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SUMMARY

This thesis describes novel applications of trimethylsilyldiazomethane (TMSD) in
synthetic organic chemistry. Part I of this work focuses on the methodology of cyclic
ketone monomethylene homologation utilizing lithiated trimethylsilyldiazomethane.
Subsequently, this methodology was further optimized to a more practical operation
using neutral trimethylsilyldiazomethane catalyzed by the Lewis base tributylammonium
triphenylsilyl difluorosilicate (TBAT) or potassium fert-butoxide.

In part II of the thesis, the application of trimethylsilyldiazomethane as a C-N-N
synthon in the 1,3-dipolar cycloaddition reactions is thoroughly reviewed. Then is
described a novel process whereby the sequential reaction of trimethylsilyldiazomethane
with 4-alkenyl ketones and aldehydes are catalyzed by Lewis bases, to form fused A'-
and A’-pyrazolines.

In part III  of this thesis, yet another major application of
trimethylsilyldiazomethane: generating alkylidene carbenes is reviewed, along with the
reactions of these carbenes. Finally, is presented a novel alkylidene carbene chemistry
whereby an olefin insertion/dimerization via a concerted [2 + 2] cycloaddition or

involving trimethylenemethane (TMM) diradicals formed complex hydrocarbons.
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1 PART ONE: CYCLIC KETONE MONOMETHYLENE HOMOLOGATION
WITH TRIMETHYLSILYLDIAZOMETHANE

1.1 Introduction

Diazomethane (CH;N,) is an atom economical C—N-N synthon and also an
excellent one-carbon synthon (after the expulsion of nitrogen N). CH,N; has been
extensively used in organic synthesis." This reagent, however, is known to be both
explosive and toxic,” and is difficult to handle due to its volatility (b.p. -23 °C). As an
alternative to diazomethane, trimethylsilyldiazomethane’ (TMSD), which reacts in a
similar way as diazomethane and is a thermally stable liquid (b.p. 96 °C),” has found
increasing usage in organic synthesis.*® Still, extreme caution must be taken with this
reagent since recently fatal poisoning accidents have been linked to this reagent when the
operations were conducted in an ill-ventilated fume hood.® In the Part I of this thesis, the
chemistry of trimethylsilyldiazomethane as a single carbon synthon is thoroughly

reviewed and a novel ring expansion methodology using this reagent is described.

1.2 Preparation of trimethylsilyldiazomethane

The first preparation of TMSD (1-1) was reported in 1967 by Lappert’ and
coworkers (Scheme 1-1), wherein lithiated diazomethane (1-2) was reacted with

chlorotrimethylsilane (1-3) in a bimolecular nucleophilic substitution reaction.



Scheme 1-1: Preparation of TMSD from diazomethane
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In 1968, Serferth'® et al. published a more practical synthesis (Scheme 1-2)
although more reaction steps were involved. Chloromethyltrimethylsilane (1-3) was
treated with ammonia and the resulting trimethylsilylmethylamine (1-4) was reacted with
urea to form N-trimethylsilylmethyl urea (1-5), which was oxidized by nitrous acid to
obtain N-nitroso-N-trimethylsilylmethylurea (1-6). The final step proceeded smoothly at
room temperature by treating N-nitroso-N-trimethylsilylmethylurea (1-6) with 20%

aqeous KOH.

Scheme 1-2: Serferth’s improved preparation of TMSD
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A large-scale synthesis of trimethylsilyldiazomethane was published in 1993
that enabled an easy access to this reagent (Scheme 1-3). Here,
trimethylsilylmethylmagnesium chloride (1-7) generated from the corresponding chloride
was treated with diphenylphosphoryl azide (DPPA). After careful aqueous work-up, the

target trimethylsilyldiazomethane can be distilled efficiently. Currently, a 2 molar hexane



solution of TMSD is available from Sigma-Aldrich Corporation (CAS #: 18107-18-1,

catalog number: 362832).

Scheme 1-3: Bulk scale synthesis of TMSD
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1.3 Reactions of trimethylsilyldiazomethane (TMSD) and lithiated trimethylsilyl-

diazomethane (LTMSD)

12 (1-1) can be rationalized from

The reactivity of trimethylsilyldiazomethane
inspection of its resonance forms of 1-8 and 1-9 (Scheme 1-4). TMSD demonstrates weak
nucleophilicity on the carbon as the resonance form 1-9 illustrates. Therefore it reacts
with strong electrophiles such as acid chloride in an Ardnt-Eistert homologation (Section
1.3.3.2.). The other important reactivity of TMSD 1is seen after protonation of the
nucleophilic carbon, where the resulting intermediate 1-10 acts as a strong electrophile
with expulsion of dinitrogen (as N, gas) being the driving force behind reactions as

shown in Scheme 1-5. One example of this reactivity is the most widely known usage of

TMSD, O-methylation (Section 1.3.1).



Scheme 1-4 : Resonance structures of TMSD
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Scheme 1-5: Protonation of TMSD and reaction with nucleophiles
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To compensate for the weak nucleophilicity of neutral TMSD, a much stronger
nucleophile is generated by lithiation of trimethylsilyldiazomethane (to give LTMSD).
This reagent is routinely generated in situ with strong bases such as n-BuLi, LDA or
LiHMDS at low temperature (generally at -78 °C). Anhydrous tetrahydrofuran (THF) is a
frequently used solvent, though also diethyl ether, hexane, 1,2-dimethoxy ethylether have
all been employed as solvents in the generation of LTMSD. Different aggregated forms
of LTMSD (1-13 and 1-14) may present in this reagent, the structures of which have been

deteremined by X-ray crystallography."

Scheme 1-6: Generation of lithium trimethylsilyldiazomethane with BuLi
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In addition to the above nucleophilic reactivities (TMSD and LTMSD),
trimethylsilyldiazomethane has been widely used as a 1,3-dipole or [C-N—N] synthon in
the Huisgen 1,3-dipolar cycloaddition reaction, carbenoid chemistry in
cyclopropanations, and alkenylidene carbene reactions. In Parts II and III of this thesis,
the cycloaddition of TMSD and alkylidene carbene chemistry will be discussed,
respectively. In the following sections, the nucelophilic reactions of TMSD and LTMSD
will be briefly reviewed followed by the methodology development of cyclic ketone ring

expansion.

1.3.1 O-Methylation

The most widely adopted application of TMSD for the replacement of
diazomethane is the methylation of carboxylic acids under mild conditions. In 1968,
Seyferth and coworkers reported that the trimethylsilyldiazomethane reacted with acetic
acid in dry benzene to generate methyl acetate (1-19) (40-60%) along with TMS-methyl

acetate (1-17) (Scheme 1-7).'°

Scheme 1-7: methylation of acetic acid with TMSD in benzene
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In this event, protonation of TMSD by acetic acid formed an ion pair (1-15),
subsequently nucleophilic substitution of a diazonium moiety by acetate formed the
expected product trimethylsilyl acetate (1-17). The formation of methyl acetate (1-19)
was hypothesized to occur through the loss of the trimethylsilyl group from the
intermediate (1-15) to form the ion pair (1-18), analogous to the O-methylation of
carboxylic acids using diazomethane.

In 1981, Aoyama, Shioiri, and coworkers reported a simple modification of the
above conditions involving the addition of methanol as a cosolvent (20% v/v), and
increased the yield of methyl ester (1-19) to >90%.'* This improved method (5 M
methanol in toluene or benzene) has been widely adopted as a safer, more convenient and
high yielding protocol for methyl ester formation. It has been demonstrated that this
method efficiently forms methyl esters on N-protected amino acids."> This procedure has
also been widely used by analytical chemists for acid derivatization prior to
chromatographic analysis.'® Maleic anhydride has been reported to be converted to the
corresponding bismethyl ester by treating the anhydride with TMSD in methanol under
neutral conditions.'” Although it is known that methanol is not the methylating agent, the
detailed mechanism for the methyl ester formation had not been fully investigated until
2007, when Lloyd-Jones and coworkers published a full account of the mechanistic study
utilizing reaction kinetics (Scheme 1-8)."* When deuterium labeled esters of H,-1-23
and “H3-1-26 (R = Ph) were mixed in methanol, there was no appreciable amount of
transesterification observed. During the reaction kinetics study, the product ratio of 1-

23/1-26 was found to be dependent on the concentration of methanol, and independent on



the concentration of acid 1-20 and TMSD 1-1. Therefore the methanol involvement of

protodesilation in complex 1-22 was established. It was proposed that protodesilylation

Scheme 1-8 Mechanistic insight of the 0-methylation of TMSD
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of ion pair 1-22 released diazomethane 1-24, which formed the methyl ester product 1-
26. In the absence of MeOH, a significant amount of trimethylsilyl ester 1-23 formed.
Partitioning of the ion pair 1-21 can be perturbed by stronger acids. It was reported that a
catalytic amount of the stronger acid HBF, induced a more efficent formation of the
methyl ester'”, which was attributed to the enhanced methanolosis of TMSD (1-1) to

diazomethane.



1.3.2 Reactions of LTMSD with alkyl halides

In 1988%°, Aoyama and Shioiri reported that lithiated trimethylsilyldiazomethane
(LTMSD, 1-12) reacts with primary alkyl halides via SN2 displacement to form the
corresponding TMS-diazoalkanes (1-27). This diazoalkane 1-27 can be further
decomposed by heating with a catalytic amount of CuCl to form (E)-alkenes via a copper
carbenoid and subsequent H—1,2 shift (Scheme 1-9). Good to excellent yields have been

obtained for a variety of diazo intermediates (1-27) derived from primary and secondary

halides (Table 1-1).

Scheme 1-9: Sx2 displacement of LTMSD on alkyl halides
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Table 1-1: Elimination of diazo intermediate to form (E)-alkene 1-28

entry R 1-28 (%) E/Z

1 PhCH,— 89 95/5

2 CH3(CHy)s— 96 95/5
CH,CH;

4 CH,=CH(CH,)s— 96 93/7

5 CHy(CHy),C=CCH,~ 87 9713

o)
6 <: —CH,— 82 95/5
0
Ph

89 94/6

I\
{ D o s

S

o

One year later, in 1989, the same research group reported that rhodium pivalate
was able to catalytically decompose the diazointemediate (1-27) to form the (Z)-alkene
(Scheme 1-10) selectively.”’ A rhodium carbenoid was proposed as the transition state
where the bulky pivalate ligand is forced away the substitution on the center carbon
(Scheme 1-10). When rhodium diacetate (II) was used as the catalyst, the (Z)-selectivity

was dramatically decreased.

Scheme 1-10. (Z)-alkene formation from rhodium carbenoid
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In addition to transformations to (£)- and (Z)-alkenes, the diazo intermediate 1-27
can be conveniently oxidized to acylsilanes (1-29) by m-CPBA (Scheme 1-9).%
Experimetally, the diazo intermediates were first isolated in good to excellent yields by
slow addition of the in situ generated LTMSD to alkyl halides at -70 °C. The subsequent
oxidations were conducted in the presence of phosphate buffer (pH 7.6, 0.1 M) (Table 1-
2, 1-26). Worth noting was that the internal alkene (entry 5) remained intact during this

oxidation.

Table 1-2: LTMSD SN, displacement and diazo intermediate oxidation

entry RCH>X 1-27 (%) 1-29 (%)

1 PhCH,CI 7 56

2 PhCH,CH,Br 87 65

3 CH3(CH2)gBr 65 62

4 CHg(CH,)sCHI 79 4
CH,CH3

5 CH2=CHy(CHo)gl 72 63

6 PhO(CH,)3Br 62 66

7 @\ 65 61

s~ "(CHa),Cl

8 CH3(CHy)sCHI - 31

CHs

1.3.3 Reactions of LTMSD with carbonyl compounds
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Reactions of LTMSD with ketones and aldehydes to generate “free” alkylidene
carbenes will be reviewed in Part III of this dissertation. The chemistry of LTMSD with
cyclic ketones for mono methylene homologation is described in section 1.4 exclusively.
In this section, transformations other than cyclic ketone homologation, utilizing LTMSD
to introduce a one-carbon unit into products will be reviewed, including the Colvin

rearrangement’ and Arndt-Eistert homologation.”®

1.3.3.1 Colvin rearrangement

22,23

To study the general reactivities of trimethylsilyldiazomethane, Colvin and

coworkers first reported in 1973 its reaction with carbonyl compounds (benzophenone) to

form homologous acetylenes (1-30) in good yields (Scheme 1-11).

Scheme 1-11: Colvin rearrangement

0]

N2 ether
+ —_—
Hone - O0=0
o°C
112 1-30

80%

TMSD does not react with carbonyl compounds even in the presence of tertiary
amine bases unless the carbonyl is activated by a Lewis acid. However, the strongly
nucleophilic LTMSD reacts with carbonyl compounds (ketones and aldehdyes) smoothly

at low temperatures without activation of the carbonyl moiety (Scheme 1-12).%

11



Scheme 1-12: Mechanism of the Colvin rearrangement
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In general, the mechanism of formation of 1,2-diphenyl acetylene (1-30) or
alkyne 1-35 involves initial attack of LTMSD at the carbonyl resulting in formation of
the tetrahedral lithium alkoxide (1-31) intermediate, which is in equilibrium with silyl
ether (1-32) via a 1,3-Brook rearrangement.** The lithium alkoxide 1-31 and silyl ether 1-
32 eliminate lithium trimethylsilanoate (LiOSiMes) through a syn-Peterson elimination to
form the alkylidene carbene precursor 1-33 that then extrudes dinitrogen
after warming up to room temperature to generate alkylidene carbene 1-34. Carbene 1-34
undergoes a 1,2-shift to form the homologated acetylene 1-35. In Colvin’s original paper,
diphenyl acetylene (1-30) was obtained in 80% yield starting from benzophenone and
diphenylpropynone in 58% starting from benzil. Additionally, Colvin also used
dimethyldiazomethylphosphonate (DAMP) to generate alkylidene carbenes via a Wittig-

Horner elimination. Similar yields of acetylenes were obtained. Later, Ohira et al.”’

12



reported conversion of decanal to l-undecyne in 61% using lithium
trimethylsilyldiazomethane and concluded the LTMSD is advantageous over DAMP in
the Colvin rearragngemnt since the use of DAMP requires longer reaction times and
excess reagents (2-3 equiv). In 1994, Shioiri and coworkers reinvestigated the Colvin
rearrangement and broadened the scope of this transformation.

In a representative procedure, TMSD (1.2 equiv. of a 1.9 M hexane solution) was
added dropwise to a solution of LDA (prepared in situ) in THF at -78 °C. The mixture
was stirred at -78 °C for 30 min. A solution of the carbonyl compound in THF was then
added dropwise at -78 °C. The mixture was stirred at -78 °C for 1 h, then heated under
reflux for 3 h. Workup and purification provided the homologated alkyne products.
(Table 1-3). This transformation appears to be general. Moderate to good yields were
obtained for both alkyl and aryl ketones, as well as aldehydes. Heteroaryl ketones (entries
8 and 9) and an a,B—unsaturated ketone (entry 10) successfully reacted to form heteroaryl
substituted alkyne and ene-yne products, respectively, in appreciable yields. Complete
retention of stereochemistry was observed with the chiral pyrrolidine (entry 15, optically
pure, >95% ee).

In recent years, the Colvin rearrangement has found many applications in natural
product total synthesis (Scheme 1-13).”” For example, in a recent report of the total
synthesis of xyloketal G (1-39), Sarkar and coworkers used LTMSD to convert the lactol
1-37 to the corresponding alkyne 1-38 in 78% yield.*”® The Colvin rearrangement was
also used by Brimble et al in the total synthesis of 7',8'-dihydroaigialospirol (1-42)

Table 1-3: Shioiri’s examples of the Colvin rearrangement with LTMSD
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Li SiMes R™ R
1-12 1-36
entry R R' yield (%)

1 Ph Me 52
2 4-MeO-Ph Me 82
3 4-Cl-Ph Me 78
4 Ph Et 62
5 Ph i-Pr 50
6 Ph n-Bu 65
7 2-Naphthyl Et 84
8 2-Thienyl Me 61
9 2-Pyridyl Me 60
10 (E)-Styryl Me 34
11 4-MeO-Ph H 86
12 PhCH,CH,— H 70

(0]
13 29

~
< T ”

t-Bu
Boc

15 <N7 B H 92
16 (E)-Styryl H 71

where lactol 1-40 was converted to alkyne 1-41 in 83% yield.27b In Myers’ synthesis of
the Kedarcidin (1-45) core structure, this method was successfully employed to transform

lactol 1-43 to acetylene 1-44 in 81% yield.>’® In Fiirstner’s approach to hikizimycin (1-

Scheme 1-13: Examples of the Colvin rearrangement in natural product
synthesis
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(1-46) was subjected to the Colvin rearrangement to provide 57%

of terminal alkyne 1-47 and 12% of its C-silylated analogue. The latter is easily
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desilylated to furnish the desired alkyne 1-47 (R = H) in 65% overall yield. Recently, in
the total synthesis of the epoxyquinoid natural product (-)-tricholomenyn A (1-51) from
our group, the 1,3-diyne side chain in 1-50 was prepared from the alkynyl ketone 1-49 in

90% vyield (Scheme 1-14).27¢

Scheme 1-14: Colvin rearrangement in the total synthesis of (-)-
tricholomenyn A
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(-)-tricholomenyn A

1.3.4 TMSD in the Arndt-Eistert homologation

The Arndt-Eistert homologation™ is a well-known method for converting a
carboxylic acid into a derivative of homologated product employing diazomethane
(Scheme 1-15).%* An activated carboxylic acid derivatives such as acid chloride 1-46 (X =
Cl) reacts with diazomethane forming diazoketone 1-47, which releases dinitrogen and

generates ketene 1-48 via the carbene 1,2-shift known as Wolff rearrangement.”*° This

16



first step can be catalyzed thermally’', by light’®, by microwave irradiation® or by a

134

metal™™ such as silver (I) oxide. Depending on the trapping conditions, the homologated

carboxylic acid 1-49, ester 1-50 or amide 1-51 can be obtained. Over the years, this

d*?° and peptide

reaction has found extensive applications in the field of B-amino aci
chemistry. However, one of the serious disadvantages in this classical synthetic

procedure is the use of highly toxic and explosive diazomethane that requires very

carefully handling.

Scheme 1-15: Mechanistic view of Ardnt-Eistert homologation

SO ;
R™X + H>_N5N — RJQNZ
1-46 1-47
H,0 R OH
— /\[( 1-49
Wolff R 0]
Rearrangement '
——0 ] ROH R/\H/OR'
Ag* (cat), ' o 1-50
or hv, or heat 1-48 R'NH,
NHR'
R
O 1-51

mono methylene
homologated products

In 1980, Shioiri and Aoyama reported a study on the replacement of
diazomethane with trimethylsilyldiazomethane in the Arndt-Eistert homologation of
carboxylic acids.”” Due to the steric bulk of trimethylsilyl, TMSD is less reactive than
diazomethane in this reaction. Activation of carboxylic acids to the corresponding acid

chloride or mixed anhydride was necessary to react with neutral
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trimethylsilyldiazomethane. In a typical experimental example, 1-naphthoyl chloride (2.4
mmol) was added into a mixture of TMSD (3 mmol) and triethylamine (3 mmol) in
tetrahydrofuran-acetonitrile (1 : 1, 10 mL) at 0 °C. The mixture was stirred at 0 °C for 30
hours, and then evaporated under the reduced pressure. Benzyl alcohol (2 mL) and 2,4,6-
trimethylpyridine (2 mL) were added to the residue, and the mixture was stirred at
180—-185 °C for 7 minutes. After an aqueous work up, the organic residue was purified by

silica gel column chromatography to provide the homologated benzyl ester (Scheme 1-

16, Table 1-4).

Scheme 1-16: Ardnt-Eistert homologation with TMSD

N, “
H)J\SiMeg, | _
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180-185
1-53
1-52 7 min.

However, even after this initial report of the Ardnt-Eistert homologation using
this less explosive reagent TMSD, only a handful of examples have been published for
this application.® The most likely reason is that the route is not appropriate for the
required acid chloride activation route, and thus is not suitable for the a-amino acid
chemistry that found abundant usage for the Arndt-Eistert homologation. In 2001, Dolenc
et al. reported the direct reaction between trimethylsilyldiazomethane and an acid

Table 1-4: Ardnt-Eistert homologaion with TMSD
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1) TMSD

R™ ~Cl 2) BnOH OBn
1-53
entry R 1-53 (%)
1 Ph 62.8
2 4-MeO-Ph 60.2
3 4-"BuO-Ph 75.8
4 4-ClI-Ph 66
5 1-Naphthyl 77.8
6 2-Thienyl 64.4
7 PhCH,CH,— 724
8 Cyclohexyl 58.5
Cbz

N
9 < 7%“ 77.4

anhydride followed by subsequent Wolff rearrangement to obtain the homologated

product (1-55) (Scheme 1-17).*° No anticipated trimethylsilyldiazoketone intermediate

Scheme 1-17: Anhydride reacts with TMSD in Ardnt-Eistert homologation
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(1-54) could be detected in the reaction mixture by IR spectroscopy or mass

spectrometry. In addition to the diazoketone, the O-methylation product (methyl ester)
19



and trimethylsilylmethyl ester were also formed, although only less than 10% under
optimal reaction conditions.

To test the generality, three additional acid examples were converted to mixed
anhydrides and the diazo ketone products were isolated and compared with yields
wherein diazomethane were used (Table 1-5). Comparable yields were obtained for three
carboxylic acids (3-phenylpropinonic acid, benzoic acid and N-Boc phenylalanine).
Substitution of diazomethane with TMSD in f~amino acid and peptide synthesis has yet

to be demonstrated, but it might provide an advantage.

Table 1-5: Comparison of TMSD vs CH;N; in Arndt-Eistert homologation using

carboxylic acid anhydride

o o o TMSD Q
hon  RNo o TN RN
1-58 1-59 1-60
1-58 1-60 (%) Literature yield using CH,N,
PhCH,CH,COOH 64 78
PhCOOH 31 7
Boc-Phe-OH 78 76

1.4 Cyeclic ketone homologation with lithiated trimethylsilyldiazomethane
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Ketones of carbocyclic and heterocyclic structures are valuable intermediates and
serve not only as a platform to develop new synthetic methods but also as building blocks
for the synthesis of natural and medicinally important compounds.* There are numerous
situations where the lower homologue of a desired structure is more readily available or
is needed for some other purpose, such as control of stereochemistry. To add the requisite
carbon atom, the synthetic chemist must resort to chain extension or ring expansion
methodology. One of the transformations involving cyclic ketones is a one-carbon
insertion between the carbonyl carbon and its a-carbon (methylene homologation).
Various forms of methylene homologation methodology have been developed whereby
readily available ketone starting materials can be transformed to the corresponding ring-
expanded products. Among these, the Tiffeneau-Demjanov reaction (Scheme 1-18, Eq.
1)*" and a Lewis-acid promoted diazomethane addition (Scheme 1-18, Eq. 2)* are two
prototypes. Each method has its merits and shortcomings. The Lewis acid-catalyzed
insertion of diazo compounds, where the ketone 1-61 is activated by an appropriate Lewis
acid to facilitate the addition of weakly nucleophilic diazomethane or TMSD, first forms
the diazointermediate 1-64. The first step usually is the rate determining step and the
extrusion of dinitrogen from this diazo intermediate 1-64 is facile and generates the
monomethylene homologated ketone 1-65. Despite this favorable one-step operation,
sometimes multiple homologation products such as 1-68 are formed due to the similar
reactivity of starting ketones 1-61 and the ring expanded product 1-65." On the other
hand, the Tiffeneau-Demjanov reaction (Scheme 1-18, Eq. 1), although it ensures a

mono-homologation, requires at least two to three steps to generate the key reactive
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intermediate 1-62.** Therefore, only a few improved protocols that operate under the
Tiffeneau-Demjanov regime have emerged over the years.***

Although innumerable procedures for ring expansions can be envisaged, the one
carbon insertion from diazomethane is still a viable methodology. But due to the
explosive property and toxic nature of diazomethane,'” a safer substitute
trimethylsilyldiazomethane has found more applications in this homologation.’®
However, a drawback is that trimethylsilyldiazomethane does not have sufficient
nucelophilicity to react with ketones directly. Promotion of this process with TMSD has

been facilitated through activation of the ketone with various Lewis acids and extensive

developments of this ketone homologation method have been reported.*®

Scheme 1-18: Cyclic ketone ring expansion

NH,
o HO,
— = Eq.1
—
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HoH - Eq. 2
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| 1-64
l N2
L sive N2
| 3 .
I Me3s'oﬁ%ku Eq. 3
1-66 1-67

To exploit the favorable features of both the Tiffeneau-Demjanov and Lewis acid-
catalyzed reactions, an alternative approach was envisaged where a weakly nucleophilic

diazo compound such as trimethylsilyldiazomethane (TMSD) would be activated to its
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lithiated form (LTMSD, 1-12) (Scheme 1-18, Eq. 3). This strongly nucleophilic reagent’’
should complement the low nucleophilicity of neutral trimethylsilyldiazomethane in the
Lewis acid-promoted approach (Scheme 1-18, Eq. 2), and thus would broaden its
substrate scope. Furthermore, in this anion-activated mode of reaction, the expected ring
expansion would occur only after protonation of the anionic adduct 1-66, whereby a high
fidelity mono-homologation can be realized to form the monomethylene homologated
product 1-65 exclusively. In the following sections, the cyclic ketone ring expansion with
Lewis acid activation employing trimethylsilyldiazomethane will be reviewed briefly and
the migration aptitude of the unsymmetric cyclic ketones will be discussed, followed with
methodology development of the cyclic ketone ring expansion with lithiated

trimethylsilyldiazomethane (LTMSD, 1-12).

1.4.1 Ketone homologation by TMSD activated with Lewis acids

In 1980, Shioiri first published a report of ketone chain and ring homologation
reactions using trimethylsilyldiazomethane in place of diazomethane (Table 1-6).*® The
ketones were activated with trifluoroboron etherate and dichloromethane generally
proved to be the best solvent. In a representative experiment, trimethylsilyldiazomethane
(1-1) was added to a mixture of ketone (1-68, 1 mmol) and boron trifluoride etherate (1.5
equiv.) in methylene chloride at -13 °C and the mixture was stirred at -10 °C for 2 h. The
reaction appears to be general and the various acyclic and cyclic ketones were chain
elongated or ring expanded, respectively. One acyclic ketone (entry 5) was elongated to

Table 1-6. LA-activated ketone homologation with TMSD
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the higher homologous ketone, however no migration selectivity was observed. It is

worth noting that reaction with cyclohexanone (entry 1) formed a small amount of the

double ring expansion product.

This multiple homologation occurs when the
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homologated products and the starting ketone (e.g. cyclohexanone and cycloheptanone)
have similar reactivity.

To avoid multiple homologations with Lewis acid, in 1994, Yamamoto et al.¥
reported a series of organoaluminum based Lewis acids (Scheme 1-19) to activate the
ketones for the nucleophilic addition of trimethylsilyldiazomethane. Compared with
boron trifluoride etherate, aluminum-based Lewis acids showed much less multiple
homologation products. Cyclopentanone (1-70) was ring expanded to cyclohexanone in
68% yield with only a minor amount of the double homologation product formed. The
best selectivity was observed with methylaluminum bis(2,6-di-fert-butyl-4-

methylphenoxide) (MAD, 1-71).

Scheme 1-19: Aluminum based LA activated ketone ring expansion

0 0 0O
O 0
% _— + + +
1-70 1-70a 1-70b 1-70c 1-70d

MesAl / TMSD, -20 °C ~ 0 °C 68% (96 :2: 0 : 2)
BF;OEt,/ TMSD, -20°C  35% (64 : 23 : 10 :3)

Me 'Bu |
_AIL MAD (1-71
\@O o (1-71)

methylaluminum bis(2,6-di-tert-butyl-4-
methylphenoxide)

Me
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This bulky Lewis acid 1-71 was required in the mono homologation of 4-fert-
butylcycloheanone (1-72) employing diazoethane. However, no other examples were

listed in the paper for homologation employing TMSD (1-1) under activation of 1-71.

Scheme 1-20: MAD activated ketone ring expansion

Me
0 O
Me . (0]
\:N2 o~ g
B
MAD, -20 °C
t-Bu
DCM

t-Bu t-Bu t-Bu

1-72 1-72a 1-72b 1-72c

87% (94 :3:3)

More recently, lanthanide-based Lewis acids were applied to the cyclic ketone
ring expansion employing diazo alkanes. In 2009, Kingsbury et al. disclosed a catalytic
ring expansion protocol with diazoalkanes using lanthanide triflates. Scandium triflate
Sc(OTf); turns out to be the best choice in terms of efficiency and yields.” In this study,
cyclobutanone (1-74) was transformed to 2-substituted cyclopentanone (1-75) derivatives
with bis- and mono-aryldiazoalkanes (entries 1-7, Table 1-7) in good to excellent yields.
Additionally four-membered through seven-membered carbocyclic ketones (1-77) were
ring expanded to the corresponding cyclopetanone to cyclooctanone products with alkyl

diazoalkanes (1-76) (Table 1-8).
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Table 1-7: Cyclobutanone ring expansion with aryldiazoalkanes

o
aryl, alkyl, H— O 10 mol % Sc(OTf); H
+
“aryl, alkyl, H
Art N PhCHa, 23 °C, 1 24 h é v ar
1-73 1-74 1-75
entry aryldiazoalkane product yield (%)
R R=H 98
2 R = NO, R = NO, 98
3 R = OCH, R=OCH; 45
CH,
4 @Nz 88
CH; CHs
5 @NZ 72
N>
e %
N2
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Table 1-8: Cyclic ketone ring expansion with diazoalkanes

alkyl, H (o) o

10 mol % Sc(lll)
R/& N, A > R
2 PhCHj, 23 °C, 18 h . alkyl, H
1-76 1-77 1-78
entry 1-77 1-76 product (%)
0]
N
R ™
Me
0] Me)(\o
2
> JOt
Ny

OBn

O e
OBn

1.4.2 Migration aptitude in the cyclic ketone ring expansion under Lewis acid

catalysis



When an unsymmetric cyclic ketone (1-79) is used in the ring expansion,
regioisomers of ring-expanded ketones are formed (Scheme 1-21). The migration
aptitude of the diazodium intermediate (1-80) dictates the regioisomer ratio of the
products (1-81a vs 1-81b). Achieving reliable regiocontrol over 1,2-migration in
unsymmetrical cyclic ketones has been challenging. The accepted empirical migratory
aptitude®' for a diazoalkyl insertion was summaried as:

phenyl ~ vinyl > methyl > n-propyl > isopropyl ~ benzyl > fert-butyl

Scheme 1-21: Unsymmetric cyclic ketone ring expansion
N2 0
L:%ﬁ'“"% 1,2-migration Rh

‘‘‘‘ o H\H/ Hydrolysis
Rﬁ N [
- I\TZ) o o
1.79 LA-O SiMes 1,2-migration R\(_/%

Hydrolysis
1-80

Closely related to this 1,2-migration of diazoalkanes is the Baeyer-Villiger reaction
(Scheme 1-22).”* The dominating primary stereoelectronic effect observed on the Criegee
intermediate 1-83 has the major role determining the migration group. The R,-C & bond
needs to be antiperiplanar to the c* of O-O bond to facilite the migration. And the
secondary electronic effect of the oxygen lone pair electrons antiperiplanar to the
migrating group has played a minor role in the migration capability as well. The
migratory aptitude observed in Baeyer-Villiger reactions has been summaried by

Shelton™ as:
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tertiary > cyclohexyl > secondary > benzyl > phenyl > primary > methyl.

Scheme 1-22: Baeyer-Villiger reaction

‘o ArCOOH
. o -
R)J\ Rm WR R)J\O/ Rm
R; ROH
1-82 1-83 1-84

However, little resemblance has been observed in the diazoalkyl insertion migratory
hierarchy. Only a handful of examples have been reported wherein regioselective
migration was observed. In 1999, Watanabe reported a synthesis of 6a-carbabrassinolide
utilizing ring expansion with trimethylsilyldiazomethane catalyzed by boron trifluoride

etherate (Scheme 1-23).>* The less substituted carbon was preferentially migrated.

Scheme 1-23: Migration aptitude: less substituted sp3 carbon migrated

TMSD
BF3- Et,0
H A
0 o)
1-86a 1-86b
79% 7.2%

Another example was the synthesis of a CCRS chemokine inhibitor TAK-779
where a substituted o-tetralone (1-87) was ring expanded to [P-suberone (1-88)
exclusively without formation of corresponding a-suberone.’” The exclusive migration of

an aryl substitutent is consistent with the established empirical migratory hierarchy
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suggesting a carbocation characteristic is developed in the transition state that is

stabilized by the sp’-hybridized migrating carbon.

Scheme 1-24: Exclusive migration of sp2 carbon

0]
D - CL)
_—
O BF3 * Etzo
0°C, 47%
1-87 1-88

When both a-carbons of the ketone are sp’-hybridized, the empirical migratory
trend is that the less substituted carbon migrates preferentially over the more substituted
carbon as seen in the examples illustrated in Scheme 1-23. In 2010, Kingsbury et al.
thoroughly examined ring expansion of substituted cyclobutanones with
TMSD/Sc(OTf)3.>® The regioselectivity of methylene over the more substituted sp’-

hybridized carbon ranged from 3:1 to 12:1 (Scheme 1-23).

Scheme 1-25: Migration selectivity in cyclobutanone system
o o R

10 mol % Sc(OTf)3 1.2 equiv TMSD R o

Ar CH,Cl,, 0 °C, 0.5 -24 h, Then dilute HCI Ar
1-89 1-90a 1-90b
major minor

R = Me, Ph, orH
13 examples,

regioisomer ratio:
3:1to 12:1
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While no universal model exists at the moment to rationalize the migratory preference
between sp’-hybridized carbons, the authors proposed a model to acommondate

migration selectivity observed in the cyclobutanone system (Scheme 1-24).

Scheme 1-26: Proposed model for migration selectivity in cyclobutanone

system
.
. - H%\#ﬁns H_ . Me
O=Scl; _— Me‘J — fgﬁh
-— .
i N TS
N X
1 TMS$\N2+ 1-89' o - LsSc” 192

l |

e TMs e )
Ph\%\) %, WTMS %?{m the IMS
NTH O T > Ph - y 7
'\_12 0 H ™S Np* e, o
ks L3§c/o Ph

1-90a
1-93 major
diastereomer

An axial phenyl in the transition state 1-89' was assumed as the preferred
conformation. This is in an analogy to the substitution of a methyl and phenyl group at
the same carbon atom in cyclohexane that results in a preference’’ for axial phenyl
despite its larger 4 value (3.0 versus 1.7). This effect is attributed to the ability of the
phenyl group to orient itself perpendicular to the axis of the C-CHj3 bond. In this
conformation, a preferred approach of TMSD syn to the phenyl ring places hydrogen over
the top face of the cyclobutane ring and the linear diazonium group near the quaternary
center. This mode of addition situates the less substituted C-C bond syncoplanar with the
antibonding (6*C-N) orbital, and directly provides the major product upon

rearrangement (1-90a via 1-91). Addition to 1-89' from the opposite face of TMSD gives
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betaine 1-92 in which the fully substituted carbon is proximal to the TMS group
providing the minor isomer 1-90b. Alternatively, TMSD addition syn to the methyl in 1-
89 is disfavored because the resulting intermediate 1-93 experiences severe nonbonding
interactions between its methyl and TMS groups. This model is based on the assumption
that the carbonyl addition step is the rate and regio-determining step, which is more likely

for LA-activated systems.

1.4.3 Cyclic ketone homlogation with lithiated trimethylsilyldiazomethane

(LTMSD)

1.4.3.1 Reaction development

Aiming to develop a nucleophile-activated system for cyclic ketone ring expansion, we
envisaged that after a cyclic ketone (1-91, Scheme 1-27) was treated with in situ
generated LTMSD (1-12), the diazonium betaine (1-92) would be in an equilibrium with
its isomer (1-92') via the Brook rearrangement.”* Acidic work-up of the equilibrium
would result in the formation of the ring expanded product 1-93 along with the possible
epoxide side product 1-94.

Among several aliphatic cyclic ketones experimented, most ketones and their
homologated products migrated very closely on silica gel chromatography with many

solvent systems. In constrast, we found that cyclohexanedione mono-ethylene ketal

Scheme 1-27: LTMSD-induced ring expansion
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(1-95, Scheme 1-28) behaves well possibly due to the polar oxygens in 1,3-dioxolane.
We therefore decided to use this substrate to study the behaviour of the tetrahedral
intermediates after LTMSD addition. Thus, the anionic intermediates 1-96/1-96'
generated from 1-95 and LTMSD were subjected to protonation. In light of the studies of
Scholkoff,”™ Magnus,” and Aggarwal®® on related systems, we expected that two
different modes of protonation would occur for equilibrating species 1-96 and 1-96'
depending on the nature of proton sources.

Scholkoft and Magnus showed that a selective O-protonation (AcOH) followed
by spontaneous rearrangement of the O-protonated diazo compounds, providing epoxides
related to 1-99 (Eq. 4). In contrast, Aggarwal observed a selective C-protonation with
methanol. Based on these observations, we predicted that 1-96 and 1-96' would undergo

a selective C-protonation with methanol to generate 1-98, which upon another

Scheme 1-28: C-vs O-protonation of the LTMSD addition intermediate
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protonation with a stronger acid at the carbenic carbon would provide ring-expanded
product 1-100 (Eq. 5).

To test this hypothesis, various proton sources were screened that have their pK,
values® ranging from 2.9 (CICH,CO,H) to 16.5 (MeOH) to gain information about their
effects on the O- vs. C-protonation and the subsequent ring expansion. From a series of
experiments, a strong correlation between the acidity of the proton sources and the ratio
of 1-99 and 1-100 has emerged (Figure 1-1). In general, the formation of ring-expanded
product 1-100 increases while that of silyl epoxide 1-99 decreases as the pK, value of the
proton source increases.

While the O-protonated intermediate 1-97 was not able to be isolated as a stable
entity, the C-protonated intermediate 1-98 behaves well at amebient temperature for at
least several hours devoiding acidic contact. It has been stored at low temperature (-20
°C) for several months without any apparent decomposion. Two such intermediates 1-98

and 1-101, were characterized with carbon, proton NMR and IR spectroscopy.
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Figure 1-1: Relationship of the formation of epoxide and ring-expanded ketone

relative to the acidity of proton donors.

100 Yield (%) o
50
o+
5 10 15 pKa
o OH
o o Y
Chiton Aoy <0 \o, FEO O HO MeoH
(29) (47) 73 84 (114  (155) (165)
H
MesSiO, =N, H
N
OSiMe;
O O
-/
1-98 1-101

To further improve the efficiency for the formation of end product 1-100 while
minimizing epoxide 1-99, the ring expansion behaviour of the isolated C-protonated
diazo compound 1-98 was investigated. We examined a set of readily available Bronsted
and Lewis acids, assuming that some might be able to promote the rearrangement. Most
of these acids promoted the desired ring expansion, but their efficiency varied
significantly (Table 1-9). Among the acids examined, Sm(OTf); and silica gel stood out a
good reagents, yet surprisingly silica gel (Silica gel 60 F,s4) turned out to be the best
reagent. With silica gel as both a proton source and a promoter for ring expansion, the
highest yield of 1-100 was realized, and the formation of epoxide 1-99 was minimized. In

a typical experiment, treatment of ketone 1-95 with LTMSD at —78 °C in THF, followed
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by quenching with MeOH and subsequent purification on silica gel afforded ring

expansion product 1-100 in 84% yield.

Table 1-9: Efficiency of ring expansion with various acids.

H SiMe3
MesSIO, =N, 0 o
acids
o and/ or
sovlents
O o O o0 o O
_/ \_/ \_/
1-98 1-99 1-100
entry acid / solvent yield of 1-99 (%)@ vield of 1-100 (%)™

1 H;CCO,H / CH,CI, 27 63
2 F;CCO,H / CH,ClI, 0 37
3 Cl;CCO,H / CH,CI, traces 49
4 HCIl/aq THF traces 45
6 SnCl,/ CH,Cl, traces 47
7 TiCl,/ CH,CI, traces 47
8 Sm(OTf)s/ CH,CI, 3 78
9 silica gel / THF 0 84

[a] Isolated yields. Diazo compound 1-98 was generated by aqueous work up and used without further purification

1.4.3.2 Reseults and discussions

A variety of symmetrical cyclic ketones were ring enlarged one unit by applying
the above described protocol involving MeOH quench at low temperature followed by
direct silica gel treatment or loading the resiude onto silica gel column (Table 1-10).
Cyclohexanone derivatives with a carbon- (1-95a—e) and heteroatom-based (1-95f)

substituent at the C4 position (entry 1-6), piperidinones 1-95g—h (entry 7-8) and
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Table 1-10. Ring-expansion of symmetrical cyclohexa- and cyclobutanone

derivatives
N> N2
@) : ¢}
HH L~ SiMes MesSIO . »—H | silica ﬁ
> —_—
-78 °C then MeOH gel [
entry starting ketone homologated product yield (%)@
Eo OUO
X =0 [ 84
! 0] @]
1-95a 1-100a
0]
2 1-95b, R=H 1-100b,R=H 86
3 1-95¢c,R=F 1-100c, R=F 84
0]
o
4 1-95d, R =tBu 1-100d, R =tBu 86
1-95e, R = CO,Et 1-100e, R = CO,Et 84
6 1-95f, R = NHBoc 1-100f, R = NHBoc 64
(0]
R—ND:O R-N
7 1-95g, R = CO,Bn 1-100g, R = CO,Bn 64
8 1-95h, R =Bn 1-100h, R=Bn 68
0]
1-95i 1-100i
O
0
10 85
1-95j 1-100j

1-95k 1-100k

[a] Isolated yield. Quenching the reaction with silica gel or loading the reaction mixture on silica gel
column gave identical results.
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tetrahydropyranone 1-95i (entry 9) underwent smooth ring-expansion to the
corresponding seven-membered ketones in respectable yields. Adamantanone 1-95j also
afforded the homologated product 1-100j in 85% yield (entry 10). 3-Phenyl
cyclobutanone 1-95k behaved similarly, providing the ring expanded product 3-phenyl

cyclopentanone 1-100k in 71% yield (entry 11).

Having established good methylene homologation with symmetrical ketones, we
next examined the selectivity for unsymmetrical cyclic ketones containing a substituent at
the a- and/or B-carbon (Table 1-11). Complete regioselectivity was found for selected
five to seven membered cyclic ketones. Among five membered ketones, a-indanone 1-
951 underwent highly regioselective ring expansion, providing only B-tetralone 1-1001 in
72% yield (entry 1). This selectivity is in line with the higher migratory aptitude of an
aromatic carbon vs an aliphatic carbon in a typical process that develop cationic
characters along the reaction pathway. On the other hand, two steroids, estrone 1-95m
and formestane 1-95n, afforded ring-expanded homosteroid products 1-100m and 1-100n
in 86 and 73% yield, respectively, with exclusive migration of the less substituted C16
methylene carbon over the more substituted C13 quaternary carbon (entries 2 and 3). The
identity of 1-100m (CCDC-875413) and 1-100n (CCDC-875414) was further confirmed
by their single crystal X-ray diffraction analysis. For comparison, the homologation
protocol developed by Kingbury*® using catalytic Sc(OTf); provided the two
homosteroids 1-100m and 1-100n in 70 and 45% yield, respectively. As expected, o-
tetralone 1-950 and o-benzylidene cyclohexanone 1-95p provided the ring-expansion

products 1-1000 and B-benzylidene cycloheptanone 1-100p with exclusive sp’-carbon
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Table 1-11. Selective ring-expansion of unsymmetrical cyclic ketones.

entry starting ketone homologated product yield (%)@
O
1-95| 1-100I
O
HO HO
1-95m 1- 100m
b
3 73lb]
o 0
OH 1-95n 1-100n
o 0
b o -
1-950 1-1000
Ph O
A Ph™ X o
5 79
1-95p 1-100p
nQ
1-95q 1-100q
O O
1-95r 1-100r
O TBSO
TBSO
8 85
1-95s 1-100s

[a] Isolated yields. [b] 2.5 equivalent of LTMSD was used.
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migration (entries 4 and 5). a,B-Epoxycyclohexanone derivative 1-95q also afforded
single product 1-100q via unsubstituted methylene migration (entry 6). a-Substituted
cycloheptanone derivatives 1-95r and 1-95s also provided homologation product 1-100r
and 1-100s with excellent selectivity but an opposite migratory preference (entries 7 and
8). In the former, the benzyl-substituted carbon migrated but for the latter the

unsubstituted methylene migration occurred.

Table 1-12. Ring expansion of unsymmetrical cyclohexanone derivatives.

entry starting ketone homologated product yield (%)@
0 (@] (0]
R R
+
R
1 1-95t, R = Ph 1-100t 13:1 1-100t’ 83
2 1-95u, R = OMe 1-100u2.4 : 1 1-100u’ 52
3 1-95v, R =Bn 1-100v 1.6 : 1 1-100Vv' 75
4 1-95w, R = Me 1-100w0.8 : 1 1-100w' 68
5 98
TBSO" i‘jY TBSO™ @‘(
1-95x 1-100x TBSO 1_100x’
Me
6
72
1-95y 1B BU 4 100y 1- 100y
(0]

7 /é @

. 1:23 63

Me3Si Me3S|
1-95z 1100z MesSi 11002

[a] Isolated yields.
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To gain further insight into the selectivity of ring expansion for unsymmetrical
cyclic ketones, substituted cyclohexanone derivatives 1-95t—z were examined (Table 1-
12). a-Mono-substituted cyclohexanones showed varying degree of selectivity, ranging
from 13:1 to 1:2.3.

The B-silyl substituent has been shown to control the migration of a-carbons in
Bayer-Villager reaction.’> We expected that migration of the methylene near the silyl
group in 1-95z should be more favorable to generate 1-100z' if a significant (-
carbocation stabilizing effect of the silyl group is present. The result indicated that a 3-
silicon effect does exist, yet the preference is only modest, only affording a 1:2.3 ratio of
1-100z:1-100z' based on NMR spectrum.

At this point, it is not obvious what factors contribute most to the observed
selectivity for the ring expansion of these cyclohexanone derivatives. Nevertheless, the
stereoselectivity for the initial addition of LTMSD to the carbonyl group would seem
likely to be an important factor. An equatorial attack of LTMSD followed by protonation
would lead to two conformations eq-Syn and eq-Anti that lead to major and minor
products 1-100 and 1-100', respectively (Scheme 1-29). Similarly, an axial attack would
lead to two conformations ax-Syn and ax-Anti that also lead to the observed products.
Electronic effects should also play a certain role in addition to the conformational and
stereoelectronic effect® for the selectivity, yet its contribution seems to be minimal. The
major product 1-100 should arise from the migration of the unsubstituted carbon via
transition states TS®Y" and TS™® as opposed to seemingly more favorable transition
states TS®™ and TS™ ™ even with a cation-stabilizing R substituent (entries 35 in

Table 1-12). Therefore, we concluded that the observed selectivity is mainly the
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consequence of conformational and stereoelectronic effect where the minimization of the
syn pentane-like interaction of N, -C—C—O-SiMe; moiety in eq-Anti and ax-Anti
conformations is less favored. However, the electronic effect is clearly manifested in the
formation of 1-100t from 1-95t (entry 1, Table 1-12). Also the selectivity between 1-100z
and 1-100z', although marginal, should be the consequence of an electronic effect exerted

by the silyl substituent at the B-carbon (entry 7, Table 1-12).

Scheme 1-29: Rationale for the selectivity in ring expansion.
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1.4.3.3 Summary

In conclusion, a new methylene homologation method has been developed by
employing an unprecedented nucleophile activation strategy to generate the pivotal
adduct between a diazo compound and ketones. In this study, we recognized the strong
dependency of O- vs. C-protonation on the pK, values of proton sources, and the discreet
protonation event controls the fate of the newly formed diazo compounds. We found that
silica gel is a very efficient Bronsted acid and at the same time a Lewis acid to promote
the ring expansion. In contrast to an electrophile activation method where the possibility
of multiple homologations exists, the nucleophile activation strategy described in this
study achieves high fidelity for mono-homologation independent of substrate structures.
Therefore, this new protocol nicely complements Lewis acid-promoted ring expansion
methods, and overcomes some of the limitations associated with Lewis acid-promoted
methylene homologation, and offers a useful alternative methodology to the synthetic

chemist.

1.4.4 Cyclic ketone homlogation with trimethylsilyldiazomethane catalyzed by

KO'Bu

In previous sections, a general method for monomethylene homologation of
cyclic ketones using LTMSD was developed. This nucleophile activation mode (LTMSD)
compliments the electrophile activation (LA) based reactions for ring expansion, however
generating lithiated trimethylsilyldiazomethane (LTMSD) at -78 °C might have some

challenges on an industrial scale. An alternative nucleophile activation method is to
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employ Lewis base catalyzed nucleophilic additions® utilizing the Lewis acidic silyl
group in trimethylsilyldiazomethane (Scheme 1-30) (see also section 2.1.1. in Part IT of

this thesis).

Scheme 1-30: Lewis base activated TMSD ketone addition/homologation
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Fluoride, oxide and other Lewis bases® have been widely used in the additions of
trimethylsilyl nucelophiles as catalysts. After extensive experimentation, we found
potassium z-butoxide® was generally effective for the trimethylsilyldiazomethane
nucelophilc addition to cyclic ketones and subsequent silica gel work up provided the
ring expansion products in high yields. We have compared the ring expansion products of
several substrates reacted under TMSD/Lewis base catalysis vs LTMSD addition/ring
expansion products (Table 1-13).

For most of the substrates tested (entries 1-4), the KO'Bu catalytic route improved the
isolated yields comparing with LITMSD. More importantly, all the KO'Bu catalyzed
reactions were operated at ambient temperature and without the additional step of
generating anionic TMSD. In a typical experiment, equal molar amounts of the substrate
ketone and TMSD were mixed in THF (0.05-1.0 M) and to this mixture was added 10

mol % of KOtBu. The resulting mixture was stirred at room temperature for 2-5 hours by
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monitoring the disappearance of ketone on TLC. After completion of the reaction, the
mixture was concentrated under reduced pressure and the residue was loaded onto a silica
gel column (caution, nitrogen is released when the residue is initially loaded onto the
column). Elution with the appropriate solvent provides the ring expanded ketones.
Alternatively, for using silica gel cartriges, it is necessary to pretreat the reaction mixture

with silica gel to release the nitrogen before loading the residue onto silica gel column.

Table 1-13: LB-catalysis vs LTMSD-induced ring expansion

ield (%
entry starting ketone product yield (%)
TMSD/KOtBu LTMSD
o) 0 )
n LA O o
O of
1-95a 1-100a
o
1-95d 1-100d
0]
3 o )=0 Q 77 72
1-95i 1-100i
0]
4 CbZ—NC>:O Cbz—N 67 64
1-95g 1-100g
0]

1-101 1-101a <:>:-:fSiMe3

Major pdt.

One substrate, cyclo