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Two distinct strategies were explored for the enantioselective synthesis of α-heteroatom 

substituted alkyl boronic esters by stereoselective reagent-controlled homologation using 

transient chiral carbenoid reagents CHYMX (Y = heteroatom, X = nucleofuge, M = electrofuge). 

In the first case, a stereospecific reagent-controlled homologation (sStReCH) approach to  

α-alkoxyalkylboronates using α-metalated S,O- and O,O-acetals was pursued that necessitated 

the development of methods to access these carbenoids in stereodefined form and study of their 

configurational and chemical stability (both classes of carbenoid are known to chain extend alkyl 

boronic esters). Sulfoxide-metal exchange from dithioorthoformate monooxides was evaluated as 

a means to access stereodefined α-metalated S,O-acetals. It was discovered that acyclic 

dithioorthoformate monooxides fragment spontaneously upon their oxidative generation from 

simple dithioorthoformates [(pTolS)2CHOR, R = Me, Et]; however, two cyclic 

dithioorthoformate monooxides, trans and cis 2-isopentoxy-1,3-benzodithiolane-S-oxide (102), 

were obtained in 85% yield (trans:cis = 96:4) by 3-chloroperoxybenzoic acid mediated oxidation 

of 2-isopentoxy-1,3-benzodithiolane.  Treatment of trans or cis-102 with EtMgCl (in THF at –78 

°C) gave configurationally stable (≤ 2.5 h, at –78 °C) stereodefined α-magnesiated S,O-acetals 

103 that incorporated D-atoms in a stereospecific manner upon reaction with CD3OD. 

Carbenoids 103 (M = MgCl) failed to react with all other electrophiles examined (allyl bromide, 

MeI, MeOTf), except benzaldehyde, and this low nucleophilicity precluded their use in boronic 

ester chain extension chemistry. α-Lithiated S,O-acetals 103 generated in the same fashion from 

102 using PhLi were more reactive than their magnesiated congeners 103 but lacked sufficient 



 

 

configurational stability for applications in sStReCH (epimerization of 103 (M = Li) occurred 

within 1 min at –78 °C in THF). Direct metalation approaches to stereodefined lithiated S,O- and 

O,O-acetals were next explored, but ultimately, either acceptably high enantioselectivity was not 

realized or the organolithiums generated were found to be too chemically unstable for sStReCH 

applications. For example, kinetic enantioselective lithiation of methoxymethyl p-tolyl thioether 

(124) with s-butyllithium/(–)-sparteine (PhMe, –78 °C) followed by treatment of the resulting 

lithiated S,O-acetal [pTolSCH(Li)OMe] with benzaldehyde as a probe electrophile, led to 

addition products [pTolSCH(OMe)CH(OH)Ph] with low enantiomeric excess [55% yield, dr = 

66:34, %ee (major isomer) = 24%, %ee (minor isomer) = 9%]. In another example, lithiation of a 

thiocarbamate of methoxymethyl mercaptan [i-Pr2NC(=S)SCH2OMe] with s-butyllithium and 

TMEDA (Et2O, –110 °C) led to a chemically unstable carbenoid that spontaneously extruded 

methyl thioformate (MeOCHS) to yield putative a-lithio-N,N-diisopropylthioformamide [i-

Pr2NC(=S)Li]. 

The second strategy explored, and introduced here for the first time, ligand mediated 

stereoinductive reagent-controlled homologation (iStReCH), deliberately exploits the 

configurational lability of heteroatom substituted carbenoids and consequently it was more 

successful. In this case, dynamic kinetic resolution (DKR), or dynamic thermodynamic 

resolution (DTR), of a racemic configurationally labile carbenoid is effected by an exogenous 

chiral ligand as the carbenoid is trapped by the boronic ester electrophile. The iStReCH concept 

was demonstrated for an enantioselective synthesis of α-silylalkylboronates, as follows: (±)-

lithio(dimethylphenylsilyl)methyl 2,4,6-triisopropylbenzoate [TIBOCH(Li)SiMe2Ph], obtained 

by lithiation of the corresponding silylmethyl TIB ester with t-butyllithium (cumene, – 78 °C), 

was incubated with the chiral BOX ligand 2,2-bis[(4S)-4,5-dihydro-4-isopropyloxazol-2-

yl)propane (at –45 °C) before addition of B-phenethyl pinacol boronate at –95 °C. Warming to rt 

during 18 hours afforded the desired enantioenriched chain extended product (S)-2-[1-

(dimethylphenylsilyl)-3-phenylpropyl]-4,4,5,5- tetramethyl-1,3,2-dioxaborolane (69% yield, 

57% ee). Ligand mediated iStReCH of B-cyclohexyl (35% yield, 9% ee) and B-sec-butyl [43% 

yield, dr = 58:42, %ee (major) = 26%, %ee (minor) = 14%] pinacol boronates with the same 

silylated carbenoid was likewise demonstrated. Enantioselectivity was dependent on the 

temperature history of the organolithium/ligand complex indicating that the stereoinduction 

mechanism involves some aspect of DTR. 
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Chapter 1 

 

Introduction 

 

Automated methods for the programmed synthesis of peptides, oligonucleotides, and (to a 

more limited extent) oligosaccharides have emerged that have revolutionized the scientific 

enquiry of functional biopolymers.
1
 By contrast, no similarly versatile methods yet exist for the 

systematic assembly of complex molecules with predominantly carbon based skeletons. The 

problem here lies with the difficulty of forming C-C bonds as compared to C-X bonds and the 

need to control stereochemistry at each stage. As elaborated herein, reagent-controlled 

homologation of organoboron compounds offers a unified approach to C-C bond synthesis and a 

technology potentially every bit as powerful as the aforementioned tools for biopolymer 

preparation. 

The asymmetric chain extension of boronic esters provides a versatile and systematic 

approach to organic synthesis that complements more traditional methods for carbon–carbon 

bond formation.
2
 Among the strategies that are conceivable for the stereoselective homologation 

of boronates,
3
 only two have risen to prominence: the stereoinductive substrate-controlled 

process of Matteson et al.
4
 and stereospecific reagent-controlled homologation (sStReCH).

5
 To 

provide context, the various known organoboron asymmetric chain extension methods are now 

summarized. 

1.1 Stereoinductive substrate controlled homologation: variants and limitations 

Building on the seminal discovery that α-haloalkyl boronic esters experience indirect SN2-

like substitution of the halide by Grignard reagents via intermediate borate complexes,
6
 Matteson 

devised the ingenious (dihalomethyl)borate process, an iterative chain extension method for 

asymmetric synthesis founded on a substrate-controlled stereoinduction principle.
7,8

 The method 

proceeds as follows: a boronic ester 1 equipped with a chiral auxiliary (pinane diol or the 

illustrated 'DICHED' derived Xc's are typical) is extended by a prochiral carbenoid (LiCHX2, X 

= Cl, Br)
9
 to yield an α-haloboronic ester 4 with high diastereoselectivity (Scheme 1.1). The 

halide in the intermediate product 4 is then displaced by a nucleophile of choice (e.g., organo-



 

3 

 

 

metal, alkoxide, azide etc.) to yield a boronate 6 ready for further cycles of chain extension. The 

stereoinductive step (1 to 4) and the following stereospecific displacement step (4 to 6), both 

occur via 1,2-metalate rearrangement of intermediate borate complexes (3 and 5). The chain 

extension method that emerges is quite versatile and has been applied to the elaboration of 

polyketides,
10

 sugars,
11

 and other targets.
12

 

As exemplified by Matteson's synthesis of L-ribose (Scheme 1.2),13 because of substrate-

control, a stereoregular substitution pattern emerges upon repeated iteration of the (dihalo-

methyl)borate process. This fate is potentially avoided by interruption of chain extension and 

exchange of the chiral auxiliary for its antipode but such a maneuver is circuitous, adding 

 



 

4 

 

 

two-steps, and non-trivial to achieve because bulky boronic esters are difficult to hydrolyze.14 Of 

note, Carreaux and coworkers realized a variant of the Matteson method utilizing prochiral α-

lithiated dialkoxymethanes in place of dihalomethyllithiums; this process leads directly to chain 

extended α-alkoxyboronates but would again lead to stereoregularity upon iteration.15  

An alternative approach to substrate-controlled homologation was reported by Kabalka in a 

rarely cited paper (Scheme 1.3).16 Here, a racemic chiral carbenoid that lacks configurational 

stability (e.g., -chlorobenzyllithium 13) experiences dynamic kinetic resolution as it is trapped 

by a chiral boronic ester substrate. Although the limited explorations of the process by Kabalka 

did not go as far as iteration, such a process would lead at best to stereoregularity upon repeated 

application just as the Matteson process does. While of modest practical value, the Kabalka 

process is instructive for the formulation of the concept of ligand gated iStReCH, a concept 

introduced in Chapter 4. 

 

In sum, direct stereochemical programmability is not possible with substrate-controlled 

homologation techniques and the adoption of a reagent-controlled principle is essential for any 

iterative chain extension approach that purports to provide a unified approach to synthesis. 

1.2 Stereospecific reagent controlled homologation: variants and limitations 

The concept of stereospecific reagent-controlled homologation (sStReCH), introduced and 

formalized within the Blakemore group in 2006,
5a,17a

 overcomes the lack of stereochemical 

programmability intrinsic to substrate-controlled methods. sStReCH concerns the stereospecific 

chain-extension of an organometallic substrate (typically a boronic ester) by a stereodefined 

enantioenriched sp
3
-hybridized main-group chiral carbenoid reagent. Illustrated generically 



 

5 

 

 

below (Scheme 1.4), one can see that chain extension occurs again via an intermediate ate-

complex but this time only one step is required per iteration and the constitution and 

stereochemical configuration of the final target is uniquely determined by the carbenoid 

presentation sequence. Any successful implementation of the concept requires satisfaction of a 

broad range of requirements and considerations, thus: 

(1) carbenoid reagents must possess configurational and chemical stability under the 

conditions required for ate-complex formation, 

(2) ate-complex formation and breakdown must occur via stereospecific events,  

(3) to avoid multiple insertions per cycle, the metalate rearrangement step must occur only 

after any excess carbenoid reagent has been consumed (i.e., greater longevity for 17 vs. 

16), and 

(4) practical methods to access chiral carbenoid reagents in high enantiomeric excess are 

required that can tolerate a range of useful substituents (R
i
) 

To date, sStReCH of boronic esters (and boranes) has been achieved with varying degrees of 

success using -chloroalkylmagnesium chlorides,
5a

 putative -chloroalkyllithiums,
5,60,89

 lithiated 

O-1°-alkyl
17

 and O-2°-benzylic/allylic
18

 N,N-diisopropyl carbamates,
19

 lithiated O-alkyl 2,4,6-

triisopropylbenzoates (TIB esters),
20a

 -lithiated oxiranes,
20b

 -lithiated aziridines,
20c

 and -



 

6 

 

 

lithio-N-Boc amines.
21

 The two most widely explored variants concern our own use of -

chloroalkyl-lithiums generated via sulfoxide-lithium exchange and Aggarwal's use of lithiated 

carbamates generated via direct metalation (commonly referred to as the 'lithiation/borylation' 

strategy). 

 The chlorosulfoxide method is nicely conveyed by the examples of iterative triple 

sStReCH shown below (Scheme 1.5).
60,89

 α-Chlorosulfoxide carbenoid precursors 28 are 

prepared 'off-line' via a catalytic enantioselective method
5b

 and the sStReCH reaction triggered 

by the addition of PhLi to a mixture of the chlorosulfoxide and boronic ester (Scheme 1.6).
60,89

 

The putative α-chloroalkyllithiums 29 so generated are extremely reactive and the nature of the 

substituent R
i
 is a major determinant of the lifetime of the carbenoid and how effectively it can 

be captured by the boronic ester substrate before its decomposition. For example, carbenoid 23 

(R
i
 = CH2CH[O(CH2)2O], Scheme 1.5) is stabilized by an interaction between Li and an O-atom 



 

7 

 

 

within the dioxolanyl moiety and this reagent gives chain extension yields of up to 90% with 

excellent stereochemical fidelity;
89

 by contrast, 29 (R
i
 = Me), a simple carbenoid reagent capable 

of rapid 'dimerization', E2 elimination, and other deleterious pathways,
60,22

 gives a low sStReCH 

yield (<30%). Problems concerning the fragility of α-chloroalkyllithiums are exacerbated by the 

fact that these species can deprotonate their α-chlorosulfoxide precursors (where acidic α-C-H 

bonds exist), an unwanted reaction ameliorated by the use of α-deuterated α-chlorosulfoxides 

which have lower kinetic acidity than the all protio isotopomers. Although limited in scope, the 

α-chlorosulfoxide based sStReCH process enjoys an operational simplicity and speed of 

execution unrivalled by other reagent-controlled homologation methods and it is conceivable that 

the technique could be automated without difficulty.
89 

Scheme 1.6 shows how the carbenoid 

precursors can be prepared.

 

The lithiated carbamate method is based on Hoppe's discoveries concerning the 

configurational stability of dipole-stabilized carbamoyl carbanions and the possibility of 

generating such species enantioselectively via direct metalation with a combination of an 

alkyllithium and a chiral diamine ligand (typically (–)-sparteine).
23

 The lithiated carbamate 

method is nicely conveyed by the examples of iterative sStReCH (9 insertions) shown below 

(Scheme 1.7). Lithiated carbamates are comparatively robust carbenoids and this sStReCH 

method exhibits broad scope and has been applied to the synthesis of a number of target 

molecules.
17,18

 The synthesis of (+)-erogorgiaene shown below gives a flavor of what the 

Aggarwal group have achieved and exemplifies carbenoid generation from both achiral 1° and 



 

8 

 

 

chiral 2° alkyl carbamates (Scheme 1.8).
24

 In the first chain extension (40 to 41), the requisite 

configurationally stable scalemic carbenoid species 38 is generated by kinetic enantioselective 

deprotonation using s-BuLi in combination with O'Brien's (+)-sparteine surrogate [(+)-ob].
25

 

While this step is stereoinductive, the subsequent reactivity of the enantioenriched carbenoid is 

stereospecific and the method is appropriately characterized as belonging to the sStReCH rather 

than iStReCH class. All manner of 1° alkyl carbamates can be converted to sStReCH capable 

carbenoids in the same fashion using either (–)-sparteine [(–)-sp] or O'Brien's pseudo-

enantiomeric ligand (+)-ob-39 depending on which configuration of stereogenic center is 

required. The second chain extension (41 to 44) demonstrates the remarkable finding that fully 

substituted lithiated carbamates derived from 2° benzylic carbamates by stereoretentive direct 



 

9 

 

 

lithiation (e.g., 42 to 43) also insert into C-B bonds and this provides an entry to 3° organo-

borons.
26

 In the example shown, conversion of a boronate intermediate to a dimethylalkylborane 

(41) was necessary to increase reactivity to allow for subsequent sStReCH with the hindered 

carbenoid 43. Here, the benzylic 3° borane product 44 was protodeboronated
27

 in a stereo-

specific manner to yield the natural product 45. The three other diastereomers of this structure 

were similarly prepared with equal efficiency, further illustrating the programmability of 

sStReCH.  

In sum, sStReCH is a powerful technique but its success is limited to those types of 

carbenoids which are configurationally stable and that may be generated in a highly 

enantioenriched form. It is a concept founded on the use of stoichiometric chiral reagents, albeit 

in some cases (e.g., chlorosulfoxide method) these species can be generated off-line via 

asymmetric catalysis. The technique has been largely limited to the synthesis of α-alkylboronic 
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esters. The power of StReCH would be dramatically increased if heteroatom substituted 

carbenoids 29 (R1 = OR´, NR´2 etc.) could also be deployed. In particular, it becomes obvious 

that many biologically active natural product molecules, such as the anticancer (microtubule 

stabilizing) agent discodermolide 46, could be readily targeted by iterative StReCH sequences 

using appropriate combinations of alkyl and oxygen substituted carbenoid reagents (Figure 

1.1).
28 

The work presented in the following chapters detail efforts to combat these limitations. 
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Chapter 2 

Generation of stereodefined α-metalated S,O-acetals by sulfoxide-metal 

exchange and investigation of their configurational stability and suitability for 

sStReCH 

2.1 Introduction and project aims 

The ultimate aim of the research in this section was to develop a viable enantioenriched α-

alkoxy bearing carbenoid reagent 47 for application in stereospecific reagent controlled 

homologation (sStReCH) for the asymmetric synthesis of α-alkoxy boronic esters 49 (Scheme 

2.1). As discussed in Chapter 1, at the time of this study the carbenoid types available for 

sStReCH had been largely limited to carbenoid reagents bearing alkyl groups. In the broader 

perspective, realization of the research aim in this portion of the study would extend the scope of 

reagents available for sStReCH to incorporate carbenoid reagents capable of asymmetric 

synthesis of α-heteroatom bearing boronic esters. This goal was initially pursued by α-metalated 

S,O-acetals 47 (X = SAr, Ar = 4-CH3C6H4) generated via a stereospecific route which exploited 

sulfoxide-metal exchange (SME) of dithioorthoformate monoxides.  

 

Inspiration for selecting α-metalated S,O-acetals 47 (X = SAr, Ar = 4-CH3C6H4) as the 

oxygen bearing sStReCH carbenoid for this study was drawn from key literature precedent 

which suggested the potential validity of this approach. In 1983, Brown and Imai reported that 

methoxy(phenylthio)methyllithium (51) chain extended B-hexyl pinacol boronate (52) to α-

alkoxyboronate 54 in a 94% yield following treatment of the intermediate ate-complex 53 with 
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HgCl2.
29 Brown and coworkers also reported that species PhSCHLiR (R ≠ alkoxy) failed to 

homologate boronic esters under these conditions. It was previously noted by Matteson et al. that 

ate-complexes closely related to 53 but lacking the alkoxy group (e.g. 56) fail to rearrange and 

often fragment under similar conditions (Scheme 2.3).30 Thus, 1,2-metalate rearrangement from 

53 likely involves some oxacarbenium ion character in the transition state; however, this fact 

does not preclude inversion of configuration at the migratory terminus upon 1,2-nucleophilic 

rearrangement (Scheme 2.4). Given the 1,2-rearrangement is an intramolecular process, 

assuming rotation about the (     )σ-bond of a tentative oxacarbenium species to be slower than 

the rearrangement, it was reasoned that α-metalated S,O-acetal carbenoid insertion could proceed 

in an essentially stereospecific fashion.  

Assuming that 1,2 metalate rearrangement occurs with high stereochemical fidelity, the 

Brown-Imai process could form the basis of a new sStReCH approach for the synthesis of α-

alkoxy boronates 49, providing it can be established that α-metalated S,O-acetals (X = SAr, Ar = 

4-CH3C6H4) are configurationally stable and that a means to access them in a stereodefined form 

can be devised. 
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At the onset of this study, the configurational stability of α-metalated S,O-acetals 73 had not 

been investigated; in order to be a successful sStReCH carbenoid, α-metalated S,O-acetals 73, 

would need to be configurational stable on a time scale sufficient for ate-complex formation.  

In general it is known that α-thioalkyl lithium reagents are configurationally unstable;31 however, 

there are exceptions (Scheme 2.5). For example, Hoffman and Koberstein illustrated bulky 

arylthioalkyl lithium 63 could be generated at low temperature and trap electrophiles with high 

stereofidelity; these species were stable chemically and configurationally (-108ºC, 1 h and -90ºC, 

30 min.) and began to slowly erode configurationally at -78ºC ( t1/2 = 90 min.).32 In another 

example studied by Hoppe et al., lithiated thiocarbamate 66 found to be configurationally stable 

as high as 0ºC.33 The increased configurational stability exhibited by these systems has been 

attributed to the bulky groups about the sulfur atom of the thioalkyllithium species; in addition, 

the branching at the lithiated position results in the same effect for the later example. The 

increase in racemization barrier is an effect of the bulky group’s increased rotational energy 

barrier about [RS-C(Li)]σ bond which in turn affords efficient hyperconjugation between the [R-

S]σ* and the [C-Li]σ bond.34 More importantly, as stated above, the metal species only needs to 

be stable on a time scale sufficient to ate-complex formation; however, a proper investigation 

detailing the configurational stability of α-metalated S,O acetals warranted attention given the 

lack of precedent in the literature. 
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A route was envisioned to generate the α-metalated S,O-acetals 73 in stereodefined form 

from a sulfoxide-metal exchange (SME) approach (Scheme 2.7). Work from Nell 35 suggested 

that α-metalated S,O-acetals 73 could be generated from dithioorthoformate monoxides 72 upon 

treatment of alkyl Grignards or organolithiums. Treatment of scalemic sulfoxide 68 with 

ethylmagnesium bromide at -78 C resulted in nucleophilic attack at the sulfoxide and the 

stereospecific formation of α-thio-alkylmetal 69 – the process of sulfoxide metal exchange 

(Scheme 2.6). Then α-thio-alkylmetal 69 was subject to electrophilic quench (benzaldehyde) in 

situ to give the corresponding adduct 70 in high yield and enantioselectivity. The seminal work 

from Nell (aspects of which were later expanded on by Satoh et al.)36 established that 

ArSCHRMgX species (R = alkyl) offer excellent chemical and configurational stability and that 

such α-thio-alkylmetals 69 can be generated in enantiopure form by sulfoxide ligand exchange 

from dithioacetal monoxide 68. Both α-magnesiated and α-lithiated S,O-acetals 73 could be 

explored for their reactivity and configurational stability under a unified method of generating 

these species in a stereodefined manner and form from the same precursor utilizing a sulfoxide 

metal exchange approach followed by an evaluation of their capacity to homologate boronic 

esters under Brown-type conditions.  

In addition, it was also recognized that the little investigated37 and intrinsically chiral 

functional group cluster in dithioorthoformate monooxide 72 would emerge naturally from the 
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corresponding prochiral dithioorthoformate 71 by oxidation (Scheme 2.7). This tactic is 

synthetically attractive, creating two new stereogenic centers in a single operation; however 

issues of both diastereo- and enantioselectivity must eventually be managed in any optimal 

conversion of dithioorthoformate 71 to the monooxide 72. 

The specific aims of the project (illustrated in Scheme 2.7) were as follows: 

(1) a synthesis of simple acyclic dithioorthoformates 71 would be devised,  

(2) synthesis of acyclic dithioorthoformate monooxides 72 would be investigated by 

exploration of various oxidation protocols,  

(3) following successful synthesis of monooxides 72, generating metalated S,O-acetals 73 

(M = Li, MgCl) from monooxides 72 via sulfoxide-metal exchange would be a studied 

and the configurational stability of organometals 73 (M = Li, MgCl) assessed, and 

(4) beyond this the reactivity profile of organometals 73 would be assessed and their capacity 

to homologate boronic esters investigated. 
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2.2 Results and discussion 

Initial research efforts were focused on the development of dithioorthoformate monoxides 72 

as oxygen bearing carbenoid precursors.
 
 Access to dithioorthoformates 71 was the first priority 

and exploration of their subsequent oxidation to monooxides 72 followed. 

2.2.1 Attempted synthesis of acyclic dithioorthoformates monoxides  

  Methods available for the preparation of acyclic dithioorthoformates have been introduced by 

Takeda et al., 38 Gross et al., and Stütz and Stadler,39 however, we regarded these protocols as 

overly complex and instead developed two simple alternative approaches to this functional group 

(Scheme 2.8). 

 

In the first, the O-methyl dithioorthoformate 80 was prepared via lithiation of thioacetal 79 

followed by sulfenylation (Scheme 2.9).40 A more concise but lower yielding process was 

developed to access the O-ethyl dithioorthoformate 82 from triethylorthoformate (81) via acid-

catalyzed ligand metathesis with p-thiocresol. Separation of trithioorthoformate 83 from 

dithioorthoformate 82 via column chromatography was difficult; therefore, optimal reaction 

times were identified to minimize formation of trithioorthoformate 83. Extended reaction times 

led to increased yields of dithioorthoformate 82 at a compromise for an increased production of 

trithioorthoformate 83.  

With a facile route developed to access two model acyclic dithioorthoformates, the oxidation 

of these species to the corresponding monoxides was then investigated. To the best of our 

knowledge, there are no literature reports of acyclic dithioorthoformate monooxides 84. Only 

five examples of such a functional group were identified by SciFinder Scholar search and all are 

cyclic.41 Acyclic dithioorthoformates 80 and 82 were subjected to a representative set of  
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oxidation protocols (Table 2.1). The putative monoxide 84 was never isolated or observed.42 The 

non-transition metal based oxidation conditions (Entries 1-4) gave a mixture of decomposition 

products in varying ratios and oxidation states. A mild DMDO based protocol (-78 ⁰C, pH 

neutral, no aqueous work up) gave similar results leading to fragmentation products 87-89. 

Transition metal catalyzed oxidative conditions did not lead to the same decomposition-

fragmentation pathway; instead, ligand exchange was observed (Entries 5-7). The vanadium (IV) 

oxide oxidation conditions gave recovery of starting material and formation of 

trithioorthoformate 83 (Entry 5).  Interestingly, the molybdate conditions resulted in ligand 

exchange of the alkoxy group of acyclic dithioorthoformate (Entries 6 & 7).  

 Others have noted that Lewis acids can be used to activate dithioorthoformates for ligand 

exchange; however, no acyclic examples were found in the literature (Scheme 2.10).43,44,45 In 

addition to the Lewis acid mediated ligand exchange methods, benzylthiolium BF4 salts are also 

applied in a stepwise sense, preparation of the salt from an alkoxy precursor followed by 

treatment of the salt with the desired nucleophile, for similar purposes by Sekine and 

Nakanishi.46 

It was believed that replacing OR with a more electron deficient functional group would 

potentially retard fragmentation during the oxidation of dithioorthoformates by rendering the 

oxygen electron density less available for oxacarbenium formation. Dithioorthoformate 99 (OR = 
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OCH2CF3) would potentially serve this purpose. Based on the ligand exchange observations of 

(Entries 6-7, Table 2.1) and afore mentioned precedent, it was believed that dithioorthoformate 

82 (OR = OEt) could be converted into dithioorthoformate 99 (OR = OCH2CF3) under related 

conditions to effect ligand exchange with 2,2,2-trifluoroethanol; however, these efforts were 

unproductive in eliciting the desired ligand exchange (Table 2.2). This suggests that 2,2,2-

trifluoroethoxy group is likely less nucleophilic with respect to ethoxy and that in the event 

2,2,2-trifluoroethoxy ligand had exchanged with ethoxy it served as a superior leaving group. As 

expected, the system equilibrated to the trithioorthoformate as observed in the acid promoted 

synthesis of the starting material 82 previously described in this chapter. 

The inability to isolate the chemical unstable putative acyclic monoxides 84 led to switching 

the research focus from acyclic substrates to known cyclic variants which could potentially serve 

as viable test substrates in place the acyclic variants.  
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2.2.2 Synthesis of cyclic dithioorthoformates monoxides 

Given that putative acyclic dithioorthoformate monoxides 84 were not viable carbenoid 

precursors due to their chemical instability, the focus of the investigation was directed toward 

cyclic dithioorthoformates. Cyclic dithioorthoformate 101 was prepared from anthranilic acid 

(100) via benzyne trapping with carbon disulfide in the presence of amyl alcohol according to 

the method of Nakayma.
47

 Oxidation of dithioorthoformate 101 with m-CPBA gave cyclic 

monoxide 102t in high yield using a similar protocol reported by Seio and co-workers (Scheme 

11).
48

 Careful attention to chromatographic purification led to the isolation of monoxide 102c. 

The major diastereoisomer 102t was assumed to be trans configured. The analysis that follows, 

and the conclusions drawn, do not depend on this assignment; however, given the near planarity 

of the five-membered-ring system in 101, it is likely that oxidation occurred preferentially from 

the face opposite the isopentyloxy substituent. In addition, we observe that 102c rearranges to 

102t under mildly acidic conditions, bolstering the tentative assignment that 102t is the trans 

isomer and that 102c is the cis isomer. In pursuit of an alternative means to access 102c in a 

higher yield a metalation/protonation protocol was investigated using NaHMDS as the base. 

Conversion of monoxide 102t to monoxide 102c via metalation/protonation was low yielding 

and the material for the study relied on that obtained from the oxidation of dithioorthoformate 
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101. Access to both diastereoisomers 102t/c allowed the investigation of cyclic 

dithioorthoformate monoxides to proceed to the next stage of assessing this substrate class for 

the potential to serve as viable carbenoids precursors.  

2.2.3 Generation of metalated S,O-acetals from cyclic dithioorthoformate 

monooxides and study of their configurational stability 

With both diastereoisomers of cyclic S-oxides 102t/c in hand, a legitimate means to assess 

the configurational stability of α-metalated S,O-acetals 103t/c was now available (Scheme 

2.12).49 
Regardless of the fact that the materials obtained were racemic,

 
sulfoxide-metal exchange 

from either diastereoisomer 102t/c would generate the respective anion 103t or 103c with 

different relative stereochemistry. Organometals 103 (M = Li or MgCl) could therefore be 

assessed for configurational stability on a time scale of a reaction with a given test electrophile if 

parallel SME experiments from 102t/c led to distinguishable isomeric products 104t/c. If 

organometals 103t/c are configurationally labile, a period of equilibration between 103t and 

103c will occur prior to electrophilic quench; loss of net stereospecificity would be observed 

through the production of a mixture of 104t and 104c.  

The α-magnesiated S,O-acetal 103t (M = Mg) was generated cleanly from 102t and gave the 

protonolysis adduct 105 in high yield when quenching the reaction with MeOH (Entry 1, Table 
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2.3).50 
Monodeuteride 104t (E = D) was generated as a single diastereoisomer when quenching 

the reaction with CD3OD (Entry 2). Repeating the reaction beginning from cis-monooxide 102c 

gave the corresponding diastereoisomer 104c (E = D) with high dr; albeit in lower yield and dr 

than the trans-system (Entry 3). High net stereochemical fidelity was observed from both 

Grignard reagents 103t/c after an incubation period of 2.5 hours at -78 °C (Entries 4-5). 

Incubation of 103t at increased temperatures led to erosion of dr at -50 °C; protonolysis adduct 

105 was observed for temperatures of -25°C and above (Entries 6-9).  

Attempts to generate an α-lithiated S,O-acetal via sulfoxide lithium exchange with PhLi in a 

similar fashion were problematic (Scheme 2.13).
51

 The major pathway was deprotonation of the 

starting material when allowing the system to equilibrate at low temperature prior to electrophilic 

quench (CD3OD). The all protio double exchange product 106 (E1, 2 = H) was isolated along with 

the deuterated starting material d1-102t and SME byproduct bisphenylsulfoxide. It was reasoned 

that SME organolithiums 103t/c (M = Li) and 106 (E1 = H, E2 = Li) deprotonated the starting 

material 102t prior to electrophilic quench, given double exchange product 106 was isolated 

without deuterium incorporation.  
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Fortunately, metalate 103 (M=Li) could be analyzed for configurational stability under 

Barbier conditions; the electrophile and carbenoid precursor are both present at the time of the 

SME initiation (Entries 11 and 12, Table 2.3). The moderate to poor dr of deuterides 105t/c 

generated from either respective monoxide 102t/c suggest that lithiated S,O-acetals have poor 

configurational stability at -78 ⁰C (Entries 11 and 12).  

In contrast to the organolithium 103 (M = Li), Grignard reagent 103t (M = MgCl) proved to 

be relatively unreactive and possessed poor nucleophilicity. Attempts to trap metalate 103t (M = 

MgCl) with a spectrum of electrophiles (e.g. MeI, MeOTf, allyl bromide, allyl chloride, Ph2CO, 

TMSCl, formaldehyde, 1-H-benztriazole-1-methanol) led to no significant bond formation; 

however, benzaldehyde was able to intercept Grignard 103t (M = MgCl) and gave adduct 107 in 

55% yield and (2:1) dr (Equation 2.1).  

Attempts to distinguish the relative stereochemistry of the benzaldehyde adduct 107 were 

inconclusive. Several esterified adducts were prepared from the corresponding acylchlorides as 

illustrated (Scheme 2.14); unfortunately, they were not crystalline and derivatization did not aid 

chromatographic purification. Deoxygenation of alcohol 107 would simplify the stereochemical 
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analysis with respect to assessing the carbenoids configurational stability during the 

benzaldehyde addition through quantifying two stereocenters vs. three stereocenters; however, 

attempts to deoxygenate alcohol 107 were unsuccessful. Under mild conditions alcohol 107 

resisted tosylation and more forcing conditions led to complex decomposition. The 

corresponding Barton-ester type deoxygenation of a related system was reported by Vatele as a 

method for the synthesis of enol ethers from xanthate ester precursors via radical elimination.52  

Although the relative configuration of benzaldehyde adduct 107 was not determined, it is 

likely the Grignard 103t retained its configuration during addition to benzaldehyde and that the 

dr (2:1) of benzaldehyde adduct 107 correlates to the newly formed stereogenic center at the 

benzylic carbon. It can be reasoned that loss of stereofidelity would have likely generated a 

series of diastereomers with a dispersed ratio; instead, only two diastereoisomers and not four 

were detected which is consistent with that observed from the deuterium quenching experiments 

(dr  ≥ 99:01). More importantly, it was so established that the Grignard 103t exhibited reactivity 

to aldehyde electrophiles in addition to deuteron.    
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Given organometals 103t/c (M = Li) were trapped with some success, Barbier conditions 

were employed with BnCH2Bpin 111 as the electrophile; neither homologation product 112 or 

113 were observed under this extension of  rown’s protocol (Equation 2.2). As expected, 

pregeneration of organometals 103t (M = Li, MgCl) followed by treatment of boronic ester 111 

and HgCl2 and Barbier mode of addition for 103t (M = MgCl) were unproductive. 

 

2.3 Conclusion  

The study allowed for further insight to be gained on the synthesis of acyclic 

dithioorthoformates and the little explored functional group cluster of dithioorthoformate 

monooxides. Two simple routes to the synthesis of acyclic dithioorthoformates were developed. 

Acyclic dithioorthoformate monoxides were likely synthesized but decomposed spontaneously 

upon their genesis. To date, synthesis of acyclic dithioorthoformate monoxide species remains 

elusive; however, this study should provide a foundation of data, in the form of explored 

methodologies and techniques, for others to build from with respect to the synthesis and isolation 

of this type of species.  

Cyclic dithioorthoformate monooxides were readily prepared. Isolation of both monooxide 

diastereomers 102t and 102c provided access to stereodefined carbenoid precursors and a means 

to investigate these species in the context of sulfoxide metal exchange. This work has for the first 

time established the configurational stability of α-metalated S,O-acetals (both M = Mg, Li).  

α-Magnesiated S,O-acetals were configurationally stable at (-78 °C up to 2.5 h) but were 

relatively unreactive. α-Lithiated S,O-acetals were less configurationally stable at -78 °C; the 

lithiated species were more reactive but not cleanly generated with double sulfoxide metal 

exchange and deprotonation being the major pathways of the reaction.  
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Attempts to homologate boronic esters with either α-metalated S,O-acetals 103 (M = Mg, Li) 

were unsuccessful. The general reactivity profiles elucidated in this study indicate these species, 

generated from cyclic precursors, are not viable StReCH reagents; furthermore, there is no need 

to further expend resources on these species in this context.  

A majority of these findings described in this chapter were published in the following peer-

reviewed paper: 

 “Stereocontrolled Generation of α-Metalated S,O-Acetals by Sulfoxide-Ligand Exchange from 

Cyclic Dithioorthoformate Monooxides”  arsamian, A. L.;  lakemore, P. R. Organometallics 

2012, 31, 19−22. 
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Chapter 3 

Lithiation of S,O- and O,O-acetals: studies toward the synthesis of  

α-alkoxy-boronic esters via Stereoselective Reagent Controlled Homologation 

3.1 Introduction and project aims  

An asymmetric deprotonation approach to the genesis of enantioenriched α-alkoxy-bearing 

carbenoids was investigated in tandem to the sulfoxide metal exchange study of 

dithioorthoformate monooxides detailed in Chapter 2. Both studies were initiated with the same 

ultimate goal, to deploy the enantioenriched α-alkoxy bearing carbenoids as StReCH reagents for 

the asymmetric chain extension of boronic esters. The research aim in this portion of the study 

was to realize this goal through enantioselective lithiation of the prochiral methylene protons of 

an achiral carbenoid precursor or selective differentiation of the diastereotopic protons in the 

case of chiral sulfoxide precursors (Scheme 3.1). 

 

 Research efforts focused on a small set of carbenoid precursor candidates designed with 

three distinct structural features (Figure 3.1). The candidates were different at the nucleofugal 

group and are shown as thioether 118, arylsulfoxide 119, dithiocarbamate 120 and arylester 121. 

Each carbenoid precursor bears an alkoxy group to be incorporated into the chain extended 

boronic ester product at the newly formed carbon stereocenter. Stereoselective deprotonation of 

the enantiotopic or diastereotopic protons of the methylene moiety would introduce the 

electrofugal lithium atom thus creating the desired carbenoid reagents. 
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In order to be considered successful, the carbenoid candidates were evaluated for the 

following criteria, the metalated species are: chemically stable on an appropriate time scale for a 

given electrophile; transfer a respectable degree of chiral information upon reacting with a given 

electrophile; homologate boronic esters to afford enantioenriched products. 

The investigation was conducted under the guise that kinetic enantioselective deprotonation 

would be feasible provided the above chemical and configurational stability criteria of the 

lithiated species were met. Conditions to achieve enantioselectivity would be found by screening 

a small set of alkyllithium/rigid chiral diamines combinations recognized in the literature for 

asymmetric deprotonation.53,54 Enantioselectivity could potentially arise from alternate 

stereochemical mechanistic courses, such as ligand-mediated dynamic resolutions, as discussed 

later in Chapter 4. However, a mechanistic investigation of the enantioselectivity would be 

warranted only after several criteria of the carbenoid were met, most importantly, the asymmetric 

homologation of a boronic ester. 

3.2 Results and Discussion 

3.2.1 Studies toward stereodefined α-lithiated S,O-acetals via deprotonation  

Brown illustrated α-lithiated S,O-acetals, generated in racemic form via deprotonation, were 

chemically stable and insert into boronic esters, with the aid of a thiophile (HgCl2) to promote 

1,2-metalate rearrangement, to yield α-alkoxyboronic esters (Scheme 3.2).55 An asymmetric 
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lithiation variation of  rown’s work would potentially afford an expedient means to achieve 

asymmetric reagent controlled direct insertion of an oxygen bearing carbenoid into a boronic 

ester.  

Given  rown’s precedent, lithiated S,O-acetals would need to be evaluated next for their 

capacity to transfer chiral information upon reacting with a given electrophile and ultimately 

homologate boronic esters in an enantiocontrolled fashion.  rown’s results were verified in our 

hands; oxidative work up gave the corresponding aldehyde 113 in high yield (Scheme 3.3). The 

homologation product, α-alkoxyboronate 123, was needed as a racemic standard for developing 

HPLC conditions in order to evaluate enantioselectivity. Unfortunately, attempts to isolate 

racemic α-alkoxyboronate 123 using SiO2 column chromatography led to isolation of the 

corresponding aldehyde;56 the aldehyde was not present in the crude mixture. Any potential 

chiral information needed to evaluate the enantioselectivity of the reaction when employing 

asymmetric deprotonation conditions would therefore be lost. Another means to evaluate the 

enantioselectivity of boronic ester 123 was developed. A second one pot homologation of the α-

alkoxyboronic ester 123 gave the methylene chain extended homologation product 127; 

oxidative work-up gave the corresponding alcohol 128 which could be analyzed for 

enantioenrichment. This sequence was soon set aside, however, due to the length of the 
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derivatization/analysis sequence.  

A shorter sequence was designed to determine whether lithiated S,O-acetals would transfer 

any enantioselectivity to an electrophile in the presence of chiral diamine (-)-sparteine (Table 

3.1).  Thioacetal 79 was treated with s-BuLi in the presence of (-)-sparteine, allowed to incubate, 

and then treated with benzaldehyde. Moderate enantioselectivity was achieved with extended 

deprotonation incubation periods of 5 hours at -78 ⁰C in Et2O or PhMe; the best selectivity was 

achieved with PhMe (Entries 3, 4).  

It was evident that a dynamic process governed the mechanism. Species 129 incubated for 1 

hour led to no selectivity while incubation at 5 hours led to enantioenriched adducts; the system 

had slowly equilibrated (Entries 2, 3). Interestingly, the diastereoisomers (130) were not 

generated with the same enantioselectivity and the minor diastereomer (130) of Entry 2 was 

isolated in racemic form (Entries 2, 3). This suggests the diastereomers of 130 are likely formed 

from different mechanistic pathways. A single attempt was made to investigate the temperature 

profile for a dynamic thermodynamic resolution. No significant bond formation was observed 

from the warming cooling cycle (-78 °C to 0°C to -78 °C) and subsequent treatment of the 

solution with benzaldehyde (Entry 5). 
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3.2.2 Studies toward α-sulfinyl-α-alkoxymethylmetal reagents 

Sulfoxide lithium reagents 132 were briefly investigated as potential StReCH carbenoid 

reagents (Equation 3.1). The sulfoxide in this carbenoid could have the potential to act as a chiral 

auxiliary during a bond forming event and influence the diastereomeric ratio of the deprotonation 

and/or electrophilic quench. This study provided an opportunity to investigate the preparation of 

S,O-acetal monoxides in enantioenriched form, to further investigate their capacity to transfer 

chiral information from the respective lithiated species, and to evaluate the lithiated species in 

the boronic ester homologation sequence. To the best of our knowledge the homologation of 

boronic esters with sulfoxide lithium reagents 132 has not been reported in the literature although 

it is known for sulfoxonium methylides (R2SOCH2M) and boranes.57 

Cabiddu and co-workers illustrated that lithiated cyclic S,O-acetal S-monooxides 1362, when 

treated with acyl-electrophiles, gave adducts that favored SE2 trans to the sulfoxide oxygen atom 

(Scheme 3.4).58 Low selectivity was observed at C*, ratios less than 1.5, for either re- or si-face 

of the carbonyl in all cases; more importantly, moderate to high diastereoselectivity could be 

achieved at C2 of 137 favoring the trans product 137t. Greater trans selectivity was observed at 

lower temperatures as illustrated by the temperature study of ketone 138 (R = CH3, CF3). These 

results encouraged further investigation of the acyclic lithiated variant of this study. 
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Sulfoxides 139 and 141 were readily prepared from the corresponding thioethers in racemic 

form and later, 139 in enantioenriched form using Jackson’s protocol employing chiral ligand S-

142 (Scheme 3.5).59 The absolute configuration of sulfoxide 139 was assigned Rs-configuration 

by analogy to other arylsulfoxides prepared under this protocol within our laboratory60 and from 

Jackson’s laboratory61 for which the absolute configuration was determined by single-crystal X-

ray diffraction analysis.  

Acyclic S-monooxides 139 (R = Me) and 141 (OR =  MEM) were further investigated as 

potential carbenoid candidates (Table 3.2), given that Cabiddu and co-workers were able to 

achieve an appreciable level of diastereoselectivity in their study of a model cyclic lithiated S,O-

acetal S-monooxide. The study began by establishing lithiation conditions for sulfoxide 139 in 

various solvents (Table 3.2). As anticipated sulfoxide lithium reagents generated from LDA were 

chemically stable at -78ºC and their successful generation inferred by isolation of the 

corresponding deuteride from electrophilic quench with d4-MeOH or d4-AcOH (Entry 1). 

Deuterides d-139 were differentiable by 
1
H NMR spectral analysis and provided a means to 

assess the diastereoselectivity of the electrophilic quench, syn- and anti-configuration are 

arbitrarily illustrated. The lithiation of the diastereotopic protons did not give an appreciable dr 

with d4-MeOH as the electrophile in THF, Et2O nor PhMe (Table 3.2, Entries 1-3). Incorporation 

of MEM functionality improved the dr in Et2O (Entry 5). The structure of sulfoxides 139 or 141 

could be altered to enhance selectivity of the transformation. It is possible that alternate groups, 

in place of Ar or OR, capable of internal coordination to the lithium through Lewis basic sites 

could impact the selectivity and reactivity of the lithiated species as noted by Reich and 

Kulicke.62,63 The electronic character of the ArS group of 139 or 141 could also be tuned 
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(electron withdrawing or donating). In addition, ArS could be swapped for alternative groups 

such as t-BuS; for example, increasing the bulk of the ArS group may also impact the selectivity 

as is the case with α-thioarylalkyl lithiums.64 Further optimization of the lithiation conditions or 

structure of the carbenoid precursor to improve this poor dr was halted because the capacity and 

efficiency for α-lithiated S,O-acetal S-monooxides to homologate boronic esters was still 

unknown; excellent homologation efficiency would warrant further optimization. 

 

With lithiation conditions established, the preparation of α-alkoxyboronates via insertion of 

carbenoid 143 into boronic ester 111 was investigated (Table 3.3). Treating sulfoxide lithium 

reagent 143 with boronate 111 and simply allowing the reaction mixture to warm to room 

temperature did not initiate the 1,2-rearrangement to give the desired α-alkoxyboronate 123. 

Treatment of the putative ate-complex 144 with a Lewis acid at low temperature mediated the 

desired rearrangement (144 to 123). Various Lewis acids were investigated; boron trifluoride 

diethyl etherate gave the best results with 38-43 % conversion. This line of inquiry was 
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abandoned because the low diastereoselectivity of electrophilic trapping experiments combined 

with the low conversion of the homologation were too far from ideal standards for application in 

stereoselective reagent controlled homologation. 

 

3.2.3 Lithiation of dithiocarbamate type S,O-acetals  

Methoxymethyl dithiocarbamate 151 was briefly explored as a carbenoid precursor 

candidate. To the best of our knowledge α-lithiation of dithiocarbamate S,O-acetals has not been 

studied (Scheme 3.6). 65 In a closely related system, Midorikawa and co-workers demonstrated 

that α-lithio-α-dithiocarbamates thiomethoxymethyl 147 were readily accessible and reactive to 

electrophiles.66 It was rationalized that the dithiocarbamate may prove to be a superior 

electrofugal group than the arylsulfinyl- or arylthioesters investigated in previous sections of this 
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chapter which required Lewis acid assisted 1,2-metalate rearrangement for the homologation to 

proceed. Aggarwal-type alkyl carbamate boronic ester ate complexes typically undergo 1,2-

metalate rearrangement under mild conditions (e.g. warming the reaction to room temperature); 

67 similarly, the dithiocarbamates may also do so with facility.  

The alkoxy-bearing dithiocarbamate 151 was readily prepared in high yield by in situ 

formation of the triethylammonium carbamodithioate salt followed by S-alkylation with MOMCl 

(Scheme 3.7).68  

 

Dithiocarbamate 151 was subjected to a representative set of deprotonation conditions to 

evaluate the chemical stability of the putative lithiated species (Table 3.4). Attempts to trap the 

lithiated species were unsuccessful because decomposition occurred on a timescale faster than 

electrophilic trapping of transient lithiated species. Observation of the corresponding deuterated 

thioformamide 152 indicated that deprotonation was indeed occurring and its structure revealed 

an unexpected decomposition pathway suggesting the formation of lithiated thioformamide 153. 

Decomposition occurred even at -113 ⁰C with and without chiral diamine 154. An attempt to 

intercept the lithiated species with a boronic ester (BnCH2Bpin) as the electrophile, under the 

deprotonation conditions of Entry 2, resulted in the complete recovery of the corresponding 
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alcohol (BnCH2OH) after oxidative work up which indicated that no homologation had occurred.  

Thioamide 155 was isolated upon quenching the lithiation experiment of dithiocarbamate 

151 with benzaldehyde, further confirming the decomposition pathway involved lithiated 

thioformamide 153 (Equation 3.3). Conducting the experiment at lower temperature and shorter 

incubation period with benzaldehyde (s-BuLi, -105°C; 20 min. followed by PhCHO (2.0 eq) at -

105°C to -80°C over 15 minutes before quenching the experiment with MeOH and NH4Cl) led to 

adduct 155 in 30% yield and gave 13% of thioformamide 152. The structure of thioamide 155 

was confirmed by single-crystal X-ray diffraction analysis and its formation indicates that 

carbene 153, or an equivalent species, was present at the time of electrophilic quench. The 

decomposition pathway of lithiated dithiocarbamate 62 is tentatively proposed to proceed as 

illustrated (Scheme 3.8).
 
A related transformation was shown to occur with α-lithiated allylic and 

benzylic dithiocarbamates to form the corresponding α-mercaptothioamides via intramolecular 

1,2-thio-Wittig rearrangement.69a 
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 3.2.4. Lithiation of O,O-acetals  

Finally, ester 158 was evaluated for its capacity to be lithiated via direct deprotonation. Alkyl 

variants of 2,4,6-triisopropylbenzoate ester 158 have been successfully lithiated; the 2,6-

isopropyl groups effectively block the π* of the carbonyl from nucleophilic attack.70 Although, 

symmetrical O,O-acetals have been successfully lithiated under reductive or tin-lithium 

exchange conditions by Shinner et al.71 and Carboni et al.,72 lithiation of mixed O,O-acetals 

(R
1
OCH2OR

2
, R

1
 ≠ R

2
) has been less studied and lithiation of ester 158 was approached some 

trepidation.73  

Ester 158 was prepared in one step from the corresponding acid 157 (Equation 3.4) and 

subjected to a representative set of lithiation conditions (Table 3.5). Attempts to trap the lithiated 

species were unsuccessful because decomposition occurred on a timescale faster than 

electrophilic trapping of the transient lithiated species. Instead of the targeted electrophilic 
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quench adduct, deuterated ester d1-158, the corresponding acid 157 was generated which 

indicated that deprotonation indeed occurred and the amount of acid 157 represented both the 

degree of lithiated species generated and decomposition product. Conducting lithiation at lower 

temperature or decreasing the deprotonation incubation period resulted again only in generation 

of acid 157 with and without the rigid diamine (R,R)-154. Note that the synthesis of diamine 

(R,R)-154 was derived from an adaptation of O’ rien and co-workers’ protocol beginning with 

the resolution of trans-cyclohexyl-1,2-diamine and (L)-tartaric acid which yielded the 

corresponding tartrate salt.74 A likely decomposition pathway is the dimerization of the lithiated 

species although a 1,2-Wittig pathway may also be possible (Scheme 3.9). Dimerization of 

carbenes and carbenoids is not uncommon and similar carbenoid decomposition pathways were 

also noted by Shinner et al. in studies conducted with symmetrical α-lithiated acetals.75 The 1,2-

Wittig rearrangement is the less likely pathway given the high energy nature of the methane 

radical generated in this tentative path and the migrating species tend to be species more apt to 

stabilize the intermediate radical (e.g. benzylic, allylic, substituted alkyl).76 Further investigation 

of ester 158 as a carbenoid precursor was discontinued given the chemical instability of the 

corresponding lithiated species.   



 

39 

 

 

 

3.3. Conclusion  

Lithiated S,O-acetals, in the presence of (-)-sparteine, can indeed perform an asymmetric 

transformation (Equation 3.4). Experiments gave benzaldehyde trapping adducts with moderate 

enantiomeric excess and moderate to poor diastereoselectivity; a dynamic process governed the 

mechanism. Since the contemporaneous study (Chapter 2) of lithiated S,O-acetals from SME 

revealed that these species have low configurational stability, further attempts to optimize 

asymmetric deprotonation conditions under the guise of kinetic selectivity would be futile. 

However, ligand mediated dynamic resolutions of configurationally labile lithiated S,O-acetals 

remains an open avenue of study.  

 

 

The (-)-sparteine lithiation electrophilic quenching experiments were published in supporting 

information section of the following peer reviewed journal in 2012:  
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“Stereocontrolled Generation of α-Metalated S,O-Acetals by Sulfoxide-Ligand Exchange from 

 yclic Dithioorthoformate Monooxides”  arsamian, A. L.;  lakemore, P. R. Organometallics 

2012, 31, 19−22.  

 A brief study of S,O-acetal S-monooxides 139 and 141 and their corresponding lithiated 

species revealed new insight on this class of compounds (Equation 3.5). S-Monooxides 139 and 

141 were readily synthesized. S,O-acetal S-monooxide 141 was also prepared via an 

enantioselective oxidation, a mandatory requirement for application of the corresponding 

lithiated species in the sStReCH homologation sequence. Lithiation electrophilic quenching 

experiments of acyclic S,O-acetal S-monooxides 139 and 141 resulted in corresponding 

deuterated adducts with low dr in both polar and nonpolar solvents. Incorporation of a MEM 

group provided some improved dr which was observed in the lithiation deuterium quench 

experiments. This suggested exploration of other groups like MEM capable of internal 

coordination to lithium may benefit selectivity with this system. α-Lithiated S,O-acetal S-

monooxides 143 homologated 2-phenylethyl pinacol boronic ester 111 under Lewis acid 

assistance in racemic form; to the best of our knowledge this transformation was unknown prior 

to this study although it was known for related systems (α-lithiated S,O-acetals and boronic 

esters; OS(CH3)CH2Li and boranes). However, the further development of α-lithiated S,O-acetal 

S-monooxides 143 as StReCH reagents would warrant careful consideration: Lewis acid assisted 

homologation is necessary; matched-mismatched effects of the reagent and substrate pairing 

could be possible; their configurational stability would need to examined and changing the 

substituents on the sulfoxide (bulkier groups) and alkoxide (lithium chelating group) have to 

potential to influence this characteristic. Ultimately, herein this line of inquiry was abandoned 

because the low dr of electrophilic trapping experiments combined with the low conversion of 

the homologation were too far from ideal standards for application in stereoselective reagent 

controlled homologation sequences. 
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Lithiated dithiocarbamate-type S,O-acetal 156 was chemically unstable when generated via 

deprotonation at low temperature (Equation 3.6). The tentative iPr2NC(S)Li carbene 153 was 

trapped with benzaldehyde and indicated the likely decomposition pathway was a 1,2-thio-Wittig 

rearrangement. This system warrants no further investigation as a StReCH reagent; however, it 

may find application as a method to generate lithiated thioformamides.77  

 

It was observed that lithiated α-alkoxyarylester 158 was chemically unstable when generated 

via deprotonation at low temperature at -113°C despite reports of symmetrical α-lithiated acetals  

Li-CH(OR)2 generated via reductive lithiation above this temperature range (Equation 3.7). The 

chemical instability of the lithiated arylester 158 prompted us to halt further investigation of this 

system. 
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Chapter 4 

Enantioselective synthesis of α-silylboronic esters via stereoinductive reagent 

controlled homologation  

4.1 Introduction 

Stereospecific reagent controlled homologation (sStReCH) is a powerful technique but 

limited in scope to those carbenoid species that can be accessed in enantioenriched form and 

which exhibit configurationally stability on the time scale of ate-complex formation. As seen in 

Chapters 2 and 3, with lithiated S,O-acetals, the heteroatom bearing carbenoid types capable of 

chain extending boronic esters to give α-heteroatom boronic ester products may naturally lack 

configurational stability and would be excluded from application in conventional sStReCH. 

Instead of trying to go against this inherent nature, research efforts detailed in this chapter 

focused on developing a new variant of StReCH that would embrace the configurationally labile 

carbenoid types. This process is called ligand mediated stereoinductive reagent controlled 

homologation (iStReCH). 

Before formally defining the ligand mediated iStReCH variant, it should be noted that related 

iStReCH concepts have been demonstrated for the asymmetric chain extension of organoborons; 

however, existing systems require features that limit the method. Jadhav et al. reported use of a 

chiral Lewis acid to differentiate between enantiotopic Cl-atoms during the 1,2-metalate 

rearrangement of ate-complexes 165 derived from the addition of organolithiums to 

dichloromethyl boronate 164 (Scheme 4.1A).78 There are two detractions to this process: (1) the 

chiral BOX ligand79 is needed in super stoichiometric quantity (because it is sequestered by the 

LiCl by-product), and (2) as a reagent-controlled variant of the Matteson method (i.e., if ate-

complexes 165 are generated from LiCHCl2 and RBpin), two steps are required to fully conclude 

each complete chain extension step. In a very different approach to iStReCH, Aggarwal reported 

the chain extension of boranes with semi-stabilized sulfonium ylide 167 (Scheme 

4.1B).80Although offering excellent net ee, the method is restricted to benzylic ylides and 

regioselectivity issues plague the rearrangement of non-symmetrical boranes which limit the 

possibilities for iteration.  
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Ligand-mediated iStReCH is the application of configurationally labile carbenoids 170 and 

chiral ligands (L*) in the asymmetric homologation of organoborons; stereoinduction occurs via 

electrophilic trapping of the diastereomeric ligand-carbenoid complexes 171 by the organoboron 

substrate (Scheme 4.1). Two mechanistic modes of stereoinduction are available.81 A dynamic 

kinetic resolution (DKR) is operational when the diastereomeric complexes 171 and epi-171 are 

in rapid equilibrium and one of the ligand complexes reacts preferentially with the electrophile 

(k1>>k2). If a purely dynamic thermodynamic resolution is operative (DTR, see box), the 

complexes 171 and epi-67 can equilibrate prior to electrophilic quench but do not equilibrate 

when reacting with the electrophile (k3, k-3 << k1, k2); thus, the selectivity will reflect the 

diastereomeric ratio (dr) of complexes 171 and epi-171 provided the reaction is taken to 

completion.  
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Strategies employing DKR and DTR based stereoinduction with organolithiums are well 

precedented,82 most notably in  eak’s work.83 A critical consideration is the nature of chiral 

ligand architecture for efficient stereoinduction. In general, (–)-sparteine is effective for kinetic 

enantioselective deprotonation,84 but not well suited to stereoinductive strategies requiring DKR 

nor non-crystallization based DTR; however, there are exceptions, as noted by Beak and co-

workers study of racemic N-lithio-N-methyl-3-lithio-3-phenylpropionamides.85 Illustrative 

examples of DKR and DTR strategies for stereocontrol manipulation of configurationally labile 

organolithiums from Toru et al. and Kabalka et al. further support the likelihood of success for 

the iStReCH approach. Although operating under a substrate controlled manifold like that of 

Matteson, Kabalka and co-workers employed a racemic carbenoid which undergoes DKR when 

trapped with the chiral boronic ester; homologations were achieved in high yield and 

enantioselectivity (Scheme 4.3).86  Toru et al. has had success employing configurationally labile 

benzylic lithiums with chiral bisoxazoline (BOX) ligands with various electrophiles (Scheme 

4.3).87,88 The closely related systems were found to operate under different stereoinduction 

mechanisms, DKR or DTR, and as expected, (-)-sparteine gave poor ee. Given the success of 

Toru’s system, combining configurationally labile carbenoids and BOX ligands would be a good 

starting point for the preliminary investigations of iStReCH.  
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4.2 Project aim: enantioselective synthesis of α-silylboronic esters via iStReCH 

The programmed installation of multiple oxygen bearing stereocenters via reagent-controlled 

homologation remained an important objective. The possibility of utilizing carbenoids such as α-

lithiated S,O-acetals via ligand mediated iStReCH to achieve this goal can be readily 

conceptualized; however, this option was set aside because other work within our group89 

revealed that further chain extension of highly oxygenated molecules is difficult to achieve (a 

phenomenon also noted by Matteson). 90 Instead, polyoxygenated molecules could be targeted 

via an alternate strategy involving use of silicon as an oxygen surrogate (Scheme 4.4). 

Polysilanes 183 could be synthesized via programmable iterations with iStReCH and followed 

by a global Fleming-Tamao oxidation91 to yield polyols 184. Key literature precedent supported 

the potential success of this approach (Scheme 4.5). For example, incorporation of silyl-groups 

in boron homologation chemistry has been demonstrated by the laboratory of Matteson; the 
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chlorosilylmethyllithium 186 was generated via deprotonation using lithium 

tetramethylpiperidide (LiTMP).92 An exemplary illustration of global Fleming-Tamao oxidation 

(step b) is seen in the work of Murakami and co-workers (Scheme 4.5).93 

Most α-silylmethyllithiums 182 (M = Li, X = OCb/O2CR) are configurationally labile and so 

their use in conventional sStReCH is precluded. For example, Aggarwal et al. observed the 

formation of a racemic chain-extended boronate when the carbenoid generated by 

enantioselective lithiation of TMSCH2OCb with (−)-sparteine/s-BuLi was used as an 

homologation agent (at −78 ° ) (Scheme 4.6).94 Schweifer and Hammerschmidt noted that a 

related silylmethyllithium (PhMe2SiCHLiO2CTr) 195 was found to rapidly enantiomerize at −95 

°C.95  There are exceptions which are configurationally stable; the enantioselective synthesis of 

an α-silylalkylboronate via sStRe H using a configurationally stable fully substituted lithiated α-

silylalkyl carbamate has been reported.96 Given that low configurational stability is desired in 

ligand mediated iStReCH, and considering that the direct introduction of heteroatom-bearing 

stereogenic centers via reagent-controlled homologation is a largely unsolved problem, we 

elected to investigate boronic ester chain extension using the organolithium 198 derived from 

silylmethyl benzoate 197 shown in Scheme 4.7.  
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4.3 Results and discussion 

The first priority was to prepare (dimethyl(phenyl)silyl)methyl 2,4,6-triisopropylbenzoate 

197 and determine conditions to generate the corresponding silylmethylithium 198 to be 

deployed in the ligand mediated iStReCH studies that follow. 

4.3.1 Synthesis and lithiation of (dimethyl(phenyl)silyl)methyl 2,4,6-

triisopropylbenzoate 197 

Silylmethyl benzoate 197 was obtained in two steps from 2,4,6-triisopropylbenzoic acid 

(Scheme 4.7). Methyl 2,4,6-triisopropylbenzoate (MeOTIB) 196 was synthesized using a method 

developed by Newman for the synthesis of  sterically encumbered arylesters; however, 

anhydrous methanol and commercially available 95% concentrated sulfuric acid were used 

without further drying the acid as described in the initial procedure.97 Silylmethyl benzoate 197 

was obtained by lithiation of 196 followed by silylation under similar conditions employed by 

Beak et al. for the synthesis of TIBOCH2SiMe3 (Scheme 4.7).98 Related conditions were 

employed to generate α-lithiated silylmethyl benzoate 198 from silylmethyl benzoate 197. The 

degree of lithiation was determined by electrophilic quenching experiments of lithium 198 using 
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deuterium d4-MeOH as the electrophile and the high yields of deuterated benzoate d1-197 

correspond to efficient lithiation conditions.  

4.3.2 Enantioselective synthesis of a-silylboronic ester 199 with chiral bisoxazoline 

ligands and exploration of miscellaneous reaction parameters 

The homologation experiments began by employing conditions that paralleled those 

employed by Toru et al. in their work with configurationally labile lithiated benzylic thioethers 

(Table 4.1). 99  Silylmethyl benzoate 197 was incubated with an alkyllithium base and treated 

with a chiral bisoxazoline (BOX) ligand. The system was allowed to incubate for a period of an 

hour, to generate the α-lithiated silylmethyl benzoate 198, and then treatment with the boronic 

ester electrophile 111. An initial experiment conducted with TMEDA in place of BOX ligand 

199 gave the desired α-silylboronic ester 200 in 60 % yield. Reactions that included chiral ligand 

iPr-BOX yielded α-silylboronic ester 200 in high yield and enantioselectivity (Entry 1, Table 4). 

Given the aforementioned precedent, the fact that chain extension occurred was not at all 

surprising; however, it was gratifying to realize meaningful enantioselectivity and therefore 

achieving the main objective of this study – enantioselective synthesis of α-silylboronic esters. 

Further studies examined the different alkyllithium bases, solvent effects, differently 

substituted R-BOX ligands 199 (R = iPr, tBu, Ph) and post electrophile introduction incubation 

profiles (Table 4.1). 

Experiments conducted with s-BuLi gave higher yields and enantiomeric excess than those 

conducted with n-BuLi. The concentration of n-BuLi (1.48M vs. 2.43M) had no significant 

effect on enantiomeric excess (Entries 1-3). Further experiments continued to employ s-BuLi as 

the optimal alkyllithium base.  

Slightly improved enantioselectivities were achieved with the iPr-BOX ligand 199 in cumene 

(iPrPh) compared to experiments conducted with PhMe, a phenomenon also noted by Toru et al. 

(Entries 1,4).100 Only subtle differences in enantiomeric excess were observed for experiments 

comparing solvent systems, cumene vs. PhMe, against the tBu-BOX ligand 199 (Entries 7, 8 and 

9, 10). The less bulky iPr-BOX ligand 199 led to higher enantiomeric excess and lower yields  
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while the opposite effect was noted for the tBu-BOX ligand 199 which gave low enantiomeric 

excess and high yields (Entries 4, 5 and 6, 7 and 10, 11).  

Different incubation profiles post electrophile introduction were examined (Table 4.1, Types 

A-C). Type A held the bath temperature at -78 °C (1h vs. 10h in Type B) before allowing to the 

cooling bath to warm to room temperature. Profile type A had no significant effect on 

enantiomeric excess in comparison to type B. This is evident by examining Type A vs. Type B 

entries for the iPr-BOX experiments conducted in PhMe (Entries 1 and 6) and those for the tBu-

BOX experiments conducted in cumene (Entries 5 and 8). The low yield of Entry 6 may be an 

anomaly by inference to Entries (1, 5-8) and the fact that Entries 6 and 11 were conducted side 
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by side would suggest an error with the effective anion present at the time of electrophilic 

quench and the differences in ee reflect those of the solvent choice for the iPr-BOX system 

(Entries 3 and 4). Given type A and type B incubation entries hand no significant effect on the 

enantiomeric excess of the homologation, the incubation types A and B can be directly compared 

to those of type C without significant bias. 

Profile Type C allowed the system to rapidly warm to room temperature by removing the 

cooling bath after the initial 1h post electrophile introduction incubation period. The type C 

incubation profile provided no additional beneficial effects to the iPr-BOX system (Entries 11 vs. 

4 and 6) A slight increase in enantiomeric excess was observed for the tBu-BOX systems of type 

C (Entries 9,10 vs. 7, 8).  

When Ph-BOX ligand 199 was used as the ligand no homologation adducts were observed 

(Entry 12). A parallel control experiment employing TMEDA as the diamine ligand 

homologated BnCH2Bpin in 85% yield (Entry 13). A second control experiment was conducted 

substituting d4-MeOH in place of the boronic ester electrophile (Equation 4.1). Analysis of the 

products indicated that the ligand was deprotonated at the benzylic position and rearranged to the 

species 201. The residual Ph-BOX ligand 199 was recovered intact and free of deuterium. This 

Ph-BOX ligand 199 was chemically incompatible with strong basic conditions required for the 

homologation reaction. It could be possible that lower yields and eroded ee’s result from such a 

pathway with other ligands.  

Under the conditions explored in this data set, optimal conditions for the iPr-BOX system 

were those of Entry 4 (s-BuLi, cumene, iPr-BOX ligand 199) and the tBu-BOX system (s-BuLi, 

cumene, tBu-BOX ligand 199) gave optimal results in Entries 5 and 10. Given the superior 

enantiomeric excess of the homologation products, the iPr-BOX system was elected over the 
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tBu-BOX system and subjected to further optimization studies discussed in the following 

section.  

4.3.3 Studies investigating the mechanistic mode of stereoinduction and the 

exploration of alternate ligands and substrate scope under optimal conditions  

A closer look at the mechanism of enantioselectivity (e.g. kinetic; DKR; DTR) would aid in 

deciding how to proceed in optimization studies. First, a simple test could be devised to discern 

if the mechanism of enantioselectivity arises from kinetic enantioselective deprotonation or from 

a dynamic process. The experiment would entail allowing a metalate, generated in racemic form 

independently from the chiral ligand, to equilibrate with a chiral ligand then subsequently 

treating the equilibrated solution with an electrophile; in this case the boronic ester is the 

electrophile. Observation of an enantioenriched homologation product would indicate a dynamic 

process; more specifically, the carbenoid generated in racemic form would have had to form a 

diastereomeric complex with the chiral ligand and that complex would govern stereoinduction. A 

racemic homologation would give credence to a kinetic pathway where enantioselectivity is 

determined at the genesis of the metalated species. In the event the process were dynamic in 

nature, further information, about the type of mechanism (DTR or DKR), could be gleaned from 

conducting similar experiments under a series of different temperature profiles.101,102  

In order to conduct the initial experiment mentioned above, ligand free deprotonation 

conditions were developed to generate α-lithiated ester 198 in racemic form (Table 4.2). A quick 

survey of bases, solvent, incubation period and stoichiometry was conducted via quantification 

of deuterium incorporation as a result of treating the solutions with d4-MeOH after a given 

incubation period. In the absence of TMEDA, sec-Butyl lithium was not effective in lithiation of 

ester 197 (Entries 1, 2). tert-Butyllithium was an effective base and gave a respectable deuterium 

incorporation, 89%, under optimal conditions (Entry 7).  

Experiments probing the mechanistic origin of enantioselectivity of the homologation began 

by investigating if the process was dynamic in nature (Table 4.3). Racemic metalate (M=Li) 198, 

generated independent of the enantiopure ligand at -78°C, was treated with a solution of BOX 

ligand at -78°C and subjected to variable temperature profiles followed by treatment of the 

solution with electrophilic boronic ester 111. A small portion of the α-silylboronic ester 202 was  
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oxidized to the corresponding alcohol and analyzed via chiral stationary phase HPLC to 

determine the level of enantioenrichment of the homologation sequence.  

It was evident from the initial experiment that the process was dynamic in origin, given the 

boronic ester 202 was generated with 21% enantiomeric excess from racemic silylmethyllithium 

(M = Li) 198 (Entry 1). This key experiment formally validated the proof of concept for ligand 

mediated iStReCH. 

The effect of varying the temperature profile of the reaction was investigated using the initial 

ligand of choice (Entries 1–4). The operation of a purely DKR mechanism is revealed if product 

ee is independent of conversion and dependent on the temperature at which the electrophile is 

introduced (T2) but not on the temperature history profile of the organolithium–ligand complex 

198•199.103 Sensitivity of product ee to conversion and to the temperature history profile (−78 °  

to T1 to T2) of complex 198•199 indicates that DTR factors into the stereodetermining 

mechanism.
104,105

 In the event, for four reactions at comparable conversion, it was found that 

isothermal incubation of 198•199 at −95 °C (following its generation at −78 °C) prior to the 

introduction of the boronate electrophile gave a higher level of product ee than related reactions 

held at either −78 °C or −45 °C (Entry 2 vs. Entries 1 and 3); however, initial warming of  
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198•199 to −45 °C and an aging period of 30 minutes before cooling to −95 °C and then addition 

of the electrophile gave a better result still (Entry 4). Taken in sum, these data indicate that the 

origin of enantioselectivity cannot be solely DKR, nor solely a simple resolution, but that 

dynamic thermodynamic equilibration of diastereomeric organolithium–ligand complexes factors 

into the process in combination with kinetic effects influencing stereodetermination at the point 

of electrophile addition.  

Applying the optimal temperature history profile to the gem diethyl BOX ligand 199 (R1/R2  = 

i-Pr/Et) gave an inferior result to 199 (R1/R2 = i-Pr/Me), but interestingly the more elaborate 

ligand favored the opposite enantiomer of 202 (Entry 4 vs. Entry 5). Evaluation of a neopentyl 

glycol boronic ester substrate likewise did not result in a better outcome, but again gem dimethyl 

and gem diethyl type BOX ligands each favored a different major enantiomer of the chain-

extension product (Entry 6 vs. Entry 7).  



 

54 

 

 

A small substrate scope consisting of three 2° alkyl boronic esters was assessed under the 

optimized reaction conditions (Table 4.3, Entry 4) (shown in Figure 4.1). The phenyl boronic 

ester failed to yield the α-silylphenylboronic ester 203; however, both boronic esters 204 and 205 

were attained in modest yield and enantiomeric purity. Thus, B-cyclohexyl pinacol boronate 

afforded the sterically congested homologation adduct 204 in 35% yield and 9% enantiomeric 

excess, while racemic B-sec-butyl pinacol boronate gave as expected a pair of diastereomeric 

products 205 each in enantioenriched form. More importantly, diastereomers of 205 were not 

generated in equal quantities from the racemic B-sec-butyl pinacol boronate; thus, under current 

conditions, the stereoinduction of the ligand complex did not wholly over-ride the effects of the 

pre-existing stereocenter of the substrate.  

4.3.4 Miscellaneous iStReCH related studies  

Two brief studies are disclosed in the following subsections which entail attempts toward 

iterative iStReCH for the synthesis of polylsilyl-boronic esters and the exploration of 

((dimethyl(phenyl)silyl)iodomethyl)lithium as a potential iStReCH compatible carbenoid for the 

synthesis of α-silylboronic esters.  

4.3.4.1 Studies toward iterative iStReCH: polysilyl-boronic esters 

Attempts to homologate α-silylboronic ester 202 a second time to generate vicinal silylated 

stereodiad of boronic ester 206 were not met with success (Equation 1). Several attempts were 

made employing standard conditions followed by warming to room temperature; parallel control 

experiments indicated ester 197 was indeed deprotonated. It could be possible that the ate-

complex is formed but simply dissociates upon warming. Alterations to the procedure could 
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potentially improve the likelihood of a successful iterative homologation with this silyl-bearing 

carbenoid, for example, Lewis acids such as MgBr2 could be introduced to assist 1,2-metalate 

rearrangement at low temperature or heating the reaction beyond room temperature. It should be 

noted that the carbenoid derived from lithiation of ester 197 could be too sterically encumbered 

such that it prevents the carbenoid from reaching the boron; in this event, alternative carbenoids 

which are attenuated in size can be envisioned and investigated in a similar manor as described 

in this Chapter.  

 

 

4.3.4.2 Exploration of iodosilylmethyl lithium as a carbenoid potentially 

compatible with ligand mediated iStReCH using iPr-BOX as the chiral ligand 

Metal exchange phenomenon such as halogen metal exchange, sulfoxide metal exchange, 

reductive lithiation and tin-lithium exchange are also viable methods for generating 

organolithium species and are complementary to deprotonation. It was envisioned diiodosliane 

207 could be a viable silyl bearing carbenoid precursor capable of application in iStReCH in the 

same capacity as lithiated silylmethyl ester 197 (Scheme 4.8). In this case halogen metal 

exchange would be used to generate α-iodo-α-silylmethyl lithium carbenoid 208 where the iodo 

group would now be the nucleofuge in place of OTIB. Generation of α-iodo-α-silylmethyl 

lithium carbenoids from diiodiosilanes similar to 207 via halogen metal exchange is known and 

has found application in the Peterson olefination reaction.106 A brief study of carbenoid 208 was 

conducted to see if this carbenoid would homologate boronic esters and if the presence of BOX 

ligands influenced the enantioselectivity of the homologation. 

 Diiodosilane 207 was synthesized by deprotonation of diiodomethane with NaHMDS 

followed by electrophilic quench with chlorodimethyl(phenyl)silane (Scheme 4.8).  
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It was found that I/Li exchange from PhMe2SiCHI2 207 provides a carbenoid 208 also 

capable of chain extending 111 to 202. Initial reaction conditions paralleled those reported in the 

preliminary results section 4.3.2 (Table 4.1) and are shown below (Scheme 4.8). The experiment 

entailed halogen metal exchange of 207 to form carbenoid 208 in situ which was allowed an 

incubation period prior to the introduction of both ligand 199 and boronic ester electrophile 44; 

however, these conditions were unproductive (Scheme 4.8). Productive conditions resulted from 

changing the order in which the reagents were introduced (Barbier-type conditions). Carbenoid 

208 generated in the presence of both ligand 199 (R = iPr) and boronic ester electrophile 111 did 

indeed give the homologated boronic ester 202 in 23 % yield; however, the doping of simple iPr-

BOX ligand 199 into system did not induce enantioselectivity and boronic ester 202 was isolated 

in racemic form. 
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4.4 Conclusion  

In summary, it has been established that the enantioselective chain extension of various types 

of boronic esters can be effected with configurationally labile carbenoid species by employing 

the principle of ligand mediated stereoinductive reagent-controlled homologation (iStReCH). 

This technique is potentially very versatile because it obviates the more stringent demands of 

conventional sStReCH which requires both a configurationally stable carbenoid and a means to 

access it in a highly enantioenriched form. The method was successfully demonstrated for the 

synthesis α-silylalkylboronates. Installation of heteroatom-bearing stereocenters is of particular 

value and in this regard the ability to control the configuration of a dimethylphenylsilyl 

substituted carbon atom within a growing chain is significant because this silane moiety is a 

surrogate for an oxygen atom via the Fleming oxidation. The generation of other types of 

products previously inaccessible via reagent-controlled homologation is readily envisioned. 

Indeed, these findings provided the foundation for extending iStReCH to the synthesis of α-

arylboronic esters via configurationally labile benzyllithium carbenoids as conducted by 

Zhenhua Wu within the Blakemore group. In independent contemporaneous work, Crudden and 

coworkers disclosed essentially identical independent results for iStReCH of arylboronates using 

a benzyllithium.107,108  

Results validating ligand mediated iStReCH were disclosed in lecture format at the ACS 

national conference in September of 2013: 

 arsamian, A. L.;  lakemore, P. R. “Enantioselective synthesis of alpha-(dimethylphenyl)

silylalkylboronates via stereoinductive reagent-controlled homologation using a 

configurationally unstable silicon substituted lithium carbenoid,” Abstracts of Papers, 246th A S 

National Meeting & Exposition, Indianapolis, IN, United States, September 8-12, 

2013 (2013), ORGN-424. ORAL 

Select results were published in early 2015 in the following peer reviewed journal: 

Barsamian, A. L.; Wu, Z.; Blakemore, P. R. "Enantioselective synthesis of α-phenyl- and α-

(dimethylphenylsilyl)alkylboronic esters by ligand mediated stereoinductive reagent-controlled 

homologation using configurationally labile carbenoids," Organic & Biomolecular Chemistry 

2015, 13, 3781-3786. 
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Chapter 5 

Experimental Procedures 

General Experimental and Analytical Techniques 

All reactions requiring anhydrous conditions were conducted in flame-dried glass apparatus 

under an atmosphere of Ar. Anhydrous THF was obtained from a commercially available solvent 

purification system (SPS) employing activated Al2O3 drying columns. Anhydrous CH2Cl2 and 

toluene were obtained via distillation from CaH2 or taken from an SPS using activated Al2O3 

drying columns. Anhydrous DMF was obtained from a SPS fitted with zeolite based (4Å MS) 

drying columns. Preparative chromatographic separations were performed on silica gel 60 (35-75 

μm) and reactions followed by TLC analysis using silica gel 60 plates (2-25 μm) with fluorescent 

indicator (254 nm) and visualized with UV or phosphomolybdic acid. All commercially 

available reagents were used as received unless otherwise noted. Melting points were determined 

from open capillary tubes on a melting point apparatus and are uncorrected. Infra-red (IR) 

spectra were recorded in Fourier transform mode using KBr disks for solids, while oils were 

supported between NaCl plates ("neat"). 
1
H and 

13
C NMR spectra were recorded in Fourier 

transform mode at the field strength specified and from the indicated deuterated solvents in 

standard 5 mm diameter tubes. Chemical shift in ppm is quoted relative to residual solvent 

signals calibrated as follows: CDCl3 δH ( HCl3) = 7.26 ppm, δ  = 77.2 ppm; ( D3)2SO δH 

(CD3SOCHD2) = 2.50 ppm, δ  = 39.5 ppm;  D3OD δH (CHD2OD) = 3.31 ppm, δ  = 49.0 ppm. 

Multiplicities in the 
1
H NMR spectra are described as: s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet, br = broad. Numbers in parentheses following carbon atom chemical 

shifts refer to the number of attached hydrogen atoms as revealed by the DEPT spectral editing 

technique. Low (MS) and high resolution (HRMS) mass spectra were obtained using either 

electron impact (EI) or electrospray (ES) ionization techniques. Ion mass/charge (m/z) ratios are 

reported as values in atomic mass units.  
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Synthesis of Acyclic Dithioorthoformates 80 and 82 (Scheme 2.9)  

  

 

S,O-Acetal 79: A stirred suspension of p-thiocresol (2.02 g, 16.3 mmol) and K2CO3 (3.37 g, 

24.4 mmol) in acetone (35 mL) at rt under Ar, was treated with MOMCl (1.20 mL, d = 1.06, 

1.27 g, 15.8 mmol) and then heated at a gentle reflux for 50 h. The mixture was allowed to cool 

to rt, filtered, and then concentrated in vacuo. The residue was dissolved in EtOAc (50 mL) and 

the organic phase washed with 10 wt.% aq. NaOH (3x10 mL). The aqueous phases were 

extracted with EtOAc (3x5 mL) and the combined organic phases washed with brine (5 mL), 

dried (Na2SO4), and concentrated in vacuo. The resulting residue (3.06 g) was purified by 

column chromatography (SiO2, eluting with 10% EtOAc in hexanes) to afford the desired S,O-

acetal 79 (1.96 g, 11.6 mmol, 73%) as a yellow oil: IR (neat) 2903, 1494, 1447, 1422, 1302, 

1279, 1182, 1082, 1018, 951, 898, 807, 684 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.37 (2H, d, J 

= 8.1 Hz), 7.11 (2H, d, J = 8.1 Hz), 4.92 (2H, s), 3.43 (3H, s), 2.33 (3H, s) ppm; 
13

C NMR (100 

MHz, CDCl3) δ 137.0 (0), 132.3 (0), 131.1 (2C, 1), 129.8 (2C, 1), 78.5 (2), 56.1 (3), 21.2 (3) 

ppm. NMR spectral data are in agreement with those previously reported by Sakai et al.109 

 

Dithioorthoformate 80: A stirred solution of S,O-acetal 79 (218 mg, 1.30 mmol) in anhydrous 

THF (2.0 mL) at –50 °C under Ar was treated with s-BuLi (1.58 mL, 1.07 M in cyclohexane, 

1.69 mmol, 1.3 eq.) during 5 min. The resulting solution was allowed to stir for 1 h and then 

further cooled to –78 °C. After this time, a solution of freshly prepared TolSSO2Tol110  (470 mg, 

1.69 mmol, 1.3 eq.) in anhydrous THF (1.5 mL) was carefully added down the cold flask side-

wall during a period of 5 min. The reaction mixture was allowed to warm slowly to rt during 11 

h and then sat. aq. NH4Cl (20 mL) followed by EtOAc (25 mL) were added. The layers were 

shaken and separated and the aqueous phase was extracted with EtOAc (3x5 mL). The combined 

organic extracts were washed with brine (5 mL), dried (Na2SO4), and concentrated in vacuo. The 
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yellow residue (418 mg) was purified by column chromatography (SiO2, eluting with 30% 

CH2Cl2 in hexanes) to yield the dithioorthoformate 80 (189 mg, 0.651 mmol, 50%) as a colorless 

oil: IR (neat) 2922, 1492, 1446, 1182, 1064, 1018, 906. 809, 719, 501 cm
–1

; 
1
H NMR (400 MHz, 

CDCl3) δ 7.41 (4H, d, J = 8.1 Hz), 7.13 (4H, d, J = 7.9 Hz), 6.08 (1H, s), 3.53 (3H, s), 2.34 (6H, 

s) ppm; 
13

C NMR (100 MHz, CDCl3) δ 138.3 (2 , 0), 133.1 (4 , 1), 130.3 (2 , 0), 129.9 (4 , 

1), 95.3 (1), 52.9 (3), 21.3 (2C, 3) ppm; MS (EI) m/z 290 (M+•, <1), 259 (1), 167 (100); HRMS 

(EI) m/z 290.0793 (calcd. for C16H18OS2: 290.0799). 

 

 

Dithioorthoformate 82: A solution of p-thiocresol (4.04 g, 32.5 mmol, 2 eq) and p-TsOH•H2O 

(31 mg, 0.16 mmol, 1 mol%) in PhMe (50 mL) at rt under Ar was treated with 

triethylorthoformate (81, 2.71 mL, d = 0.891, 2.41 g, 16.3 mmol, 1 eq) and stirred for 9 h. The 

reaction mixture was then diluted with EtOAc (50 mL) and washed with sat. aq. NaHCO3 (3x10 

mL). The aqueous phase was extracted with EtOAc (25 mL) and the combined organic phases 

washed with brine (5 mL), dried (Na2SO4), and concentrated in vacuo. The residue was purified 

by careful column chromatography (SiO2, eluting with 25% CH2Cl2 in hexanes) to afford 

dithioorthoformate 82 (1.03 g, 3.38 mmol, 21%) as a colorless oil: IR (neat) 2975, 2922, 1491, 

1443, 1397, 1162, 1061, 1017, 809, 716, 494; 
1
H NMR (400 MHz, CDCl3) δ 7.40 (4H, d, J = 8.1 

Hz), 7.12 (4H, d, J = 8.2 Hz), 6.02 (1H, s), 3.83 (2H, q, J = 7.0 Hz), 2.33 (6H, s), 1.16 (3H, t, J = 

7.1 Hz) ppm; 
13

C NMR (100 MHz, CDCl3) δ 138.3 (2 , 0), 133.2 (4 , 1), 130.4 (2 , 0), 129.9 

(4C, 1), 94.2 (1), 62.2 (2), 21.3 (2C, 3), 14.8 (3) ppm; MS (EI) m/z 304 (M+•, <<1), 181 (100); 

HRMS (EI) m/z 304.0966 (calcd. for C17H20OS2: 304.0956).  

Dithioorthoformate 82 is close in polarity to the corresponding trithioorthoformate, also 

generated here, and great care is needed to separate these two components by chromatography. 
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Products from the oxidation of acyclic dithioorthoformates 80 and 82:  

 

         

Data for pTolS(O)n-(O)nSpTol (87-89) were in accord with that reported by Souto and co-

workers111 and Chemla.
110

 

pTolS-SpTol (87): 
1
H NMR (400 MHz, CDCl3) δ 7.38 (4H, d, J = 8.1 Hz), 7.11(4H, d, J = 8.1 

Hz), 2.31(6H, s); MS (EI) m/z 246 (M+•, 100), 214 (M-S, 8). 

 pTolS-(O)SpTol (88): 
1
H NMR (400 MHz, CDCl3) δ 7.58 (2H, d, J = 8.1 Hz), 7.45 (2H, d, J = 

8.0 Hz), 7.31 (2H, d, J = 8.1 Hz), 7.20 (2H, d, 7.7 Hz), 2.43(3H, s), 2.39(3H, s) ppm; HRMS (EI) 

m/z 262.0483 (calcd. for C17H20OS2: 262.0956).  

pTolS-(O)2SpTol (89): The data were in accord with a sample prepared using the procedure of 

Chemla. Mp 76-78 °C hexanes; IR (KBr): 3062-2857, 1590, 1488, 1322, 1138, 807, 704, 653 

cm-1; 
1
H NMR (400 MHz, CDCl3) δ 7.58 (2H, d, 8.33), 7.24 (2H, d, 8.2 Hz), 7.21 (2H, d, 8.15 

Hz), 2.43 (3H, s), 2.38 (3H, s) ppm; 
13

C NMR (100 MHz, CDCl3) δ 144.0, 144.2, 140.85, 

136.69, 130.37, 127.83, 124.93, 21.81, 21.63 ppm.  

Synthesis of Cyclic Dithioorthoformate Monooxides 102t and 102c (below) 
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2-Isopentoxy-1,3-benzodithiolane (101): By a modification of the method of Nakayama.112A 

500 mL 3-necked RB-flask equipped with a reflux condenser was provided with a magnetic stir-

bar and then charged with isoamylnitrite (8.72 mL, d = 0.872, 7.60 g, 64.9 mmol, 1.3 eq), 

isoamyl alcohol (10.9 mL, d = 0.809, 8.82 g, 100 mmol, 2.0 eq), carbon disulfide (24.0 mL, d = 

1.27, 30.5 g, 401 mmol, 8.0 eq), and dichloroethane (DCE, 135 mL). The mixture was heated to 

a gentle reflux with stirring and treated with a solution of anthranilic acid (100, 6.85 g, 49.9 

mmol, 1.0 eq) in dioxane (22 mL) via syringe-pump during 3.5 h. Reflux was continued for a 

further 30 min following conclusion of the addition and then the contents of the flask were 

allowed cooled to rt. Volatiles were removed by concentration on a rotary evaporator followed 

by connection to an oil pump (< 1 mmHg) for 3 h. The residue (17.4 g) was washed successively 

with H2O (250 mL), sat. aq. NaHCO3 (2x150 mL), and H2O (100 mL), and then dried (Na2SO4), 

and concentrated in vacuo. The resulting residue (14.4 g) was further purified by column 

chromatography (SiO2, eluting with 0-1% EtOAc in hexanes) to afford 2-isopentoxy-1,3-

benzodithiolane (101, 8.10 g, 33.7 mmol, 68%) as a colorless oil: IR (neat) 2954, 2868, 1445, 

1259, 1066, 1027, 740 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.38-7.34 (2H, m, AA´BB´), 7.13-

7.08 (2H, m, AA´BB´), 6.79 (1H, s), 3.46 (2H, t, J = 6.5 Hz), 1.66 (1H, nonatet, J = 6.7 Hz), 1.42 

(2H, q, J = 6.7 Hz), 0.87 (6H, d, J = 6.6 Hz) ppm; 
13

C NMR (100 MHz, CDCl3) δ 136.4 (2C, 0), 

125.4 (2C, 1), 122.0 (2C, 1), 90.1 (1), 62.9 (2), 37.9 (2), 25.0 (1), 22.6 (2C, 3) ppm. 
1
H NMR 

spectral data are in agreement with those previously reported by Nakayama.
110

 

 

2-Isopentoxy-1,3-benzodithiolane-S-oxides (102t, 102c): By a modification of the method of 

Sekine et al.113 A stirred suspension of cyclic dithioorthoformate 101 (7.90 g, 32.9 mmol) and 

NaHCO3 (8.29 g, 98.7 mmol, 3.0 eq) in CH2Cl2 (330 mL) at 0 °C was treated with 3-

chloroperoxybenzoic acid (m-CPBA, 7.78 g, ca. 73 wt.% wetted by H2O, 32.9 mmol, 1.0 eq) in 

three equal portions. The resulting mixture was allowed to stir vigorously for 10 min and then 

shaken with sat. aq. NaHCO3 (250 mL) and layers separated. The organic phase was washed 

with 50% sat. aq. Na2S2O3 (50 mL) and the combined aqueous phases were extracted with 

CH2Cl2 (2x75 mL). The combined organic phases were then dried (Na2SO4) and concentrated in 

vacuo. The residue (8.63 g) was purified by careful column chromatography (SiO2, eluting with 

25% EtOAc in hexanes) to afford in order of elution, the putative cis isomer 102c (294 mg, 1.15 
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mmol, 3.5 %) followed by the more polar putative trans isomer 102t (6.92 g, 27.0 mmol, 82%), 

both as waxy amorphous colorless solids. 

 

Data for trans-2-isopentoxy-1,3-benzodithiolane-S-oxide (102t): IR (neat) 2955, 1565, 1439, 

1258, 1078, 1052, 1035, 752, 713, 537 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.86 (1H, d, J = 7.6 

Hz), 7.50-7.45 (2H, m), 7.29 (1H, ddd, J = 8.1, 6.0, 2.4 Hz), 5.97 (1H, s), 3.80 (2H, t, J = 6.6 

Hz), 1.63 (1H, nonatet, J = 6.8 Hz), 1.48 (2H, q, J = 6.8 Hz), 0.863 (3H, d, J = 6.6 Hz), 0.859 

(3H, d, J = 6.6 Hz) ppm; 
13

C NMR (100 MHz, CDCl3) δ 143.5 (0), 140.9 (0), 133.8 (1), 129.2 

(1), 126.6 (1), 124.7 (1), 105.2 (1), 70.7 (2), 37.8 (2), 25.0 (1), 22.5 (2C, 3) ppm; MS (ES+) m/z 

279 (M+Na), 257 (M+H); HRMS (EI+) m/z 257.0657 (calcd. for C12H17O2S2: 257.0670). 

 

Data for cis-2-isopentoxy-1,3-benzodithiolane-S-oxide (102c): IR (neat) 2954, 1576, 1464, 1444, 

1304, 1092, 1033, 752, 692 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.65 (1H, dd, J = 7.5, 0.8 Hz), 

7.41 (1H, td, J = 7.5, 1.3 Hz), 7.34 (1H, td, J = 7.5, 1.1 Hz), 7.30 (1H, br d, J = 7.7 Hz), 6.10 

(1H, s), 3.87-3.76 (2H, non-first order ABXY), 1.67 (1H, nonatet, J = 6.8 Hz), 1.60-1.50 (2H, 

m), 0.861 (3H, d, J = 6.6 Hz), 0.858 (3H, d, J = 6.6 Hz) ppm; 
13

C NMR (100 MHz, CDCl3) δ 

139.7 (0), 133.8 (0), 132.2 (1), 127.3 (1), 127.1 (1), 124.6 (1), 99.4 (1), 70.3 (2), 38.0 (2), 25.0 

(1), 22.61 (3), 22.59 (3) ppm; MS (ES+) m/z 279 (M+Na)+; HRMS (ES+) m/z 279.0478 (calcd. 

for C12H16NaO2S2: 279.0489). 

Sulfoxide-Ligand Exchange from 102t and 102c (Table 2.3) 

(a) Experiments with α-magnesiated S,O-acetals 

 

 

Sulfoxide-metal exchange (SME) with trivial quench (protonolysis) was conducted as follows to 
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establish general efficacy and to generate all protio standards 105 (R = Et) and 105 (R = Ph). The 

latter could not be cleanly synthesized using PhLi and so PhMgBr was used instead for this 

purpose. 

 

Ethyl 2-(6-methyl-3-oxa-1-thiahept-1-yl)phenyl sulfoxide (105, R = Et) (Table 2.3, Entry 1): 

A solution of cyclic dithioorthoformate monooxide 102t (96 mg, 0.374 mmol) in anhydrous THF 

(1.5 mL) at –78 °C under Ar, was treated with EtMgCl (0.17 mL, 2.25 M in THF, 0.383 mmol) 

during 2 min. The resulting solution was allowed to stir for 15 min at –78 °C and then quenched 

by the addition of CH3OH (0.25 mL). Sat. aq. NH4Cl (5 mL) was added and the mixture allowed 

to warm to rt. EtOAc (10 mL) and H2O (10 mL) were added and the layers shaken and separated. 

The aqueous phase was extracted with EtOAc (2x8 mL) and the combined organic phases 

washed with brine (5 mL), dried (Na2SO4) and concentrated in vacuo. The residue (104 mg, ≤ 

97%), which was essentially pure product as adjudged by 
1
H NMR analysis, was subjected to 

chromatography (SiO2, eluting with 20% EtOAc in hexanes) to afford the SME/protonolysis 

adduct 105 (R = Et, 90 mg, 0.314 mmol, 84%) as a colorless oil: IR (neat) 2956, 2930, 2869, 

1488, 1306, 1084, 1064, 1028, 757 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.87 (1H, dd, J = 7.7, 

1.5 Hz), 7.62 (1H, dd, J = 7.6, 1.2 Hz), 7.48 (1H, td, J = 7.4, 1.3 Hz), 7.43 (1H, td, J = 7.5, 1.7 

Hz), 5.02 (1H, d, J = 11.3 Hz), 4.96 (1H, d, J = 11.3 Hz), 3.66 (1H, dt, J = 9.3, 6.8 Hz), 3.59 

(1H, dt, J = 9.3, 6.7 Hz), 3.09 (1H, dq, J = 13.4, 7.4 Hz), 2.80 (1H, dq, J = 13.5, 7.4 Hz), 1.67 

(1H, nonatet, J = 6.7 Hz), 1.48 (2H, q, J = 6.7 Hz), 1.23 (3H, t, J = 7.4 Hz), 0.890 (3H, d, J = 6.6 

Hz), 0.888 (3H, d, J = 6.7 Hz) ppm; 
13

C NMR (100 MHz, CDCl3) δ 144.4 (0), 132.9 (0), 132.2 

(1), 131.3 (1), 128.2 (1), 125.3 (1), 77.1 (2), 67.9 (2), 48.3 (2), 38.0 (2), 25.1 (1), 22.6 (3), 22.5 

(3), 6.1 (3) ppm; MS (EI+) m/z 286 (M+•, 20%), 269 (64), 199 (16), 186 (28), 171 (92), 158 

(56), 140 (100); HRMS (EI+) m/z 286.1059 (calcd. For C14H22O2S2: 286.1061). 

 

Phenyl 2-(6-methyl-3-oxa-1-thiahept-1-yl)phenyl sulfoxide (105, R = Ph): A solution of 

cyclic dithioorthoformate monooxide 102t (96 mg, 0.374 mmol) in anhydrous THF (2.5 mL) at –

78 °C under Ar, was treated with PhMgBr (0.13 mL, 2.91 M in THF, 0.378 mmol). The resulting 

solution was allowed to stir for 15 min at –78 °C and then quenched by the addition of CH3OH 

(0.25 mL). Sat. aq. NH4Cl (5 mL) was added and the mixture allowed to warm to rt. EtOAc (10 
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mL) and H2O (10 mL) were added and the layers shaken and separated. The aqueous phase was 

extracted with EtOAc (2x8 mL) and the combined organic phases washed with brine (5 mL), 

dried (Na2SO4) and concentrated in vacuo. The residue was purified by column chromatography 

(SiO2, eluting with 20% Et2O in hexanes) to afford the SME /protonolysis adduct 105 (R = Ph, 

19 mg, 0.057 mmol, 15%) as a colorless oil: IR (neat) 2955, 1445, 1305, 1084, 1028, 749, 687 

cm–1; 
1
H NMR (400 MHz, CDCl3) δ 8.04 (1H, dd, J = 7.9, 1.4 Hz), 7.75-7.70 (2H, m), 7.59 

(1H, dd, J = 7.7, 1.1 Hz), 7.50 (1H, td, J = 7.5, 1.2 Hz), 7.44-7.38 (4H, m), 4.90 (1H, d, J = 11.3 

Hz), 4.75 (1H, d, J = 11.3), 3.63 (1H, dt, J = 9.3, 6.7 Hz), 3.58 (1H, dt, J = 9.3, 6.7 Hz), 1.66 

(1H, nonatet, J = 6.7 Hz), 1.46 (2H, q, J = 6.8 Hz), 0.89 (3H, d, J = 6.7 Hz), 0.88 (3H, d, J = 6.6 

Hz) ppm; 
13

C NMR (100 MHz, CDCl3) δ 146.5 (0), 145.5 (0), 133.9 (0), 132.6 (1), 131.5 (1), 

131.3 (1), 129.4 (2C, 1), 128.5 (1), 126.4 (2C, 1), 124.9 (1), 76.9 (2), 67.8 (2), 38.1 (2), 25.2 (1), 

22.73 (3), 22.67 (3) ppm; MS (ES+) m/z 357 (M+Na)+, 335 (M+H)+; HRMS (ES+) m/z 

335.1154 (calcd. for C18H23O2S2: 335.1139). 

 

EtMgCl initiated SME from 102t and deuterolysis (Table 2.3, Entry 2): A stirred solution of  

the trans cyclic dithioorthoformate monooxide 102t (64 mg, 0.250 mmol) in anhydrous THF 

(1.66 mL) at –78 °C under Ar, was treated dropwise with EtMgCl (0.11 mL, 2.26 M in THF, 

0.250 mmol, 1.0 eq) during 2 min. The resulting solution of putative α-magnesiated S,O-acetal 

103t (R = Et, M = MgCl) was allowed to stir for 15 min at –78 °C and then quenched with 

CD3OD (0.20 mL). After 2 min, sat. aq. NH4Cl (3 ml) was added and the mixture allowed to 

warm to rt and partitioned between EtOAc (10 mL) and H2O (5 mL).  
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The layers were separated and the aqueous phase was extracted with EtOAc (2x5 mL). The 

combined organic phases were washed with brine (2 mL), dried (Na2SO4), and concentrated in 

vacuo. The residue (70 mg) was purified by column chromatography (SiO2, eluting with 20% 

Et2O in hexanes) to afford an inseparable mixture of the three primary SME adducts 104t/c + 

105 (63 mg, 0.220 mmol, 88%) as a colorless oil. Analysis of the mixture of primary SME 

adducts by 
1
H NMR spectroscopy [see Figure 5.1 and trace (b)] revealed the following: %yield 

104t/c = 78%, 104t: 104c > 99:01, %yield 105 = 10%. 
1
H NMR spectral signatures of 104t/c (R 

= Et, E = D) barely differ from that of 105 (R = Et; given above) except for the methylene unit 

(ArCHDOAm, δH (104t) = 5.00 ppm; δH (104c) = 4.94 ppm). 

 

EtMgCl initiated SME from 102c and deuterolysis (Table 2.3, Entry 3): A stirred solution of 

the cis cyclic dithioorthoformate monooxide 102c (64 mg, 0.250 mmol) in anhydrous THF (1.0 

mL) at –78 °C under Ar, was treated dropwise with EtMgCl (0.128 mL, 1.96 M in THF, 0.251 

mmol, 1.0 eq) during 2 min. The resulting solution of putative α-magnesiated S,O-acetal 103c (R 

= Et, M = MgCl) was allowed to stir for 15 min at –78 °C and then quenched with CD3OD (0.17 

mL). After 2 min, sat. aq. NH4Cl (3 ml) was added and the mixture allowed to warm to rt and 

partitioned between EtOAc (10 mL) and H2O (5 mL). The layers were separated and the aqueous 

phase was extracted with EtOAc (2x5 mL). The combined organic phases were washed with 

brine (2 mL), dried (Na2SO4), and concentrated in vacuo. The residue (76 mg) was purified by 

column chromatography (SiO2, eluting with 0-20% Et2O in hexanes) to afford an inseparable 

mixture of the primary SME adducts 104t/c + 105 (33 mg, 0.115 mmol, 46%) as a colorless oil. 

Analysis of the mixture of primary SME adducts by 
1
H NMR spectroscopy [see Figure 5.1 and 

trace (c)] revealed the following: %yield 104t/c = 20%, 104t: 104c = 07:93, %yield 105 = 26%. 

 

Closely related experiments summarized in Table 2.3 as Entries 4 and 5 were conducted and 

analyzed in an analogous fashion to the above two examples, the only difference being that α-

magnesiated S,O-acetals were allowed to incubate for a total of 2.5 h at –78 °C prior to addition 

of CD3OD. In addition, the experiments for Entries 6-9 were also handled in analogous fashion, 

the only difference being the cooling baths were allowed to warm to the prescribed temperatures 
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over the given time period and then the cooling bath temperatures were returned to –78 °C prior 

to quench.  

 

 

Figure 5.1. 
1
H NMR (400 MHz, CDCl3) spectral traces from 5.05-4.92 ppm. (a) Pure 105 (R = 

Et) showing AB quartet for ArCH2OAm. Traces (b) and (c) show primary SME product mixtures 

(104t +104c + 105) obtained from experiments described in Table 1 as Entries 2 and 3, 

respectively. t = ArCHDOAm in 104t (E = D, R = Et), c = ArCHDOAm in 104c (E = D, R = Et). 

Analysis of integrals using standardization from trace (a) gives data as follows: (b) 89% D, t:c > 

99:01; (c) 43.0% D, t:c = 07:93. 
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(b) Experiments with α-lithiated S,O-acetals 

 

PhLi initiated SME from 102t and deuterolysis (Table 2.3, Entry 11): A stirred solution of 

the trans cyclic dithioorthoformate monooxide 102t (96 mg, 0.374 mmol) and CD3OD (0.038 

mL, d = 0.888, 34 mg, 0.942 mmol, 2.5 eq) in anhydrous THF (1.5 mL) at –78 °C under Ar, was 

treated dropwise with PhLi (0.23 mL, 1.62 M in Bu2O, 0.373 mmol, 1.0 eq) during 2 min. The 

mixture was stirred for a further 10 min and then treated with CD3OD (0.25 mL) followed by sat. 

aq. NH4Cl (5 mL) and the contents of the flask warmed to rt. The mixture was partitioned 

between EtOAc (15 mL) and H2O (5 mL) and the layers separated. The aqueous phase was 

extracted with EtOAc (2x10 mL) and the combined organic phases washed with brine (2 mL), 

dried (Na2SO4), and concentrated in vacuo. The residue (115 mg) was purified by column 

chromatography (SiO2, eluting with 0-20% Et2O in hexanes) to afford, in order of elution: 

secondary SME adduct 106 (12 mg, 0.057 mmol, 15%, various isotopomers, ≥95% deuterated at 

phenyl ring ortho position, and DD:HD:HH ~ 23:55:23 at acetal methylene), diphenylsulfoxide 

(105b, 11 mg, 0.054 mmol, 15%), primary SME adducts 104t/c + 105 (13 mg, 0.039 mmol, 10 

%), and unreacted starting material 18t (65 mg, 0.254 mmol, 68%, <5% D). 

Analysis of the mixture of primary SME adducts by 
1
H NMR spectroscopy [see Figure 5.2 and 

trace (b)] revealed the following: %yield 20t/c = 7.1%, 104t:104c = 66:34, %yield 105 = 2.9%. 

1
H NMR spectral signatures of 20t/c (R = Ph, E = D) barely differ from that of 21 (R = Ph; see 

above) except for the methylene unit (Ar HDOAm, δH (104t) = 4.87 ppm; δH (104c) = 4.73 

ppm). A sample of all protio 106 was generated by adding PhLi (1 eq) to 102t (in THF, –78 °C) 

followed 5 min later by CH3OH; work-up identical to above.  
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Figure 5.2. 
1
H NMR (400 MHz, CDCl3) spectral traces from 4.95-4.70 ppm. (a) Pure 105 (R = 

Ph) showing AB quartet for ArCH2OAm. Traces (b) and (c) show primary SME product 

mixtures (104t + 104c + 105) obtained from experiments described in Table 2.3 as Entries 11 

and 12, respectively. t = ArCHDOAm in 104t (E = D, R = Ph), c = ArCHDOAm in 104c (E = D, 

R = Ph). Analysis of integrals using standardization from trace (a) gives data as follows: (b) 

70.7% D, t:c = 66:34; (c) 81.0% D, t:c = 19:81. 

 

Data for isopentyl (phenylthiomethyl) ether (106): IR (neat) 2956, 1584, 1481, 1439, 1304, 1081, 

1027, 740, 691 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.48 (2H, br d, J = 7.6 Hz), 7.29 (2H, br t, J 

= 7.3 Hz), 7.21 (1H, br t, J = 7.3 Hz), 5.00 (2H, s), 3.63 (2H, t, J = 6.7 Hz), 1.69 (1H, nonatet, J 

= 6.7 Hz), 1.49 (2H, q, J = 6.8 Hz), 0.90 (6H, d, J = 6.6 Hz) ppm; 
13

C NMR (100 MHz, CDCl3) δ 

136.5 (0), 130.3 (2C, 1), 129.1 (2C, 1), 126.7 (1), 76.4 (2), 67.2 (2), 38.3 (2), 25.2 (1), 22.7 (2C, 

3) ppm; MS (EI+) m/z 210 (M+•, 100%), 185 (16), 177 (24), 123 (40), 110 (88), 101 (60); 

HRMS (EI+) m/z 210.1088 (calcd. for C12H18OS: 210.1078). 
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PhLi initiated SME from 102c and deuterolysis (Table 1, Entry 12): A stirred solution of the 

cis cyclic dithioorthoformate monooxide 102c (64 mg, 0.250 mmol) and CD3OD (0.025 mL, d = 

0.888, 22 mg, 0.615 mmol, 2.5 eq) in anhydrous THF (1.0 mL) at –78 °C under Ar, was treated 

dropwise with PhLi (0.155 mL, 1.62 M in Bu2O, 0.251 mmol, 1.0 eq) during 2 min. The mixture 

was stirred for a further 10 min and then treated with CD3OD (0.25 mL) followed by sat. aq. 

NH4Cl (5 mL) and the contents of the flask warmed to rt. The mixture was partitioned between 

EtOAc (15 mL) and H2O (5 mL) and layers separated. The aqueous phase was extracted with 

EtOAc (2x10 mL) and the combined organic phases washed with brine (2 mL), dried (Na2SO4), 

and concentrated in vacuo. The residue (72 mg) was purified by column chromatography (SiO2, 

eluting with 0-20% Et2O in hexanes) to afford, in order of elution: secondary SME adduct 106 (5 

mg, 0.024 mmol, 10%, various isotopomers, ≥95% deuterated at phenyl ring ortho position, and 

~ 80% D at methylene acetal), diphenylsulfoxide (105b, 5.5 mg, 0.027 mmol, 11%), primary 

SME adducts 104t/c + 105 (6 mg, 0.018 mmol, 7 %), and unreacted starting material 102c (37 

mg, 0.254 mmol, 58%, <5% D). Analysis of the mixture of primary SME adducts by 
1
H NMR 

spectroscopy [see Figure 5.2 and trace (c)] revealed the following: %yield 104t/c = 5.7%, 104t: 

104c = 19:81, %yield 105 = 1.3%. 

 

Addition of Magnesiated S,O-acetal 103t to PhCHO 

 

 

Carbinol 108: A stirred solution of dithioorthoformate monooxide 102t (96.0 mg, 0.375 mmol) 

in anhydrous THF (1.5 mL) at –78 °C under Ar was treated dropwise with EtMgCl (0.16 mL, 

2.36 M in Et2O, 0.38 mmol) during 90 sec. After 15 min, neat benzaldehyde (0.114 mL, d = 

1.045, 119 mg, 1.22 mmol) was added and the mixture stirred for a further 30 min at –78 °C. The 

reaction was then quenched by the addition of MeOH (0.25 mL) followed by sat. aq. NH4Cl (5 

mL) and allowed to warm to rt. EtOAc (10 mL) and H2O (5 mL) were added and the layers 
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shaken and separated. The aqueous phase was extracted with EtOAc (2x10 mL) and the 

combined organic phases were washed with brine (2 mL), dried (Na2SO4), and concentrated in 

vacuo. The residue was purified by column chromatography (SiO2, eluting with 30% EtOAc in 

hexanes) to afford the addition adduct 107 (76.2 mg, 0.194 mmol, 52%) as an inseparable 

mixture of two diastereoisomers (dr = 2:1, determined by 
1
H NMR spectral analysis): pale 

yellow oil; IR (neat) 3350, 3031, 2956, 1448, 1094, 1016, 760, 700 cm
–1

; 
1
H NMR (700 MHz, 

CDCl3): major isomer δ 7.81 (1H, dd, J = 7.8, 1.4 Hz), 7.55 (1H, dd, J = 7.7, 1.1 Hz), 7.43 (1H, 

td, J = 7.5, 1.5 Hz), 7.41-7.25 (6H, m), 4.96 (1H, d, J = 6.4 Hz), 4.87 (1H, d, J = 6.4 Hz), 3.75 

(1H, dt, J = 9.2, 6.7 Hz), 3.40 (1H, dt, J = 9.2, 6.8 Hz), 2.89 (1H, dq, J = 13.5, 7.4 Hz), 2.63 (1H, 

dq, J = 13.5, 7.4 Hz), 1.59 (1H, nonatet, J = 6.7 Hz), 1.45-1.37 (2H, m), 1.11 (3H, t, J = 7.4 Hz), 

0.84 (3H, d, J = 6.7 Hz), 0.81 (3H, d, J = 6.7 Hz) ppm; minor isomer δ 7.87 (1H, dd, J = 7.8, 1.4 

Hz), 7.62 (1H, dd, J = 7.7, 1.1 Hz), 7.41-7.25 (7H, m), 4.86 (1H, d, J = 6.0 Hz), 4.79 (1H, d, J = 

6.1 Hz), 3.71 (1H, dt, J = 9.3, 6.5 Hz), 3.27 (1H, dt, J = 9.3, 6.7 Hz), 3.05 (1H, dq, J = 13.5, 7.4 

Hz), 2.80 (1H, dq, J = 13.5, 7.4 Hz), 1.59 (1H, nonatet, J = 6.7 Hz), 1.45-1.37 (2H, m), 1.16 (3H, 

t, J = 7.4 Hz), 0.75 (3H, d, J = 6.7 Hz), 0.69 (3H, d, J = 6.6 Hz) ppm; 
13

C NMR (175 MHz, 

CDCl3): major isomer δ 146.1 (0), 139.2 (0), 135.1 (1), 130.9 (1), 130.6 (0), 129.0 (1), 128.5 (1), 

128.4 (2C, 1), 127.4 (2C, 1), 125.8 (1), 95.3 (1), 76.5 (1), 69.7 (2), 48.0 (2), 38.2 (2), 25.0 (1), 

22.7 (3), 22,6 (3), 6.0 (3) ppm; minor isomer non-aromatic signals δ 96.4 (1), 75.0 (1), 69.4 (2), 

48.1 (2), 37.9 (2), 24.6 (1), 22.4 (3), 22.2 (3), 6.2 (3) ppm; MS (ES+) m/z 415 (M+Na)+, 393 

(M+H)+; HRMS (ES+) m/z 415.1396 (calcd. for C21H28NaO3S2: 415.1378). 
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Synthesis of α-alkoxy boronic esters 123 and subsequent conversion to aldehyde 

114 or α-alkoxy boronic esters 128 and alcohol 128 (Scheme 3.3).  

 

 

General Protocol for α-alkoxy boronic esters 123: A solution of thioether 79 (0.108g, 0.643 

mmol, 1.2 equiv.) in THF(1.5 mL) was cooled to -55 °C. Then the solution was treated with sec-

BuLi (0.585 mL, 1.10 M, 0.645 mmol, 1.2 equiv.) dropwise over 5 min. and allowed to incubate 

for an additional 55 min. at -55 °C. The solution was treated dropwise with a solution of boronic 

ester 111 (0.125 g, 0.539 mmol, 1.0 equiv.) dissolved in THF (0.5 mL). The solution was 

allowed to incubate for an additional 1.5 h at -55 °C. At this time the cooling bath was warmed 

to -10 °C over 30 min. The solution was then treated with HgCl2 ( 0.175 g, 0.645 mmol, 1.2 

equiv.) at -10 °C in one portion by carefully removing the septum from reaction vessel. Then 

vessel was sealed and flashed with argon. The reaction mixture was allowed to warm to rt over 

13 h. 
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The following two protocols process the resultant reaction mixture to either give the boronic 

ester 123 or the oxidative protocol to give 3-phenylpropanal 113, the later is presented first. 

Oxidative protocol to 3-phenylpropanal 113: The reaction mixture of α-alkoxy boronic esters 

123 was treated with a saturated solution of phosphate buffer (0.70 mL, pH 8) followed by 

treatment with aq. H2O2 30% (wt/wt) at rt and allowed to incubate 6 h. The mixture was dilute 

with EtOAc (75 mL) and NaOH (2M, 10 mL). The organics were washed with an additional 

NaOH (2 x 10 mL). All materials were passed filtered through glass wool and followed by filter 

paper in vacco; the precipitate was discarded. The combined aqueous was back extracted with 

EtOAc (2 x 30 mL). The combined organics were washed with brine (2 x 5 mL), dried over 

Na2SO4 and concentrated in vacco to give 0.165g of crude residue. The material was further 

purified by column chromatography (SiO2, eluting with 10% EtOAc in hexanes) to give 3-

phenylpropanal (51.7 mg, 0.385 mmol, 71%) and 2-phenylethanol (MW 122, 7.0 mg, 5.41 µmol, 

10 % recovery). Data for 3-phenylpropanal 113: 
1
H NMR (400 MHz, CDCl3) δ 9.83 (1H, s), 

7.38-7.10 (5H, m), 2.97(t, 8 Hz) 2.79(2H, t , j = 8 Hz). The data were in accord with that reported 

by Leadbeater et al.114 

 

Isolation protocol for α-alkoxy boronic esters 123 was conducted as follows: Under 

essentially identical conditions, scaled proportionally to boronic ester 111 (0.176 g, 0.759 mmol, 

1.0 equiv.), the reaction mixture was partitioned between H2O (25 mL) and EtOAc/hexanes (1:1, 

100 mL) and separated. The organics were washed with additional portions of H2O (2 x 25 mL). 

Then the combined organics were washed with brine (2 x 10 mL), filtered through filter paper in 

vacco, dried NaSO4, and concentrated in vacco to give a crude residue (0.157 g) estimated to be 

75% wt/wt of boronic ester 123 (118 mg, 0.426 mmol, 56 %) along with the S,O-acetal 124 

starting material as the second significant component to the crude mixture. 

 

A portion of the crude material was purified by SiO2 chromatography eluting with EtOAc 15% 

in hexanes to give a mixture of the target boronic ester and its decomposition product 3-

phenylpropanal. Data for the α-alkoxyboronic ester 123:
 1

H NMR (400 MHz, CDCl3) δ 7.40-7.18 

(3H, s), 3.22(1H, t, j = 6 Hz), 2.80-2.62 (2H, m)*, 2.13-1.87 (2H, m)*, 1.31(12H, s). The data 

was taken as a mixture of boronic ester and 3-phenylpropanal 113 (44:56) mole ratio 
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respectively. Note that over lapped of proton signals occurred with *(PhCH2CH2Bpin) 111 in 

either the crude mixture or *(2.79 ppm, PhCH2CH2CHO) 113 in the material purified by column 

chromatography (SiO2). 

This material was directly subject to the homologation conditions for the synthesis of 4-phenyl-

2-methoxybutyl-1-B-pinacol boronic ester 127 and subsequent conversion to 4-phenyl-2-

methoxy-1-butanol 128.  Note that the crude residue of α-alkoxy boronic esters 123 was stored 

under argon at 0-5 C for 2 weeks after the initial isolation prior to use in the following procedure. 

Synthesis of 4-phenyl-2-methoxybutyl-1-B-pinacol boronic ester 127 and subsequent 

oxidation to 4-phenyl-2-methoxy-1-butanol 128: A portion of the crude boronic ester boronic 

ester 123 (ca 75% wt/wt, 25.0 mg, 68.0 µmol) in THF (0.40 mL) was treated with 

chloroiodomethane (20.0 µL, d = 2.42, 48.0 mg, 0.274 mmol, 4.0 equiv.) and cooled to -78C. 

The solution was treated with n-BuLi (0.125 mL, 2.20 M, 2.75 mmol, 4.0 equiv.) dropwise down 

the side of the flask at -78C. The solution was allowed to warm to rt 20h and then cooled to 0C 

and treated with aqueous H2O2 30% wt/wt (39.0 µL) and aqueous NaOH (0.10 mL, 2.0M). The 

solution was allowed to incubate for 3 h. The solution was dilute with sat. aq. NH4Cl (3.0 mL) 

and partitioned between EtOAc (10 mL) and H2O (2 mL). The aqueous layer was extracted with 

EtOAc (2 x 10 mL). The combined organics were washed with aqueous Na2SO3 (10%, 3 mL) 

and then brine (2 mL), dried over Na2SO4, concentrated in vacco. The resultant crude residue 

(17.0 mg) was further purified by column chromatography (SiO2, eluting with 20% EtOAc in 

hexanes, mixed fractions discarded) to give the title alcohol 128 (3.6 mg, 20.0 µmol, 17 % yield) 

[6.0 mg, 33.3 µmol, 27% impure yield] over 3 steps from boronic ester 111 (0.759 mmol, using 

25.0 mg of the isolated 157 mg of crude material from the initial step).  

Data for 4-phenyl-2-methoxy-1-butanol 128: 
1
H NMR (400 MHz, CDCl3) δ 7.33-7.13 (5H, 

m), 3.73(1H dd, j = 11.5, 3.1 Hz), 3.53(1H, j = 11.5, 5.8 Hz), 3.41 (s, 3H), 3.29 (1H, m), 

2.68(2H, td, 6.8, 1.0 Hz),  1.97-1.70 (m, 2H). The data for alcohol 128 were in accord with that 

reported by Vikhe et al.115 
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Enantioselective Lithiation of S,O-Acetal 79  

 

 

2-Methoxy-2-[(4-methylphenyl)thio]-1-phenylethan-1-ol (130): A solution of (–)-sparteine 

(0.23 mL, d = 1.02, 235 mg, 1.00 mmol) in anhydrous PhMe (2.0 mL) at –78 °C was treated with 

s-BuLi (0.91 mL, 1.10 M in cyclohexane, 1.00 mmol) followed 5 min later by S,O-acetal 79 (168 

mg, 1.00 mmol) in dry PhMe (0.3 mL). The resulting mixture was stirred for 5 h at –78 °C and 

then neat benzaldehyde (0.101 mL, d = 1.045, 106 mg, 1.00 mmol) was added. After stirring for 

a further 30 min at –78 °C, MeOH (0.5 mL) and then sat. aq. NH4Cl (2 mL) were added and the 

mixture allowed to warm to rt. The mixture was partitioned between EtOAc (10 mL) and H2O 

(10 mL) and the layers separated. The aqueous phase was extracted with EtOAc (2x10 mL) and 

the combined organic phases dried (Na2SO4) and concentrated in vacuo. Analysis of the resulting 

residue by 
1
H NMR spectroscopy revealed that the addition adduct 130 had been formed with dr 

= 74:26. The material was further purified by column chromatography (SiO2, eluting with 10% 

EtOAc in hexanes, mixed fractions discarded) to afford in order of elution, the major 

diastereoisomer of 130 (99 mg, 0.361mmol, 36%) followed by the minor diastereoisomer of 130 

(52 mg, 0.190 mmol, 19%) both as colorless oils [total isolated yield = 55%]. HPLC analysis 

(vide infra) revealed that the major isomer exhibited 24% ee, but that the minor diastereoisomer 

was less enantioenriched (9% ee). An otherwise identical experiment performed in THF and in 

the absence of (–)-sparteine was used to generate racemic samples of each diastereoisomer. (±)-

130 was so obtained in 67% isolated yield and in favor of the same diastereoisomer as before (dr 

= 78:22).  

 

Data for major diastereoisomer of 130: IR (neat) 3440, 2924, 1653, 1492, 1454, 1391, 1320, 

1194, 1103, 964, 814, 700 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.43-7.32 (5H, m), 7.14 (2H, d, 

J = 8.0 Hz), 7.06 (2H, d, J = 7.9 Hz), 4.73 (1H, d, J = 7.7 Hz), 4.57 (1H, d, J = 7.8 Hz), 3.59 (3H, 



 

76 

 

 

s), 3.16 (1H, s, OH), 2.33 (3H, s) ppm; 
13

C NMR (100 MHz, CDCl3) δ 139.6 (0), 138.2 (0), 

134.1 (2C, 1), 129.8 (2C, 1), 129.4 (0), 128.4 (2C, 1), 128.3 (1), 128.0 (2C, 1), 96.1 (1), 76.1 (1), 

57.0 (3), 21.3 (3) ppm; MS (EI+) m/z 274 (M+•, 7.5%), 167 (100), 124 (20), 119 (30), 91 (53); 

HRMS (EI+) m/z 274.1017 (calcd. for C16H18O2S: 274.1028).  

 

Data for minor diastereoisomer of 130: IR (neat) 3472, 2924, 1493, 1453, 1188, 1110, 965, 811, 

700 cm
–1

; 
1
H NMR (400 MHz, CDCl3) δ 7.42-7.25 (7H, m), 7.13 (2H, d, J = 7.9 Hz), 4.56 (1H, 

d, J = 7.2 Hz), 4.52 (1H, br d, J = 7.4 Hz), 3.40 (3H, s), 3.06 (1H, s, OH), 2.35 (3H, s) ppm; 
13

C 

NMR (100 MHz, CDCl3) δ 140.1 (0), 138.6 (0), 134.6 (2 , 1), 130.0 (2 , 1), 128.3 (2 , 1), 

128.1 (1), 127.4 (2C, 1), 98.0 (1), 74.0 (1), 57.3 (3), 21.3 (3) ppm (1 quaternary carbon is 

obscured by another signal); MS (EI+) m/z 274 (M+•, 4%), 167 (100), 124 (20), 119 (30), 91 

(53); 53); HRMS (EI+) m/z 274.1029 (calcd. for C16H18O2S: 274.1028). 

 

HPLC analysis of the major diastereoisomer of 130: HPLC of the racemic sample of the 

major diastereoisomer of 130 using a Daicel Chiralcel® AS-H column (4.6 mm ID x 250 mm), 

eluting with 3% i-PrOH in hexanes (at 1 mL min
–1

) and monitored by UV at 210 nm, showed 

resolved peaks: tret. = 9.9 min, and tret. = 12.4 min (Figure 5.3, top trace). Analysis of the 

scalemic sample of the same diastereoisomer of S5 obtained from the experiment with  

s-BuLi/(–)-sparteine in PhMe (as above) indicated 24% ee for the slower eluting enantiomer 

(Figure 5.3, bottom trace). 
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Figure 5.3 HPLC analysis of the major diastereoisomer of 130 with Daicel Chiralcel® AS-H 

column (3% i-PrOH-hexanes): top trace = racemic standard; bottom trace = scalemic material 

obtained from experiment using s-BuLi/(–)-sparteine in PhMe solvent. 

 

HPLC analysis of the minor diastereoisomer of 130: HPLC of the racemic sample of the 

minor diastereoisomer of 130 using a Daicel Chiralcel® AS-H column (4.6 mm ID x 250 mm), 

eluting with 1% i-PrOH in hexanes (at 1 mL min–1) and monitored by UV at 210 nm, showed 

resolved peaks: tret. = 12.1 min, and tret. = 13.3 min (Figure 5.4, top trace). Analysis of the 

scalemic sample of the same diastereoisomer of 130 obtained from the experiment with  

s-BuLi/(–)-sparteine in PhMe (as above) indicated 9% ee for the faster eluting enantiomer 

(Figure 5.4, bottom trace). 
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Figure 5.4. HPLC analysis of the minor diastereoisomer of 130 with Daicel Chiralcel® AS-H 

column (1% i-PrOH-hexanes): top trace = racemic standard; bottom trace = scalemic material 

obtained from experiment using s-BuLi/(–)-sparteine in PhMe solvent. 

 

 

(+/-)-1-((Methoxymethyl)sulfinyl)-4-methylbenzene 139 : Thioether 79 (0.512g, 3.05 mmol, 

1.0 equiv.) in 2,2,2-trifluoroethanol (15.0 mL) was cooled to 0ºC and treated with aqueous 30% 

H2O2 (0.78 mL, M = 9.79 mmol/mL, 7.63 mmol, 2.5 equiv.). The solution was allowed to 

equilibrate to rt over 16.5 h at which time it was treated carefully with sat. aq. Na2SO3 (10.0 

mL). The mixture was shaken and portioned between H2O (100 mL) and EtOAc (50 mL). The 

organics were washed with H2O (3 x 40 mL). The aqueous layers were combined and extracted 

with EtOAc (3 x 25 mL). The combined organic extracts were washed with brine (5.0 mL), dried 
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(Na2SO4) and concentrated in vacuo. The resulting residue (0.637 g) was purified by column 

chromatography (SiO2, eluting with 100% EtOAc) to afford the desired sulfoxide 139 (0.432 g, 

3.15 mmol, 77%). 
1
H NMR (400 MHz, CDCl3)

 
δ 7.51(2H, d, Hz), 7.33(2H, d, Hz), 4.36 (2H, q, 

Hz), 3.65 (3H, s), 2.41(3H, s); 
13

C NMR (100 MHz, CDCl3)
 
δ 142.07(0), 137.80(0) 130.20(2C, 

1),  124.56(2C, 1), 94.38(2), 61.09(3), 21.59(3) ppm.  The data was in accord with that reported 

by Numata and Oael.116  

 

(R)-1-((Methoxymethyl)sulfinyl)-4-methylbenzene 139: By a modification of the method of 

Jackson.
59

 A mixture of (S)-configured ligand 142(2.84 mg, 6.00 µmol) and VO(acac)2 (1.02 mg, 

4.00 µmol) in CHCl3 (0.80 mL) was stirred for 2 h at rt. After this time, S,O-acetal 79 (3.0 g, 

10.63 mmol) in CHCl3 (0.80 mL) was added to the resulting solution of aged pre-catalyst 

complex. Following a further aging period of 30 min, the reaction mixture was cooled to 0 °C 

and then treated with aq. (30% wt/wt) H2O2 (0.05 mL, 9.79 M, 0.480 mmol). After stirring for 60 

h at 0-5 °C, the mixture was quenched with 10 wt% aq. Na2S2O3 (3.0 mL), dilute with H2O (5.0 

mL), EtOAc (10 mL) and the layers well shaken and then separated. The combined aqueous 

layers were extracted with EtOAc (2x10 mL). The combined organic extracts were washed with 

brine (3.0 mL), dried (Na2SO4) and concentrated in vacuo. The residue (75 mg) was purified by 

column chromatography (SiO2, eluting with 40% to 70% EtOAc in hexanes) to afford the desired 

product (48.8 mg, 0.265 mmol, 66%). [α]D + 229 (c 0.885, CHCl3) 

 

HPLC analysis of the major diastereoisomer of Rs-139: HPLC of the racemic sample of 

thioacetal monoxide 53 using a Daicel Chiralcel® OD column (4.6 mm ID x 250 mm), eluting 

with 10% i-PrOH in hexanes (at 1 mL min
–1

) and monitored by UV at 210 nm, showed resolved 

peaks: tret. = 12.6 min, and tret. = 18.0 min (Figure 5.5, top trace). Analysis of the scalemic sample 

of the enantioenriched sample of 139 obtained from the experiment with obtained from 

experiment using s-ligand 142 (as above) indicated 88% ee for the faster eluting enantiomer 

(Figure 5.5, bottom trace). 
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Figure 5.5. HPLC analysis of the (R)-1-((methoxymethyl)sulfinyl)-4-methylbenzene 139 with 

Daicel Chiralcel® OD column (10% i-PrOH-hexanes): top trace = racemic standard; bottom 

trace = scalemic material obtained from experiment using s-ligand 154. 

 

 

 

S,O-Acetal 140: A stirred solution of p-thiocresol (1.43 g, 11.5 mmol) in THF (12 mL) at -55ºC 

under Ar, was treated dropwise with a solution of n-butyllithium ( 2.60 M, 4.42 mL, 11.5 mmol, 

1.15 equiv.) and allowed to incubate for 10 min. The solution was cooled to -78C over 5 min. 

and then it was treated dropwise with neat MEMCl (1.14 mL, d = 1.10 g/mL, 1.25 g, 10.0 

mmol). The solution was allowed to warm to rt over 18h. At this time the solution was treated 

with sat. aq. NH4Cl (20 mL) and partitioned between H2O (20 mL) and EtOAc (10 mL). The 

aqueous layers were extracted with EtOAc (2 X 10 mL). The combined organic extracts were 

washed with brine (5.0 mL), dried (Na2SO4) and concentrated in vacuo. The resulting brown 
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transparent residue (2.77 g) was purified by column chromatography (SiO2, eluting with 10% 

EtOAc in hexanes, 0.5% Et3N) to afford the desired S,O-acetal 140 (1.33 g, 6.25 mmol, 63%) as 

a clear oil: 
1
H NMR (400 MHz, CDCl3) δ 7.38 (2H, d, 8.2 Hz), 7.10 (2H, d, 8.0 Hz), 5.02 (2H, 

s), 3.79-3.75(2H,m), 3.59-3.56(2H, m), 3.38 (3H, s), 2.32 (3H, s); 
13

C NMR (100 MHz, CDCl3) 

δ 137.01(0), 132.30(0), 130.97(2C, 1), 129.87(2C, 1), 77.03(2), 71.72(2), 67.52(2), 59.19(3), 

21.22(3) ppm. 

 

Sulfoxide 141: Thioether 140 (0.750g, 3.54 mmol, 1.0 equiv.) in 2 2,2,2-trifluoroethanol (6.0 

mL) was cooled to 0ºC and treated with aqueous 30% hydrogenperoxide (0.76 mL, M = 9.79 

mmol/mL, 7.43 mmol, 2.1 equiv.). The solution was allowed to equilibrate to rt over 46 h at 

which time it was treated carefully with sat. aq. Na2SO3 (2.00 mL). The solution was dilute with 

EtOAc (20 mL) and washed twice with a solution of brine (3.0 mL) dilute with H2O (10 mL). 

The combined aqueous layers were extracted with EtOAc (2 x 20 mL). The combined organic 

extracts were washed with brine (5.0 mL), dried (Na2SO4) and concentrated in vacuo. The 

resulting residue (0.800 g) was purified by column chromatography (SiO2, eluting with hexanes, 

1.0% Et3N, EtOAc (30 % increased to 100%) to afford the desired sulfoxide A3 (0.718 g, 3.15  

mmol, 89%). 
1
H NMR (400 MHz, CDCl3) δ 7.51 (2H, d, 8.0 Hz), 7.32 (2H, d, 8.0 Hz), 4.48 (2H, 

s), 4.06-3.90(2H,m), 3.62-3.53(2H, m), 3.37 (3H, s), 2.40 (3H, s); 
13

C NMR (100 MHz, CDCl3) 

δ 141.98(0), 137.83(0), 130.15(2C, 1), 124.58(2C, 1), 93.27(2), 72.70(2), 71.82(2), 59.20(3), 

21.59(3); MS (EI+) m/z 229 (M+H, 0.6%), 212 (1.2), 140 (3.0), 139 (3.0), 124 (3.0), 89 (50); 59 

(100); HRMS (EI+) m/z 229.08905 (M+H) (calcd. for C11H17O3S: 229.08985). 
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General protocol for lithiation of S,O-acetal S-monoxides (139 or 141) and electrophilic 

quench with d4-MeOH in various single solvent systems. An example experiment conducted 

in Et2O was conducted as follows (Entry 6 Table 3.2): A solution of iPr2NH (d = 0.722 g/mL, 

74.0 µL, 0.526 mmol, 1.5 equiv.) in Et2O (0.775 mL) was cooled to -20 ºC and treated with n-

BuLi( 2.63 M, 0.17 mL, 0.449mmol) and allowed to stir for 20 min. at -20 ºC. At this time the 

solution was cooled to -78 ºC over 10 min and then treated with S,O-acetal S-monoxide 141 

(80.0 mg, 0.351 mmol) in Et2O (0.32 mL). The solution was allowed to incubate for 45 min at -

78 ºC and then treated dropwise with d4-MeOH (0.25 mL) at -78 ºC over 3 min and allowed to 

stir an additional 5 min. The solution was treated with sat. aq. NH4Cl (1.0 mL) at -78 ºC and 

allowed to warm to rt by removing the flask from the cooling bath. The reaction mixture was 

treated with an addition portion of NH4Cl (3 mL) and portioned between H2O (10 mL) and 

EtOAc (10 mL). The organics were washed with H2O (2x10mL). The combined aqueous layers 

were extracted with EtOAc (2x5 mL). The combined organic extracts were washed with brine 

(5.0 mL), dried (Na2SO4) and concentrated in vacuo. to yield a crude residue (64.0 mg). The 

residue was analyzed by 
1
H NMR (4.49-4.47 ppm) for deuterium incorporation, 

13
C NMR (93.6-

92.1 ppm) for diastereomeric distribution, and yield  of (H/D)-thioether 141 (58 mg, 72% 

recovery, 86% D incorporation, 62 % yield of thioether d-141 ) Figure 5.6.  

 

The experiments in Table 3.2 were conducted in a similar fashion as described above; instead, 

Entries 1-4 used the sulfoxide 139 and differed in that Entry 1 used LDA (2.0 equiv.) and Entries 

2-4 used LDA (1.3 equiv.). 
1
H NMR (4.49-4.47 ppm) spectral analysis revealed % deuterium 
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incorporation and diastereomeric distribution of D-139/D´-139 as shown in Figure 5.7. Entry 1 

revealed the same diastereomeric ratio when quenching with either CD3OD or d4-AcOD. 

 

 

Figure 5.6: 
13

C NMR(93.6-92.1 ppm) analytical trace for thioether 141 and D-141/D´-141 

shown as Entry 6 (left) Et2O and Entry 5 (right) PhMe as the solvent respectively.  

 

 

Figure 5.7: 
1
H NMR(4.44-4.28 ppm) analytical trace for thioether 139 and D-139/D´-139 shown 

as protio-139 (a) and Entry 1 (b) THF, Entry 4 (c) PhMe, Entry 2 (d) THF as the solvent 

respectively. 
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Synthesis of α-alkoxy boronic ester 46 via lithiated S,O-acetal 56 and Lewis acid 

assisted ate-complex rearrangement as shown in Table 3.3. 

 

 

The following is a general protocol for the homologation sequence shown in Table 3.3 

employing lithiated S,O-acetal S-monooxide 143 for the synthesis α-alkoxy boronic ester 123 

and the oxidation to the 3-phenylpropanal 113 (Table 3.2, Entry 3 and 4):  A solution of iPr2NH 

(101, d = 0.722 g/mL, 0.120 mL, 0.850 mmol, 4.25 equiv.) in THF (0.85 mL) was cooled to -30 

ºC and treated with n-BuLi (2.50 M, 0.320 mL, 0.800 mmol) and allowed to stir for 10-20 min. 

at -30 ºC. At this time the solution was cooled to -78 ºC over 10 min and then treated with S,O-

acetal S-monoxide 139 (74.0 mg, 0.400 mmol) in THF (0.19 mL). The solution was allowed to 

incubate for 55 min at -78 ºC and then treated dropwise with a solution of boronic ester 111 (46.4 

mg, 0.200 mmol) in THF (0.23 mL) over 2 min. The solution was allowed to incubate for an 

additional 25 min and then treated with Lewis Acid BF3•O(Et)2 ( 142 MW, 0.13 mL, d = 1.13, 

7.96 mmol/mL, 1.00 mmol, 5.0 equiv.) and then the contents of the flask were allowed to warm 

to rt over 12 h. The mixture was dilute with sat. aq. NH4Cl (10 mL) and then portioned between 

H2O (4 mL) and between EtOAc (20 mL) and separated. The organics were washed with H2O (2 

x10 mL). The combined aqueous layers were back extracted with EtOAc (2 x 7 mL). The 

combined organics were washed with brine (5 mL), dried over Na2SO4 and concentrated in vacco 

to give a crude residue (0.136 g) in the following mole % ratio, boronic ester (111) 49.5 %; 
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alcohol  (145) 7.5 %; aldehyde (113) 8.0 %; boronic ester (123) 35.0% ] as determined by 1H 

NMR spectral analysis of the crude mixture.  Conversion (38-43%) is given for two replicate 

experiments and defined as homologated species over non-homologated species normalized to 

100%. The data for the products obtained are given above. A portion of the material was further 

purified by column chromatography (SiO2, eluting with 15% EtOAc in hexanes, Et3N 2%) to 

verify the products and mole distribution; as noted above, decomposition occurred with the 

boronic ester 123 into the aldehyde 113. 

 

Entry 1 of Table 3.3 is different in that the Lewis acid ZnCl2 (0.136 g, 1.00 mmol, 5.0 equiv.) 

and follows the also follows the direct oxidation protocol given below.   

 

Entry 2 of Table 3.3 is different in that the Lewis acid was HgCl2 (271.5 MW, 0.272. 1.00 mmol, 

5.0 equiv.) and added as a dry powder. Entry 2 also follows the direct oxidation protocol given 

below and the organic materials in the aqueous work up were filtered through celite. 

 

Entry 3 of Table 3.3 is different in that the reaction mixture was subjected to the oxidation 

protocol given below.  

 

Oxidative protocol to 3-phenylpropanal 113: The reaction mixture was treated with a saturated 

solution of NaOH (2M, 15.0 equiv.) followed by treatment with aq. H2O2 30% (wt/wt) ( 10.0 

equiv.) at 0 C and allowed to warm to rt over 5 h. The mixture was dilute with sat. aq. NH4Cl ( 4 

mL) and  then portioned between H2O (1 mL) and between EtOAc (5 mL) and separated.  

The organics were treated with 10 % aq.  Na2S2O3 ( 2 mL) and separated, washed with H2O (2 

x10 mL). The aqueous was back extracted with EtOAc (2 x 3 mL). The combined organics were 

washed with brine (2 mL), dried over Na2SO4 and concentrated in vacco to give a crude residue. 

A portion of the material was further purified by column chromatography (SiO2, eluting with 

10% EtOAc in hexanes, Et3N 1%) to give 3-phenylpropanal and 3-phenylpropanol.The data for 

the products obtained are given above. 
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Methoxymethyl diisopropylcarbamodithioate 58: A flask charged with carbondisulfide (d = 

1.266 g/mL, 0.630ml, 0.798g, 10.5 mmol, 1.5 equiv.), and neat triethylamine (d = 0.7255 g/mL, 

3.50 mL, 2.83g, 25.1 mmol, 3.6 equiv.) and cooled to 0ºC. The solution was treated with 

diisoproplyamine (neat, d = 0.722 g/mL, 1.47 mL, 1.06 g, 10.5 mmol, 1.5 equiv.) dropwise over 

5 min. and allowed to warm to rt over 30 min. by removing the cooling bath. At this time the 

flask was placed in a bath at rt and the solution was treated carefully dropwise with MOMCl 

(neat, d = 1.06 g/ml, 0.532 mL, 0.564g, 7.00 mmol, 1.0 equiv., exothermic). The solution was 

allowed to stir for 5 min. and then treated with acetone (3.5 mL). After stirring for a further 3 

days at rt, the mixture was partitioned between EtOAc (100 mL) and H2O (10 mL) and the layers 

separated. The organic phase was washed with H2O (2 x 10 mL). The combined aqueous phases 

were extracted with EtOAc (2x10 mL) and the layers separated. The combined organic phases 

dried (Na2SO4) and concentrated in vacuo to give a crude yellow oil (1.44g). Further purification 

by Kugelrohr distillation (oven temp. 125 to 145 °C, ca. 0.5 mmHg) yielded the title compound 

(1.16 g, mmol, 75%) as transparent yellow oil. IR (neat) 1485 cm
–1

; 
1
H NMR (400 MHz, CDCl3) 

δ 6.20-3.60 (3 broad peaks 6.20, 5.05, 4.10) (2H), 5.55 (2H, s), 3.41 (3H, s) 2.00-0.50 (1.42) 

(12H, s, br) ppm; 
1
H NMR (400 MHz, d6-DMSO 80 °C) δ 5.51(2H, s), 4.85 (2H, br), 3.31(3H, 

s), 1.42 (12H, s) ppm; 
13

C NMR (100 MHz, d6-DMSO 80 °C) δ 192.43 (0), 77.85 (2), 56.38 (3), 

52.80 (2C, 1), 19.32(12C, 3); The data were in accord with that reported by Ishii et al.117 
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Representative procedure for the lithiation of dithiocarbamate 58 electrophilic 

quench experiments with deuterium or benzaldehyde as the electrophile as shown 

in Table 3.4 and Equation 3.3. 

 

 

 

Example lithiation procedure Table 3.4 Entry 2: A solution of methoxymethyl 

diisopropylcarbamodithioate 151 (110.5 mg, 0.500 mmol, 1.0 equiv.) and N
1
,N

1
,N

2
,N

2
-

tetramethylethane-1,2-diamine (d = 0.78g/mL, 0.149 mL, 116 mg, 1.0 equiv.) in anhydrous Et2O 

(2.0 mL) was cooled to –78 °C and treated with s-BuLi (0.389 mL, 1.29 M, 0.500 mmol, 1.0 

equiv.) dropwise over 5 minutes. The mixture was incubated for a further 15 min at -78C and 

then treated dropwise with a CD3OD (0.30 mL) followed by sat. aq. NH4Cl (2.0 mL) and the 

contents of the flask warmed to room temperature over 1h. The reaction mixture was partitioned 

between EtOAc (1054 mL) and H2O (5.0 mL). The aqueous layers were extracted with EtOAc (2 

x 10 mL). The combined organic extracts were washed with brine (1.5 mL), dried (Na2SO4) and 

concentrated in vacuo. The residue (89.0 mg) consisted of N,N-diisopropylmethanethioamide 

152 (<94 % D) and dithiocarbamte151 (2:1) mole ratio respectively. 

 

N,N-Diisopropylmethanethioamide 152: 
1
H NMR (400 MHz, CDCl3) δ 9.37 (1H, s), 5.67 ( 

1H, sep, 8 Hz), 3.83 (1H, sep, 8 Hz), 1.32 ( 3H, d, 8 Hz), 1.23 ( 3H, d, 8 Hz);  
13

C NMR (100 

MHz, CDCl3) δ 184.7(1), 48.67 (1), 48.55 (1), 24.23 (3), 19.06 (3). The data were in accord with 

that reported by Smith et al.118  
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2-Hydroxy-N,N-diisopropyl-2-phenylethanethioamide 155: A solution of methoxymethyl 

diisopropylcarbamodithioate (221 mg, 1.01 mmol, 1.0 equiv.) and N
1
,N

1
,N

2
,N

2
-

tetramethylethane-1,2-diamine (d = 0.78g/mL, 0.149 mL, 116 mg, 1.0 equiv.) in anhydrous Et2O 

(4.0 mL) was cooled to –78 °C and treated with s-BuLi (0.778 mL, 1.29 M, 1.00 mmol, 1.0 

equiv.) dropwise over 5 minutes. The solution was treated dropwise with a solution of 

benzaldehyde (d = 1.04g/mL, 0.203 mL, 212 mg, 2.00 mmol) in anhydrous Et2O (0.50 mL). The 

solution was allowed to incubate for 30 min at –78 °C. At this time the solution was treated with 

MeOH (0.30 mL) followed by sat. aq. NH4Cl (2.0 mL) and allowed to warm to room 

temperature over 4h. The reaction mixture was partitioned between EtOAc (15 mL) and H2O 

(5.0 mL). The aqueous layers were extracted with EtOAc (2 X 15 mL). The combined organic 

extracts were washed with brine (3.0 mL), dried (Na2SO4) and concentrated in vacuo. The crude 

residue (300 mg) was further purified by column chromatography (eluting with 0 to 2 % EtOAc 

in hexanes) to yield the title compound (121 mg, 0.482 mmol, 46% yield) as a colorless solid. A 

small sample of the material was recrystallised from cyclohexane to afford colourless prisms: IR 

(neat) 3128, 2969, 2930, 1509, 1454, 1373, 1343, 1199, 1081, 1062, 700.5 cm
–1

; 
1
H NMR (400 

MHz, d6-DMSO (85 °C)) δ 7.65 (2H, m), 7.55-7.45 (2H, m), 7.39-7.36 (1H, m), 5.87 (1H(OH), 

d, 4.3 Hz,), 5.61 (1H, d, 6.4 Hz), 4.56 (1H, sep, 6.5 Hz), 4.15 (1H, s, br),  1.63 (3H, d, 8.0 Hz), 

1.59 (3H, d, 8 Hz), 1.00 (3H, d, 6.6 Hz), 0.82 (3H, d, 6.0 Hz) ppm;  Note that (1H, 5.87 ppm) 

correlates to OH because all other protons couple to a carbon inferred by an HSQC experiment. 

13
C NMR (100 MHz, d6-DMSO (85 °C)) δ 200.06 (0), 141.08 (0), 127.83 (1), 126.94 (1), 125.79 

(1), 76.86 (1), 53.20 (1), 50.67 (1), 18.96 (3), 18.53 (3), 18.33 (3), 17.69 (3) ppm. Data for N,N-

diisopropylmethanethioamide 152 is given above. 
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Summary information for single-crystal X-ray Diffraction Analysis of 155. Diffraction intensities 

for 155 were collected at 193 K on a Bruker Apex2 CCD diffractometer using MoK radiation, 

= 0.71073 Å. Space group determination was based on systematic absences. Absorption 

corrections were applied by SADABS[*]. The structure was solved by direct methods and 

Fourier techniques and refined on F
2
 using full matrix least-squares procedures. All non-H atoms 

were refined with anisotropic thermal parameters. H atoms were found on the residual density 

map and refined with isotropic thermal parameters. All calculations were performed by the 

Bruker SHELXTL (v. 6.10) package [**]. 

 

Crystallographic Data for 155: C14H21NOS, M = 251.38, 0.29 x 0.21 x 0.14 mm, T = 193 K, 

Monoclinic, space group C2/c, a = 11.5648(10) Å, b = 10.5572(10) Å, c = 23.648(2) Å,  = 

97.300(2), V = 2863.9(5) Å3, Z = 8, Dc = 1.166 Mg/m3, μ(Mo) = 0.212 mm-1, F(000) = 1088, 

2θmax = 54.0°, 15645 reflections, 3118 independent reflections [Rint = 0.0254], R1 = 0.0397, wR2 

= 0.1107 and GOF = 1.032 for 3118 reflections (238 parameters) with I>2(I), R1 = 0.0433, 

wR2 = 0.1151 and GOF = 1.032 for all reflections, max/min residual electron density +0.597/-

0.307 eÅ
3
. 

 

Full crystallographic data for 155 have been submitted to the Cambridge Crystallographic Data 

Centre with deposition number CCDC 1422981. Copies of the data may be obtained, free of 

charge, on application to CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK (fax: +44 1223 

33603 or e-mail: depost@ccdc.cam.ac.uk). 

 

References for the single-crystal for single-crystal X-ray Diffraction Analysis of 155 (above): 

[*]  G. M. Sheldrick, Bruker/Siemens Area Detector Absorption Correction Program, Bruker 

AXS, Madison, WI, 1998. 

 

[**]  SHELXTL-6.10 "Program for Structure Solution, Refinement and Presentation" BRUKER 

AXS Inc., 5465 East Cheryl Parkway, Madison, WI 53711-5373 USA 
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Methoxymethyl 2,4,6-triisopropylbenzoate 158: A solution of 2,4,6-triisopropylbenzoic acid 

157 (469 mg, 2.00 mmol) in THF(3.0 mL) was treated with K2CO3 (0.828 g, 6.00 mmol, 3.0 

equiv.) at rt. The mixture was treated with (chloro(methoxy)methane  (0.182 mL, d = 1.06, 193 

mg, 2.40 mmol, 1.2 equiv. ) dropwise over 5 min. and allowed to incubate 3 h at rt. The mixture 

was dilute with EtOAc (20 mL), sat. aq. NH4Cl (8.0 mL), H2O (3.0 mL). The layers were 

separated and the aqueous was extracted with EtOAc (2 x 10 mL). The combined organics were 

washed with brine (2.0 mL), dried Na2SO4 and concentrated in vacco to give the title compound 

158 (0.562 g, 1.92 mmol, 96 %yield) as an amorphous colorless; rf 0.61 in EtOAc (40%) in 

hexane; 
1
H NMR 7.02 (2H, s), 5.45 (2H, s), 3.55 (3H, s), 2.91 (2H, sept, 6.83 Hz), 2.90 (1H, 

sept, 6.82 Hz), 1.26 (12H, d, 6.83 Hz), 1.25 (6H, d, 6.90 Hz) ppm; 13
C NMR 170.55(0), 150. 

52(0), 144.92(0), 130.16(0), 121.08(1), 91.18(2), 58.18(3), 34.62(1), 31.64(1), 24.37(3), 24.13(3) 

ppm. 

iStReCH with Silylated Carbenoid 198  

  

 
 

(Dimethylphenylsilyl)methyl 2,4,6-triisopropylbenzoate (197): A stirred solution of methyl 

2,4,6-triisopropylbenzoate (196, 2.50 g, 9.53 mmol)
98

 and tetramethylethylene diamine 

(TMEDA, 2.13 mL, d = 0.775, 1.65 g, 14.2 mmol) in anhydrous THF (38 mL) at –78 °C under 

Ar was treated dropwise with s-BuLi (10.8 mL, 1.11 M in cyclohexane, 12.0 mmol) during 13 

min. The resulting solution was stirred for 2.75 h at –78 °C and then treated dropwise with neat 

chlorodimethylphenylsilane (1.99 mL, d = 1.03, 2.05 g, 12.0 mmol) during 6 min. The reaction 
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mixture was allowed to warm to rt and stirred for 17 h before being poured into sat. aq. NH4Cl 

(150 mL) at 0-5 °C. The mixture was partitioned between EtOAc (100 mL) and H2O (100 mL) 

and the layers separated. The aqueous phase was extracted with EtOAc (2x100 mL) and the 

combined organic phases washed with brine (20 mL), dried (Na2SO4), and concentrated in 

vacuo. The residue was purified by column chromatography (SiO2, eluting with 5% EtOAc in 

hexanes) to yield 3.34 g of a mixture of 197, 196, and bis(dimethylphenylsilyl)methyl 2,4,6-

triisopropylbenzoate. The methyl ester impurity 196 was removed by Kugelrohr distillation 

(oven temp. 135 °C, ca. 0.5 mmHg) to leave as a residue the desired product 197 and a little of 

the disilylated material (2.53 g, 91 wt.% 197, effectively 2.30 g, 5.80 mmol, 61%) as a colorless 

oil. This material is of sufficient purity for i-StReCH experiments but pure 197 can be obtained if 

desired by further Kugelrohr distillation (oven temp. 145 °C, ca. 0.5 mmHg). Data for pure 197: 

IR (neat) 2962, 1726, 1606, 1462, 1428, 1293, 1249, 1235, 1104, 1075, 840 cm–1; 
1
H NMR (400 

MHz, CDCl3) δ 7.57-7.54 (2H, m), 7.39-7.33 (3H, m), 6.98 (2H, s), 4.19 (2H, s), 2.87 (1H, 

septet, J = 6.9 Hz), 2.73 (2H, septet, J = 6.8 Hz), 1.24 (6H, d, J = 6.9 Hz), 1.17 (12H, d, J = 6.8 

Hz), 0.39 (6H, s) ppm; 
13

C NMR (100 MHz, CDCl3) δ = 172.1 (0), 150.1 (0), 145.0 (2 , 0), 

136.3 (0), 134.0 (2C, 1), 131.0 (0), 129.8 (1), 128.1 (3C, 1), 121.0 (1), 57.1 (2), 34.6 (1), 31.7 

(2C, 1), 24.3 (4C, 3), 24.1 (2C, 3), –4.1 (2C, 3) ppm; MS (EI+) m/z 396 (2%, M+•), 381 (18), 353 

(4), 319 (16), 231 (100), 213 (5); HRMS (EI+) m/z 396.2496 (calcd. for C25H36O2Si: 396.2485). 

 

Decomposition product of (S,S)-bisoxazoline ligand 199 (R
1
/R

2
 =Ph/Me), (4S,4'S)-

2,2'-(propane-2,2-diyl)bis(4-phenyl-4,5-dihydrooxazole) (Equation 4.2) 

 

Data for (S)-2-methyl-2-(4-phenyl-4,5-dihydrooxazol-2-yl)-N-(1-phenylvinyl)propanamide 

77: 
1
H NMR (175 MHz, CDCl3) δ  = 9.91(1H, s), 7.37 (10H, m), 5.99(1H, s), 5.25(1H, t), 

5.12(1H, d, <1 Hz), 4.69(1H, t, Hz), 4.20 (1H, t), 1.64 (6H, d, 11.7 Hz); 
13

C NMR (175 MHz, 

CDCl3) δ = 171.82(0), 171.59(0), 141.62(0), 140.89(0), 138.47(0), 129.04 (1), 128.71 (1), 128.54 
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(1), 128.03(1), 126.62(1), 126.01(1), 101.75(2), 74.88(2), 69.64(2), 45.24(1), 25.45(3), 24.97(3) 

ppm. 

Boronic Esters 

Experimental details and spectral data for pinacol boronic esters RB[O(CMe2)2O] where R = 

Ph(CH2)2 (111) and c-C6H11 (respective precursors for products 200 and 204) were previously 

disclosed in an earlier report.119 Details for preparation of the remaing pinacol boronic ester 

precursor (pre-205) required to access the other product (205) successfully documented in Figure 

4.1 now follows. 

 

(±)-2-sec-Butyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane pre-205: A stirred solution of 

triisopropyl borate (1.40 mL, d = 0.815, 1.14 g, 6.07 mmol) in anhydrous THF (24 mL) at –78 

°C under Ar was treated dropwise with s-BuLi (7.31 mL, 0.829 M in cyclohexane, 6.06 mmol) 

during 35 min. The resulting mixture was allowed to warm to 0 °C during 3 h. After this time, 

neat powdered pinacol (716 mg, 6.06 mmol) was added in one portion and the mixture allowed 

to warm to rt and stirred for 18 h. Sat. aq. NH4Cl (25 mL) was then added and the mixture was 

partitioned between Et2O (50 mL) and H2O (25 mL). The layers were separated and the aqueous 

phase extracted with Et2O (2x50 mL). The combined organic phases were then washed with 

brine (10 mL), dried (Na2SO4), and concentrated in vacuo. The residue (0.798 g) was purified by 

distillation (110-120 °C, 760 mmHg) in a Hinkman still to afford the title racemic boronate (±)-

pre-205 (436 mg, 2.37 mmol, 39%) as a colorless oil: IR (neat) 2979, 1462, 1387, 1314, 1210, 

1145, 1010, 967, 852 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 1.51-1.40 (1H, m), 1.37-1.26 (1H, 

m), 1.24 (12H, s), 0.98-0.93 (4H, m), 0.90 (3H, t, J = 7.4 Hz) ppm; 
13

C NMR (175 MHz, CDCl3) 

δ = 83.0 (2 , 0), 26.3 (2), 24.95 (4 , 3), 19.0 (1, br), 15.4 (3), 13.6 (3) ppm. 
1
H spectral data in 

agreement with those previously reported.120 
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Representative procedure for ligand mediated iStReCH to α-(dimethylphenylsilyl) 

alkylboronates (Table 4.3, Entry 4): (–)-(S)-2-[1-(Dimethylphenylsilyl)-3-phenylpropyl]-

4,4,5,5-tetramethyl-1,3,2-dioxaborolane (200): A stirred solution of 

(dimethylphenylsilyl)methyl 2,4,6-triisopropylbenzoate (197, 179 mg, 0.451 mmol) in anhydrous 

cumene (1.3 mL) at –78 °C under Ar was treated dropwise with t-BuLi (0.190 mL, 1.57 M in 

pentane, 0.298 mmol) and allowed to stir for 30 min. The reaction mixture was then treated with 

(S,S)-bisoxazoline ligand 199 (R1/R2 = i-Pr/Me, 80 mg, 0.300 mmol)121 in anhydrous cumene 

(0.40 mL) and the mixture incubated for 10 min at –78 °C. After this time, the reaction vessel 

was transferred to another cold bath held at –45 °C, stirred for 30 min, then transferred to a third 

cold bath held at –95 °C and stirred for an additional 10 min. A solution of B-phenethyl pinacol 

boronate 111 (58.0 mg, 0.250 mmol) in anhydrous cumene (0.40 mL) was then added dropwise 

during 3 min and the mixture allowed to stir for a further 1 h at –95 °C before the cold bath was 

removed and the vessel allowed to warm to rt during 24 h. Sat. aq. NH4Cl (4.0 mL) was added 

and the mixture partitioned between EtOAc (15 mL) and H2O (6 mL). The layers were separated 

and the aqueous phase extracted with EtOAc (2x7 mL). The combined organic phases were 

washed with brine (2 mL), dried (Na2SO4), and concentrated in vacuo. The residue (396 mg) was 

purified by column chromatography (SiO2, eluting with 0-5% Et2O in hexanes) to afford the title 

compound (S)-200 (65.8 mg, 0.173 mmol, 69%) as a colorless oil: [α]D
20

 = –11.8 (c = 1.00, 

CHCl3, at 57% ee) [ref. 94 for (R)-200 [α]D
20

 = +24 (c = 1.0, CHCl3 at % ee ≥ 94%]; IR (neat) 

2977, 1353, 1308, 1249, 1145, 1112, 995, 847, 815 cm–1; 
1
H NMR (400 MHz, CDCl3) δ 7.52-

7.48 (2H, m), 7.35-7.32 (3H, m), 7.28-7.25 (1H, m), 7.24 (1H, dm, J = 7.5 Hz), 7.16 (1H, tt, J = 
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7.4, 2.2 Hz), 7.12 (2H, dm, J = 6.9 Hz), 2.71 (1H, ddd, J = 13.8, 9.8, 4.9 Hz), 2.47 (1H, ddd, J = 

13.4, 9.7, 6.8 Hz), 1.90 (1H, dddd, J = 13.6, 11.5, 9.8, 5.0), 1.65 (1H, dddd, J = 13.0, 9.9, 6.9, 

3.1Hz), 1.24 (6H, s), 1.21 (6H, s), 0.72 (1H, dd, J = 12.0, 3.0 Hz), 0.33 (3H, s), 0.31 (3H, s) ppm; 

13
C NMR (100 MHz, CDCl3) δ = 142.8 (0), 139.0 (0), 134.0 (2 , 1), 129.0 (1), 128.7 (2 , 1), 

128.4(2C, 1), 127.8 (2C, 1), 125.8 (1), 83.0 (2C, 0), 39.6 (2), 28.2 (2), 25.4 (2C, 3), 24.9 (2C, 3), 

13.8 (1, br RCHBpin), –2.1 (3), –3.2 (3) ppm. 
1
H and 

13
C NMR spectral data in agreement with 

those previously reported by Aggarwal and coworkers [absolute configuration assigned by 

comparison to the previously reported optical rotation value for the dextrorotatory compound 

(R)-200].122 

   

 

Enantiomeric excess for 200 determined indirectly by conversion to its more polar oxidation 

product ox-200 followed by CSP HPLC analysis. Preparation of ox-200: A stirred solution of 

boronate 200 (16.0 mg, 0.042 mmol) in THF (1.5 mL) at 0 °C was treated with aq. NaOH (0.050 

mL) followed by 30 wt.% aq. H2O2 (0.015 mL). The resulting biphasic mixture was allowed to 

warm to rt stirred vigorously for 13 h. EtOAc (8 mL) and H2O (2 mL) was added and the layers 

shaken and separated. The aqueous phase was extracted with EtOAc (2x5 mL) and the combined 

organic phases washed with brine (1 mL), dried (Na2SO4), and concentrated in vacuo. The 

residue was purified by column chromatography (SiO2, eluting with 0-5% EtOAc in hexanes) to 

afford carbinol ox-200 (6.1 mg, 0.023 mmol, 54%) as a colorless oil: IR (neat) 3437, 2924, 1603, 

1496, 1454, 1427, 1249, 1113, 1027, 830, 813, 781, 736, 700 cm–1; 
1
H NMR (700 MHz, CDCl3) 

δ 7.56-7.54 (2H, m), 7.40-7.35 (3H, m), 7.27 (2H, tm, J = 7.6 Hz), 7.18 (1H, tm, J = 7.4 Hz), 

7.15 (2H, dm, J = 6.9 Hz), 3.56-3.51 (1H, non-first order AMM´ pattern), 2.90 (1H, dt, J = 14.2, 

7.4 Hz), 2.62 (1H, dt, J = 13.8, 7.9 Hz), 1.88-1.81 (2H, m), 0.34 (3H, s), 0.33 (3H, s) ppm; 
13

C 

128.6 (2C, 1), 128.2 (2C, 1), 126.0 (1), 65.1 (1), 35.4 (2), 33.5 (2), –5.2 (3), –5.5 (3) ppm.  

Chiral stationary phase (CSP) HPLC analysis of (±)-ox-200, obtained by aq. NaOOH oxidation 

of (±)-200 prepared as above using TMEDA in place of the chiral bisoxazoline ligand, 
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performed with a Daicel Chiralcel® OD column (4.6 mm ID x 250 mm), eluting with 10% i-

PrOH in hexanes at 1.0 mL min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. 

[(R)-ox-200] = 16.9 min, tret. [(S)-ox-200] = 33.2 min. Analysis of the enantioenriched material 

prepared as described above via ligand mediated iStReCH revealed an enantiomeric excess of 

57% in favor of (R)-ox-200 (note: same absolute configuration as (S)-200). The top trace is 

racemic ox-200 and the bottom trace is the enantioenriched material (R)-ox-200 (57 % ee; left = 

78.41 %, right = 21.59%) shown below. 
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2-Cyclohexyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (204): Prepared from TIB ester 197 

(179 mg, 0.451 mmol), t-BuLi (0.173 mL, 1.73 M in pentane, 0.299 mmol), (S,S)-bisoxazoline 

ligand 199 (R1/R2 = i-Pr/Me, 80 mg, 0.300 mmol),S20 and 2-cyclohexyl-5,5-dimethyl-1,3,2-

dioxaborinane (53 mg, 0.252 mmol)S18 according to the representative procedure shown above 

which, following a single chromatography (SiO2, eluting with 1-5% Et2O in pentane), yielded a 

five component mixture (146 mg) of co-polar compounds containing the title boronate 204 (21.6 

wt%. as adjudged by 
1
H NMR spectral analysis, effectively 31.5 mg, 0.088 mmol, 35%), 197, 

196, bis(dimethylphenylsilyl)methyl 2,4,6-triisopropylbenzoate, and unreacted substrate 2-

cyclohexyl-5,5-dimethyl-1,3,2-dioxaborinane. A pure sample of silylboronate 204 was obtained 

by Kugelrohr distillation (oven temp. 130-145 °C at ca. 0.4 mmHg) followed by additional 

column chromatography (SiO2, 0-1% Et2O in pentane). Data for 204: colorless oil; IR (neat) 

2924, 1447, 1427, 1371, 1339, 1302, 1248, 1145, 1111, 848, 819, 731, 700 cm–1; 
1
H NMR (400 

MHz, CDCl3) δ 7.57-7.52 (2H, m), 7.34-7.29 (3H, m), 1.72 (1H, br d, J = 9.8 Hz), 1.68-1.50 

(7H, m), 1.25-1.05 (2H, m), 1.17 (6H, s), 1.12 (6H, s), 0.96-0.85 (1H, m), 0.67 (1H, d, J = 7.8 

Hz), 0.34 (3H, s), 0.33 (3H, s) ppm; 
13

C NMR (175 MHz, CDCl3) δ = 140.5 (0), 134.0 (2 , 1), 

128.7 (1), 127.7 (2C, 1), 82.8 (2C, 0), 36.9 (2), 35.7 (2), 27.0 (2), 26.4 (2), 25.4 (2C, 3), 25.2 

(2C, 3), –1.06 (3), –1.10 (3) ppm (RCBSi not clearly observed and other methine signal 

obscured). 
1
H and 

13
C NMR spectral data in agreement with those previously reported.S22 

Enantiomeric excess for 204 determined indirectly by conversion to its more polar oxidation 

product ox-204 followed by CSP HPLC analysis. Ox-204 was prepared by analogy to ox-200 as 

described above. Data for ox-204: colorless oil; IR (neat) 3446, 2924, 2852, 1449, 1427, 1248, 

1112, 977, 833, 817, 700 cm–1; 
1
H NMR (700 MHz, CDCl3) δ 7.58-7.56 (2H, m), 7.38-7.35 

(3H, m), 3.34 (1H, d, J = 6.0 Hz), 1.83 (1H, dm, J = 12.9 Hz), 1.74-1.68 (2H, m), 1.62 (1H, dm, 

J = 12.7 Hz), 1.56-1.50 (2H, m), 1.24-1.01 (6H, m), 0.37 (3H, s), 0.36 (3H, s) ppm; 
13

C NMR 

(175 MHz, CDCl3) δ = 138.0 (0), 134.2 (2 , 1), 129.3 (1), 128.1 (2 , 1), 71.2 (1), 42.2 (1), 31.0 
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(2), 29.7 (2), 26.6 (2), 26.5 (2), 26.4 (2), –3.6 (3), –4.1 (3) ppm. HRMS (ES+) m/z 249.1679 

(calcd. for C15H25OSi: 249.1675).  

 

Chiral stationary phase (CSP) HPLC analysis of (±)-ox-204, obtained by aq. NaOOH oxidation 

of (±)-204 prepared as above using TMEDA in place of the chiral bisoxazoline ligand, 

performed with a Daicel Chiralcel® AS-H column (4.6 mm ID x 250 mm), eluting with 10% i-

PrOH in hexanes at 1.0 mL min–1 and monitored by UV at 210 nm, showed resolved peaks: tret. 

[ox-204] = 11.3 min, tret. [entox-204] = 13.8 min. Analysis of the enantioenriched material 

prepared as described above via ligand mediated i-StReCH revealed an enantiomeric excess of 

9%. The top trace is racemic rac-ox-204 and the bottom trace is the enantioenriched material ox-

204 (9 % ee; left = 45.60 %, right = 54.40%) shown below. 
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2-[1-(Dimethylphenylsilyl)-2-methylbutyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (205): 

Prepared from TIB ester 197 (179 mg, 0.451 mmol), t-BuLi (0.173 mL, 1.73 M in pentane, 0.299 

mmol), (S,S)-bisoxazoline ligand 199 (R1/R2 = i-Pr/Me, 80 mg, 0.300 mmol),S20 and (±)-2-sec-

butyl-5,5-dimethyl-1,3,2-dioxaborinane (pre-205, 50.0 mg, 0.272 mmol) according to the 

representative procedure shown above which yielded the title boronate 205 (39.1 mg, 0.118 

mmol, 43%, dr = 58:42) as a colorless oil [note: Kugelrohr distillation (oven temp. 95 °C, ca. 0.4 

mmHg) was employed following column chromatography to obtain a pure mixture of product 

diastereomers; dr assessed by 
1
H NMR spectral analysis before purification operations were 

applied]: IR (neat) 2961, 1341, 1307, 1145, 1112, 969, 850, 731, 700 cm–1; 
1
H NMR (700 MHz, 

CDCl3) δ 7.57-7.54 (2H
both

, m), 7.33-7.30 (3H
both

, m), 1.73-1.67 (1H
maj

, m), 1.60 (1H
min

, septet, J 

= 7.0 Hz), 1.45 (1H
maj

, dqd, J = 13.5, 7.5, 3.2 Hz), 1.34 (1H
min

, dqd, J = 13.3, 7.4, 5.7 Hz), 1.28-

1.12 (13H
min

+ 16H
maj

, m), 0.96 (1H
maj

, d, J = 6.8 Hz), 0.85 (3H
min

, d, J = 6.7 Hz), 0.79 (3H
maj

, t, 

J = 7.4 Hz), 0.77 (3H
min

, t, J = 7.4 Hz), 0.36 (3H
min

, s), 0.35 (3H
maj

, s), 0.34 (3H
maj

, s), 0.32 

(3H
min

, s) ppm; 
13

C NMR (175 MHz, CDCl3) δ = 140.5
maj

 (0), 140.1
min

 (0), 134.1
both

 (2C, 1), 

128.8
both

 (1), 127.7
both

 (2C, 1), 82.8
maj

 (2C, 0), 82.7
min

 (2C, 0), 33.5
both

 (1), 32.9
min

 (2), 31.6
maj

 (2), 

25.4
maj

 (2C, 3), 25.3
maj

 (2C, 3), 25.1
min

 (2C, 3), 25.0
min

 (2C, 3), 22.1
maj

 (3), 20.7
min

 (3), 11.9
min

 

(3), 11.7
maj

 (3), –1.05
maj

 (3), –1.07
maj

 (3), –1.10
min

 (3), –1.43
min

 (3) ppm (RCHSiB not clearly 

observed); MS (ES+) m/z 355 (M+Na)+; HRMS (ES+) m/z = 355.2253 (calcd. For 

C19H33BNaO2Si: 355.2241). 

  

Enantiomeric excess for 205 diastereomers determined indirectly by conversion 

to the more polar oxidation products ox-205 followed by CSP HPLC analysis. Ox-205 isomers 

prepared by analogy to ox-200 as described above. Selected data for ox-205 (from a ca. 2:1 

mixture of diastereomers): colorless oil; IR (neat) 3468, 2959, 2929, 1462, 1427, 1248, 1111, 

834, 701 cm–1; 
1
H NMR (700 MHz, CDCl3) δ 7.59-7.56 (2H

both
, m), 7.38-7.35 (3H

both
, m), 3.54 

(1H
maj

, d, J = 4.2 Hz), 3.37 (1H
min

, d, J = 7.0 Hz), 1.66-1.61 (1H
min

, m), 1.43 (1H
maj

, dqd, J = 

13.8, 7.5, 6.0 Hz), 1.30-1.13 (3H
both

, m), 0.89 (3H
maj

, d, J = 6.8 Hz), 0.87-0.84 (6H
min

 + 3H
maj

, 
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m), 0.383 (3H
min

, s), 0.379 (3H
maj

, s), 0.375 (3H
min

, s), 0.36 (3H
maj

, s) ppm; 
13

C NMR (175 MHz, 

CDCl3) δ = 138.0
both

 (0), 134.3
both

 (2C, 1), 129.4
both

 (1), 128.1
both

 (2C, 1), 70.7
min

 (1), 69.4
maj

 (1), 

39.0
min

 (1), 38.6
maj

 (1), 27.4
maj

 (2), 25.9
min

 (2), 16.7
min

 (3), 15.8
maj

 (3), 12.1
maj

 (3), 11.4
min

 (3), –

3.5
min

 (3), –3.8
maj

 (3), –4.05
maj

 (3), –4.08
min

 (3) ppm.  

 

Chiral stationary phase (CSP) HPLC analysis of a diastereomeric mixture of (±)-ox-205 [with dr 

= 66 (ox-205):34 (ox-205´)], obtained by aq. NaOOH oxidation of racemic diastereomers of 205 

prepared as above using TMEDA in place of the chiral bisoxazoline ligand, performed with a 

Daicel Chiralcel®  OJ column (4.6 mm ID x 250 mm), eluting with 3% i-PrOH in hexanes at 1.0 

mL min–1 and monitored by UV at 210 nm, showed significantly, but not fully base-line 

resolved peaks: tret. [ox-205] = 37.1 min, tret. [ox-205´] = 41.0 min, tret. [ent-ox-205´] = 46.4 

min, [ent-ox-205] = 54.1 min. Analysis of enantioenriched material ox-205 [with dr = 35 (ox-

205):65 (ox-205´)] prepared as described above via ligand mediated iStReCH, revealed an 

enantiomeric excess of ca. 26% ee for diastereomer ox-205´ and ca. 14% ee for diastereomer ox-

205. The top trace is racemic ox-205 + ox-205´ (dr = 66:34): (1-4 ) left to right (1 = 29.0%, 2 = 

16.9%; 3 = 20.1 %; 4 = 34.0 %)and the bottom trace is the enantioenriched material ox-205 + ox-

205´ (dr = 35:65): (1-4 ) left to right (1 = 15.0%, 2 = 24.1%; 3 = 40.6 %; 4 = 20.3 %) shown 

below. 
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(diiodomethyl)dimethyl(phenyl)silane 79: NaHMDS (2.0M, 4.50 mL, 9.00 mmol, 1.5 equiv.) 

in THF/Et2O (1:1, 26.0 mL) was cooled to -78°C over 10 min. The reaction vessel was covered 

with foil. The solution was treated dropwise with diiodomethane (d = 3.36 g/mL, 2.41g) in THF 

(2.50 mL) over 5 min. The dark red solution was allowed to incubate an additional 25 min. at -

78°C. At this time the solution was treated with PhMe2SiCl (d= 1.026 g/mL, ) in 2.0 mL of THF 

over 10 min. The solution was allowed to warm to rt over 22 h in the dark. The solution was 

dilute with H2O (100 mL) and hexanes (70 mL) and the layers were separated. The aqueous 

layers were extracted with additional hexane (2 x 70 mL). The combined organics were washed 

with an additional portion of H2O (50 mL) and dried over MgSO4. The organics were 

concentrated in vacco to approximately (100 mL) and further purified through SiO2 

chromatography (1 x 2 inch plug SiO2 wet with hexanes) eluting with an additional portion of 

hexanes (100 mL). The organics were concentrated in vacco to yield a crude mixture (1.23 g) of 

transparent red oil and precipitate (iodoform). 

Further purification by distillation (Kugelrhor, 0.4-0.5 mmHg) 70-80 °C removed iodoform, the 

residue was triturated with n-pentane and the pentane layers were concentrated and further 

distilled at 115°C; the residue was retained to yield  a colorless transparent oil (436 mg) as a 

mixture (2:1) of the title compound (371 mg,0.23mmol, 15 % yield, 85% wt/wt) and 

(PhMe2Si)2O. Note that the oil turned pink after prolonged exposure to light and that an 

analytically pure sample was attained after prolonged period on high vacuum. 

 
1
H NMR (400 MHz, CDCl3) 7.64 (2H, m), 7.41-7.35 (3H, m), 4.52 (1H, s) 0.58 (6H, s) ppm 
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13C NMR: 100 MHz, CDCl3 

111 



1H NMR: 400 MHz, CDCl3 

112 



13C NMR: 100 MHz, CDCl3 

113 



1H NMR: 400 MHz, CDCl3 

114 



13C NMR: 100 MHz, CDCl3 

115 



1H NMR: 400 MHz, CDCl3 

116 



13C NMR: 100 MHz, CDCl3 

117 



1H NMR: 400 MHz, CDCl3 

118 



13C NMR: 100 MHz, CDCl3 

119 



1H NMR: 400 MHz, CDCl3 

120 



13C NMR: 100 MHz, CDCl3 

121 



1H NMR: 400 MHz, CDCl3 

122 



13C NMR: 100 MHz, CDCl3 

123 



1H NMR: 400 MHz, CDCl3 

124 



13C NMR: 100 MHz, CDCl3 

125 



1H NMR: 400 MHz, CDCl3 

126 



13C NMR: 100 MHz, CDCl3 

127 



1H NMR: 700 MHz, CDCl3 

128 



13C NMR: 175 MHz, CDCl3 

129 



b b 

1H NMR: 400 MHz, CDCl3 

130 



1H NMR: 400 MHz, CDCl3 

b 

b 

b b 

131 



1H NMR: 400 MHz, CDCl3 

132 



13C NMR: 100 MHz, CDCl3 

133 



1H NMR: 400 MHz, CDCl3 

134 



13C NMR: 100 MHz, CDCl3 

135 



1H NMR: 400 MHz, CDCl3 

136 

See p166 for carbon 



1H NMR: 400 MHz, CDCl3 

138 



13C NMR: 100 MHz, CDCl3 

138 



1H NMR: 400 MHz, CDCl3 

139 



140 

1H NMR: 100 MHz, CDCl3 



1H NMR: 400 MHz, d6-DMSO, 80 C 

141 



1H NMR: 100 MHz, d6-DMSO, 80 C 

142 



1H NMR: 400 MHz, d6-DMSO, 85 C 

143 



144 

1H NMR: 100 MHz, d6-DMSO, 85 C 



1H NMR: 400 MHz, CDCl3 

145 



146 

1H NMR: 400 MHz, CDCl3 



1H NMR: 400 MHz, CDCl3 

147 



13C NMR: 100 MHz, CDCl3 

148 



1H NMR: 400 MHz, CDCl3 

149 



13C NMR: 100 MHz, CDCl3 

150 



1H NMR: 700 MHz, CDCl3 

151 



13C NMR: 175 MHz, CDCl3 

152 



1H NMR: 700 MHz, CDCl3 

153 



1H NMR: 125 MHz, CDCl3 

154 



1H NMR: 400 MHz, CDCl3 

155 



13C NMR: 100 MHz, CDCl3 

156 



1H NMR: 700 MHz, CDCl3 

157 



13C NMR: 175 MHz, CDCl3 

158 



1H NMR: 400 MHz, CDCl3 

159 



13C NMR: 175 MHz, CDCl3 

160 



1H NMR: 700 MHz, CDCl3 

161 



13C NMR: 175 MHz, CDCl3 

162 



1H NMR: 700 MHz, CDCl3 

163 



13C NMR: 175 MHz, CDCl3 

164 



1H NMR: 400 MHz, CDCl3 

165 



13C NMR: 100 MHz, CDCl3 

166 


	DISERTATION 15
	Chapter 7 Appendix begin p109
	CH7 Appendix 1H and 13C final PDF



