cannula  was  r insed  wi th  THF (1x3  

mL). After 15 min, 3-bromo-2-methylpropene (28)'** (1.90 g, 14.1 nmiol) was added 

slowly via syringe. The reaction was capped and stored at -22 °C for 2 d. The mixture 

was quenched by addition of saturated NH4CI solution (8 mL) and diluted to 70 mL with 

H2O. The aqueous layer was extracted with CH2CI2 (4x30 mL). The organic phase was 

dried (MgS04), filtered and removed under vacuum to give a yellow oil. This was 

purified by flash column chromatography on 230-400 mesh silica (200 mL) eluted with 

6% EtOAc/hexanes to give 391 mg (2.19 mmol, 78%) of a clear, colorless oil, 45a, Rf 

0.51 (40% EtOAc/hexanes). 

Spectral Data for 45a: ER. (neat) cm"'; 1685, 1464, 1217; 'H NMR 5; 1.04 (3, s), 0.98-

1.16 (2, m), 1.41(l,td,Y= 14.3 HZ, Y= 4.6 Hz), 1.62-2.10(5, m), 1.73(3. s), 2.04 (1, d. 
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J= 12.9 Hz), 2.34 (1, d, y = 13.2 Hz), 4.70 (1, s), 4.86 (1, s); "C NMR 5: 9.0 (CHj), 

16.3 (CH-CH3), 18.4 (CH2), 23.9 (CH-CH3), 24.6 (CH-CH3), 25.2 (CH-CH3), 27.7 (CHj), 

44.6 (C), 45.9 (CH2) 115.2 (CH2), 142.1 (C), 213.4 (C). 

Anal. Calcd for C12H18O: C, 80.85, H, 10.18 ; found: C, 80.63, H, 10.28. 

(i5*^/?*,<J/?*)-i-(3-Methyl-3-butenyl)-3-methylbicyclo[4.1.01hcptan-2-one (46a). A 

solution of 33a (380 mg, 2.13 mmol), iodomethane (1.13 g, 7.98 mmol) and NaH (192 

mg, 7.98 mmol) in 5 mL of THF was heated at reflux for 35 m, then cooled to room 

temperature. To this was slowly added 0.5 mL of H2O, and the water layer was diluted to 

25 mL and extracted with CH2CI2 (4 x 25 mL). All organic layers were combined, dried 

(MgS04), and removed under vacuum to give a yellow oil. This was purified by flash 

column chromatography on 230-400 mesh silica (200 mL) eluted with 5% 

EtOAc/hexanes to give 381 mg (1.98 mmol, 93%) of a clear, colorless oil, 46a, Rf 0.62 

(40% EtOAc/hexanes). 

Spectral Data for 46a: IR (neat) cm"': 1686, 1653; 'H NMR 5: 0.92-2.15 (12, m), 1.04 

(3, s), 1.71 (3, s), 4.67 (2, br s); NMR5; 7.9 (CHz), 15.9 (CH-CH3), 17.8 (CH2), 22.4 

(CH-CH3), 24.5 (CH-CH3), 25.5 (CH-CH3), 26.8 (CH2), 32.4 (CH2), 37.1 (CHz), 44.8 

(C), 109.6 (CH2), 145.9 (C), 213.1 (C). 

(/5*»i/?*,(J/?*)-J-(3-Methyl-3-butenyl)-3-methyIbicyclo[4.1.0]heptaii-2-one (47a). A 

solution of 9a (500 mg, 4.03 mmol), 2-methyl-4-(p-toluenesulfonyl)-butene (29)'*' (1.36 

g, 5.64 mmol) and NaH (290 mg, 12.09 mmol) in 12 mL of THF was heated at reflux for 
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6 h, then cooled to room temperature. To this was slowly added 5 mL of H2O, and the 

water layer was diluted to 25 mL and extracted with CH2CI2 (4 x 90 mL). All organic 

layers were combined, washed with HjO (1.90 mL), dried (MgS04), and removed under 

vacuum to give a yellow oil. This was purified by flash column chromatography on 230-

400 mesh silica (200 mL) eluted with 5% EtOAc/hexanes to give 578 mg (3.00 mmol, 

75%) of a clear, colorless oil, 47a, Rf 0.62 (40% EtOAc/hexanes). 

Spectral Data for 47a: IR (neat) cm"'; 1698, 1661, 146l;'H NMR 6: 0.95-1.04 (2, m), 

1.02 (3, s), 1.22-2.12 (10, m), 1.72 (3, s), 4.68 (2, s); NMR 5: 8.5 (CH2), 15.1 (CH-

CH3), 18.0 (CH2), 22.4 (CH-CH3), 22.6 (CH-CH3), 23.0 (CH-CH3), 27.3 (CH2), 31.3 

(CH2), 34.9 (CHz), 44.3 (C), 109.7 (CH2), 145.7 (C), 212.8 (C). 

Anal. Calcd for C„Hi602: C, 81.20, H, 10.50; found. C, 80.91, H, 10.49. 

{IS* ̂ S*,7R* )-3-(2-Methyl-2-propenyl)-3-methyibicydo [5.1.0 J octaii-2-one (48a). To 

a solution of diisopropylamine (338 mg, 2.62 mmol) in THF at 0 °C under argon was 

added butyllithium (1.64 mL of a 1.50 M solution, 2.46 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of 34a (290 mg, 

1.63 mmol) in THF (3 mL) was added via cannula. The cannula was rinsed with THF (1 

X 3 mL). After 15 min, iodomethane (302 mg, 2.13 mmol) was added slowly via syringe. 

The reaction was capped and stored at -22 "C for 2 d. It was determined by TLC that the 

reaction was incomplete, so another 1.5 eq. of LDA was generated and added to the 

solution after cooling to -78 °C. Additionally, another portion of iodomethane (0.41 g, 

2.97 mmol) was added while at this temperature. The reaction was again placed in the -22 
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°C freezer overnight. The mixture was quenched by addition of saturated NH4CI solution 

(8 mL) and diluted with 15 mL H2O. The aqueous layer was extracted with CH2CI2 (5 x 

15 mL). The organic phase was dried (MgS04), filtered and removed under vacuum to 

give a yellow oil. This was purified by flash column chromatography on 230/400 mesh 

silica (200 mL) eluted with 5 % EtOAc/hexanes to give 110 mg (0.57 mmol, 35%) of a 

clear/colorless oil, 48a, Rf 0.60 (40% EtOAc/hexanes). 

Spectral Data for 48a: IR (neat) cm*': 1680, 1653; 'H NMR 5: 0.79-0.99 (2, m), 

1.22-2.06 (8, m), 1.24 (3, s), 1.67 (3, s), 2.40-2.66 (2, m), 4.58 (1, s), 4.73 (1, s); "C 

NMR 6: 21.1 (CH2), 21.9 (CH), 22.8 (CH), 24.5 (CH2), 26.3 (CH2), 27.9 (CHj), 29.7 

(CH2), 33.7 (C), 39.4 (CH2), 43.6 (CH3), 111.0 (CH2), 143.9 (C), 212.6 (C). 

(/5*,i5*,7/?*)-l-(2-Methyl-2-propenyl)-3-methylbicyclo[5.1.01octan-2-one (51). To a 

solution of diisopropylamine (336 mg, 2.60 mmol) in THF at 0 °C under argon was 

added butyllithium (1.6 mL of a 1.6 M solution, 2.39 mmol) via syringe. This solution 

was stirred for 15 m, and then was cooled to -78 °C, where a solution of 13a (300 mg, 

2.17 mmol) in THF (3 mL) was added via cannula. The cannula was rinsed with THF (1 

X 3 mL). After 30 min, 3-bromo-2-methylpropene (28)''^ (879 mg, 6.51 mmol) was 

added slowly via syringe. The reaction was capped and stored at -22 °C for 48 h. The 

mixture was quenched by addition of saturated NH4CI solution (8 mL) and diluted with 

15 mL H2O. The aqueous layer was extracted with CH2CI2 (5 x 20 mL). The organic 

phase was dried (MgS04), filtered and removed under vacuum to give a yellow oil. This 

was purified by flash column chromatography on 230-400 mesh silica (200 mL) eluted 
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with 5% EtOAc/hexanes to give 192 mg (0.99 mmol, 46%) of a clear/colorless oil, 51, Rf 

0.68 (40% EtOAc/hexanes). Additionally, 114 mg (0.82 nmiol, 38%) of starting material 

(13a) was recovered. 

Spectral Data for 51: 'H NMR 5: 0.78-2.14(11, m), 1.02 (3, d, J = 6.6 Hz, 1.67 

(3, s), 2.58 (1, dqd, y = 12.3 Hz, 7= 6.5 Hz, y= 3.4), 2.97 (1, br d, 7 = 15.9 Hz), 4.58 (1, 

s), 4.7 (1, s); "C NMR 5; 17.6 (CH), 18.7 (CH2), 23.2 (CH), 24.2 (CH2), 26.5 (CH2), 27.1 

(CH3), 32.8 (CH2), 36.5 (C), 41.4 (CH3), 43.2 (CH2), 110.3 (CH2), 144.0 (C) 212.6 (C). 

(i5*,i5*,5/?*)-3-Methyl-3-(2-oxopropyl)-bicyclo[3.1.0]hexan-2-one (54). To a 

biphasic solution of 41a (189 mg, 1.15 mmol) and NaI04 (1.03 g, 4.83 mmol) in 7 mL of 

a 2:2:3 mixture of CH3CN:CCl4:H20 was added a spatula tip of RuCls- The reaction was 

stirred for 30 m in a room temperature water bath, then 10 mL of CH2CI2 and 10 mL of 

H2O were added and the layers separated. The water layer was extracted with CH2CI2 (5 

X 15 mL), then all organic layers were combined and dried over MgS04 and removed in 

vacuo. The resulting brownish oil was purified on 230/400 mesh silica (100 mL) eluted 

with 30% EtOAc/hexanes to give 172 mg (1.04 mmol, 90%) of clear, colorless 54, Rf 

0.34 (40% EtOAc/hexanes). 

Spectral Data for 54: IR (neat) cm^^; 1719, 1454; 'H NMR 5: 1.13 (3, s), 1.18-1.35 (2, 

m), 1.85-1.98 (4, m), 2.07(3, s), 2.55(l,d,J= 18.1 Hz), 2.65, d, 7= 18.1 Hz); NMR 

5: 15.6 (CH2), 17.9 (CH-CH3), 27.2 (CH-CH3), 27.7 (CH-CH3), 30.5 (CH-CH3), 36.5 

(CH2), 48.4 (C), 49.4 (CH2), 206.1 (C), 217.6 (C); HRMS (EO calcd for C10H14O2 

(M^+H) 166.0994, found 166.0998. 
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(i5*,i/f*,5i?*)-3-Methyl-3-(2-oiopropyl)-bicyclo[3.1.0]hexan-2-one (55). To a 

biphasic solution of 42a (133 mg, 0.81 mmol) and NaI04 (728 mg, 3.40 mmol) in 7 mL 

of a 2:2:3 mixture of CH3CN:CCl4;H20 was added a spatula tip of RuCb. The reaction 

was stirred for 15 m in a room temperature water bath, then 10 mL of CH2CI2 and 10 mL 

of H2O were added and the layers separated. The water layer was extracted with CH2CI2 

(4x15 mL), then all organic layers were combined and dried over MgS04 and removed 

in vacuo. The resulting brownish oil was purified on 230/400 mesh silica (100 mL) 

eluted with 30% EtOAc/hexanes to give 88 mg (0.53 mmol 66%) of a clear, colorless oil, 

55, Rf 0.34 (40% EtOAc/hexanes). 

Spectral Data for 55: IR (neat) cm'^: 1753, 1710, 1455; 'H NMR 5; 0.88-0.95 (1, m), 

1.00 (3, s), 1.15-1.26 (1, m), 1.87 (1, d, 7= 13.2 Hz), 1.96-2.05 (2, m), 2.08 (3, s), 2.20-

2.30 (1, m), 2.67 (1, d, 18.3 Hz), 2.87 (1, d, J= 18.3 Hz); "C NMR 5: 14.1 (CH2), 18.8 

(CH), 26.7 (CH3), 28.6 (CH), 29.8 (CH3), 36.3 (CHj), 43.8 (C), 54.8 (CHj), 206.3 (C), 

217.9(C). 

(i.S*^/?*5/?*)-3-lVIethyl-3-(3-oxobutyI)-bicyclo[3.1.0Iheptan-2-one (56). To a 

biphasic solution of 43a (168 mg, 0.94 mmol) and NaI04 (847 mg, 3.96 mmol) in 7 mL 

of a 2:2:3 mixture of CH3CN:CCl4:H20 was added a spatula tip of RuCb- The reaction 

was stirred for 20 m in a room temperature water bath, then 10 mL of CH2CI2 and 10 mL 

of H2O were added and the layers separated. The water layer was extracted with CH2CI2 

(5 X 10 mL), then all organic layers were combined and dried over MgS04 and removed 
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in vacuo. The resulting brownish oil was purified on 230/400 mesh silica (20 mL) eluted 

with 20% EtOAc/hexanes to give 149 mg (0.83 mmol 88%) of a clear, colorless oil, 56, 

Rf 0.29 (40% EtOAc/hexanes). 

Spectral Data for 56: IR (neat) cm"^: 1739, 1726, 1461; NMR 5: 0.80-0.86 (1, m), 

1.00 (3, s), 1.18-1.30 (1, m), 1.64-1.98 (4, m), 2.05-2.18 (2, m), 2.15 (3, s), 2.25-2.60 (2, 

m); NMR 6; 15.0 (CH2), 18.6 (CH-CH3), 25.6 (CH-CH3), 28.6 (CH-CH3), 29.9 (CH-

CH3), 34.3 (CH2), 36.8 (CH2), 38.4 (CH2), 46.1 (C), 208.2 (C), 218.5 (C); HRMS (Ef) 

calcd for C11H16O2 (\0 180.1150, found 180.1152; calcd for C11H17O2 (NT+H): 

181.1229, found 181.1227. 

(25*^5*,7/?*)-3-Methyl-3-(2-oxopropyl)-bicyclo[5.1.0]octan-2-one (57). To a 

biphasic solution of 48a (107 mg, 0.56 mmol) and NaI04 (503 g, 4.20 mmol) in 7 mL of 

a 2;2;3 mixture of CH3CN:CCl4;H20 was added a spatula tip of RuCb- The reaction was 

stirred for 15 m in a room temperature water bath, then 10 mL of CH2CI2 and 10 mL of 

H2O were added and the layers separated. The water layer was extracted with CH2CI2 (5 

X 20 mL), then all organic layers were combined and dried over MgS04 and removed in 

vacuo. The resulting brownish oil was purified on 230/400 mesh silica (30 mL) eluted 

with 20% EtOAc/hexanes to give 82 mg (0.42 mmol 76%) of a clear, colorless oil, 57, Rf 

0.46 (40% EtOAc/hexanes). 

Spectral Data for 57; IR (neat) cm-': 1721, 1678, 1456; 'h NMR 5: 0.85-1.05 (2, m), 

1.22-1.72 (5, m), 1.22 (3, s), 1.92-2.30 (3, m), 2.14 (3, s), 2.88-3.18 (2, m); NMR 5: 
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21.6 (CHZ), 21.9 (CH), 24.3 (CHJ), 26.2 (CHJ), 28.5 (CHJ), 29.5 (CHJ), 30.0 (CH), 33.6 

(C), 41.4 (CH3), 46.0 (CH2), 207.5 (C), 212.1 (C). 

(i5*i5*,7/?*)-3-Methyl-l-(2-oxopropyl)-bicycIo[S.1.01octan-2-one (58). To a biphasic 

solution of 51 (220 mg, 1.14 mmol) and NaI04 (1.02 g, 4.79 mmol) in 7 mL of a 2.2:3 

mixture of CHaCN.CCU.HjO was added a spatula tip of RuCb. The reaction was stirred 

for 15 m in a room temperature water bath, then 10 mL of CH2CI2 and 10 mL of H2O 

were  added  and  the  layers  separa ted .  The  water  layer  was  ex t rac ted  wi th  C H 2 C I 2  (5x15  

mL), then all organic layers were combined and dried over MgS04 and removed in 

vacuo. The resulting brownish oil was purified on 230/400 mesh silica (100 mL) eluted 

with 20% EtOAc/hexanes to give 133 mg (0.68 mmol 60%) of a clear, colorless oil, 58, 

Rf 0.36 (40% EtOAc/hexanes). 

Spectral Data for 58: 'H NMR 5; 0.82-1.05 (3, m), 1.00 (3, d , J =  6.3 Hz), 1.15-2.23 (6, 

m), 2.17 (3, s), 2.43 (1, d, J= 17.1 Hz), 2.58 (1, dqd, 7 = 3.6 Hz, 7= 6.3 Hz, 7= 12.4 Hz), 

2.77 (1, d, J= 17.2 Hz); NMR 5: 17.0 (CH, 19.2 (Chj), 23.9 (CH2), 26.2 (CH2), 26.5 

(CH3), 29.7 (CH), 32.2 (CH2), 35.2 (C), 40.4 (CH3), 49.8 (CH2), 206.8 (C), 212.1 (C). 

(i5*^5*,tf/?*)-3-Methyl-3-(2-oxopropyl)-bicyclo[4.1.01heptan-2-one (59). To a 

biphasic solution of 44a (300 mg, 1.68 mmol) and NaI04 (1.48 g, 6.90 nunol) in 7 mL of 

a 2:2:3 mixture of CH3CN;CCU:H20 was added a spatula tip of RuCh. The reaction was 

stirred for 3 h in a room temperature water bath, then 30 mL of CH2C12 and 10 mL of 

H2O were added and the layers separated. The water layer was extracted with CH2CI2 (4 
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X 10 mL), then all organic layers were combined and dried over MgS04 and removed in 

vacuo. The resulting brownish oil was purified on 230/400 mesh silica (250 mL) eluted 

with 20%—>30% EtOAc/hexanes to give 270 mg (1.50 mmoi 89%) of a clear, colorless 

oil, 59, Rf 0.35 (40% EtOAc/hexanes). 

Spectral Data for 59: IR (neat) cm"'; 1725, 1692; NMR 5; 1.03 (3, s), 0.99-1.22 (2, 

m), 1.54-1.76 (3, m), 1.85-2.13 (3, m) 2.07 (3, s), 2.30 (1, d, J = 18.2 Hz), 3.20 (1. d, J = 

18.1 Hz); "C NMR 6: 9.01 (CHj), 15.6 (CH), 17.8 (CHj), 23.4 (CH-CH3), 24.9 (CH-

CH3), 26.9 (CH2), 30.1 (CH-CH3), 42.7 (C), 52.3 (CH2), 206.4 (C), 212.3 (C). 

Anal. Calcd for CnHieCb: C, 73.31, H, 8.95 ; found: C, 73.20, H, 9.09. 

(i5*^/?*,tf/J*)-3-lVIethyl-3-(2-oiopropyI)-bicyclo(4.1.0Jheptan-2-one (60). To a 

biphasic solution of 46a (400 mg, 2.24 mmoi) and NaI04 (1.97 g, 9.20 mmol) in 21 mL 

of a 2:2;3 mixture of CH3CN:CCl4;H20 was added a spatula tip of RuCb- The reaction 

was stirred for 3.3 h in a room temperature water bath, then 50 mL of CH2CI2 and 10 mL 

of H2O were added and the layers separated. The water layer was extracted with CH2CI2 

(4 X 50 mL), then all organic layers were combined and dried over MgS04 and removed 

in vacuo. The resulting brownish oil was purified on 230/400 mesh silica (250 mL) 

eluted with 20% EtOAc/hexanes to give 357 mg (1.98 mmol 88%) of a clear, colorless 

oil, 60, Rf 0.36 (40% EtOAc/hexanes). 

Spectral Data for 60; IR(neat)cm'^ 1719, 1699, 1461; 'HNMR6: 1.13 (3, s), 0.99-1.28 

(2, m), 1.41-2.12 (6, m), 2.11 (3, s), 2.44 (1, d, 7= 16.1 Hz), 2.78 (1, d, 7 = 16.1 Hz); "C 
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NMR 5; 9.6 (CHZ), 17.4 (CH-CHJ), 18.7 (CHJ), 24.3 (CH-CH3), 25.3 (CH-CH3) 29.1 

(CH2), 31.4 (CH-CH3), 36.1 (C), 51.7 (CH2), 206.7 (C), 212.2 (C). 

Anal. Calcd for CuHieOj: C, 73.31, H, 8.95 ; found; C, 73.15, H, 8.96. 

(i5*^iS*,<J/?*)-3-Methyl-3-(3-oxobutyl)-bicyclo[4.1,0]heptan-2-one (61). To a 

biphasic solution of 46a (381 mg, 1.98 mmol) and NaI04 (1.78 g, 8.32 nunol) in 16 mL 

of a 2:2:3 mixture of CH3CN:CCl4:H20 was added a spatula tip of RuCb. The reaction 

was stirred for 20 m in a room temperature water bath, then 10 mL of CH2CI2 and 10 mL 

of H2O were added and the layers separated. The water layer was extracted with CH2CI2 

(4 X 20 mL), then all organic layers were combined and dried over MgS04 and removed 

in vacuo. The resulting brownish oil was purified on 230/400 mesh silica (150 mL) 

eluted with 30% EtOAc/hexanes to give 356 mg (1.83 mmol 93%) of a clear, colorless 

oil, 61, Rf 0.35 (40% EtOAc/hexanes). 

Spectral Data for 61: IR (neat) cm"'; 1713, 1680; 'H NMR 6; 0.95-2.49 (12, m), 1.05 (3, 

s), 2.14 (3, s); NMR 5; 7.9 (CH2), 15.8 (CH-CH3), 17.6 (CH2), 24.2 (CH-CH3), 25.1 

(CH-CH3), 27.1 (CH2), 29.7 (CH-CHs), 32.4 (CH2), 38.8 (C), 44.2 (CH2), 208.5 (C), 

212.6 (C). 

(/5'*^/?*,5/?*)-3-MethyI-3-(3-oxobutyl)-bicyclo[4.1.01heptan-2-one (62). To a 

biphasic solution of 47a (320 mg, 1.66 mmol) and NaI04 (1.50 g, 6.99 mmol) in 8 mL of 

a 2:2:3 mixture of CH3CN:CCl4;H20 was added a spatula tip of RuCb. The reaction was 

stirred for 20 m in a room temperature water bath, then 10 mL of CH2CI2 and 10 mL of 
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H2O were added and the layers separated. The water layer was extracted with CH2CI2 (4 

X 30 mL), then all organic layers were combined and dried over MgS04 and removed in 

vacuo. The resulting brownish oil was purified on 230/400 mesh silica (100 mL) eluted 

with 30% EtOAc/hexanes to give 297 mg (1.53 mmol 92%) of a clear, colorless oil, 62, 

Rf0.31 (40% EtOAc/hexanes). 

Spectral Data for 62: IR (neat) cm'^: 1728, 1685; NMR 5: 0.96 (2, m), 0.98 (3, s), 

1.43-1.72 (5, m), 1.82-2.15 (3, m), 2.15 (3, s), 2.43 (2, t, 7 = 7.7 Hz); NMR 5: 8.4 

(CH2), 15.0 (CH-CH3), 17.6 (CH2), 22.4 (CH-CH3), 23.0 (CH-CH3), 28.8 (CH2), 29.9 

(CH-CH3), 30.3 (CH2), 37.9 (C), 43.4 (CH2), 208.3 (C), 212.1(C); HRMS (EF) calcd for 

C12H19O (NT+H) 195.1385, found 195.1381. 

(2.S*,ii?*,d5*)-5-Methyl-A*'*-tricycIo[3.3.0.0^nonen-7-one (65). Approximately 10 

mg of metallic sodium was allowed to dissolve in 10 mL of /-BuOH, then 54 (159 mg, 

0.95 mmol) was taken up in a 5 mL aliquot of this solution. This was stirred for 8 h at 

room temperature, during which three more mL of the /-BuONa//-BuOH solution was 

added. The reaction was poured into 20 mL of water, then the water layer was extracted 

with hexanes (5 x 20 mL). The organic layers were combined, dried over MgS04 and 

removed in vacuo. The resulting yellowish oil was purified on 230/400 mesh silica (150 

mL) eluted with 20% EtOAc/hexanes to give 115 mg ( 0.78 mmol, 81%) of a clear, 

colorless oil, 65, Rf 0.47 (40% EtOAc/hexanes). 

Spectral Data for 65: IR (neat) cm*'; 1719, 1633; 'H NMR 6: 0.44-0.51(1, m), 1.16-1.27 

(1, m), 1.29 (3, m), 1.40-1.52 (1, m), 1.88-2.27 (5, m) 5.80 (1, s); "C NMR 5: 18.4 
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(CHs), 22.3 (CH), 24.5 (CH2), 29.8 (CH), 40.2 (CH2), 50.1 (CH2), 60.2 (C), 123.0 (CH), 

195.3 (C), 211.0 (C); HRMS (Ef) calcd for C10H12O (NT+H) 148.0888, found 148.0886. 

(25* J/?*,5/?*)-5-Methyl-A*'*-tricycIo[3.3.0.0^1nonen-7-one (66). Approximately 20 

mg of metallic sodium was allowed to dissolve in 20 mL of /-BuOH, then 55 (88 mg, 

0.52 mmol) was taken up in a 3 mL aliquot of this solution. This was stirred for 10 m at 

room temperature. The reaction was poured into 10 mL of water, then the water layer 

was extracted with hexanes (5x15 mL). The organic layers were combined, dried over 

MgS04 and removed in vacuo. The resulting yellow-tinted oil was found to be 

homogeneous by TLC, and was not further purified. Recovered was 69 mg ( 0.46 mmol, 

88%), Rf 0.42 (40% EtOAc/hexanes). 

Spectral Data for 66: IR (neat) cm'^ 1715, 1635; NMR 5: 1.18 (3, s), 1.25-1.45 (2, 

m), 1.98-2.28 (4, m), 2.36 (1, s), 2.37 (1, s), 5.85 (1, s); NMR 5: 17.4 (CH2), 22.8 

(CH-CH3), 26.5 (CH-CH3), 30.3 (CH-CH3), 37.8 (CHj), 46.6 (C), 57.3 (CH2), 121.1 

(CH), 194.6(C), 210.4(C). 

(6,S'*,#/f*,9.S*)-6-Methyl-A*'^-tricyclo[4.3.0.0*^decen-3-one (67). Approximately 50 

mg of metallic sodium was allowed to dissolve in 20 mL of /-BuOH, then 56 (131 mg, 

0.73 mmol) was taken up in a 2 mL aliquot of this solution. This was stirred for 3 h at 

room temperature, during which another 2 mL of the /-BuONa//-BuOH solution was 

added. The reaction was poured into 15 mL of water, then the water layer was extracted 

with hexanes (5x15 mL). The organic layers were combined, dried over MgS04 and 
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removed in vacuo. The resulting yellowish oil was purified on 230/400 mesh silica (15 

mL) eluted with 15% EtOAc/hexanes to give 112 mg (0.69 mmol 95) of a clear, colorless 

oil, 67, Rf 0.29 (40% EtOAc/hexanes). 

Spectral Data for 67: IR (neat) cm-': 1653; 'H NMR 6: 1.03-1.09 (2, m), 1.19 (3, s), 1.75-

2.10 (6, m), 2.23, 2.60 (2, m), 5.89 (1, s); "C NMR 5: 16.1 (CH2), 22.1 (CH-CH3), 26.3 

(CH-CH3), 26.8 (CH-CH3), 33.2 (CH2), 39.5 (C), 39.8 (CH2) 41.6 (CH2), 119.3 (CH), 

199.0 (C). HRMS (Ef) calcd for CuHmO (^T) 162.1045, found 162.1042. 

(25*,i/?*,ZS*)-7-MethyI-A''*°-tricyclo[5.3.0.0^]undeceii-9-one (68). A solution of 57 

(76 mg, 0.39 mmol) and 2 pellets of KOH in 2 mL of absolute EtOH was heated at reflux 

for 1.5 h under argon. This was cooled to room temperature and 10 mL of H2O and 10 

mL of hexanes was added. The water layer was extracted with hexanes (7 x 20 mL), then 

the organic layers were combined, dried over MgS04 and removed in vacuo. The 

resulting yellowish oil was purified on 230/400 mesh silica (70 mL) eluted with 15% 

EtOAc/hexanes to give 52 mg (0.30 mmol, 75%) of colorless solid 68, Rf 0.37 (40% 

EtOAc/hexanes). 

Spectral Data for 68: IR (neat) cm*': 1699, 1587; 'H NMR 5: 0.72-0.95, (2, m), 1.22-

2.20 (8, m), 1.31(3, s), 2.60-2.74 (2, m), 6.01 (1, s); NMR 5: 19.8 (CH2), 23.9 (CH2), 

25.5 (CH_, 25.8 (C), 27.1 (CH2), 31.1 (CH), 36.0 (CH2), 42.5 (CH3), 44.5 (CH2), 129.8 

(CH), 190.2(C), 208.3 (C). 
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(75* 2/?*,6.S*)-12-MethyI-A''*-tricyclo[5.3.0.0*'^l-undecen-9-one (69). A solution of 58 

(120 mg, 0.62 mmol) and 3 pellets of KOH in 8 mL of absolute EtOH was stirred 

overnight under argon. After 24 h stirring, the reaction was heated to reflux for 0.5 h. 

This was cooled to room temperature and 10 mL of H2O was added. The water layer was 

extracted with hexanes (5 x 20 mL), then the organic layers were combined, dried over 

MgS04 and removed in vacuo. The resulting yellowish oil was purified on 230/400 mesh 

silica (100 mL) eiuted with 20% EtOAc/hexanes to give 79 mg (0.45 mmol, 73%) of a 

clear, colorless oil, 69, Rf 0.38 (40% EtOAc/hexanes). 

Spectral Data for 69: IR(neat) cm"': 1697, 1587; 'HNMR 6: 0.92-1.08 (2, m), 1.28-2.31 

(8, m), 1.22 (3, d, 6.7 Hz), 2.45 (1, d, 7= 19.0 Hz), 2.57 (1, d, J= 18.9 Hz), 5.96 (1, 

s); NMR 5; 16.1 (CH2), 20.4 (CH-CH3), 24.3 (CHj), 26.9 (CH2), 27.9 (CH-CH3), 

32.5 (C), 35.5 (CH-CH3), 35.6 (CH2), 48.3 (CH2), 127.8 (CH), 189.5 (C), 208.6 (C); 

HRMS (EF) calcd for C12H16O (IvO 176.1201, found 176.1201. 

(25*,J/?*,d5'*)-6-Methyl-A^''-tricyclo[4.3.0.0^decene-8-one (70). A solution of 59 

(270 mg, 1.50 mmol) and 14 pellets of KOH in 10 mL of absolute EtOH was heated at 

reflux for 2.5 h under argon. This was cooled to room temperature and 25 mL of H2O 

was added. The water layer was extracted with hexanes (5 x 20 mL), then the organic 

layers were combined, dried over MgS04 and removed in vacuo. The resulting yellowish 

oil was purified on 230/400 mesh silica (250 mL) eiuted with 20% EtOAc/hexanes to 

give 204 mg (1.26 mmol, 84%) of colorless solid 70, m.p. 45-48 °C, Rf 0.38 (40% 

EtOAc/hexanes). Additionally, 10 mg (0.06 mmol, 4%) of (25* i/?*,6/?*)-6-methyl-A'''-
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tricyclo[4.3.0.0^]decene-8-one (71) was recovered as a clear, colorless oil, Rf 0.30 (40% 

EtOAc/hexanes). 

Spectral Data for 70: IR (neat) cm"': 1719, 1633; NMR 5: 0.37-0.45 (1, m), 0.82-2.17 

(7, m), 1.22 (3, s), 2.09 (1, d,y= 17.5 Hz), 2.26 (1, d,J= 17.5 Hz), 5.90 (1, s); NMR 

5: 10.6 (CH3), 10.9 (CH2), 12.0 (CH), 18.6 (CHj), 26.s (CH), 28.6 (CHj), 40.8 (C), 50.8 

(CH2), 126.7 (CH), 187.5(C), 107.9(C). 

Anal. Calcd forCuHwO: C, 81.44, H, 8.70 ; found; C, 81.56, H, 8.64. 

(2^*,<^^*)-6-MethyI-A*''-tricycIo[4.3.0.0"jdeceii-8-one(71). A solution of 60 (133 

mg, 0.74 mmol) and 12 pellets of KOH in 10 mL of absolute EtOH was heated at reflux 

for 1 h under argon. This was cooled to room temperature and 50 mL of H2O was added. 

The water layer was extracted with hexanes (8 x 50 mL), then the organic layers were 

combined, dried over MgS04 and removed in vacuo. The resulting yellowish oil was 

purified on 230/400 mesh silica (200 mL) eluted with 20% EtOAc/hexanes to give 92 mg 

(0.56 mmol, 77%) of a clear, colorless oil, 71, Rf 0.30 (40% EtOAc/hexanes). 

Additionally, 8 mg (0.05 mmol, 7%) of (25*,ii?*,65*)-6-methyl-A'"'-

tricyclo[4.3.0.0^'']decene-8-one (70) was recovered as a clear, colorless oil, Rf 0.38 (40% 

EtOAc/hexanes). 

Spectral Data for 71: IR (neat) cm"': 1699, 1613; 'H NMR 5: 1.20 (3, s), 1.20-1.30 (2, 

m), 1.52-2.15 (6, m), 2.25 (2, s), 6.00 (1, s); '^C NMR 5: 17.4 (CH3), 18.1 (CH2), 18.7 

(CH), 20.5 (CH2), 26.3 (CH), 36.8 (CH2), 42.8 (C) 54.2 (CH2), 127.0 (CH), 187.9 (C), 

206.4 (C). 
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(25* J/?*,65*)-6-Methyl-A''^®-tricydol4.4.0.0"lundeceii-9-one (72). A solution of 61 

(354 mg, 1.82 mmol) and 3 pellets of KOH in 5 mL of absolute EtOH was heated at 

reflux for 20 m under argon. This was cooled to room temperature and 25 mL of H2O 

was added. The water layer was extracted with hexanes (5 x 30 mL), then the organic 

layers were combined, dried over MgS04 and removed in vacuo. The resulting yellowish 

oil was purified on 230/400 mesh silica (200 mL) eluted with 20% EtOAc/hexanes to 

give 271 mg (1.54 mmol, 85%) of a clear, colorless oil, 72, Rf 0.41 (40% 

EtO Ac/hexanes). 

Spectral Data for 72: ER. (neat) cm"': 1660, 1600; 'H NMR 6: 0.44-0.50 (1, m), 0.85-1.50 

(4, m), 1.18 (3, s), 1.62-2.23 (5, m), 2.30-2.71 (2, m), 5.93 (l,s);'^C NMR 5; I0.2(CH2), 

10.9 (CH3), 15.6 (CH), 18.0 (CH2), 22.4 (CH), 30.0 (CH2), 33.2 (C), 34.1 (CHj), 36.6 

(CH2), 126.1 (CH), 171.5 (C), 198.3 (C). 

(25*,i/?*,6/?*)-6-MethyI-A^'^®-tricycIo[4.4.0.0^undecen-9-one (73). A solution of 62 

(280 mg, 1.44 mmol) and 3 pellets of KOH in 5 mL of absolute EtOH was stirred 

overnight at room temperature. Two more pellets of KOH were added, and the flask was 

flushed with argon and refluxed for 30 m. This was cooled to room temperature and 

30mL of H2O was added. The water layer was extracted with hexanes (4 x 50 mL), then 

the organic layers were combined, dried over MgS04 and removed in vacuo. The 

resulting yellowish oil was purified on 230/400 mesh silica (200 mL) eluted with 20% 
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EtOAc/hexanes to give 209 mg (1.19 mmol, 83%) of a clear, colorless oil, 73, Rf 0.43 

(40% EtOAc/hexanes). 

Spectral Data for 73: IR (neat) cm-'; 1672, 1599; 'H NMR 6: 0.82-2.69 (12, m), 1.20 (3, 

s), 6.0 (1, s); NMR5: 15.0 (CHj), 18.4 (CH3), 19.8 (CH2), 20.6 (CH), 24.8 (CH), 33.9 

(CH2), 34.2 (C), 36.3 (CH2), 38.7 (CHj), 124.7 (CH), 172.9 (C), 198.0 (C). 

Anal. Calcd for CijHieO: C, 81.78, H, 9.15; found: C, 81.96, H, 9.25. 

*, 7^*>-J-MethyI-3-(3-(2-tetrahy dropy ranyloxy)butyl)bicy do [5.1.01 octan-2-

one (77). A solution of 13a (100 mg, 0.72 mmol), 3-(2-tetrahydropyranyl)-l-(p-

toluenesulfonyl)butane (300 mg, 0.87 mmol) and NaH (70 mg, 2.88 mmol) in 10 mL of 

THF was heated at reflux for 12 h, then cooled to room temperature. To this was slowly 

added 25 mL of H2O, and the water layer was extracted with CH2CI2 (4 x 30 mL). All 

organic layers were combined, dried (MgS04), and removed under vacuum to give a 

yellow oil. This was purified by flash column chromatography on 230-400 mesh silica 

(200 mL) eluted with 6% EtOAc/hexanes to give 73 mg (0.25 mmol, 35%) of a clear, 

colorless oil, 77, Rf 0.61 (40% EtOAc/hexanes). and "C NMR indicated the correct 

product as a complex mixture of diastereomers. 

Spectral Data for 77: IR (neat) cm"': 1703, 1456; HRMS (EO calcd for C18H30O3 (NO 

294.2195, found 294.2185. 

(i5*^/?*,7/?*)-3-Methyl-3-(3-oxobutyl)-bicycIoI5.L01octan-2-one (78). 77 (153 mg, 

0.52 mmol) was taken up into 5% aqueous methanol and a catalytic amount of PPTS was 
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added. This was stirred for 3 h, then a catalytic amount of /7-toluenesulfonic acid was 

added and the reaction was stirred for an additional 4 h. To the reaction was added 20 

mL of sat. aq. NaHCOs, then 10 mL of H2O. The aqueous layer was extracted with 

CH2CI2 (5 X 40 mL), then the organic layers were combined, dried over MgS04 and 

volatiles were removed in vacuo. 

20 mL of CH2CI2 was added, then PDC (255 mg, 0.67 mmol) was added and the 

solution was stirred overnight. During this overnight stirring period, an additional 

amount of PDC (255 mg, 0.67 mmol) was added. The reaction was filtered through 

celite, then the volatiles were removed in vacuo. The resulting clear/colorless oil was 

purified on 230/400 mesh silica (50 mL) eluted with 15% EtOAc/hexanes to give 76 mg 

(0.36 mmol 70%) of a clear, colorless oil, 78, Rf 0.50 (40% EtOAc/hexanes). 

Spectral Data for 78: IR (neat) cm ': 1731, 1701, 1460; 'H NMR 5: 0.29-0.50 (1, m), 

0.71-1.27 (4, m), 1.04 (3, s), 1.53-2.03 (5, m), 2.18 (3, s), 2.18-2.65 (7, m); NMR 5: 

11.0 (CH2), 13.4 (CH-CH3), 21.1 (CH-CH3), 22.7 (CH2), 24.8 (CH-CH3), 29.0 (CH2), 

30.0 (CH-CH3), 30.2 (CH2), 38.9 (CH2), 39.3 (CH2), 50.8 (C), 208.1 (C), 212.2 (C); 

HRMS (EH calcd for C13H20O2 (NT) 208.1463, found 208.1471. 

(25*i/?* 7/?*>.7-Methyl-A''"-tricyclo(5.4.0.0^dodeceii-10-one (79). A solution of 78 

(75 mg, 0.36 mmol) and 4 pellets of KOH in 10 mL of absolute EtOH was stirred for 1 h 

at room temperature. The flask was flushed with argon and refluxed for 10 m. This was 

cooled to room temperature and 20mL of H2O was added. The water layer was extracted 

with hexanes (5 x 30 mL), then the organic layers were combined, dried over MgS04 and 



108 

removed in vacuo. The resulting yellowish oil (79, 59 mg, 0.31 mmol, 87%) was 

homogeneous by TLC rendering further purification unnecessary. 

Spectral Data for 79; IR(neat) cm"V 1691, 1581; 'HNMR 5: 0.85-2.60 (14, m), 1.24 (3, 

s), 6.04 (1, s); '^C NMR5: 12.0 (CHj), 20.0 (CHj), 21.1 (CH-CH3), 23.9 (CH-CH3), 27.1 

(CH-CH3), 27.6 (CH2), 33.4 (CH2,38.9 (C), 40.7 (CH2), 41.4 (CH2), 128.7 (CH), 173.2 

(C), 198.15 (C); HRMS (EF) calcd for CisHigO (Ml 190.1358, found 190.1352. 



APPENDIX A NMR SPECTRA 



110 

o 

es VJ 





112 



113 



7a 

O 

I—I— T—T • 1—r I "1 I I I ~T- 1 r ^T—^ 1 i—I I—I—I—I—I—I—j—r~ 1—r^i—|—i—T^T—i—|—i—i—i—r 



115 





117 



118 



119 



120 



121 

P 
I 

o 

<n fm 
h 

I-



122 



123 



124 

i-
h 

i-

[ 
1 
r 
r 





s 

s 
s 

z> 



127 





129 



19 (infrared spectrum) 

0.60 

0.40 

0.30 

0.20 

0.10 

Ph-

PH 0 

4000 3500 

. J 

2500 2000 
wavenumbers (cm-l) 

1600 1000 500 



20a 



132 





134 

r t-

h 
C 

t-
t 

r 
L. 

h (-
1- 2 

r 
t 

r § 
r 



135 





137 

r' 

-l: 
"T 

<s 

r 
r' 





139 

h t-
k-
r 

r 
i— 

r r 
t-



"T—r—1—i" -r-T" _I_j -_T 

250 22b 200 
~1' I T 

l)i 
-y -,- f 

IbO 
"[•' I" T" I' T 
12b 100 7b 

"•T~[~' I—T—I—r • 
bO 

n 1—r—r 
2b -2b 



141 



142 



143 

r 
r 

S 
S 

s 

es 

f-



144 

! 

I 
1 u 

L= 





08 «S fO 

146 

rvi 



33a 

L 

TT~T-p I I I-[-rrTT-] "i~r ri |-T-r~T~rp"T-rT |T"rr i | tt i i | i ri-r p T-T i -prT-rr yTT i 'ryn i i |-rr-T"T--[-rT T-rj-m i rj-i-7 



33a 

li|i>l)1<|r*M>"|iliHI| III H W ||̂  L 

- \—[- T-T—I—I—j—I—I—I—r"|—1—i^"i - |—p -|—I - f -J 7 - T—[--]—p r"T~ 1 
2b0 22b 200 17b 150 12b 

~T—r*""r 
100 



149 



150 

h 
r-
u 



151 



152 



42a 

H,C 

J 
J 

[""rrr i [ i rt'' | i ' r rji-r i rpi rT j T^-ri 'pT-ri^rjTm-j-r r 
B.O 1.5 7.0 6.5 6,0 b.h b.O 4.5 4.0 

._r 

r-pT-r-t-i'|-r-r~rT [ i i r-ri-n-i-T-p~|-1 i [ i i i i [ i i i r|-T-r-f 
3.5 3.0 2.5 2.0 l.b 1.0 0.5 0.0 





43a 

A . 



156 





158 

L i o 1  ̂

I 

r' 

- o 
in 



4Sa 

f 

J s 

LJ 

J 

Tj"ri~r-r 
e.o 

I^rrrn^TT 
7,5 1.0 

"T y 

6 . S  

I  r rr-i ' i  i t^t  r  |  i i i  i  j  i  rn  ̂  rr  ri" 
6,0 b.b b.O 4.b 4,0 

] rrT-ii~i- n i-j7 PT^ryTr I-T" 
3,b 3.0 2.5 2.0 

p-n-T-j i-i rT p-rTT-ym-rp-i 
1.5 1.0 0.5 0.0 -0.5 

iy« 
VO 



091 



46a 

T 

-i~m j"T-i ri -j-r 
6.5 6.0 S.b 

|-rT-rr| ri 
b . O  4 . b  

rTj-rri i" 
4.0 

[TI'T-TJT-r 
3.5 3.0 

yr-r~i i | rrr 
2.5 2.0 

n m-r 
1.5 

]^Ti"T~r 
1 . 0  

prrrr 
0.5 0 . 0  - 0  

On 



162 

r t-

I 

r 2 

I- ^ I 

r ° 



47a 

H,C 

J~ 

-|~rrT r-j-T-n-r-|"t-rn-r| i i i i -j tttt[ n ii |-t  rn-| t  i t t^i  n i  [  mn-jTi 
B.O 1.5 7.0 6.5 6.0 S.5 5.0 4.5 4.0 3.5 3.0 



164 

r 
r 

r r 

r 
r-

r r 

I-





166 



167 

T 

r-h 

r ^ 

F r :  

L t- ° 

% 

h 
h 

1 

es ON 

L-
i-



168 





170 



H,C 

"T~rT-T-prn r jT 11 rji i r t" [ i-rnrp r i t r [  f r  rryi i r r  [ n n  yTT'i r  pi i i t pi i i lyrri'tyrt-ri [ tttt rp 
i.O T-S 1.0 6,*) 6,0 b.'t b.O 4.b 4.0 3.S 3.0 2.'j 2.0 1.5 1.0 O.b 0.0 -0. 



172 



173 



174 



175 

k-u 

r ^ 

i- ^ 

vo I/) 



176 



177 



178 

h 
r ° 
Ls 
L 
i [ 
Ls 

- o 



179 



180 

r 

r 
r 
L 
L 



O'O S'O O'l S'l 0'<* S*? 0"C "i'C 0*^ S'fr O'S 5'S 0*9 S"9 O'L 9'i. O'B 
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