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1.1 Historical background and definition of borata-
alkene species

The first depiction of a C=B bond within borata-alkene species occurred in 1961
proposed by Brown and Zweifel.l After the observation of the hydrolytic
instability of the geminal diborated products, they hypothesized the loss of one
of the carbon-boron bonds through the stabilization of an a-boryl carbanion,
leading to a borata-alkene intermediate (Scheme 1.1). Furthermore, in 1966,
Zweifel and Arzouman offered additional insights into the stabilization of the
carbanion, attributing this phenomenon to the unoccupied p orbital located in

the neighboring boron atom.23

PH o
BR, OH BR, -HOBR, BR, BR,

iy, 2 L L

R
\V/A\BRZ

Scheme 1.1. Original proposal for the stabilized a-boryl carbanion.

Thus, the borata-alkene synthon [CH2=BR:]- is a formal expression of stabilized
a-monoboryl carbanions due to the deficiency in valence of the adjacent three-
coordinated boron center. Borata-alkene intermediate and a-boryl carbanion

structures can be illustrated as resonance forms (Scheme 1.2).45

R" RS R" RS
M®OC-E -~ C=BOOM

RZ R* R2 R
a-monoboryl carbanion borata-alkene

Scheme 1.2. Resonance forms of borata-alkene species.

This introduction is aimed to provide a precise view on the most relevant
synthetic methods to synthesize borata-alkene species, but also to give some

clues about characterization methods and application protocols.
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1.2 Synthesis of borata-alkenes

1.2.1 Monodeborylation of gem-diboryl alkanes

The synthesis of a-boryl carbanions, and hence their respective borata-alkene
representation, can be carried out via deborylation of gem-diborylalkanes

(Scheme 1.3). This is a well-established procedure in organic chemistry.+5

R4
RA-E /R3 M-base R\1 /R3
R1/\,:B\ , ————— _ft=Eoom
R? R -pase BRY), R R
gem-diborylalkane borata-alkene

Scheme 1.3. Mechanism for monodeborylation of gem-diboryl alkanes.

In agreement with their prior results, in 1971 Zweifel and co-workers conducted
NMR studies which confirmed that the addition of methyllithium as a base to
gem-diboryl alkanes gave the corresponding boron'ate’ complex (Scheme
1.4).2367 The utilization of alkyl lithium reagents to deborylate gem-diboryl

alkanes was also observed by Zubiani and co-workers in 1966, with the use of

MelLi or BuLi.8
Li
Li 8
Me R - » Ring~
>~ MeLi ~BdaL ?/ ?
nAy L =
I /s
—B
Me N

Scheme 1.4. Monodeborylation of a gem-diboryl alkanes with MeLi as base.

Shibata and co-workers have reported that the Pd-catalyzed deborylative
arylation of gem-diborylalkanes afforded the corresponding benzyl borylated
products through a Suzuki-Miyaura cross-coupling reaction. The key to success
is the generation of a monoboron'ate' intermediate by virtue of the adjacent
boron atom in 1,1-diborylalkanes, which prevents the [3-hydride elimination

process (Scheme 1.5a). The base played an important role in the reaction. The
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utilization of strong bases such as LiOH, NaOH and KOH was crucial for

promoting the reaction.%10

In addition, Cu (I) salts are also involved in the deborylation of 1,1-
diborylalkanes to deliver the corresponding a-boryl carbanions, essentially
performed in situ. Alkoxy groups (-OR’) and stabilizing ligands, such as mono
and diphosphines, comonly promote the 6-bond metathesis pathway, involving
the concurrent formation of R2’B-OR” as a by-product (Scheme 1.5b).11

®K

H ©
O-Bpin

|
Ar-Pd—kBpin
R

Ar-1
Pd[P(‘Bu)s], 5%mol
a) Bpin KOH : :
)\ (4.5 equiv) Bpin
R Bpin R)\A
15 . H,O/dioxane f
.5 equiv
R = alkyl 25°C,2h
CuX/L Lo R
. MOR' (1-4 equiv) | | R CuL
b) R._Bpin R\i/Bpin > Y + R'OBpin
Bpin . Bpin
Bpin

CuX= CuCl, Cul, [Cu(MeCN),]PFy
MOR'= LiO'Bu, LiOMe, LiO'Am, KO'Bu, NaO'Bu

Scheme 1.5. In situ formation of a) borylalkyl Pd (II) species b) borylalkyl copper (I) species.

Without the use of transition metals catalysts, Morken and co-workers
described an alkoxide-promoted deborylative alkylation of geminal boronates.
These reactions proceed through the intermediacy of a-boryl carbanions, whose

formation was examined using different MOR’ bases (Scheme 1.6a).12

Alternatively, Cho's research group developed a new borylation method for aryl
and vinyl halides using gem-diborylalkanes as the boron source.!3 The

combination of 1,1-bis[(pinacolato)boryl]alkanes with NaO¢Bu, as a base,
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generated an a-boryl carbanion in situ, to form an unusual Lewis acid/base

adduct with the organohalide reactant (Scheme 1.6b). 13

NaOBu
Bpin (3 equiv) R; RoX Ry
a) Na®o( — L
Ry” "Bpin  THF, 3h Bpin Ry” "Bpin
X=1, Br
=
NaOBu iRz R
; Na
Bpin (2 equiv) & X A R X)\B’o R4
b) . ©) e —— 2/ | | I
Ry™ "BPIN THF/oluene -~ . N RSN N Bpin
50-1200c 1 BPIn I |
Ry=H,Me %0- N 2
2

Lewis acid/base adduct

Scheme 1.6. a-Boryl carbanion formation via alkoxide-promoted deborylative a) alkylation and
b) arylation.

1.2.2 Deprotonation of the a-hydrogen from an organoborane
compound

The addition of base to an organoborane normally results in the coordination of
the base to the boron atom, as illustrated in the previous section. However,
Rathke and Know observed that using a base with large steric requirements
avoids coordination to boron, and promote the deprotonation of the acidic a-

hydrogen contributing to the borata-alkene formation (Scheme 1.7).1415

M-base

H R® R' R3
R‘]%:B\ s 2‘(Z:B\(%C‘BM
R* R - H* base R R

borata-alkene

Scheme 1.7. Mechanism for deprotonation of the a-hydrogen from an organoborane compound.

In fact, Matteson and co-workers were able to successfully generate 1,1-
bis(dioxaborinyl)alkyllithium reagents through the a-deprotonation of geminal
bis(boronates), preserving the integrity of the geminal boryl groups.t¢ The

intermediate was synthesized using lithium 2,2,6,6-tetramethylpiperidide
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(LiTMP) as the base, in the presence of tetramethylethylenediamine (TMEDA)
as an activator (Scheme 1.8a).1617 Further, it was extended to the a-lithiation of
a-(silyl)alkaneboronates, therefore pinacol(trimethylsilyl)borylmethane was
transformed to the corresponding lithio(trimethylsilyl)borylmethane using the

same procedure (Scheme 1.8b).18

Moreover, Zhan and co-workers disclosed the generation of a-boryl anions by
deprotonation of benzyl boronates with LiTMP in tetrahydrofuran (THF)
(Scheme 1.8c). Benzylboronates bearing groups like halides, alkyls, naphtil or
Bpin moiety were well tolerated and then, diverse electrophiles could be
incorporated to the o position.1920 More recently, Morken and co-workers have
followed a similar procedure to activate readily accessible 1,1-
bis(pinacolboronates) with LiTMP, to subsequently react with aldehydes to
furnish a variety of synthetically useful di- and trisubstituted alkenylboronic

esters (Scheme 1.8d).17

M )

0.0 N
LITMP \ Bpin LTmp \ Bpin
a) R\A\B/O — R\)@\B/O b —si{  ——— —Si—OoLi
H ‘\J TMEDA s ‘\J /W TMEDA 7 H
o o)
Li
Bpin LiTMP Bpin Bpin LITMP Bpin
o) Aar— Ar—Eo@ Li d) ¢ Li®o(
THF H Bpin THF Bpin

Scheme 1.8. a-Deprotonation for a) gem-diborylalkanes, b) a-(silyl)alkaneboronates, c) benzyl
boronates and d) commercially available 1,1-bis(pinacolboronate).

The removal of the a-hydrogen, adjacent to a tricoordinate boron atom, led to
the synthesis of different lithium boratabenzenes (Scheme 1.9a).21 Martin and
coworkers have found that the deprotonation of compound 9-
borataphenanthrene 1.1 is a viable method to prepare boratabenzene-
containing species. Potassium bis(trimethylsilyl)amide KN(TMS). proved to be

a suitable base for the formation of borataphenanthrene anion 1.2 (Scheme
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1.9b), which reveals a remarkable reactivity pattern of both boratabenzenes and

borata-alkenes.22

@ = @

a) e ~

B BooLi
R R

L TMS KN(TMS),

B ©B._ _TMS
H 80°C, 3d | =
b) D — Pz
‘ HOTf, 20 min O

1.1 1.2

Scheme 1.9. Formation of a) lithium boratabenzenes and b) 9-borataphenanthrene anion via
a-deprotonation.

1.2.3 Metallation of a-halo boronic esters

Knochel reported a general route involving the reaction of a-halo boronic esters
with Zn and Cu to produce a-(dialkoxyboryl)alkyl zinc and copper
organometallic species, respectively.23 First, zinc borata-alkene compounds are
formed, which can be transformed into the more reactive copper compounds
through a reaction with copper(l) cyanide dilithium chloride complex

(CuCN-2LiCl) in THF (Scheme 1.10).42324

0/& Zn o CuCN-2LiClI 9/&
R__B — > R__B. ———>= R__B

YO tHR2sc 1 °© oec,5mn | °©°
X 0.12h Znx Cu(CN)Znx

Scheme 1.10. Synthesis of zinc borata-alkene and copper borata-alkene species via metallation of
an a-halo boronic ester.

1.2.4 Frustrated Lewis Pair

The term “frustrated” Lewis pair (FLP) describes the inherent driving force of a

Lewis pair to interact through the Lewis-basic and Lewis-acidic site to form a
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Lewis adduct, which is prevented by steric and electronic prerequisites (Scheme

1.11).25
Me. N _Me N kMe
| Me 7N\
= B N
) BMe, y - Me"Me) )=
ews act Lewis base /Me

frustrated Lewis pair

Scheme 1.11. Example of the frustrated Lewis pair adduct.

By employing this methodology, the base-free synthesis of a stable borata-
alkene zwitterion 1.3 has been obtained through the ring closing of an in situ
formed P/B system. This mechanism is postulated to occur rapidly through an
intramolecular conjugate addition promoted by FLP forces (Scheme

1.12a).142627

The attachment of strongly electron-withdrawing CeFs substituents on boron
has been confirmed to significantly enhance the CH acidity in the o-position,
which favors the formation of the borata-alkene specie. However, the strongly
enhanced Lewis acidity makes these boranes prone to facile Lewis acid/Lewis
base adduct formation under conventional deprotonation conditions.1428 In the
P/B system 1.4, both intra or intermolecular Lewis pair adduct formation was
effectively hindered. Instead, the a-deprotonation by the bulky PMes; base in
the P/B system 1.4can take place to form the zwitterionic borata-

alkene/phosphonium compound 1.5 (Scheme 1.12b).14


https://www-sciencedirect-com.sabidi.urv.cat/topics/chemistry/lewis-adduct
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HB(CgFs);
Ph,P. Ph,P, CoFssg-CoFs CeFs.Q-CeFs
? N N PhoP” ™S Ph,R
'kf /
1.3
®
PMes; HPMes,
b) - -
(CeFs),B H g(Cer)z
1.4 1.5

Scheme 1.12. FLP forces towards zwitterionic phosphonium/borata-alkenes formation by a)
intramolecular conjugate addition and b) a-deprotonation by the bulky PMes: base.

On the other hand, Breher and co-workers were able to generate a-borylated
phosphorus ylide (a-BCP) with a significant borata-alkene character (Scheme
1.13). This was achieved by generating electronic frustration by competition for

a lone pair of electrons, thus inducing high polarity within a C-B m-bond, as 1.6

shows.23.29
R4 ® ~ Ry ® R ® Ri
©) 1
PhsP=< . PheP= PhsP—C, PhsP—(
B-R, B-R, O\ R ©B-R;
R, R ; 2 R,
2 R2
1.6

Scheme 1.13. Resonance structures of an a-borylated phosphorus ylide.

1.2.5 Nucleophilic attack on the boryl moiety

Yorimitsu and co-workers, have discovered that diborative reduction of
alkynes occurred in the presence of bis(pinacolato)diboron and alkali metals to
afford 1,2-diboryl-1,2-dimetalloalkanes, facilitated by vinylic radical anion
intermediates.30 This led to the simultaneous formation of two carbon-boron
bonds and two carbon-alkali metal bonds in one operation. Alkoxy-substituted
B2pin; is resistant to reduction by alkali metals. On the other hand, because of
the vacant p orbitals of the boron atom, B2pin; can rapidly react with the vinylic

anionic species, to suppress the undesired protonation or oligomerization.

10
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Moreover, the vacant p orbitals of the boron atoms, in the installed 1,2-dianionic
species contribute to its sufficient stability by delocalizing the negative charge

(Scheme 1.14).30

Li Li®
_ 2 equiv Li granule . @ R ) R @ Li
Ar—R + szinz Bpm%Bpm -~ Bpln &) .
THF, 1, 2 h A @ Bpin
Li Li Ar
Ar LiT
L®/ ™ . Bpin Bpin K R
Ar }9 Bpin—Bpin Ar | Ar |\_/4 ___, Bpin
R A gpin \/Bpm Y 8 Bpin
Ar
R ® 8 Li
Li R

Scheme 1.14. Diborylative reduction of alkynes.

Previously, Matteson and co-workers had reported an (a-haloalkyl)boronic
ester homologation that took advantage of the formation of intermediate borate
complexes in an iterative two-step sequence (Scheme 1.15). It starts with the
displacement of a leaving group from the a-carbon atom of an alkylboronic ester
with the addition of (dichloromethyl)lithium towards the formation of the
(dichloromethyl)borate complex 1.7. To conclude the homologation, a Grignard

reagent leads to the borate anion 1.8, that evolves the substitution reaction.3132

C|2
/O _\\RZ H o~ 2 I/ n 0 \Rz
R L|CHCI2 >k ZnCl, R B, :
0 " cold warm l
R, R 60 R, 07 ¥R,
Li
1.7 ‘ R3MgX
X @ gX®
R4 /0 Ry />‘
el — l SR NS
o R1
R, R o Ry R3
1.8

Scheme 1.15. Matteson homologation mechanism.

Additionally, in a reaction described by Mézailles and co-workers, the

nucleophilic dianion 1.9 attacks to BH3-SMe; to result in the formation of

11
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intermediate [1.9-BH3], as it illustrates the Scheme 1.16. They showed that the

dianion is able to stabilize BH»* cation, yielding the zwitterionic organoborane

1.10.33
H.__H
2Li® e j\
QO BH3-SMe, .~ "B~ BH--SMe
Ph,P” PPh, 2L® g — 278 PhPOPPhy gy,
L8 -SMe, PhyP O PPhy -SMe; S.°-8
Et,O $d 3 X
(OEty)x
1.9 [1.9-BHj] 1.10

Scheme 1.16. Formation of borata-alkene species by nucleophilic attack to BH3 -:SMe..

1.2.6 Transmetallation of a-borylmethide metal salts with
organometallic reagents

Boron-stabilized carbanions can also be generated by transmetallation of a-
borylmethide metal salts with organometallic bases, following the mechanism
illustrated in Scheme 1.17a. The a-trialkylstannyl boronic ester 1.11 reacts with
LiX, resulting in the formation of (1-lithioethyl)boronic ester (1.12) through the
exchange of Sn with Li cation (Scheme 1.17b). Notably, the interaction of LiF
with dimesitylboryl (trimethylsilyl)alkanes also yields a-boryl carbanions, with
the formation of FSiMes (Scheme 1.17¢).34

My R; MX Ri Rg
a) R/\VB\ —_— C=BOOM
"R, R3 - M'X R R
borata-alkene
(|3H3 LiX (I-:I
b) CH . - = H-.C” < Bpi
PN 3C”"© Bpin
R3Sn Bpin - XSnRy oL
1.11 1.12
"('e: LiF Mes
c) _B.H_SiMe3 —— /B\/R
Mes (II - FSiMe, Mes S
R L

Scheme 1.17. a)Transmetallation towards borata-alkene formation, b)Li/Sn transmetallation
pathway, c) Li/Si transmetallation step.
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1.3 Characterization of borata-alkenes

The stabilization and reactivity of borata-alkenes are related with the electron
distribution in the o bonds between the a-carbanionic center and the adjacent
boron atom, which delocalizes the electron density throughout its empty p
orbital. The suggested hyperconjugation is consistent with experimental
outcomes. Structural parameters such as bond lengths and angles, spectroscopic
data and nuclear shielding of the nuclei involved are affected by marked

changes. 53536

1.3.1 Characterization by X-ray diffraction

The first X-ray crystal structure of a boron-stabilized carbanion was described
by Power in 1986.37 The anion was made by deprotonation of BMes3; with "BuLi
and it was treated with a crown ether salt for its crystallization, forming the
[Li(12-crown-4);] salt 1.13 (Figure 1.1a). Comparing it with triaryl- or
trialkylboranes, the C-B bond length was significantly shorter (1.522 A),
establishing the structure of the anion as shown in the Figure 1.1a. It also
suggested that the stability is mainly due to delocalization of the negative

charge.®’

Following this procedure, the same authors were also able to crystallize and
characterize the borata-alkene [CH2BMes:]- 1.14 (Figure 1.1b), where the bulky
substituents on boron played a crucial role in providing the necessary
stabilization.3® When 2 equiv of 12-crown-4 were added to the THF solution of
its lithium salt, crystals were obtained in a 40% yield as colorless
parallelepipeds. The C-B bond exhibit a length of 1.440 A, consistent with a

boron-carbon double bond formulation.38

In a more recent development, an additional borata-alkene structure was
successfully crystallized by employing a suitable base for deprotonation, lithium

2,2,6,6-tetramethylpiperidide (LiTMP), resulting in a borata-alkene product

13
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1.15 isolated as a yellow solid in 67% yield (Figure 1.1c).3° The method for
obtaining single crystals suitable for the X-ray crystal structure analysis was
carried out by slow evaporation of a pentane solution at -32 °C. Molecules of the
composition of 1.15[LiHTMP] were isolated in the crystal. The length of the
typical borata-alkene B-C double bond linkage was determined to be 1.468 A
and the coordination geometry of the boron atom was stablished as trigonal
planar. In the same work, the role of the lithium cation in influencing the typical
features of the borata-alkene system was investigated. The Li* free salt 1.15 was
synthesized through cation exchange. A comparison of the structural data of the
two compounds reveals a remarkable similarity, suggesting that the cations
have a marginal influence on the structural features of the borata-alkene moiety

in 1.15.14

On the other hand, the characteristic distance of 1.444 A between the B-C bond
in a borata-alkene specie was determined in the X-Ray diffraction analysis of the
previously mentioned zwitterionic heterocyclic phosphonium borata-alkene
1.3 (Figure 1.1d). Notably, a Li* counter ion was not needed for the

crystallization.26

Since the coordination chemistry of borata-alkenes as ligand motifs has
attracted increasing attention in recent years, several metal borata-alkene
complexes have been isolated and characterized by X-ray diffraction.
Crystallographic evidence revealed a m2-coordination in borata-alkene
tantalocene complex. Species 1.16a and 1.16b include Ta-B distances of 2.729
and 2.739 A, and B-C distances of 1.509 and 1.526 A, which are intermediate
between typical B-C(sp3) bond distances (1.578 A for BMes) and B=C(sp?)
(Figure 1.1e).2339

The borata-alkenes application as polar alkene ligand analogues in
organometallic and coordination chemistry was extended following the
aforementioned seminal study.2? To date, an example of this development was

seen in the syntheses of methylene-bridged chelate phosphane/borata-alkene

14
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Rh complexes 1.17 (Figure 1.1f ) and 1.18 (Figure 1.1g),%0 or transition metal

complexes including elements such as Mo (Figure 1.1h 1.19a), W (Figure 1.1h
1.9b),41 Cu (Figure 1.1h 1.20a), Zn (Figure 1.1i 1.20b) or Au (Figure 1.1i

1.20c).#2

c)

e)

g)

/Mes
Mes—B\@ @ [Li(12-crown-4),]

1.13

O‘ @ Li[HTMP]
S)
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1.16b (L = 'BUNC)

MeszR e CGFS
Y
\\ //,/ Cer
4
®RhA
’ \\

\

oc co
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-

/Ng(N\Dipp
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<

f)
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N 1.20b (M = Zn)
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=BH,
N
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Mes

Mes—B\'\@ ® [Li(12-crown-4),]

CH,
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N
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\
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1.19b (M = W)

Figure 1.1. Structure of borata-alkenes complexes.
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1.3.2 Characterization by Nuclear Magnetic Resonance (NMR)

Depending on the nature of the boron and carbon substituents, the Nuclear
Magnetic Resonance (NMR) spectroscopy can be used as a straightforward

analysis to predict the weak or strong borata-alkene character.

Regarding the 11B data NMR, it is noteworthy to mention the high-field chemical
shifts observed in borata-alkene motifs when compared to the corresponding o-
boryl alkanes. For instance, the 11B NMR spectrum of compound 1.21 (Figure
1.2a) in Ce¢De revealed a single signal at §=67.2 ppm, aligning with the signals
observed for triarylboranes, like trimesitylborane (6=76.8 ppm).#3 In contrast,
the compound 1.22, crystalized in a tetramethylethylenediamine (TMEDA)
solution (Figure 1.2b), exhibited a peak in higher field, at 6=45.5 ppm in
deuterated tetrahydrofurane (THF-dg).44

a) b)
Me3Sn BMes,

Me ‘ Me | ILi-TMEDA)]®

Mes\%/
Me

CC
1.21 1.22

Figure 1.2. Structure of the compounds analyzed by 11B NMR a) 1-(Dimesitylboron)-8-
(trimethyltin)naphthalenediyl and b) borataalkene salt-Li(TMEDA)z.
Another example would be the trend in 11B NMR chemical shifts observed during
the deprotonation of Mes;BCH3 to yield the Mes;B=CH,- anion 1.14 (Figure
1.1b). A THF solution of Mes;BCH3 exhibited a broad singlet at +83.6 ppm.
Following the addition of LiN(CeH11)2 in THF, a new signal at +40.4 ppm
emerged, presumably attributed to the solvated ions [Li*][Mes;BCH:]. Upon
introducing 12-crown-4 to this solution, a slight upfield shift to +35.0 ppm was
observed. The modest, yet significant, shift observed upon the addition of 12-
crown-4 suggests a potential association between [Li]+ and [Mes;BCH:]- ions in

THF solution in the absence of 12-crown-4.38
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On the contrary, the 13C NMR data for the borata-alkene appears at downfield
chemical shifts, in agreement with the acquired sp2 character of C in the borata-
alkene when it is compared with the corresponding boranes. To give an example,
in the analysis of a-boryl carbanions, Morken and co-workers analyzed by 13C
NMR compound 1.23, possessing a 13C-labeled peak at §=22.5 ppm (Scheme
1.18). When reacted with NaO:Bu in THF, it resulted in the formation of product
1.24 (13C 6=35.5 ppm), corresponding to the boron'ate' complex, and 1.25 (13C
6 =49.1 ppm), which was formed more slowly than 1.24. Upon addition of
bromododecane to the reaction mixture, the resonance at 49.1 ppm was
immediately replaced with a resonance at 31.4 ppm, the latter of which
corresponded to deborylative alkylation product 1.26. Notably, the chemical
shift of putative intermediate 1.25 is far more downfield than is typical for an
alkali-metal-derived carbanion (13C §=-15.3 ppm for CH3;Li), presumably due to

the delocalization of the electron density in the C=B bond.!?

e) ® ®
Bpin NaO'B 'BuO—Bpin _| Na Bpin_l Na Bpin
| a u I ! H B I
Bn-'3C-Bpin Bn-'>C-Bpin Bn-"°C© 1272557 B 130 -nG ,H,g
"C15Ha31 dy THF "C15H34 "C15Ha4 "C15H34
1.23 1.24 1.25 1.26
3¢ 8 = 22.5 ppm 3¢ & = 35.5 ppm 13C 5 =49.1 ppm 13C 5 =31.4 ppm

Scheme 1.18. 13C NMR to identify compounds involved in deborylative alkylation.

1.3.3 Characterization by Infrared (IR)

One of the simplest examples of borata-alkene, Me;BCH,~ anion (Figure 1.1b),
has been characterized using IR multiple photon dissociation technique. Morton
and co-workers reported, for the first time, the spectra of Me;B=CH;- in the gas
phase. The obtained spectra were in good agreement with those predicted by
DFT calculations. Consequently, IR spectra of gaseous Me,B=CH;- indicates that
the B-C bonds in the anion Me;B=CH;- are weaker than the strong B-C bonds of

trimethylboron, suggesting hyperconjugation in the borata-alkene fragment.45
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1.3.4 Characterization by density functional theory (DFT)

To gain more insight into the electronic structure and the reactivity trends of -
boryl-carbanions, R. Maza et al. conducted a detailed computational study.5
Different a-boryl carbanions were analyzed, studying their electronic structures
and reactivity trends influenced by the nature of the different boryl moieties,

carbanionic substituents, the numbers of boryl motifs, and the metal involved.

Overall, the study determined that the free carbanionic intermediates were
better described as borata-alkene species. m-Acidic boron atoms (i. e., BMes; or
B(CsFs)2), aromatic substituents on boron (i. e, Bdan), or electron withdrawing
substituents on carbon induced a larger delocalization of the carbanionic charge
through the m-channel, that resulted in a more stable and less reactive
intermediate. Multi-boryl species showed very polar C-B bonds, while losing
some borata-alkene characteristics. Some of these trends have been displayed

in Figure 1.3.5.46

PhsP_ PPhy N3Py, -PPhs

H\ H\ C:Iu H\ II Ph3R H\
Li® © C—Bpin C==Bpin C='=Bpin PhgP-Pd—C—Bpin
H H H cl H
STABILITY

\

A

NUCLEOPHILICITY

H H H Bpin Bpin
@:C—B: @:C—Bpin @:C—Bpin @/\C—Bpin
H H H H Bpin

Figure 1.3. Trends towards stability and nucleophilic character on representative o-
borylstabilized carbanions.

The electronic structure of borata-alkenes is highly unsymmetrical. Carbon 2p
orbital has much higher contribution to the HOMO, and the boron 2p orbital has
much higher contribution to the LUMO. Due to this asymmetry, when a metal is
involved, M-B interactions will be favored for electron rich transition metals,

and M-C interactions will be favored for electron-deficient transition metals.24
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Thus, a-boryl carbanions can be classified in three different type of a-boryl
alkylidene metal species: 1) borata-alkene salts with alkali and alkaline earth
metals such as Li (Figure 1.4a), 2) n2-(C-B) borata-alkene complexes with early
transition metals, Cu and Ag (Figure 1.4b), and 3) a-boryl alkyl complexes with

late transition metals such as Pd (Figure 1.4c).5

(I:ULZ
a) L'@@\C—B/ b) \C-:—B/ c) L CIPd—\C—B/
TR Vi 2 N

Figure 1.4. The three binding modes of borata-alkenes a)borata-alkene salt, b) n2-(C-B) borata-
alkene complexes and c) ¢ bond with a-boryl alkyl complexes.

1.4 Application

Based on the previously mentioned propierties of borata-alkenes, and
consequently the diverse types of a-boryl species, through their electronic and

steric properties, it has been possible to justify the observed reactivity trends.>
1.4.1 Boron-Wittig reaction

One of the most extended applications of a-boryl carbanions synthons is the
boron-Wittig reaction.#” Similar to the original Wittig olefination (Scheme
1.19a), where alkenes are synthesized by the reactivity between aldehydes or
ketones with ylides generated from phosphonium salts, the a-

bis(boryl)carbanions can be employed in the boron-Wittig reaction (Scheme

1.19b).47
R Re R4 R, R4
a) >=0 + RP—O y=(  + RP=0
Ry R R4 Ri R

R; [B]=BRyorB(OR), R, R

R2 3
b) =0 + [B]—<@ >_<_ + [B]-OM
Ri M@ [B] Ry [B]

Scheme 1.19. Mechanism of a) Wittig olefination and b) boron-Wittig olefination.
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1.4.2 Reactions with electrophiles

Borata-alkene salts show highly polarized metal-carbon interactions and a
significant nucleophilic character, which makes them suitable for reacting with

electrophiles.5

Morken and co-workers have successfully obtained borata-alkene species
without utilizing transition metals catalysts achieved by the monodeborylation
of gem-diboryl alkanes.12 They also established an electrophilic trap of the a-
boryl anions, synthesizing primary, secondary, and tertiary alkylboronic esters
with high efficiency and simplicity. In Scheme 1.20a, the reaction between
monosubstituted geminal boronates and primary halides is displayed, yielding
secondary organoboronates. This method has proved a high versatility,
evidenced in the substrate scope as well as the electrophiles employed for the
alkylation. Moreover, it is effective with secondary alkyl bromide electrophiles
and allylic chlorides, via an Sy2 mechanism. Deborylative alkylation of internal
geminal bis(boronates) is also feasible (Scheme 1.20b), along with
intramolecular deborylative alkylation for the formation of carbocyclic

organoboronates (Scheme 1.20c).12

)B\pin o NaO®Bu (3 equiv) [Na ®© Ro
a) o 2 _— R OBpin | —
Ri” “Bpin THF, 3 h P RH\Bpin
Bpin NaO'Bu (3 equiv) R,
b o+ RX —————— > .
) R/J:Bpm THF, 3 h R/J;Bpm
2 3
. LiTMP Bpin
) )B\pm . XX 0°C,15min NaO'Bu (3 equiv) ),
c _ — > R BpIn —m—— :
R” “Bpin ) ) THF, 3 h R™ “Bpin
n

Scheme 1.20. Base-promoted activation of geminal diborylalkanes for a, b) alkylation with
primary halides and c) intramolecular alkylation.
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Another reaction involving electrophiling trapping with borata-alkenes salts
involves the formation of 1,2-diboryl-1,2-dimetalloalkanes (Scheme 1.14).
When the 1,2-dianionic species were treated with electrophiles (MeOD for
deuteration, dimethyl sulfate and 1,3-dichloropropane) 1,2-diborylalkanes
were formed with certain diastereoisomery (Scheme 1.21a). In addition, the
oxidation of 1,2-dianionic specie with 2,3-dibromobutane furnished the
corresponding 1,2-diborylalkene product with preferential E stereoisomery
(Scheme 1.21b).30

MR
@ R
Bpin . © a) Electrophile E
O Bpin Bpin .
Ar® > E Bpin
; M Ar
alkali metal
Ar———R + B,pin, ———> ]
M®
S R gM R
Bpi i
pmﬁ/ngin 4. > Bpmj/\Bpin
Ar b) Oxidant Ar
M = Li, Na

Scheme 1.21. Diborative reduction of alkynes to 1,2-diboryl-1,2-dimetalloalkanes to form a) 1,2-
diborylalkanes and b) 1,2-diborylalkenes.

Borata-alkene complexes with transition metals such as Cu(l), can trap several
electrophilic reagents in an efficient way. Additionally, the modification of Cu(I)
complexes with chiral ligands, induces asymmetric platforms towards the

synthesis of enantioenriched organoboron compounds.11

The zinc borata-alkene and specially the more active copper borata-alkene salt,
synthesized by metallation of an a-halo boronic ester performed by Knochel, has
exibited excellent reactivity toward allyl halides.1123 This is evidenced in the
model reaction involving tert-butyl a-(bromomethyl)-acrylate with
(Bpin)CH2Cu(CN)Znl (Scheme 1.22). Product 1.27 showed control over
chemoselectivity, with the o, f—unsaturated ester remaining inert while efficient

alkyl bromide substitution occurs.11
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Cu(CN)Znl

Bpin

o )< (1.4 equiv) ) Q J<
Bpin o
Br/\H)J\O THF, 0°C, <1 h M/\H)k

1.27 (88%)

Scheme 1.22. Copper catalyzed allylation between tert-butyl a-(bromomethyl)-acrylate with
(Bpin)CH2Cu(CN)Znl.

1.4.3 C-B bond formation

The generation of carbon-boron bonds in aryl halides using gem-
bis[(pinacolato)boryl]alkanes has been developed by Cho.13 As illustrated in
Scheme 1.6b, NaOtBu has been used as a base to generate an a-boryl carbanion
that can form acid/base adducts between a-[(pinacolato)boryl]alkylanions and
organohalides.1348Six-membered coordinated intermediates 1.28 are formed to
subsequently release sodium aryl anion species 1.29. When
[(pinacolato)boryl]iodoalkanes or tert-butoxyboronate ester are employed as
the boron source, carbon-boron bonds are efficiently built towards aryl and
alkenylboronic ester 1.30 in good yields (Scheme 1.23).48

Via: Bpln

. R4
96 X
©) -0
R Na R, X B

/\/ O
N/
/ N I na 72< \ 1.29
N @®Na
w0
S/

R1)\Bpin Rz /&
in-0Of Bpin
R, = H, Me Bpin-O'Bu p

NaOBu (2.0 equiv)

A
+
K
N THF/toluene R;
Ry 50-120 °C
% 1.30
X
X=1,Br

Scheme 1.23. Borylation of aryl halides with gem-bis[(pinacolato)boryl]alkanes.
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1.4.4 C-C bond formation

Since a-boryl alkyl complexes with late transition metals have a less polarized
and stronger metal-carbon bond, they are prone to undergoing other types of
C-C bond forming reactions, such as cross-coupling through transmetallation

strategies.>

Typically, Suzuki-Miyaura cross-coupling (SMC) reactions have been a reliable
method for C-C bond formation. However, when organoboronates were
involved, some challenges had to be faced, including slow transmetallation,
subsequent B-hydride elimination, and protodeboronation (Scheme 1.24a).
Shibata and co-workers have demonstrated the usefulness of 1,1-diborylalkanes
for chemoselective and regiospecific SMC at room temperature, in order to

address these limitations.

The viability of the reaction is attributed to the formation of a monoborate
intermediate, generated with a suitable base. Scheme 1.24b demonstrates how
the transmetallation between ArPdX and potassium borate provides the c-alkyl-
PdAr intermediate 1.31, which is sufficiently stable to prevent reductive
elimination. Notably, only one boronate complex is formed, even in the presence
of excess of a base. After the first catalytic coupling reaction, the mono-boronate
compounds are produced but would not undergo further cross-coupling

reaction under the same reaction conditions.%10

Likewise, this approach has subsequently been applied to the synthesis of both
symmetrical and unsymmetrical derivatives of diarylmethanes 1.32 (Scheme
1.24c). The reaction conditions can be modulated by adjusting both the reaction

temperature and the amount of base in a one-pot process. This type of cross-
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diborylmethane.10

e .R

coupling reactions are performed with air-stable

r
]
alkene
R [B] cat. Pd ARAT via B-elimination
a) L + AR —m——— L I + by-products <
~~"">H base, 60-115°C  "~v-">n
.R__H
r
I
L
~" "H
\deborylated product
Bpin
R)\Ar Ar-X
Pd(0)
Bpin k {
b) R)\PdAr Ar-PdX
H, © Bpin
. O-8pin A
Bpin(OH),K Ar-Pd Bpin KX R” "Bpin(OH)K
KO ® R
1.31
1) Pd[P('Bu)s], 5 mol%
KOH (1.5 equiv) A
H,O/dioxane | \
Br i, 12 h “R
Bpin Bpin
c) pin__bp + AN A
| o 2)KOH (3equiv) RE
R 60 °C, time
1.32

Scheme 1.24. Mechanism of cross-coupling reactions a) in typical SMC using alkylborans, b) using
of 1,1-diborylalkanes with aryl halides and c) SMC reaction of gem-diborylmethane towards

diphenyl methane products.
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1.6 Objectives

The current doctoral thesis has been undertaken with the main purpose of
enhancing the knowledge on organoboron chemistry field, developing novel
synthetic methodologies, and exploring the versatile applications of borata-

alkene species towards a variety of novel compounds.
The specific objectives of each chapter are outlined below:

Chapter 2 searches the innovation using Cu(I) complexes towards the activation
of 1,1,1',1'-tetrapinacolborylethane to produce the corresponding a-borylalkyl

copper species, followed by allylic alkylation sequences.

Chapter 3 aims to develop a straightforward intermolecular three-component
assembly involving alkenylboranes. Without the use of catalysts, additives, or
radical initiators, the objective was to demonstrate that borata-alkene

intermediates can lead to the synthesis of tertiary boronic esters.

Chapter 4 focusses on the exploration of the intermolecular three-component
assembly between alkenylboranes, tBuLi and carbonyl functional groups to

synthesize tri- and tetrasubstituted alkenes and diene
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2.1 State of the art

One of the most reliable counter cation in the stabilization of borata-alkenes is
copper(I). The highly polarized metal-carbon interactions in 2n-(C-B) borata-
alkene complexes with copper(I) confers the carbanion with nucleophilic

character, to enable the efficient trapping of a variety of electrophilic reagents.12

A facile access to borylalkyl copper (I) species from gem-diborylalkanes is due
to the Cu(I) activation of B-C-B bonds. The incorporation of stabilizing ligands,
such as mono and diphosphines, can be used to contribute to the steric and

electronic tuning of the borylalkyl copper(I) catalyst.1

Fu, Marder and co-workers reported the first Cu-catalyzed cross-coupling of
gem-diborylalkanes with nonactivated primary alkyl halides. The reaction
involving diborylmethane proceeded in the presence of 10%-20% Cul and 3
equiv of LiOtBu, in dimethylformamide (DMF) (Scheme 2.1a).3 It was observed
that the reactivity of alkyl bromide and tosylate was higher than that of aryl
bromide, as well as the reactivity of alkyl bromide was higher than that of aryl
and alkyl chloride. Notably, functional groups such as acetal, terminal olefin and
tert-butyldimethylsilyl ethers (TBS)-protected alcohol were well-tolerated,
whereas alkyl esters, aryl esters, heterocyclic compounds or amino acid
derivatives, gave only moderate yields. Furthermore, the addition of
tetrabutylammonium iodide was added to enhace the yields. On the other hand,
1 equiv of Cul and 4 equiv of LiOtBu were required for the coupling of substitued
1,1-diborylalkanes (Scheme 2.1b), while tertiary alkylboronic esters could be
obtained using 3 equiv of Cul and 8 equiv of LiOtBu (Scheme 2.1c). A plausible

Sn2 mechanism has been suggested for this homologation of alkyl halides.3
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[NBua4]l (1 equiv)
Cul (10 - 20 mol%)

i LiO'Bu (3 equiv .
a) alkyl—X  + erm Skl alkyl~_-Bpin
Bpin DMF
X=1, Br, OTs . 60 °C, 24 h
(2 equiv)
Cul (1 equiv)
i LiO'Bu (4 equiv) .
b) alkyl—X  + RYBP'" a"‘y'YBP'“
Bpin DMF R
X=1, Br, OTs . 60°C, 24 h
(2 equiv) ’
Cul (3 equiv)
Ro LiO'Bu (8 equi R
quiv) 2
c) alkyl—X  + R1—|—Bpin R1—|—Bpin
Bpin DMF alkyl
X=1, Br, OTs . 60°C, 24 h
(2 equiv) ’

Scheme 2.1. Cu catalyzed reaction of primary electrophiles with a) diborylmethane, b)
monosubstitued 1,1-diborylalkanes and c) disubstitued 1,1-diborylalkanes.

Xiao, Fu and co-workers have demonstrated the Cu/PPhs-catalyzed cross-
coupling reaction in which a propargyl derivative reacted with diborylmethane
(Scheme 2.2).# Moderate to good yields were obtained utilizing 10 mol% of Cul
modified with PPhs in the presence of LiO‘Bu, with THF as solvent, at 60 °C. In
the case of primary propargyl compounds, 3 equiv of LiO‘Bu were necessary, and
it showed good tolerance to diverse functional groups. When the reaction was
performed with secondary propargyl systems, the base had to be incremented
to 6 equiv, since authors proved the Cl leaving group resulted the most efficient,

albeit the formation of by-products was significant.4

Cul (10 mol%)

R, ) R,
Bpin PPh; (20 mol%) Bpin
/\X ' Brin /V
R, P LiO'Bu (3-6equiv) R,
Ry: aryl, alkyl (2 equiv) THF
R,: H, aryl, alkyl 60°C, 24 h

Scheme 2.2. Copper-catalyzed propargylation of diborylmethane.
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The same authors studied copper-catalyzed Sy2'-selective alkylation reactions
of allylic electrophiles with 1,1-diborylalkanes, obtaining the branched y-
substitution products. The reaction was optimized with 10 mol% of the
Cu/(NHC)-catalytic system (NHC: N-heterocyclic carbene) and 3 equiv of LiOMe,
in 1,4-dioxane at 60 °C (Scheme 2.3a).5 Under these conditions, a variety of
synthetically important functional groups were compatible: aromatic and
aliphatic allylic phosphates, NO2, CF3, CN, and vinyl groups could react with
diborylmethane. A variety of halogen-substituted cinnamyl phosphates could
successfully afford the corresponding products in good yields through Sx2'
mechanism. Both (Z)- and (E)-allylic phosphates showed similar reactivity and
provided the same branched product with high selectivity. Some modifications
were carried out in the copper catalyst to lead improvements in yield and

diastereoselectivity when 1,1-diborylethane was used as substrate (Scheme

2.3b)5
N N
NS
iy
Cl  HO
(13 mol%) )
Bpin CuCl (10 mol%) Bpin
RN * j\/
R™ X" 0PO(OEY), Bpin LiOMe (3 equiv) R
1,4-dioxane
(2 equiv) 60 °C, 24 h
S
Clu
. cl Bpin
Bpin (10 mol%)
b) AN + Y =
Aryl OPO(OEt), Bpin LiOMe (3 equiv) Aryl
1,4-dioxane
(2 equiv) 60 °C, 24 h

Scheme 2.3. Copper-catalyzed Sn2'-selective allylic substitution reaction of a) 1,1-diborylmethane
and b) 1,1-diborylethane.

The asymmetric version of this reaction was studied with a Cu complex modified

with chiral NHC ligand. The branched organoboron product was oxidized in situ
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to provide the corresponding alcohol. The authors found that the enantiomeric
excess (ee) value was controlled when diborylmethane is used with different
steric hindrance at the boryl moiety; for instance, the product 2.1 using
pinacolboryl was obtained in a 40% ee, whereas the product 2.1’ using

pinanediolboryl was obtained in 64% ee (Scheme 2.4).5

ng
PF eHO
P 6
Ph OPO(OEN): (1 (10 mol%) J/\Bj NaOH/H,0, J/\oi
+
o~ LiOMe (3 equiv) Ph 7 THF Ph Z
XB BX 1,4-dioxane
(2 equiv) 60°C, 24 h X = pinacol 2.1 (85%) 70:30 e.r.
q X = pinanediol 2.1'(76%) 82:18 e.r.

Scheme 2.4. Enantioselective Cu-NHC catalyzed Sn2’ allylic alkylation reaction of allylic
phosphates with diborylmethane.

Similarly, Cho and co-workers have also reported a Cu/(NHC)-catalyzed Sn2'-
selective allylic alkylation reaction of allylic chlorides with 1,1-diborylalkanes.
In this case, the optimized reaction was conducted in toluene at 50 °C, with 3
equiv of LiO‘Bu and 10 mol% of Cu(IMes)Cl (Scheme 2.5a). This method
exhibited a wide substrate scope containing both aromatic and aliphatic allylic
chlorides, where Sx2' selectivity is highly favored versus the Sy2 mechanism.
Various functional groups, including silyl ether, pivalate and chloride were well
tolerated. The reactions of substituted 1,1-diborylalkanes were also
investigated. After re-optimization it was found that the reaction required a
higher catalyst loading (20 mol%) and a 5:1 mixture of 1,4-dioxane and toluene
as the solvent to afford the corresponding products (Scheme 2.5b), opening the
possibilities for the development of a copper-catalyzed diastereoselective allylic

substitution reaction.é
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)\ \@/
Vo
C]U Bpin
Bpin Cl (10 mol%) R1)/\/MR

R,
a) R{‘J\P\/\Cl +

2

Bpin LiOBu (3 equiv)
) toluene

(2 equiv) 50 °C, 24 h

\/R\z Boin Cu(IMes)CI 20 mol% Bpin
b) R cl o+ Y P P
Bpin LiO™Bu (3 equiv) Ri Rz

. 1,4-dioxane:toluene 5:1

(2 equiv) 50 °C, 24 h

Scheme 2.5. Cu(IMes)Cl-catalyzed Sn2’'-selective allylic substitution reaction of allylic chlorides
with a) 1,1-diborylmethane and b) 1,1-diborylethane.

A plausible mechanism is shown in Scheme 2.6. On the basis of precedent
literature,”8 it has been suggested that first, the copper alkoxide complex
[Cu(IMes)OtBu] is generated from [Cu(IMes)Cl] in the presence of LiO‘Buy, to be
further involved in the transmetallation towards the monoalkyl alkoxycuprate
2.2. The resulting heterocuprate should promote the subsequent Sy2’
substitution of the allylic chloride to afford the branched alkylboronates 2.3 and
the regenerated copper(l) complex [Cu(IMes)Cl].6

N/=\
e o
Bpin Cu

N
1 = 2

LiO'Bu

e

[(IMes)CuOBu]
LiO'Bu

Bpin

Bpin
(IMes)Cu—\
L® @(lthu Bpin ‘ByOBpin

A,
g
i—:o
N
0
- @
Q
@
c

2.2

Scheme 2.6. Mechanism of Cu(IMes)Cl-catalyzed Sn2’'-selective allylic substitution reaction.
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More recently, Sawamura and co-workers developed a copper-catalyzed
enantiotopic-group selective allylation of gem-diborylalkanes with a series of
allyl bromides.8 The combination of copper(I) bromide and a Hg-BINOL derived
phosphoramidite ligand, with 2 equiv of LiO‘Bu in THF at room temperature,
proved to be the most effective catalytic system to give homoallylic boronate
esters that contain a boron-substituted carbon stereogenic center with high
enantiomeric purity. A significant range of gem-diborylalkanes and allyl
bromides resulted efficient for the coupling, including alkyls, cycloalkyls,
protected amines, tert-butyldimethylsilyl (TBS)-protected ether or
trimethylsilyl (TMS) groups. Mechanistic studies have revealed an enantiotopic-
group selective transmetallation between gem-diborylalkanes and chiral copper
complex (2.4) to generate the chiral a-borylalkyl-copper species (2.5), which

subsequently undergoes C-C bond formation with allyl bromides (Shceme 2.7).6

-

‘P—NMe,
* — /
L*= .0
‘O (10 mol%)
R 0._.0
%1\/Br . RZ\T/Bnep CuBr (5 mol%) R, B
Bnep LiOBu (2 equiv) /I\/LRZ
THF, rt, 30h
(2 equiv)
l R1
}\/Br
— @ —_
BuO Bnep
: LRy

Bnep

L HL
®Lin,, . R2
g ,,,,,,,,, T’?\ B__o 7*/-,,H
é R O/ (*L)Cu
= |
z |
BuO Cu(L*) 25

Scheme 2.7. Copper-catalyzed enantioselective coupling of gem-diborylalkanes with allylic
electrophiles.
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2.2 Context of the work

Tetraborylethane compounds are considered densely borylated small molecules
with potential functionalization. Siebert, Gleiter and co-workers have conducted
the synthesis of tetraborylethenes through a Pt-catalyzed diboration of
bis(catecholato)diboron (B:cat;) with diborylacetylenes.® Subsequently, these
compounds underwent hydrogenation facilitated by Pd catalysts leading to the
formation of the tetracatecholborylethane compound 2.6 (Scheme 2.8a).
Natural Bond Orbital (NBO) analyses revealed that in the structure 2.6 the
geminal catechol rings were twisted to allow a B-O donor-acceptor interaction
between two vicinal catechol rings. Additionally, there was a B-B interaction
between the boron atoms of two geminal catechol rings and an agnostic
interaction between one boron p, orbital and the C-H bond of the ethane
fragment. These interactions provided to the molecule 2.6 an enhanced

stability.?

The synthesis of 1,1,1'1’-tetrapinacolborylethane (2.8) has been patented by
Zhang et al.10 They employed dipinacolborylmethane via activation with lithium
diisopropylamide (LDA) to generate a dipinacolborylmethide lithium salt (2.7)
that subsequently reacted with I to form 2.8 in moderate yields (Scheme

2.8b, Methods A and C).

Masarwa and co-workers have established the formation of the lithium salt 2.7
following the Method B with iPr,NH and "BuLi.l'In addition, Cho and co-workers
have been able to isolate 2.7, for the first time, as a white solid.12 Furthermore,
they introduced the use of N-fluorobenzenesulfonimide (NFSI) for the
halogenative step, in order to transform 2.7 into the tetraborylethane product

2.8 (Scheme 2.8b, Method D).13
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Bcat  [Pt(cod),] (4 mol%) Bcat Pd cat Q\o 0]
Bcat—Bcat 5 bar H, lB é
3) |‘| > Bcat)ﬁ/Bcat H

5 o}g H\/O
toluene ; K
Beat  40oc, 48h Beat 0 30
=Ne ¢ s
2.6 [35%]
Method A Method C
LDA, |2 -
Bpin THF, 0 °C, 6 min Li Bpin THF, 0°C-rt, 2 h O_B/ \B—O
) s
Bpin Method B Bpin Method D 0-B  B-0

iPr,NH, "BuLi, 27 NFSI 7§<° 0)&
THF, 0 °C, 5 min ' THF, 0°C -1t, 2 h
2.8 [25% - 87%]

Scheme 2.8. Synthetic approaches towards 1,1,1’,1’-tetraborylethane.

Despite the fact that the synthesis of 1,1,1'1’-tetrapinacolborylethane (2.8) has
been well established, its structural characterization and reactivity have
received less attention. In the Scheme 2.93, it is displayed the unique example of
the formation of tetrasubstituted carbon centers through a single deprotonation
with LDA followed by electrophilic trapping with RX.10 Complementary,
Masarwa and co-workers have developed the desymmetrization of 2.8 via
nucleophilic mono trifluorination (Scheme 2.9b).11 However, the research about
copper-catalyzed allylic alkylation of molecule 1,1,1'1’-tetrapinacolborylethane

has kept unexplored.

LDA Bpin RX Bpin
(1.2 equiv) pH (1.2 equiv) pI|_|
a) . Bpin [ —  » Bpin
THF, 0 °C pinB . 0°C - rt pinB” o
Bpin 6 min Bpin 2h Bpin
Bpin
inB
pi H
2.8 Bpin
. Bpin
KF (4 equiv) H
b) . Bpin
L-tartaric acid pinB H
MeOH, CH3CN, H,0 BF;K
25°C, 5 min

Scheme 2.9. Activation modes of 1,1,1’,1’-tetraborylethane.
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2.3 Specific objectives

Taking into consideration the above-mentioned benefits of Cu (I) complexes in
the activation of 1,1-diborylalkanes to deliver the corresponding a-borylalkyl
copper species, the main goal in this chapter is the generation of new knowledge
about the reactivity of 1,1,1'1'-tetrapinacolborylethane (2.8) throughout its

activation with Cu(I) followed by allylic alkylation sequences.1*

The specific objectives are:

1. Synthesis of the compound 1,1,1'1’-tetrapinacolborylethane and its full
characterization.

2. Search of the optimization reaction conditions for the Cu-catalyzed
coupling of 1,1,1',1'-tetrapinacolborylethane with allyl bromide.

3. Study of a general scope of allyl halides in the reaction outcome.

4. Extension of the reaction through a second allylic alkylation of the
homoallyl triboronate systems.

5. Synthesis of methylenecyclopentane-1,2-dipinacolboronic ester to

evaluate diastereoselection through the ring closing protocol.

2.4 Results and discussion

The initial step to accomplish the objectives of this study involved the synthesis
of compound 1,1,1,1'-tetrapinacolborylethane (2.8), which was obtained
adapting the protocol by Zhang et al. (Scheme 2.10).1° The product was achieved
in 67% isolated yield and subsequently crystallized, allowing a full
characterization through X-ray diffraction. Acquired data showed that the
relative orientation of the “empty” boron p, orbital does not present
intramolecular B-O or B-B interactions, in contrast to the intramolecular
interactions in compound 2.6, which is consistent with the lower Lewis acid

properties of Bpin moiety compared to the Bcat motif.
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O/xg;: 1. LDA (1.2 equiv)
B THF, 0 °C, 6 min
B 2.1, (1M, 0.6 equiv)

% 0°C-rt, 2h

Scheme 2.10. Synthesis of 1,1,1’,1’-tetrapinacolborylethane, and X-ray diffraction structure.

2.8 [67%]

In order to explore the copper-catalyzed allylic alkylation with compound 2.8,
we launched a preliminary study of the CuCl catalyzed allylic alkylation of
1,1,1',1'-tetrapinacolborylethane (2.8) with allyl bromide in the presence of
LiOtBu as base, at 60 °C, in THF. Two main products were observed after the
reaction: the monoalkylated compound (2.9) in 67% yield and the dialkylated
by-product in 23% yield, as a mixture of 1:1 diastereoisomers 2.10/2.10’,
suggesting a double allylic alkylation (Table 2.1, entry 1).

To minimize the formation of the dialkylation by-products, several parameters
were subjected to modifications. Firstly, the addition of ligand PPh3 to the Cu(I)
catalytic system, favored the formation of homoallyl triboronate product 2.9
(Table 2.1, entry 2). This observation can imply that, owing to the sterically

hindered catalytic system Cu-PPhs, the double allylic alkylation is less favored.

On the other hand, replacement of LiOtBu by NaOtBu decreased the percentage
formation on the desired product 2.9. Along with the by-products 2.10/2.10’,
protodeborylated by-products (pdb) were formed in a 29% yield (Table 2.1,
entry 3). The advantages of LiOtBu in CuCl catalyzed allylic alkylation of 1,1-
diborylalkanes, in contrast to other bases, had previously been reported by Cho

and co-workers.6
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When [Cu(MeCN)4]PF¢ was used as Cu(I) source, product 2.9 could be isolated
in 54% (Table 2.1, entry 4). Nevertheless, a higher temperature (90 °C) did not
favor the formation of 2.9, leading to the appearance of pdb (Table 2.1, entry 5).
Finally, reduction of LiO‘Bu loading eliminated the formation of the by-products
(Table 2.1, entry 6). The optimized reaction conditions resulted from the use of
1.5 equiv of base within the catalytic system [Cu(MeCN)4]PFs/PPhs at 60 °C to
synthesize product 2.9 in 65% isolated yield (Table 2.1, entry 7).

Table 2.1. Optimization of the reaction conditions for Cu catalyzed coupling of 1,1,1’,1’-
tetrapinacolborylethane with allyl bromide.?

Cu(l) catalyst ‘

Bpin_|_Bpin AN Bpin Bpin
:’: (1.5 equiv) Bpinw . M/\/ + Bpin _
Bpin” |, "Bpin base Bpin Bpin Bpin
2.8 THF, T (°C), 16 h 2.9 2.10 2.10'
Entry Cu(l) Base T Conversion 2.9 2.10/2.10’
(mol%) (equiv) (°C) (%)° (%)°[%]° (%)°
1 cucl LiO'Bu 60 90 67 [31] 23
(10) (2)
2 CuCl/PPhs LiO'Bu 60 88 78 [51] 10
(10/10) (2)
3 CuCl/PPhs NaO'Bu 60 85 45 11 (and
(10/10) (2) 29% pdb)*
4 [Cu(MeCN)4]PFs LiO'Bu 60 70 58 [54] 12
(10) (2)
5 [Cu(MeCN)4]PFs LiO'Bu 90 95 54 31(and
(10) (2) 10% pdb)*
6 [Cu(MeCN)4]PFs LiO'Bu 90 62 60 -
(10) (1.5)
7 [Cu(MeCN)s]PFs/PPhs  LiO'Bu 60 72 70 [65] 2
(15/15) (1.5)

aReactions performed at 0.15 mmol scale of 2.8, allyl bromide (1.5 equiv), CuCl or [Cu(MeCN)4]PFs
(10-15 mol%), PPh3 (10-15 mol%), LiOtBu (1.5-2 equiv), THF (2 mL), 16 h.bConversion and yields
determined by NMR with naphthalene as internal standard. cIsolated yield. ¢dProtodeborylated by-
products (pdb).
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Afterwards, we selected a variety of allyl halides to explore the reactivity of
compound 2.8 under the optimized reaction conditions. The allylic alkylation on
3-bromo-3,3-difluoroprop-1-ene, took place regioselectively on the y position
allowing the obtention of the corresponding 3-substituted 1,1-difluoroalkene
2.11 (Table 2.2, entry 2). Remarkably, these type of gem-difluoroalkene
compounds are particularly interesting due to the fact that C=CF, motifs are
considered beneficial for certain mechanism-based enzyme inhibitors,15-17

while also functioning as bioisosteres for aldehydes and ketones.18-21

As a general trend, the allyl bromides containing the functional groups R =
methyl, cyclopentyl and benzyl, reacted with 2.8, in the presence of Cu(I)/PPhs
allowing the isolation of homoallyl triboronate products 2.12, 2.13 and 2.14, in
moderate yields (Table 2.2, entries 3-5). When 2.8 reacted with 2-
(bromomethyl)penta-1,4-diene enabled the formation of the polyborylated
product 2.15, tolerating the presence of alkene groups (Table 2.2, entry 6). In
the case of the mesityl group, the reaction progressed efficiently towards the
allylic alkylation, despite the steric hindrance, isolating compound 2.16 in 73%
(Table 2.2, entry 7). Notably, the cyclic 3-bromocyclohex-1-ene was a suitable
electrophile along the Cu(I) catalyzed allylic alkylation of 2.8, since product 2.17
was effciently synthesized and isolated in 67% yield, within 1:1 dr (Table 2.2,
entry 8).
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Table 2.2. Scope of Cu catalyzed coupling between 1,1,1’,1’-tetrapinacolborylethane and

allyl halides.?
Bpin R, [Cu(MeCN)4]PFg (15 mol%) Bpin R,
H . - PPh; (15 mol%) . R
pinB)Hg’/Bpm + R“/\(X Bpin R 2
Bpin R3 LiOBu (1;5 equiv) Bpin Ry
2.8 (1.5 equiv) THF, 60 °C, 16 h
Isolated Yield
Entry Allyl halide Product [%]°
Bpin
0,
1 /\/Br pinB = [65%]
2.9 Bpin
Bpin F
2 A [74%]
F F pinB F
2.11 Bpin
CHj Bpin
3 [58%]
H
B PinBWC 3
2.12 Bpin
Bpin
4 . [51%]
Br pinB
2.13 Bpin
Ph Bpin
5 ¢§J:;¢/ /J\\r/”\WT/A\ [68%]
Br pinB Ph
2.14 Bpin
‘ Bpin
6 . /J\\T//\\H//\\J§; [31%]
pinB
Br 2.15 Bpin
7 Br Bpin [73%]
pinB
2.16 Bpin
Bpin
8 o [(67%]
pinB (dr=1/1)

217 Bpin

aReactions performed at 0.15 mmol scale of 2.8, allyl bromide (1.5 equiv), [Cu(MeCN)4]PFs (15
mol%), PPhs (15 mol%), LiO:Bu (1.5 equiv), THF (2 mL), 60 °C, 16 h. bIsolated yield after flash

column chromatography purification.
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With the aim of expanding the applicability and versatility of this methodology,
a series of double halogenated allyl bromides were employed with 1,1,1',1'-
tetrapinacolborylethane. Raising the temperature to 90 °C, the reagent 2,3-
dibromoprop-1-ene was studied for the coupling with 2.8 in the presence of
Cu/PPh; giving exclusively the product 2.18, showing a chemoselectivity in the
C-Br coupling (Table 2.3, entry 1) and retaining the C (sp2)-Br, which allows
further downstream transformations.22-2¢# Both reagents 3-bromo-2-
(bromomethyl)prop-1-ene and 3-chloro-2-(chloromethyl)prop-1-ene reacted
with 2.8, allowing the isolation of compounds 2.19 and 2.20, in similar

moderate yields (Table 2.3, entries 2 and 3).

To complete the scope, internal allyl halides were next studied. The copper
catalyzed allylic alkylation between 2.8 and (E)-1,4-dibromo-2-butene or (E)-1,
4-dichloro-2-butene proceeded towards the coupling exclusively at the y
position of the allyl halides, generating products 2.21 and 2.22 in 53% and 86%
isolated yield, respectively, within 1:1 dr (Table 2.3, entries 4 and 5).

In view of the products generated with this approach, we suggest that the Cu
catalyzed allylic alkylation between 1,1,1',1'-tetrapinacolborylethane and the
allyl halides depicted in Table 2.2 and Table 2.3 might undergo a Sn2’
mechanism. This would be in agreement with reported copper-catalyzed Sx2'-
selective allylic alkylation reactions involving diborylmethane,562526 gem-

diborylalkanes,?? as well as gem-diborylalkenes.22
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Table 2.3. Scope of Cu catalyzed coupling between 1,1,1’,1’-tetrapinacolborylethane and
double halogenated allyl halides.?

Bpin R, [Cu(MeCN),JPFs (15 mol%) Bpin R,
Ho . ! PPhs (15 mol% \_.R
pinB” Sy PN 4 R AN X 2 ) Bpin [
H Bpin Rs LiO'Bu (1.5 equiv) Bpin "o
2.8 (1.5 equiv) THF, 60°C, 16 h
Isolated
Entry Allyl halide Product Yield [%]°
Bpin
Br Br
1¢ /\/Br pinBW [55%)]
.18 Bpin
Br Bpin
2 /J//\/Br pinBWBr [41%]
2.19 Bpin
Bpin
|
3 © , [43%]
cl pinB Cl
.20 Bpin
. Br
4 B Bpin [53%]
Br = _
2.21 Bpin
5¢ Bpin cl 86%
CI/\/\/CI [86%]
. = (dr=1/1)
pinB
2.22 Bpin

aReactions performed at 0.15 mmol scale of 2.8, allyl bromide (1.5 equiv), [Cu(MeCN)4]PF¢ (15
mol%), PPhs (15 mol%), LiO‘Bu (1.5 equiv), THF (2 mL), 60 °C, 16 h. bIsolated yield after flash
column chromatography purification. <90 °C, base (1.75 equiv).

A completely different reactions outcome took place in the coupling between 2.8
and (E)-1-bromobut-2-ene, since the reaction evolved to the formation of
products 2.23 and 2.24, in about 2:1 ratio respectively, with a favored a-
selectvity versus y-selectvity (Scheme 2.11). In this case, the Sn2 mechanism
seemed to be favored, as previously suggested by Liu and Fu, indicating that the
solvent could interfere in the isomerization step and affect the o/y-

regioselectivity.2é The formation of 2.23 via base assisted deborylation, followed
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by nucleophilic addition to the a-position of the allyl halide28 has been discarded

due to the lack of reactivity when Cu(I) is removed.

Br~ N2 (1.5 equiv)

Bpin
pH Boi [Cu(MeCN)4]PF6 (15 mol%) Bpin Bpin
i pin PPhs (15 mol% >
me)H%/ 3 °) pinB = + pinB
Bpin LiO'Bu (1.5 equiv) Bpin Bpin
2.8 THF, 60°C, 16 h 2.23 [40%] 2.24 [26%]

Scheme 2.11. Solvent-controlled regioselective allylic alkylation between 2.8 and (E)-1-
bromobut-2-ene.

To broaden the applicability of the reaction, the homoallyl triboronate systems,
prepared from Cu-catalyzed first allylic alkylation of 2.8 were subjected to a
second Cu-catalyzed allylic alkylation under the previously optimized
conditions to generate mixed dihomoallyl diboronates (Table 2.4). Compound
2.9 and 3-bromo-2-methylprop-1-ene, reacted in the presence of the catalytic
system [Cu(MeCN)4]PFs/PPhs, yielding the corresponding mixed dihomoallyl
diboronate 2.25, which could be isolated as both diastereoisomers within 1:1 dr
(Table 2.4, entry 1). Similar trend was observed when the allylic compound 2.9
reacted with 3-bromo-3,3-difluoroprop-1-ene to generate product 2.26 (Table
2.4, entry 2).

However, when the same compound 2.26 was synthesized from the homoallyl
triboronate system 2.11 by Cu-catalyzed coupling with the 3-bromoprop-1-ene,
the dr slightly increased up to 1:1.5 dr (Table 2.4, entry 3). Taking this into
account, we proceeded to study whether the 1,1-difluoroalkenyl polyborated
compound 2.11 could influence on the diasteroselection of the second Cu-
catalyzed allylic alkylation. Several allyl bromide reagents were evaluated,
leading to products 2.27 and 2.28 that exhibited moderate diastereoselectivity,
specially in the formation of product 2.29 (Table 2.4, entries 4-6). Interestingly,
the preparation of 2.29 from the homoallyl triboronate system 2.16, gave also

the same diastereoselection but with opposite preference on the major
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diasteroisomer, as a consequence of the steric hindrance of the mesityl group

(Table 2.4, entry 7).

Table 2.4. Cu catalyzed second allylic alkyation of homoallyl triboronate systems.?

[Cu] (15 mol%) Rs-

Bpin R Bpin R
- PPh; (15 mol% M
Bpin)\(Allyl . RN NX 3 ( b) R/]l\wﬁ R
Bpin R, LOBu(15equiv) ° L Bpin \
(1.5 equiv) THF, 60°C, 16 h Rs3
NMR Yield®
Entry Substrate Product (dr)? [%]°
Bpin )\ Bpin 67%
» = (dr=1/1)
pinB)\/\/ M . ;
' 29 Bpin 2.25 Bpin [25%][29%)]
Bpin Bpin 99%
. BW Fo s - (dr=1/1.2)
pin 0 "
2 29  Bpin F 226 Bpin [34%I1[43%]
Bpin F Bpin F 89%
. PN (dr=1/1.5)
"'"BWF ~ _ F [33%][50%]
211 Bpin 2.26 Bpin
Bpin F )\ Bpin F « 64;%: :
r=1/1.2
4 pinBWF _ F (23%][29%]
2.11 Bpin 2.27 Bpin
Bpin F Br Bpin F 53%
(dr=1/1.4)
pinBWF F : 4
> 2.11 Bpin 2.28 Bpin [19%][25%]
Bpin F Bpin F 43%
(dr=1/2)
6 p‘“BWF F 11%][20%
2.11 Bpin 229 ppip [11%]{20%]
Bpin 72%
. (dr=2/1)
pinB” " [44%][21%]
216 2PN F 229 Bpin

aReactions performed at 0.2 mmol scale of homoallyl triboronate, allyl bromide (1.5 equiv),
[Cu(MeCN)4]PFs (15 mol%), PPhs (15mol%), LiOBu (1.5 equiv), THF (2 mL), 60 °C, 16 h. P™NMR
yield and diastereo ratio calcultaed with naphthalene as internal standard. cIsolated yield for each
diastereoisomer.
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To conclude, we complemented this study by exploring the intramolecular Cu-
catalyzed allylic alkylation of the homoallyl triboronate systems 2.19 and 2.20,
aimed to promote the synthesis of methylenecyclopentane-1,2-
dipinacolboronic esters. Under the optimized reaction conditions, the
conversion to the desired product remained consistent regardless of the
bromide or chloride leaving group in the substrate 2.19 and 2.20 and a mixture
of products were generated with a diastereomeric ratio 2/1 in favor of the trans
diastereoisomer 2.31 (Scheme 2.12). The subsequent oxidation provided a
direct pathway to the synthesis of trans-methylenecyclopentane-1,2-diol 2.33
in 89% isolated yield, which serves as an intermediate for the construction of

cephalotaxine derivatives with antileukemic activity.29

Bpin — > Ho
[Cu(MeCN),4]PFg (15 mol%) Bpin OH
Bpln PPh3 (15 mol%) 2.30 [270/] NaBO4H20
: ° . 2.32 [94%)]
. W LiO'Bu (1.5 equiv) (3 equiv)
Bpin +
i THF:H,0
B 2
pIn Ny THF, 60°C, 16 h ﬁ 2:1) ﬁ
2.19 X=Br Bpin v HO ;
2.20 X=Cl Bpin OH
2.31 [41%] 2.33 [89%]

Scheme 2.12. Intramolecular Cu catalyzed coupling of homoallyl triboronate systems 2.19 and
2.20.

2.5 Conclusions

In summary, we have synthesized 1,1,1'1’-tetrapinacolborylethane (2.8) from
dipinacolborylmethane and we conducted its full characterization through X-ray
diffraction to establish the relative orientation of the “empty” boron p, orbital
within the four Bpin moieties. We launched an unexplored Cu catalyzed coupling
of 1,1,1',1'-tetrapinacolborylethane with allyl bromide identifying the optimized
reaction conditions with the catalytic system [Cu(MeCN)4]PF¢/PPhsz and LiOBu
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(1.5 equiv) minimizing the formation of double alkylation by-products. The
substrate scope covered some representative examples of sterically hindered
allyl halides that suggest a Sx2' mechanism for the Cu catalyzed allylic alkylation.
A subsequent second allylic alkylation of the homoallyl triboronate systems,
allowed the synthesis of mixed dihomoallyl diboronates. An intriguing
intramolecular Cu-catalyzed allylic alkylation of the homoallyl triboronate
systems 2.19 and 2.20 facilitated the synthesis of methylenecyclopentane-1,2-
dipinacolboronic ester with 2:1 diastereoselection in favour of the trans-

diastereoisomer.
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3.1 State of the art

The utilization of alkyllithium reagents for the deborylation of gem-diboryl
alkanes has been widely extended since Zubiani and co-workers first
investigated this process in 1966.! Sterically hindered amide bases, such as
lithium diisopropylamide (LDA) and lithium 2,2,6,6-tetramethylpiperidide
(LiTMP) can generate a-boryl carbanions by the deprotonation of the a-C-H
bond of gem-diborylalkanes.2-4 Another approach involves the use of sterically
encumbered groups attached to boron, like methyldimesitylborane
derivatives,>6 due to hindered properties on the boryl moiety. It is prevented
that the bases do not coordinate to the boron, to form the corresponding
boron'ate’ compound. Following this methodology, the intramolecular
nucleophilic addition of vinyl dimesitylboranes with hindered boryl
substituents, allowed the preparation of cyclopentane products. This process
has been carried out by the generation of an a-borata-alkene intermediate

(Scheme 3.1a).”

Another example of an intramolecular ring closure mechanism involving
hindered boryl substituents has been demonstrated by an open-chain boron
intermediate that formed a cyclobutane with a hindered boryl moiety. Initially,
the dihydroboration of the tosylate of 3-butyn-1-ol with 9-
borabicyclo[3.3.1]nonane (9-BBN) was performed, followed by the treatment
with methyllithium to give the cyclobutane with the boryl substituent. Finally,
the intermediate could be oxidized in situ to yield cyclobutanol (Scheme 3.1b).
Cyclopropanol could also be synthesized using a similar procedure but starting

from the dihydroboration of propargyl bromide (Scheme 3.1c).8
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Me52 Li R

t
BuLi BMes, BMes,

THF, -100 °C R=H,D, CgHq7, Me
9-BBN  TsO w MelLi NaOAc
b) = (1 equiv) \—\_<B (2 equiv) Hzoz OH
—OTs (
9-BBN MeLi NaOAc
0) = (1 equiv) Br 2equw H,0,
Br Zzﬂ Y(
Scheme 3.1. Intramolecular nucleophilic addition of a-borylcarbanions towards a) borylated
cyclopentanyl derivatives, b) cyclobutanol and c) cyclopropanol.
gem-(Diborylalkyl)lithium reagents have been typically generated in situ from
gem-bis(boryl)alkanes with lithiated bases and have found application in
numerous valuable syntheses. For instance, Morken and co-workers have
performed a highly stereoselective boron-Wittig reaction between
bis(pinacolato)boryl methane and aldehydes (Scheme 3.2a). The intermediate
(diborylmethyl)lithium salt 3.1 was formed by deprotonation using LiTMP to be

subsequently reacted with a variety of linear, unsaturated and a-branched

aldehydes to give the corresponding disubstituted alkenylboronic esters.

The Boron-Wittig reaction between other gem-(diborylalkyl)lithium reagents
and aldehydes has also been studied to obtain trisubstituted alkenylboronic
esters (Scheme 3.2b). Although the stereoselectivity was only achieved in
moderate values for disubstituted alkenylboronic esters in certain experiments,
the trisubstituted alkenylboronic esters could be prepared with high

stereoselection.10
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(0]
Bpin LiTMP (1.2 equiv) Bpin R)J\H R
’ Bpin  THF, 0°C, 5 min " Bpin THF, 78°C4h 0" "
3.0 (1.2 equiv) 3.1
1. LiTMP (1.2 equiv)
Bpin THF, 0°C, 5 min R,
b) R1_<Bpin N 5 > Bpin,\rg\/Rz

RZ.JJ\H
THF, -78°C, 4 h

Scheme 3.2. gem-(Diborylalkyl)lithium reagents in a Boron-Wittig reaction to synthetize a)
disubstituted alkenylboronic esters and b) trisubstituted alkenylboronic esters.

The reagent (diborylmethyl)lithium 3.1 has been used as a convenient reagent
to enable the couplings of epoxides and allyl electrophiles in a stereoselective
one-pot Cu-catalyzed coupling strategy, affording 1,3-hydroxy-organoborons
(Scheme 3.3a). The first step involved the ring-opening of readily available chiral
epoxides with the geminal species 3.1 to build C-C bonds with diastereomeric
control. Subsequently, a stereospecific deborylative transmetallation with
copper(I) generated the organocopper reagent, which was able to react with
electrophiles forming tertiary C(sp3) stereocenters and versatile Bpin moiety. A

wide scope of terminal and internal epoxides has been tested in this three-

component coupling reaction, as well as several electrophilic reagents.1!

Remarkably, Cho and coworkers have established a method for the isolation of
(diborylmethyl)lithium (3.1). They have employed the isolated compound 3.1
to generate (diborylmethyl)zinc(Il) species by transmetallation with zinc(II)
halides (X=Br, Cl) to subsequently apply them to the synthesis of
enantioenriched gem-diborylalkanes bearing a stereogenic center at the f3-
position of the diboryl groups by an asymmetric allylic substitution reaction
(Scheme 3.3b). The obtained gem-diborylalkanes can undergo appropriate
stereospecific transformations, highlighting the synthetic utility of these

compounds.12
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R4 . OH Bpin
R,—=0 8PN 1. THF, 22 °C, 15 min
a) + L~ ) > R; Rq
R Bpin 2. 15 mol % CuCl Regs
3 31 Br—R,4, THF 60 °C, 24 h
0
(S Do
6!
r QO
/ OBoc 8.0 mol % .
~ Bpin 7nBr, 1.2 equiv + [{Ir(cod)Cl)}] (2.0 mol%) Bpin
b) U . Br Bpin = Bpin
Bpin \Zn-< DME/toluene, rt, 12 h R
3.1,95% Bpin

Scheme 3.3. Use of (diborylmethyl)lithium 3.1 intermediate to synthetize a) 1,3-hydroxy-
organoborons and b) substituted gem-diborylalkanes.

The same authors have developed a synthesis of 4,4-difluoro homoallylic
diboronate esters through a transition-metal-free defluorinative C-C bond-
forming reaction of trifluoromethyl alkenes with gem-(diborylalkyl)lithiums
(Scheme 3.4).13 The resulting products, given the synthetic utility of diboron
groups, can be converted into a variety of fluorine-containing organic molecules,
attracting significant interest in both agrochemical and pharmaceutical
industrial application. Substituted gem-(diborylalkyl)lithiums were generated
in situ from gem-diborylalkanes, in the presence of LDA, and provided products
with tetrasubstituted carbon centres. It has been proposed that the reaction
proceeds via a concerted pathway involving the nucleophilic Sy2’ attack of the
o—borata-alkene intermediate to the terminal position of trifluoromethyl alkene

followed by F- displacement, forming LiF by-product.13

Fre_, . ®
Bpin LDA gF—Li F
Tl S o
R + e Bpin | —
X F

; Ar CF3 0 Bpin
Bpin THF 0°C, th |\ /== O PIT Bpin Ar

Scheme 3.4. Defluorinative C-C bond-forming reaction of trifluoromethyl alkenes with gem-
(diborylalkyl)lithiums.
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Kingsbury and Wommack serendipitously achieved the deborylative alkylation
reaction of the disubstituted 1,1-diborylalkane 3.2. Bimolecular alkylation of the
a-borata-alkene, generated in situ from 3.2 by Meli, reacted with several
primary alkyl bromides, such as methyl bromide, n-butyl bromide, allyl
bromide, and benzyl bromide (Scheme 3.5). The corresponding tertiary

alkylboronate esters were oxidized to form tertiary alcohols.14

H202
Me. BRI MeLi(1equiv) |\ ggn R Br 7439”1 NaOH Me><OH
. > Li
pH BPIn THF, -78°C Ph THF rt R P R
3.2

Scheme 3.5. Methyllithium-mediated deborylative alkylation of disubstituted gem-diborylalkane.

3.2 Context of the work

The formation of two carbon-carbon bonds across an alkene, known as
dicarbofunctionalization, is an effective strategy to generate complex molecules
from readily available chemicals. This method combines an alkene with two
carbon electrophiles/nucleophiles and generates products with stereocenters.
Alkene dicarbofunctionalization reactions have been conducted through cross-
coupling with organic halides and organometallic reagents using Pd, Ni or Cu as
catalysts.15 However, the catalytic cycles might generate undesired by-products,
due to the cross coupling between both reagents or Heck-type sequences
through inherent [-H-elimination pathways. These drawbacks limit the
application of this method to essentially C(sp2) or C(sp) hybridized reagents
(Scheme 3.6).

Pd, Cu or Ni Ry
RFX + R=X + Rp=Y ——————» R, + R—R, + Rw\/\R
catalyst R [ |
undesired products

Scheme 3.6. General alkene dicarbofunctionalization reaction and formation of undesired by-
products with Ri1, R2 = C(sp), C(sp?) >> C(sp3).
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Throughout the past few years, significant progress has been made in
difunctionalizing alkenes with C(sp)- and C(sp?)-hybridized coupling partners.
Nevertheless, catalytic alkene difunctionalization with two alkyl groups that
creates two new C(sp3)—C(sp3) bonds involves more severe challenges.16 This
ambitious goal has scarcely succeeded, and the most remarkable examples are

based on the use of Ni,16.17 Tj,1819 Fe20 or Co?! catalyst.

The formation of stable a-boryl radical intermediates on the vinylboronic acid
pinacol ester 3.3 can be performed via transition-metal/radical catalytic
processes, making possible overcoming the limitation to the broad use of C(sp3)
electrophiles. Morken and co-workers have described an alternate process that
involves a Ni/radical hybrid reaction, enabling the coupling of organozinc
reagents, alkyl iodides, and alkenyl boron compounds in an enantioselective
manner (Scheme 3.7).?? The reaction appeared to proceed by a tandem radical
addition/cross-coupling cascade, where the halide abstraction from the C(sp3)
alkyl halide with a Ni! alkyl complex, furnished the radical intermediate 3.4.
Subsequently, Nil' alkyl complex combined with 3.4 generated a Nill complex
3.5 along with a Nil complex iodide. Complex 3.5 then undergoes reductive
elimination and delivers the product 3.6. Transmetallation between the
organozinc reagent and Ni! complex iodide regenerates the starting Ni! alkyl

complex (Scheme 3.7).
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NiBr,-dimethoxyethane (10 mol%)
Bul, R-ZnBr

L= Phph

MeHN NHMe

/\B/O (13 mol%) )Bin)<
| >~
o R

THF/DMA
3.3 0°C,18h 3.6

R-ZnBr

Bpin
° R LNi—R
NiIIIL
\

3.4 By”
1—Bu

Scheme 3.7. Mechanism of the three-component nickel/radical coupling reaction with the
vinylboronic acid pincol ester 3.3 precursor.

An alternative approach towards three-component Ni catalyzed
difunctionalization of vinylboronic esters has been proposed by Lu, Fu and co-
workers through a nickel-catalyzed reductive dialkylation of 3.3 with a variety
of alkyl bromides.z3 They have avoided the use of organometallic reagents by
developing a nickel/photoredox dual-catalyzed reductive cross-coupling. The
reaction was initiated with the formation of a nucleophilic tert-alkyl radical in
the presence of Nill catalyst and the Mn(0) as a reductant, to subsequently be
added to the alkenylboronic ester 3.3. The resulting sec-alkyl radical 3.4,
stabilized by a contiguous boron atom, was trapped by the nickel catalyst to
perform an oxidative addition with the alkyl halide to accomplish the cross-

coupling and obtain the product 3.6 (Scheme 3.8).
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NiBr,-diglyme (10 mol%)
Bu-Br (2 equiv)
R-Br (2 equiv)
dipyrazolpyridine ligand (12 mol%)

>0 Mn 3 equiv, Nal 0.5 equiv Bpin
\
075 R/l\)<

Dimethilacetamide (DMAc) 0.2 M, rt, 12 h

Ni"'X
Mn F72

MnX, ‘Bu—-Br

MnX2
Mn Ni©
9/ 0 >
Bpin Ni ﬁ Bu + Nil '
(0]
/'\)< Nil
R Man Mn X

3.3
3.6
Bpi"&

l? 3.4

Ni|||
Bpin/K)<
\ Nll NI0
R-X Bpin/K)<

Scheme 3.8. Mechanism of the three-component nickel-catalyzed reductive dialkylation with the
vinylboronic acid pincol ester 3.3 precursor.

Other three-component processes that enabled two C-C bonds have emerged by
merging photocatalysis and nickel catalysis. Molander and co-workers have
established a functional group tolerant procedure to form in a single step
C(sp3)-C(sp3) and C(sp3)-C(sp?) bonds, which have set both quaternary and
tertiary centers.2¢ Martin and co-workers’ strategy developed a methodology
promoting a dual catalysis attaining excellent chemo- and regioselectivity in the
1,2-difunctionalization of alkenylboronic esters under mild conditions.25 Despite
the significant advancements in this field, examples on formation of two C(sp3)-

C(sp3) bonds across the alkenylboronic ester had not been described.
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Vinylboronic acid derivatives and their corresponding boron-ate complexes
have proven to be highly valuable substrates in organic synthesis. Studer and co-
workers have avoided transition metal catalysts by generating a vinylboronic
ester 'ate' complex 3.3-ate.?® It has been proposed that perfluoroalkyl iodides
(R¢1) acted as carbon radical precursors with the additive BEts as a radical
initiator to form the adduct radical 3.3-ate. Then, a single-electron oxidation of
3.3-ate by the perfluoroalkyl iodide would lead in a radical-polar crossover step
towards zwitterion 3.7. lonic 1,2-alkyl/aryl migration would eventually provide
the target boronic ester 3.8 (Scheme 3.9).

1. R-Li (1.1 equiv)
Et,O, 0 °C to rt, 30 min R

/\I?/o Rf\)\
o 2. Rl (5 equiv) Bpin

BEt; (5 mol%)

3.3 MeCN, 80 °C, 24 h 3.8
R-Li R
| o R\@
N @ Bpin
Gl I Li P
L2 o «R¢ Rf\)'
3.3-ate * 3.7

BEt, (5 mol %)
Rf_l

Scheme 3.9. Mechanism of the three-component radical-polar crossover reaction of the
vinylboronic acid pincol ester 3.3 precursor.

Alternatively, Morken and co-workers’ approach involved a palladium-induced
metallate rearrangement wherein 1,2-migration of an alkyl or aryl group from
boron to the vinyl a-carbon occurs concomitantly with C-Pd o-bond formation,
enabling 1,2-difunctionalized products.2” However, these methodologies have
not been reported to form two C(sp3)—C(sp3) bonds across the alkenyl

boronates.

Eventually, Aggarwal and co-workers considered merging the features of

photoredox reactions with 1,2-metalate rearrangements.28 Specifically, they
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designed the reaction of vinyl boronates 3.3-ate type with electrophilic a-
carbonyl radicals, generated by an homolytic cleavage of the alkyl iodide by
visible light. The reaction led to the radical anion 3.7 that underwent single-
electron oxidation and triggered a 1,2-metalate rearrangement, yielding boronic
esters 3.8 (Scheme 3.10). In some particular cases, a ruthenium photocatalyst

was necessary to achieve high yields. 28

1. BBu-Li (1.1 equiv)

Et,0 or THF0°C, 1 h R
/\B/O
: Ry Bpin
o 2. R-1 (1.5 equiv)
Blue LEDs 3.8
33 DMI, tt, 16 h '
Bu—Li
1
|Bu ‘Bu o
N ®Bpin
@ | —_ Ll p
LF) o .R R .
3.3-ate 1
Blue LEDs
R-I

Scheme 3.10. Mechanism of the three-component photochemical alkylation of the vinylboronic
acid pincol ester 3.3 precursor.

3.3 Specific objectives

The main goal of this chapter is the development of an operational simple
intermolecular three-component assembly across alkenylboranes. In the
absence of catalyst, additive or any type of radical initiators, we planned to
accomplish the electrophilic trapping of borata-alkene intermediates led to the

synthesis of tertiary boronic esters.29
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The specific objectives are:

Synthesis of tertiary boronic ester products by assembling Li-
C(sp3) reagents, a vinylboronic acid pincol ester, and primary or
secondary alkyl halides.

Oxidation of the tertiary boronic esters towards novel tertiary
alcohols.

Study of selective alkyl trapping sequences in the reaction outcome.
Intramolecular deborylative cyclization of one of the obtained
products.

Extension of the reaction to transborylated 1-phenylvinylboronic
acid pinacol ester to isolate chiral substrate.

Synthesis of diastereoisomeric tertiary boronic ester products and
their corresponding enantioselective alcohols.

1B NMR spectroscopic studies about ¢BuLi addition to
alkenylboronic esters, followed by alkylation with Mel or protonated

with MeOH.

3.4 Results and discussion

Herein, we envisioned the polar addition of Li—C(sp3) reagent to the terminal

carbon of 1-phenylvinylboronic acid pinacol ester 3.9, with the subsequent

formation of the corresponding a-boryl carbanion. The valence deficiency of the

adjacent three coordinate boron center confers high stability to the system, as it

is displayed in the Scheme 3.11 with the borata-alkene resonance forms 3.10 -

3.10’.3031 The reaction is planned to conclude with an electrophilic trapping

with alkyl halides C(sp3)—X via substitution pathways, forming two new C(sp3)-

C(sp3) bonds via borata-alkene intermediates in a “all-C(sp3)” cross-coupling

reaction (Scheme 3.11). The work showcased here lacks the need for catalysts,
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additives, or radical initiators to deliver valuable tetrasubstituted carbon

centers in 3.11.

_ o _
C 3
(sp )\éBpin
. . Li® s s
Ph Li—C(sp”) 3.10 C(sp”)—X C(sp”)
S — C(sp?) .
Bpin “ X=1, Br, Cl Pthm
3.9 Ph 3.11
C 3
(sp )\/ngin
3.10' O @ Li

Scheme 3.11. Dicarbofunctionalization of alkenes with formation of two C(sp3)-C(sp3) bonds via

borata-alkene intermediates.

As a proof of concept, we explored the addition of 1.1 equiv of ‘Buli to 1-
phenylvinylboronic acid pinacol ester 3.9, at -78 °C for 30 minutes, and 16 h at
room temperature, in THF as solvent. Subsequently, 1.5 equiv of Mel was added
and the reaction mixture was stirred for 5 h. Substrate 3.9 was converted into
product 3.12 in 85% (by NMR in comparison with internal standard
naphthalene) and 75% isolated yield (Table 3.1, entry 1). The formation of two
new C(sp3)-C(sp3) bonds across the 1,1-arylboryl alkene was conducted
regioselectively placing the tBu group at the terminal position and the Me group

at the internal position.

The simplicity of the three-component assembly could be extended to other
primary iodides, achieving a comparable reaction outcomes. Product 3.13 was
obtained with Etl as the electrophilic reagent although with lower yield (Table
3.1, entry 2). Remarkably, a double dicarbofunctionalized product 3.14 could be
isolated when using 1,4-diiodobutane reagent, since two tetrasubstituted
carbon atoms were simultaneously formed (Table 3.1, entry 3). This significant
increase of the molecular complexity involves five-components assembly in a

simple operational step.
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Table 3.1. Scope of dicarbofunctionalization with ‘BuLi and primary alkyl iodides.?

1. 'BuLi (1.1 equiv)
Ph THF, -78 °C to rt @ |
%l\ 30min-16h 2o Ph
Bpin I?/ - >k/i\ .
39 2. RX (1.5 equiv) 0 . Bpin
r,5h L 3.10° _
Conversion %’ and
Entry  Allyl halide Product Isolated Yield [%]°
Ph
Bu )
1 Me—I Bpin 85 % (75 %]
Me
3.12
Ph
Bu .
2 Et—I Bpin 71 % [55 %]
Et
3.13
lf
PhWBU
/\/\/l o 0
3 I - Bpin Ph 83 % [79 %]
3.14

aReactions performed at 0.3 mmol scale of 3.9, tBuLi(1.1 equiv), THF (2 mL), -78 °C for 30 min,, rt
for 16 h. Then, RX (1.5 equiv), rt, 5 h.bPConversion and yields determined by NMR with naphthalene
as internal standard. Isolated yield after purification.

Next, we were committed to prove whether alternative functional groups were
compatible with this 1,2-dicarbofunctionalization strategy and to our delight the
primary alkyl bromide 4-bromobut-1-ene was efficiently trapped to generate
product 3.15 in 93% isolated yield (Table 3.2, entry 1). Benzyl bromide was next
assembled to 3.9, in the presence of ¢(BuLi, and the new C-C bond was
conveniently performed to generate product 3.16 in 76% isolated yield (Table
3.2, entry 2). Allyl bromides were also explored and the tertiary homoallylic
boronic esters 3.17 and 3.18 could be efficiently prepared in comparable yield
(Table 3.2, entry 3-4). The tolerance of alternative functional groups along the

1,2-dicarbofunctionalization process was studied with the introduction of the
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electrophile 1-bromopent-2-yne, preserving the triple bond intact since no

allene group was detected at the isolated product 3.19 (Table 3.2, entry 5).

Table 3.2. Scope of dicarbofunctionalization with ‘BuLi and primary allyl bromides.?

1. 'BuLi (1.1 equiv)
Ph THF, -78 °C to rt ® L
PN 30 min - 16 h Lo Ph

3.9 2. RX (1.5 equiv) 'O ! Bpin
r, 5h L 3.10 ]

Conversion %° and

Entry  Allyl halide Product Isolated Yield [%]°
Ph
Bu .
1 Z > Br Bpin 97% [93%]
3.15 N
Ph
Bu )
2 ©/\Br \/tsp.n 83% [76%)]
Ph
3.16
Ph
Br ‘Bu ;
3 s Bpin 85% [71%]
3.17
Ph
11
Bu Bpin
S 85% [78%]
3.18
Ph
11
Bu Bpin
5 \, 50% [41%]
N
3.19\

aReactions performed at 0.3 mmol scale of 3.9, tBuLi(1.1 equiv), THF (2 mL), -78 °C for 30 min,, rt
for 16 h. Then, RX (1.5 equiv), rt, 5 h. PConversion and yields determined by NMR with naphthalene
as internal standard. cIsolated yield after purification.
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Secondary alkyl iodide CyI could also be used in the trapping sequence, resulting

in the product 3.20 in 69 % isolated yield (Table 3.3, entry 1). More challenging

resulted the use of secondary alkyl bromide electrophiles, which were also

explored to be trapped with the borata-alkene intermediate 3.10’, and tertiary

boronic esters 3.21-3.22 could be prepared in modest yields (Table 3.3, entry

2-3), as well as product 3.23 with 7:3 diastereomeric ratio (Table 3.3, entry 4).

Table 3.3. Scope of dicarbofunctionalization with 'BuLi and secondary alkyl halides.?

1. BuLi (1.1 equiv)

Ph THF, -78°C tort @ L
30min-16h \60 Ph
Bpin Bl/ . >k/i\
Boi
3.9 2. RX (1.5 equiv) o L) pin
r,5h 3.10° i
Conversion %® and
Entry  Allyl halide Product Isolated Yield [%]¢

Br

Ph
i
Bu Bpin
3.20

Ph
11
B
u\t:t:?pm

3.21

Ph
B
. Bpin

3.22

Ph
i
B
. Bpin

3.23

75% [69%]
(dr=1:1)

46% [41%]

39% [33%]

50% [46%]
(dr=7:3)

aReactions performed at 0.3 mmol scale of 3.9, tBuLi(1.1 equiv), THF (2 mL), -78 °C for 30 min,, rt
for 16 h. Then, RX (1.5 equiv), rt, 5 h. PConversion and yields determined by NMR with naphthalene
as internal standard. cIsolated yield after purification.
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Not only we were able to introduce sterically hindered cyclic systems in the
electrophilic trapping, but also we proved the tolerance with diverse functional
groups. Table 3.4 shows the formation of products 3.24 - 3.26 in modest yields.
However, it can be demonstrated the feasibility of the reaction with ether
groups, cyano groups and unsaturated groups. Again, moderate yields were
obtained due to the steric impediment of the secondary electrophiles.

Table 3.4. Scope of dicarbofunctionalization with ‘BuLi and secondary alkyl bromides with
functional groups.?

1. BuLi (1.1 equiv)
Ph THF, -78°Ctort ©) Li
%l\ 30min-16h 2o Ph
Bpin B~ >
o) Bpin
. 5 h L 3.10' | R

3.9 2. RX (1.5 equiv)

Conversion %’ and
Entry  Allyl halide Product Isolated Yield [%]°

Ph
Bu .
1 jé \in'" 32% [25%]
(e} @]
3.24
f
Br Bu ;
2 P \;tBP'" 36% [32%]
CN CN

Ph
3.25
Ph
Br {
Bu Bpin
3 © 37% [34%]
(dr=7:3)
3.26

aReactions performed at 0.3 mmol scale of 3.9, tBuLi(1.1 equiv), THF (2 mL), -78 °C for 30 min,, rt
for 16 h. Then, RX (1.5 equiv), rt, 5 h. PConversion and yields determined by NMR with naphthalene
as internal standard. cIsolated yield after purification.

In addition, in order to check whether an allylic rearrangement is operating

through the C-C bond formation, we selected cinnamyl chloride to react with
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3.9, in the presence of tBuLi. However, to the light of the exclusive formation of
product 3.27, where no conjugative process was observed, we could confirm
that the substitution of chloride took place preferentially (Scheme 3.12). This,
along with the lack of activity observed with tBul, Phl and vinyl-I, as alkylating

agents, is consistent with a Sy2 reaction mechanism.

‘BuLi (1.1 equiv) o X" Ph
- ] A .
Ph THF‘. 78°Ctort @® Li (1.5 equiv) Bpin
)\ ~ 30min-16h gl t, 5 h
Bpin B~ ‘

ajf |
3.9 L 310/ > _ 327 N

Scheme 3.12. Dicarbofunctionalization of alkene 3.9 with with tBuLi and cinnamy! chloride.

The preference in the coupling with alkyl bromides versus alkyl chlorides could
be demonstrated when 1-bromo-4-chlorobutane reacted with 3.9 and ¢Buli,
generating only monoalkylated product 3.28, preserving the C-Cl functionality
throughout the three-component assembly (Scheme 3.13a). Interestingly,
selective alkyl trapping has also been observed when the borata-alkene
intermediate 3.10’ reacted with 1,4-dibromopentane or 2,3-dibromoprop-1-
ene to form the tertiary boronic esters 3.29 (Scheme 3.13b) and 3.30 (Scheme
3.13c), respectively, demonstrating the preference for primary versus
secondary alkyl bromides along the trapping sequence. As far as we know,

compounds 3.12-3.30 were prepared for the first time in this work.
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Cl
Br/\/\_/ Ph Bpin
a) (1.75 equiv) >|\)W
rt,5h Cl

‘ 3.28 75% [71%)]

Br

BuLi (1.1 equiv) [ N BrM

THF, -78 °C to rt

Ph 1.5 equiv Ph Bpin Br
/j\ 30 min - 16 h ®®Li ( rt’5qh ) M
Bpin —— > b

B
3.9 o) 3.29 56% [51%]
L 3.10' i Br (dr = 65:35)

Br

(1.5 equiv) Bpin Br

3.30 43% [33%]

Scheme 3.13. Selective trapping of alkene 3.9 with with tBuLi and a) 1-bromo-4-chlorobutane, b)
1,4-dibromopentane and c) 2,3-dibromoprop-1-ene.

In the presence of an excess of NaO!Bu as a base, the Bpin moiety can suffer
protodeborylation.32 Thus, when we protodeborylated the previously obtained
compound 3.30 with 3 equiv of base, at 60 °C in hexane for 16 h, we could
observe an intramolecular cyclization towards the product 3.31 in a moderate

yield (Scheme 3.14).

NaO'Bu :
Ph . O'Bu
Boi (3 equiv) \B . Ph
pin 60 OC, 16 h Na ® © Bpin Br
_— _—

Br Ph

Bu
3.30 3.31 [37 %]

Scheme 3.14. Intramolecular deborylative cyclization of the product 3.30.

Our nex challenge was to explain the unexpected reactivity observed on the
olefin activation to nucleophilic addition of tBu by virtue of the presence of the
polarizing pinacolboryl substituent. In addition, the presence of the Ph group, in
geminal position to the Bpin group, seems to be of fundamental importance,
because the Ph group in alpha position suppressed the formation of the boron

'ate' complex, which led to the borata-alkene as the favoured intermediate. The
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expected direct interaction of the ‘Bu group with the empty p orbital of boron
seems to be precluded in this case due to the congested chemical space in the

1,1-disubstituted alkene 3.9 (Scheme 3.15).

Whereas the vinylboronic ester 'ate’ complex 3.3-ate formation between
unhindered vinylboronic ester 3.3 and ‘BulLi, or between "BuLi and 3.9 (3.9-ate)
is favoured, to the best of our knowledge the vinylboronic ester 'ate' complex
formed between 3.9 and tBuli, is unknown. This suppression of boron 'ate'
complex formation was unambiguously confirmed by !B nuclear magnetic
resonance spectroscopy (in deuterated tetrahydrofuran solvent) by mixing 3.9
and ‘Buli (1:1), since only one characteristic borata-alkene signal at §=9.7 ppm
was observed,30 in contrast to the signals observed about §=-9.0 and -15.7 ppm

associated to boron'ate' species 3.3-ate and 3.9-ate, respectively (Scheme

3.15).

A precedent on boron-activated nucleophilic addition to olefins by steric
suppression of boron'ate' complex was reported for a-trimetylsilyl substituted
vinyldimesitylboranes, although attempts to alkylate the borata-alkene
intermediate were only successful with Mel.”? The trapping of the a-boryl
carbanion 3.10’ with MeOH resulted in the formation of the secondary boronic
ester 3.32 (Scheme 3.15), with a comparable yield to that obtained via iridium
photoredox/nickel catalysis alkylation/arylation of 3.9.24
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Ph
f
B Bpin "B NMR
M
congested € 334.1 ppm CDCly
wchem|cal space 3.12
.0 Mel T
449\3/0 ?
\
o (o]
33
"B NMR 11B NMR
529.4 ppm 530.2 ppm
BuLi ldB-THF ”Bul-'/ BuLl 310" 7 g MR
-THF
borata alkene 5 9.7 ppm
Y y
/SE\; @B/O B-0 MeOH
®70 @ ¢ ® Q,
! Li ° L~ ©
Ph
3.3-ate 3.9-ate Bu
Bpin
"B NMR "B NMR H
6 -9.04 ppm 6 -15.7 ppm 3.32 77% [60%]

"B NMR § 34.7 ppm d®-THF
"B NMR § 32.6 ppm CDCl,

Scheme 3.15. 11B NMR spectroscopic studies about tBuLi addition to alkenylboronic esters,

followed by alkylation with Mel or protonated with MeOH.

When the alternative lithiated base sec-butyllithium (sBuLi) was added to 3.9,
we were able to isolate the secondary boronic ester 3.33 (Scheme 3.16a), as a
(1:1) mixture of the two diastereoisomers, by trapping the borata-alkene
intermediate with MeOH. Although the conversion was quantitative,the isolated
yield was very low due to inherent instability of the product during the
purification protocol. For comparison, the use of (CH3)3SiLi to activate substrate
3.9, followed by protonation with MeOH, allowed the isolation of the
silylborylated specie 3.34 (Scheme 3.16b). The use of the alternative
organometallic regent tert-butyl-magnesium bromide was inefficient for the

activation of 3.9, and unreacted substrate was observed instead.
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a b
) ~ 1. SBuLi (1.1 equiv) ) (CH3)3SiLi (1.1 equiv)
Ph THF, 78°Ctort  p, THF, -78 °C to rt oo Fh
Bpin 30 min -16 h 71\5 . 30 min-16 h /SI\/i\Bpin
1
H 2. MeOH P 2. MeOH H
3.33 [16%] i, 5 h 3.9 t,5h 3.34 [40%]

(dr=1:1)

Scheme 3.16. Nucleophilic addition to the terminal carbon of 1-phenylvinylboronic acid pinacol
ester 3.9 of the lithiated bases a) sBuLi and b) (CH3)3SiLi.

The introduction of electron withdrawing substituents on the aryl group in the
substrates 3.9-F and 3.9-CF3z was postulated to generate an extra stabilization
of the carbanion lone pair on the a-boryl carbanion. When the ‘BuLi was added
to the vinylboronic ester 3.9-F, followed by addition of MeOH, the corresponding
secondary boronic ester 3.35 was isolated in 38% (Scheme 3.16a). However,
when the tBuLi was added to 3.9-CF; the reaction produced the tertiary boronic
ester as a dimer 3.36 (Scheme 3.17b), suggesting a deborylative cross coupling
pathway. We postulated a plausible interaction between the a-boryl carbanion
A with the boryl of the secondary boronic ester B, via boron “ate” formation and
1,2-shift rearrangement (Scheme 3.17b). In this case, the molecular assembling

involves four components in a single operational step.

1. BuLi (1.1 equiv)

F THF, -78 °C to rt
30 min -16 h
a)
. 2. MeOH Bpln
Bpin rt, 5 h
3.9-F 3. 35 [38%]
F 1. BuLi (1.1 equiv)
®  THF, -78°Ctort
30 min-16 h
b)
2. MeOH H
Bpin rt, 5h
3.9-CF, 3.36 [12%]

Scheme 3.17. tBuLi addition to the terminal carbon of the alternative 1,1-arylboryl alkenes a) m-
fluoro-1-phenylvinylboronic acid pinacol ester and b) p-trifluoromethyl-1-phenylvinylboronic
acid pinacol ester.
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We also postulated that a carbene addition on the terminal position of the alkene
might be followed by an intramolecular C-C bond formation through the borata-
alkene, with the concomitant N; release. When 3.9 reacted with
(trimethylsilyl)diazomethane (TMSDM), the polysubstituted cyclopropane 3.37
(Scheme 3.18a) was essentially formed, although isolated in low yield. Similarly,
substrate 3.9-CF3 could be used to yield the product 3.38 in 23% isolated yield
(Scheme 3.18b). This reaction has become the first transition metal free
catalyzed cyclopropanation of alkenylboranes with TMSDM.3334 The relative
stereoselectivity shows an exclusive trans configuration of the SiMez and Bpin

vicinal substituents in both resulting products.

MesSi_ ~—~ SiMeg

Ph MesSi~_No TINEN | -N Ph

a) Bpin —— > \\ Ph
hexane ﬁ/ Bpin
3.9 80°C, 16 h Boin
p 3.37 [17%]
CFy CFs
MesSi Ny  MesSi
b) -
hexane Boi
Bpin 80°C. 16 h pin
3.9-CF; 3.38 90% [23%]

Scheme 3.18. Addition of TMSDM to a) 1-phenylvinylboronic acid pinacol ester and b) p-
trifluoromethyl-1-phenylvinylboronic acid pinacol ester to form polysubstituted cyclopropanes.

One of the most straightforward applications of the dicarbofunctionalization of
1,1-arylboryl alkenes developed in this work is the oxidation of the prepared
tertiary boronic esters to form tertiary alcohols. This procedure has been
conducted with H;0,/NaOH and the resulting alcohols were isolated in
quantitative yields (Scheme 3.19). It is worth mentioning that tertiary alcohols
3.41-3.51 have been synthetized for the first time through our methodology.
Only 4,4-dimethyl-2-phenylpentan-2-ol (3.40) was earlier prepared via air-
assisted addition of Grignard reagents to olefins35 or via multicomponent

oxyalkylation of styrenes enabled by hydrogen-bond-assisted photoinduced
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electron transfer.36 Additionally, the polysubstituted cyclopropanol 1-phenyl-2-
(trimethylsilyl)cyclopropan-1-ol (3.52) had been previously synthetized by

coupling of vinylsilanes and esters with titanium(II) as catalyst.3”

BuLi

Ph Ph H20, Ph
%]\ RX Bu \/i\ _ NaOH g,
Bpin ————> Bpin | —— OH
R R
Ph Ph Ph Ph
tB tB 1 tB
. OH “ OH Bu OH ! OH
H Me Et
3.39 [92%] 3.40 [90%] 3.41 [92%] 3.42 [96%]
Ph Ph Ph Ph
tB tB tB 1)
! OH . OH ! OH Bu OH
\ |
3.43 [48%)] 3.44 [92%] 3.45 [89%] 3.46 [87%]
Ph Ph Ph Ph
tB If tBU tB
! OH Bu OH OH ! OH
R \
Ph
3.47 [91%)] 3.48 [88%)] 3.49 [91%)] 3.50 [96%]C'

SiMe3
OH J: Ph
HO O -
3.51 [97%] 3.52 [93%]

Scheme 3.19. Oxidation of tertiary boronic esters towards the synthesis of novel secondary and

tertiary alcohols.

To conclude the scope of this 1,2-dialkylation of 1,1-arylboryl alkenes via
borata-alkene intermediates, we aimed to induce asymmetry in the new tertiary
boronic esters, and their corresponding tertiary alcohols. First, in accordance
with preceding studies in the group, we transborylated the Bpin moiety in 1-
phenylvinylboronic acid pinacol ester 3.9 using bis-(+)-pinanediolato diboron

(B2paiz) to synthesize the corresponding chiral substrate 1,1-disubstituted
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alkenyl (+)-pinanediolboronic ester (3.53) in a simple and direct protocol

(Scheme 3.20).38

H
(Bopaiy) (1.1 equiv)
/I\Bpin %\
MeOH, 90 °C
3.9 16 h
3. 53 [93%

Scheme 3.20. Synthesis of chiral substrate via transborylation of alkenylboranes with diboranes.

The addition of tBuLi to 3.53 and the subsequent trapping with methyliodide or
2-methylallylbromide, resulted in the formation of the diastereoisomeric
mixture of tertiary boronic esters 3.54 and 3.55, respectively. The modest
diastereomieric ratio was confirmed when oxidation of 3.54 and 3.55 generated
the tertiary alcohols 3.56 and 3.57, in 9% and 12% enantiomeric excess,
respectively (Table 3.5, entries 1 and 2). However, when the electrophilic
trapping of the chiral alkenylboronic ester 3.53 was performed with
benzylbromide, the tertiary alcohol 3.58 was isolated in 44% enantiomeric
excess. In this case, the oxidation was completed in situ, without the isolation of
the corresponding tertiary boronic ester (Table 3.5, entry 3). Similar e.e. values
were obtained in the enantioselective version of the radical-polar crossover
reaction with commercially available chiral (+)-vinylboronic acid pinanediol
ester, following the reaction above-displayed in Scheme 3.9.26 The increased
enantioselectivity for product 3.58 over 3.56 and 3.57 might be due to the
increased sterically hindrance provided by the chiral boryl moiety on the

trapping reagent.
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Table 3.5. Dicarbofunctionalization with ‘BuLi of the chiral substrate 3.53 and subsequent
trapping with C(sp3)-X/oxidation.?

Ph 1. IBuLi (1.1 equiv)
THF, -78 °C to rt
/I\B/o H oo hO r Ph NaOH -
5 min - M\ H20, M
Mé 2. RX (1.5 equiv) R Bpai R OH
3.53 rt, 5h
Allyl Isolated Isolated
Entry halide Product Yield [%]® Alcohol Yield [%]®
Ph Ph
B g S Bu,  190%)
_ pai cc. ;
1 Me—I Me (dr=55:45) Me 9 ee
3.54 3.56
Ph Ph
tBU * tBU *
2 )\/Br Bpai [60%] OH  [70%]
(dr=60:40) 12 ee®
3.55 3.57
Ph Ph
Bu * ) Bu *
3 Br Bpai - OH [15%]
Ph Ph 44 ee®
in situ 3.58

aReactions performed at 0.3 mmol scale of 3.53,tBuLi(1.1 equiv), THF (2 mL), -78 °C for 30 min.,,
rt for 16 h. Then, RX (1.5 equiv), rt, 5 h. bIsolated yield. cee calculated by HPLC.

3.5 Conclusions

In conclusion, we have described here one operational simple unconventional
intermolecular assembly across alkenylboranes. This methodology forms two
C(sp3)-C(sp3) bonds through regioselective 1,2-dicarbofunctionalization of 1,1-
arylboryl alkenes, generating tertiary boronic esters which are highly valuable
compounds for diverse follow-up chemistry, such as oxidation towards tertiary
alcohols. This methodology facilitates a rapid influx of molecular complexity
throughout the tBuLi, sBuLi, Me3SiLi or TMSDM addition to alkenylboronic esters

allowing the generation of two new C(sp3)-C(sp3) bonds across the alkene, via
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borata-alkene intermediates, in the absence of catalyst, additives or any type of

radical initiators.

The differences in electrophilic trapping between bromides and chlorides, as
well as between secondary and primary alkyl halides, have been explored. This
selective alkyl trapping has enabled the cyclization of one of the functionalized
products. In addition, some experiments have suggested an Sx2 mechanism in
the reaction. Remarkably, 11B NMR spectroscopic studies have provided further
insight into this process. To finish, the reaction has been extended to synthesize
stereoisomeric products and their corresponding enantioselective alcohols with

a moderate enantioselectivity achieved.
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4.1 State of the art

Stereoselective synthesis of substituted alkenes and dienes can be accomplished
by efficient alkenylboronic ester, taking advantage of the functionalization of C-
B bonds.! Boron-Wittig reaction allows the preparation of alkenylboronic esters
as a consequence of the nucleophilic attack of a-boryl carbanions to carbonyl
compounds. Formally, this reaction resembles the original Wittig olefination,
reported in 1954, that is based on the reactivity of aldehydes or ketones with
ylides generated from phosphonium salts.2 While the driving force of the Wittig
reaction is the formation of a stable phosphine oxide, in the boron-Wittig
reaction it is due the stability associated to B-O bonds of the boronate by-

products.3

Both types of condensations share similar elementary steps. In the Wittig
reaction (Scheme 4.1a), the process begins with the attack of the ylide carbon on
the carbonyl group, forming the betaine intermediate 4.1. Subsequently, the
attack of oxygen on phosphorous towards oxaphosphetane and reverse [2+2]
cycloaddition delivers the phosphine oxide and the alkene. Similarly, the boron-
Wittig reaction initiates with the attack of an a-boryl carbanion on the carbonyl
derivative (Scheme 4.1b) to form 4.2. Following this step, the attack of oxygen
to Lewis acid B forms the corresponding tetrasubstituted borylated
intermediate and finally, a B-O elimination leads to the formation of the
corresponding alkene. Depending on the use of a-monoboryl carbanions, a-
bisboryl carbanions or a-trisboryl carbanions, the olefination produces alkenes,

1-borylalkenes or 1,1-diborylalkenes, respectively.3
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Scheme 4.1. Mechanism of a) Wittig reaction and b) boron-Wittig reaction.

The first example of the condensation of gem-bis(boryl)alkanes with aldehydes
and ketones to yield olefins was observed by Zubiani and co-workers in 1966.4
These authors observed that benzaldehyde and a series of aliphatic, aromatic
and cyclic ketones could efficiently be converted to the corresponding olefin by
reaction with a-boryl carbanion lithium salt, through nucleophilic attack of the

borata-alkene intermediate followed by B-0 elimination (Scheme 4.2).5

(0]
C ®

B
O R Rs
R‘]\) @L_

1 R1 R2 R1 R2

|
1

Scheme 4.2. First condensation of borata-alkenes with aldehydes and ketones via B-O
elimination observed by Zubiani and co-workers.

Rathke and Kow were the first to use lithium 2,2,6,6-tetramethylpiperidide
(LiTMP) as a base to form the borata-alkene syntons, by deprotonation instead
of monodeborylation of gem-diboryl alkanes.6 This was feasible due to the large
steric requirements, which made coordination to boron less feasible.” Taking
advantage of this, Matteson and co-workers’ investigations extended this boron-
Wittig olefination towards the use of more stable pinacol-based boronic esters,
as well as the employment of polyboronic esters, which led to the formation of
vinylboronic ester derivatives that could be used for further functionalization at

the C(sp2)-B bond. For instance, these alkenylboronic esters could undergo an
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oxidation to afford aldehyde homologation products with good yields (Scheme
4.3).8-11

of o\/j) j\ 0y H0,
B-C  Litmp B~ R R, R, B-O NaOH R, O

— ol <

- -0
B O  THF ® B R, R, H
o\) L o\)
Scheme 4.3. Condensation of lithium bis(ethylenedioxyboryl)methide with ketones followed by
in situ oxidation.

Later, Endo, Shibata and co-workers defined the conditions for C-C coupling of
tetrasubstituted alkenylboronic esters containing a stable Bpin moiety, with the
aid of catalytic amounts of [Pd(P¢Bus)z] and NaOH (Scheme 4.4a).12
Alternatively, they also demonstrated the compatibility of a trimethyl silyl
moiety, for the Suzuki-Miyaura cross-coupling, switching to [Pd(PPhs)4] and
KOH as catalyst and base(Scheme 4.4b).13

|
\© (1.2 equiv)
Ph [Pd(PBus),] (5 mol %) Ph
NaOH agq.
Ph '?/0 - Ph/\/)iph
Ph O H,O/dioxane

80°C,18h Ph

'Q
OMe Ny
[Pd(PPh3)4] (5 mol %) _Si
KOH (2.2 equiv)
>§r H,O/dioxane NP

60°C, 24 h MeO Ph

Scheme 4.4. Suzuki-Miyaura cross-coupling of a) tetrasubstituted alkenylboronic esters and b)
alkenyl(silylmethyl)boronic esters.

Stereoselectivity of the resulting alkenylboronic esters was first studied by
Pelter and co-workers in 1987 through boron-Wittig reactions with aromatic
aldehydes. They postulated a stereoselective control throughout the borylated

intermediates before the B-O elimination. These intermediates were proposed

95



UNIVERSITAT ROVIRA I VIRGILI
BORATA ALKENE INTERMEDIATES FOR SELECTIVE C-C COUPLING REACTIONS
Sara Gonzalez' 'Morén

to play a crucial role in directing the stereochemistry principally by steric issues,

leading to trisubstituted products with E- or Z-stereoselectivity.14

In 2015, Endo and Shibata also stablished the stereoselective control on the
synthesis of tetrasubstituted alkenylboronic esters. They explored the in-situ
deprotonation of gem-diborylalkanes, with LiTMP to obtain the borata-alkene
intermediates. The subsequent nucleophilic attack to a series of ketones
afforded a favored Bpin moiety positioned syn with respect to the aryl groups
from the ketone (Scheme 4.5a). However, the introduction of coordinating
groups in the ketone favored the inversion on the stereoselectivity. Thus, in this
case the main product is a tetrasubstituted alkenylboronic ster with Bpin moiety

anti to the aryl groups (Scheme 4.5b).12

0
a) Ph “Me Ph B-O
>L'L Mé R
O\ o\
B-© LITMP Bg-©
o®Li  —
RAB—O THF R/<B—o o
0 0 M 0
b)  Ph” “CHy(NMe) (MeN)CH, B-O
Ph: R

Scheme 4.5. Stereoselectivity on boron-Wittig reaction with aryl ketones.

A plausible mechanism according to these observations, and DFT computational
studies, could involve the intramolecular coordination of heteroatoms to
lithium. Scheme 4.6a shows that syn-elimination proceeds via LiO-C-C-Bpin
intramolecular interaction. The inversion of stereoselectivity in Figure 4.1b
indicated that the coordination of the nitrogen atom on the B; at in the
pinacolboryl group, could inhibit the coordination of LiO moiety on the B,. Thus,
the product could have been synthetized through LiO-C-C-B; syn-

elimination.215
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Scheme 4.6. Hypothesis on the origin of the stereoselective for boron-Wittig reaction with aryl

ketones.

Morken and co-workers have performed a highly stereoselective boron-Wittig

procedure between 1,1-bis(pinacolboryl)alkanes and aldehydes, resulting in the

synthesis of a variety of di- and trisubstituted alkenylboronic esters.16 They

have found that steric hindrance influences in the stereoselectivity of the E/Z

products. In cases where either large boryl substituents or large aldehyde

substituents were used, the synthesis of the E isomer was favored (Scheme

4.7a). On the other hand, when small aldehyde and small boryl moieties were

employed, the Z product was favored, as it is showed in Scheme 4.7b with an o, 3-

unsaturated aldehyde.16

Ph
a)

Scheme 4.5. Stereoselectivity on boron-Wittig reaction with aryl ketones.
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4.2 Context of the work

Vinylborane functional group represents a highly valuable synthetic
opportunity to react through the alkene m-system due to the adjacent empty p
orbital on boron atom. 1,2-Difunctionalization of alkenylboronic esters can be
performed through the formation of a-boryl radical intermediates on the
vinylboronic acid pinacol ester 4.3 (Scheme 4.8a)17-20 or a- boron'ate' radical

intermediates after the formation of boron'ate' 4.3-ate (Scheme 4.8b).21-23

a) R [ F{\)B.pin}

Formation of a-boryl
ZBpin radical intermediates
4.3 R'—Li , , ®Li
RENE) R’ o
/\Bpin Bpin
b) @@ Lj Formation of a-boron'ate’ R\)-
4.3-ate radical intermediates

Scheme 4.8. Activation of alkenylboronic ester 4.3 as electron acceptor motif through a) a-boryl
radical intermediates and b) a- boron'ate’ radical.

Because of the competitive formation of boron'ate' species, examples of
nucleophilic addition to the alkene m-system in vinylboranes are limited.
Hindered arylboranes, such as dimesitylboranes have been used to prevent the
boron'ate’ formation due to steric effects.2425 Cooke and co-workers have
demonstrated the feasible nucleophilic addition of organolithium reagents to o.-
substituted vinyldimesitylborane, followed by electrophilic trapping with Mel
(Scheme 4.92a).26 Another approach has been developed by Nakamura and co-
workers, who extended this concept towards the organozinc nucleophilic
addition to the vinylpinacolborane 4.3, with subsequent electrophilic trapping
via gem-zincio/boryl intermediates (Scheme 4.9b). Experiments and theoretical
calculations suggested that the formation of a stable boron'ate' complex could
be avoided by the combined use of an allylic zinc reagent and the bulky pinacol

borane substituent.2”
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Scheme 4.9. Nucleophilic addition to vinylboranes with a) organolithium reagents and b) addition
of an organozinc reagent.

We have been able to disclose the polar addition of alkyllithium reagents to the
terminal carbon of 1-arylvinylboronic acid pinacol ester 4.4 followed by
electrophilic trapping with a series of C(sp3)X allowed the formation of two new
C(sp3)-C(sp3) bonds across the alkene (Scheme 4.10).28 This reactivity is
permitted by the remarkable stability of the a-arylboryl carbanion due to the
valence deficiency of the adjacent three coordinated boron center, also

represented with the borata-alkene resonance form.

C 3
(sp )\)@\Bpin
Ph Li—C(sp?) L4'<;> C(sp®)—X C(sp?)
S ' ———  cpd) Boin
Bpin “ X= 1, Br, Cl Ph "

4.4 Ph

C 3

(sp°) Bpin

45 O®Li |

Scheme 4.10. Dicarbofunctionalization of alkenes with formation of two C(sp3)-C(sp3) bonds via
borata-alkene intermediates.

Murakami and co-workers were pioneers to study the one-pot allylation
reaction of aldehydes with alkenylboronic esters, which acted as the synthetic
equivalent to y-substituted allylboronates. In the presence of cationic
rhodium(1) catalysts, they could synthetize stereodefined homoallylic alcohols

from terminal alkynes and aldehydes (Scheme 4.11).29
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(0]

BN

Ar H
(1 equiv)

Ph. _Ph
L= PP

I I
R4 HBCy, Ph Ph _
20 mol% R1/%"/\B/o 5 mol% [Rh]*/L
| | + HBpin —M— | \/5 > Ar R,

neat 0 1,2-dicloroetano

OH
2.2 equiv 2 equiv , 6 90°C,6h

Scheme 4.11. Rhodium-catalyzed reaction of alkenylboronic esters with aldehydes leading to
allylation products.

1,4-Addition of allylic nucleophiles to electron-deficient alkenes provides an
effective strategy for the generation of complex molecular structures. Meek and
co-workers detailed a practical and efficient method for the diastereoselective
synthesis of y-quaternary carbon stereogenic centers through intermolecular
1,4-allyl additions. Boron-stabilized allylic nucleophiles, formed through Lewis
base boron activation, reacted selectively and stereospecifically to deliver

versatile 1,6-ketoalkenylboronate products (Scheme 4.12).30

) e
%5 50 mol% CsF
+
ﬁ nBUJ\/KB/o DME (0.5M)

'0\15 80°C, 18 h
1.0 equiv 1.0 equiv

Scheme 4.12. Synthesis of stereogenic quaternary carbons by diastereoselective conjugate
addition of boron-stabilized allylic nucleophiles to enones.

4.3 Specific objectives

Considering the research conducted by our group, in this chapter we explored
the nucleophilic addition to 1-phenylvinylboronic acid pinacol ester 4.4 by
tBuLi, followed by electrophilic trapping with carbonyl functional groups,

aldehydes and ketones.31
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The specific objectives are:

1. Synthesis of trisubstituted alkenes, assembling Li-C(sp3) reagent

with vinylboronic acid pincol ester 4.4 and aldehydes, via boron-

Wittig sequence.

2. Synthesis of tetrasubstituted alkenes and dienes employing ketones

through boron-Wittig reaction.

3. 1,4-Addition of a,B-unsaturated carbonyl compounds to generate

new tetrasubstituted carbon centers.

4. Functionalization of the obtained products through Suzuki-Miyaura

cross coupling.

4.4 Results and discussion

We describe here the polar addition of ‘BuLi reagent to the terminal carbon of

1-phenylvinylboronic acid pinacol ester 4.4, followed by the trapping of the

formed a-boryl carbanion 4.5 with carbonyl groups. When aldehyde or ketones

were used, boron-Wittig reaction proceeded through a B-O elimination to

generate tri- or tetrasubstituted alkenes (Scheme 4.13a). However, electrophilic

trapping can chemoselectively be performed through 1,4-addition on o,f-

unsaturated carbonyl compounds (Scheme 4.13b).

Ph ® Li_
©
Bpin

By
Ph Li—'Bu 45

)

Ph ® Li

Bu ©

o) Li
a) )L

Bpin ®
RoH)” "Ry | PP Rl o
— u

Ro(H)

Ph Bpin

prin

L 4.5

I
(o) BU\/§,$R1
R4

Ph

Ro(H)

Scheme 4.13. Nucleophilic addition of tBuLi to 1-phenylvinylboronic acid pinacol ester 4.4
followed by electrophilic trapping with a) aldehydes and ketones and b) a,3-unsaturated carbonyl

compounds.
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In the initial experiments, we prepared the borata-alkene intermediate 4.5 by
addition of 1.1 equiv of tBuLi to 1-phenylvinylboronic acid pinacol ester 4.4, at -
78 °C for 30 minutes, followed by stirring the solution at room temperature for
16 hours in THF as the solvent. Subsequently, 1.5 equiv of isobutyraldehyde
were added and the reaction mixture was stirred for 4 hours at room
temperature. Substrate 4.4 was converted into product 4.6 in 74% (calculated
by NMR in comparison with naphthalene as internal standard) and 70% isolated
yield (Table 4.1, entry 1). We observed the formation of both stereoisomers in
1:1 ratio, that were purified together since they resulted impossible to separate
by flash chromatography purification. Similar results were obtained when

cyclohexanal was the electrophilic partner involved (Table 4.1, entry 2).

We next explored aromatic aldehydes towards the formation of trisubstituted
alkenes. Notably, benzaldehyde and 2-phenylacetaldehyde exhibited lower
conversion, although a comparable stereoselection, to give products 4.8 and 4.9
in 1:1 ratio (Table 4.1, entres 3 and 4). Bulkier aromatic aldehydes were
explored, such as 2-naphthaldehyde and 2,2-diphenylacetaldehyde, which led to
the formation of 4.10 and 4.11 with moderate yields, preserving the same
stereoselection 1/1 (Table 4.1, entries 4 and 5). Remarkably, both stereoisomers
of products 4.9 and 4.11 could be isolated and characterized separately

accordingly to 1D-NMR NOE experiments.
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Table 4.1. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,
followed by trapping with aldehydes.?

o]

Ph R)LH

/I\Bpin BuLi (1.1 equiv) (1.5 equiv) %zg;@@ >|\/PQ,$
4.4 i, 4 h Lo R

THF, -78 °C to rt H
30min-16 h
Conversion %" E/Z
Entry Aldehyde Product and Isolated Yield  stereoselectivity®
[%]
1 Ph o 74% [70%] 1/1¢
Bu—' 4.6
2 Ph__ 73% [69%] 1/1°
Bu=' 47
Ph 35% [33%] 1/1¢

0]
i'>;; < > 42% [38%] 1/1¢

B
Bu

=0

e
49% [48%] 1/1°

4.1

6 O 65% [58%] 1/1¢
4.1

S Q. QX

u 4.9
h
0

O

Bu

aReaction conditions: 1) 4.4 (0.3 mmol), tBuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16h; 2) aldehyde (0.45 mmol), rt, 4h, and MeOH (2mL). bConversion and E/Z stereoselectivity
calculated by 1H NMR spectroscopy with naphthalene as internal standard. ¢Isolated as mixture of
diastereosiomers. dlsolated as pure E or Z stereoisomers.
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To expand the aldehyde scope, we studied the reactivity with other aromatic
aldehydes containing different functional groups. Interestingly, picolinaldehyde
showed a remarkably enhanced reactivity, affording alkene 4.12 in a NMR
conversion of 90% and 84% isolated yield (Table 4.2, entry 1). This suggested a
marked influence of electronic issues during the electrophilic trapping.
However, although we speculated about a plausible interaction of nitrogen with
the Bpin moiety to favour the formation of one specific stereoisomer, based on
previous studies about the boron-Wittig reaction between picolinealdehyde and
LiC(Bpin)2(SiMes3),32 in our case no stereopreference was observed. Product
4.12 was generated in 1:1 ratio, but both stereoisomers could be separated and
identified. When steric hindrance on the ortho position of the benzaldehyde was
introduced with o-iodobenzaldehyde, we obtained alkene 4.13 in a moderate
yield with stereoisomers (E/Z)=1/1 (Table 4.2, entry 2). Notably, alkene 4.14
was synthesized using o-(trifluoromethyl)benzaldehyde, showing a modest
stereoselectivity of (E/Z)=4/5 (Table 4.2, entry 3). Nevertheless, stereoselection
of up to dr=1:3 of the trisubstituted alkene 4.15 was achieved when the
sterically hindered aldehyde 2,4,6-(0OMe)s;-CcH2.CHO was involved in the
electrophilic trapping (Table 4.2, entry 4). Major diastereoisomer of product
4.15 was isolated and subsequently unambiguously characterized by 1D-NMR

NOE experiments, resulting in Z-stereoisomer.
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Table 4.2. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,
followed by trapping with functionalized aromatic aldehydes.?
R

=0

Ph H

¢ . . . Bpin
/I\Bpin BuLi (1.1 equiv) (1.5 equwl M\oe@ >|\/PQ$
4.4 t, 4 h Lo L R

THF, -78 °C to rt H
30 min-16h
Conversion %" E/Z
Entry Aldehyde Product and Isolated Yield stereoselectivity®
[%]
] \_/
1 | XN if}__; 90% [84%] 1/1¢
N Bu=4.12
? Ph
By
N
2 ©f A 59% [56%] 1/1¢
| 413 |
? Ph
Bu
N
3 ©\) AN 74% [(69%] 4/5¢
CF, 414  Cr,
OMe
MeO OMe
4 o MeO 96% [92%] 1/3¢%¢
Z Ph y(a
OMe _)_—' OMe
Bu= 415

aReaction conditions: 1) 4.4 (0.3 mmol), ‘BuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16h; 2) aldehyde (0.45 mmol), rt, 4h, and MeOH (2mL). PConversion and E/Z stereoselectivity
calculated by 1H NMR spectroscopy with naphthalene as internal standard. cIsolated as mixture of
diastereosiomers. dlsolated as pure E or Z diastereoisomers.

The scope of cyclic ketones was next examined to analyze the electrophilic
trapping after tBuli activation of 4.4 (Table 4.3). Cyclopentanone,
cyclohexanone and tetrahydro-4H-pyran-4-one reacted with the borata-alkene

intermediate 4.5 to give the corresponding tetrasubstituted alkenes 4.16-4.18,

(Table 4.3, entries 1-3). From moderate to high yields, the transformation of
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cyclohexanone towards 4.17 was the most efficient with 81% isolated yield

(Table 4.3, entry 2).

Table 4.3. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,
followed by trapping with cyclic ketones.?

Ph ) _ _ cyclic ketone Bpin
/]\Bpin BuLi (1.1 equiv) (1.5 equiv) Ph O Ph
O @ _— R
4.4 THF, -78 °C to rt rt, 4 h R R Li N )
30 min-16h R
Conversion %’ and
Entry Ketone Product Isolated Yield [%)]
Ph
] —
1 Bu 72% [68%]
4.16

0o Ph
2 é gu—' C 87% [81%]

Bu 66% [59%]

0 4.18

[ o

aReaction conditions: 1) 4.4 (0.3 mmol), ‘BuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16h; 2) aldehyde (0.45 mmol), rt, 4h, and MeOH (2mL). PConversion calculated by 1H NMR
spectroscopy with naphthalene as internal standard.

Next, an electronically and sterically diverse array of 4-substituted
cyclohexanones was studied (Table 4.4, entries 1-4). Consistent with the
aforementioned results, moderate to high yields were afforded, being alkene
4.21 isolated with the higher yield in 83% (Table 4.4, entry 3). When the acyclic
ketone 1-(4-chlorophenyl)propan-2-one was explored for the electrophilic
trapping, the tetrasubstituted alkene 4.23 could be isolated in 52% yield, with
E/Z =1/1 ratio (Table 4.4, entry 5).
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Table 4.4. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,
followed by trapping with sterically diverse ketones.?

Ry

=0
Ph R2

o . . Bpin
/I\Bpin BuLi (1.1 equiv) (1.5 equwl >|31>s(\\o®® Ph
4.4 rt, 4 h Li >|\/§¢R1

THF, -78 °C to rt R4 R,
30 min-16h R,
Conversion %" E/Z
Entry Ketone Product and Isolated stereoselectivity®
Yield [%]
Ph
1 Ph@:o rBuJ_QP“ 85% [77%]
4.19
Ph
2 y@: By 77% [70%]
4.20
Ph
t — B
3 B“O:O 5 _)_Q " 85% [83%]
u
4.21
Ph
4 F3C{>:O - f@‘cﬁ 78% [73%]
4.22
I
Ph c
5 CI~®—>: tBu\/Srw 54% [52%] 1/1¢
o
4.23

aReaction conditions: 1) 4.4 (0.3 mmol), t‘BuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16 h; 2) aldehyde (0.45 mmol), rt, 4 h, and MeOH (2 mL). bConversion and E/Z stereoselectivity
calculated by 1H NMR spectroscopy with naphthalene as internal standard. cIsolated as mixture of
stereosiomers.

Our subsequent study involved o,p-unsaturated aldehydes, with the aim to
explore the chemoselectivity of the electrophilic trapping sequence. When (E)-
but-2-enal, (E)-2-methylbut-2-enal and (E)-2-methylbut-2-enal were added to
react with the borata-alkene intermediate 4.5, the trapping of the aldehyde

functionality took place chemoselectively, to give the corresponding conjugated
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dienes 4.24-4.26, although in low yield and stereoselectivity (E/Z=1/1) (Table
4.5, entries 1-3). With the aim to facilitate the conjugate addition through the
electrophilic trapping sequence, we hypothesized about the wuse of
cinnamaldehyde and (Z)-2-bromo-3-phenylacrylaldehyde. However, in both
cases the boron-Wittig reaction took place chemoselectivity, in moderate yield

towards dienes 4.27 and 4.28, respectively (Table 4.5, entries 4,5).

Table 4.5. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,
followed by trapping with a,B-unsaturated aldehydes.2

O
R
Ph
BULi (1.1 equiv) R(ﬁ)L)H oy, BRI _
. uLi (1.1 equiv .5 equiv ANRS)
Bpin _ _ \O ® Ph.

N
4.4 THF, -78 °C to rt rt,4h H ) :
30min-16h
R

o,B- Conversion %" E/Z
Entry unsaturated Product and Isolated stereoselectivity®
aldehyde Yield [%]

Ph
0, 0, o}
} By \»WW 19% [17%] 1/1
4.24

O
/\/l
O Ph
2 /ﬁ/k By 49%147%) 1/1°
H
4.25
O
\ Ph c
@/KH ’Buw\/Q 39% [31%] 1/1

4.26

? Ph
. WH tBuwwph 61% [59%)] 1
4.27
? Ph Br
5 ©/‘\/‘\H ’Buwx&% 45% [43%] 1

aReaction conditions: 1) 4.4 (0.3 mmol), tBuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16 h; 2) aldehyde (0.45 mmol), rt, 4 h, and MeOH (2 mL). bConversion and E/Z stereoselectivity
calculated by 1H NMR spectroscopy with naphthalene as internal standard. ¢Isolated as mixture of

diastereosiomers.

108



UNIVERSITAT ROVIRA I VIRGILI

BORATA ALKENE INTERMEDIATES FOR SELECTIVE C-C COUPLING REACTIONS

Sara Gonzédlez Moréan

Cyclic and acyclic o,pB-unsaturated ketones allowed the formation of
chemoselective dienes and trienes. Thus, dienes 4.29 and 4.30 were synthesized
in moderate yields with E/Z=1/1 ratio (Table 4.6, entries 1 and 2). (E)-6-
Methylhepta-3,5-dien-2-one reacted towards the triene 4.31 formation with a
48% isolated yield (Table 4.6, entry 3). It is worth mentioning that the
polysubstituted diene 4.32 was obtained with total Z-diastereoselectivity,
probably due to the enhanced steric hindrance around the enolate intermediate

(Table 4.6, entry 4).

Table 4.6. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,
followed by trapping with o,—unsaturated ketones.?

(0]
R
Ph R1/\)'LR2 Boi P 1
t . . pin
%]\Bpin BuLi (1.1 equiv) (1.5 equiv) Ph L O
> o0® Ph. 2
4.4 THF, 78 °C to rt rt, 4 h Ry) 2
30min-16h 7
R1
o,B- Conversion %" E/Z
Entry unsaturated Product and Isolated stereoselectivity®
ketone Yield [%]
1 o) Phi;Cg 67% [62%] 1/1¢
\@ tBu—g
4.29
Ph Ph
2 Ph . ﬁ;<j>< 77% [76%] 1/1°
Ph fBu—f Ph
4.30
Ph
)\/\)CL IBU\PNJ N X
3 X T 559% [48%] 1/1¢
4.31
Ph
O Bu N X
4 X 24% [21%) 0/1¢
4.32

aReaction conditions: 1) 4.4 (0.3 mmol), tBuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16 h; 2) aldehyde (0.45 mmol), rt, 4 h, and MeOH (2 mL). bConversion and E/Z stereoselectivity
calculated by 'H NMR spectroscopy with naphthalene as internal standard. ¢Isolated as mixture of
diastereosiomers. dlsolated as diastereoisomer.
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In addition, triple bonds were also tolerated in the 1,2-dicarbofunctionalization
of 4.4. The formation of substituted enynes 4.33 and 4.34 was achieved
involving in the electrophilic trapping sequence with 4-phenylbut-3-yn-2-one
(Scheme 4.11a) and 3-phenylpropiolaldehyde (Scheme 4.11b), although with
dr=5/4 and 1/1, respectively. Both stereoisomers of 4.33 and 4.34 could be
isolated as pure stereoisomer. The reaction proceeded chemoselectively though

boron-Wittig sequence, although with moderate yields.

o)
Ph% A N

a) (1.5 equiv) Ph Ph
4.33
Ph tan 69% [66%]
/I\ fBuLi (1.1 equiv) E/Z stereoselectivity = 4/5
Bpin _ | o
4.4 THF, -78 °C to rt /[4
30min-16h Ph——  H M
b) (1.5 equiv) Ph Ph
4.34
rt, 4 h

77% [74%]
E/Z stereoselectivity = 1/1

Scheme 4.11. Formation of substituted enynes with a) 4-phenylbut-3-yn-2-one and b) 3-
phenylpropiolaldehyde.

Contrary to the results obtained in Table 4.6, when the o,3-unsaturated ketone
but-3-en-2-one was studied for the electrophilic trapping of the borata-alkene
intermediate 4.5, we observed the exclusive formation of 7,7-dimethyl-5-
phenyl-5-(pinacolboryl)octan-2-one 4.35 as a consequence of the 1,4-addition
(Table 4.7, entry 1). This remarkable observation gave us the opportunity to
explore a related substrate scope of unhindered o,B-unsaturated ketones. In
that context, (E)-pent-3-en-2-one, (E)-hept-3-en-2-one and (E)-oct-3-en-2-one
reacted with the borata-alkene intermediate 4.5 via chemoselective conjugated
addition giving access to products 4.36-4.38, in moderate yields, (Table 4.7,

entries 2-4).
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Table 4.7. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,
followed by conjugated addition to o,—unsaturated ketones.?

(0]
Ph R/\)k

i i Ph_ Bpi
Bpin BuLi (1.1 equiv) (15equiv) g, pin
4.4 THF, -78 °C to rt rt, 4 h S
30min-16h
o,B-unsaturated Conversion % and
Entry ketone Product Isolated Yield [%] drb
Ph Bpin
0O tBu\v;x;‘//\Tr/
1 \/k 43% [39%)
435 ©
Ph Bpin
O fBUM [ ] /
2 41% [35% 4/3¢
/\/LK o
4.36
Ph Bpin
O tBUM
3 oSN L 54% [50%] 3/2+¢
4.37
Ph Bpin
0 tBUM
4 Bu/\/u\ Bu O 63% [59%] 10/7¢

4.38

aReaction conditions: 1) 4.4 (0.3 mmol), ‘BuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16 h; 2) aldehyde (0.45 mmol), rt, 4 h, and MeOH (2mL). PConversion and diastereoselectivity
calculated by 1H NMR spectroscopy with naphthalene as internal standard. cIsolated as mixture of
diastereosiomers. dlsolated as diastereoisomer.

Subsequently, we investigated if larger substituents on the ketone substrate
were compatible with this 1,4-addition sequence. (E)-hex-4-en-3-one and (E)-5-
methylhept-2-en-4-one were employed to achieve products 4.39 and 4.40 with
isolated yields up to 73% or 72% (Table 4.8, entries 1 and 2). The
diastereoselectivity was not fully controlled, being slightly increased when
bulky substituents were involved, as it is displayed in the dr = 10:7 of product

4.38, (Table 4.7, entry 4). tert-Butyllithium activation of 4.4 followed by

trapping with cyclohex-2-en-1-one allowed the efficient conjugated addition
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towards product 4.41, although with dr= 1:1 (Table 4.8, entry 3). Notably,

product 4.42 could be isolated as a single diastereoisomer, although in low yield

(Table 4.8, entry 4).

Table 4.8. tert-Butyllithium activation of 1-phenylvinylboronic acid pinacol ester 4.4,

followed by by conjugated addition to large substituted o,-unsaturated ketones.?

BuLi (1.1 equiv) 0
Ph THF, -78 °C to rt R(/§§/J\R2 Bpin
Bpin 30 min-16 h (1.5 equiv) Ph R,
4.4
rt, 4h tBU R1 o)
o,B-unsaturated Conversion %" and
Entry ketone Product Isolated Yield [%] drb
Bpin
0 Ph
1 /\)K/ 79% [73%] 5/3¢
By 0
4.39
Bpin
Q Ph
2 X 75% [72%] nd
Bu 0
4.40
Bpin
Ph 0
3 @ZO ; 70% [65%] 1/1%4
Bu
4.41
Bpin
Q Ph o
4 53% [27%] ---
Bu
4.42

aReaction conditions: 1) 4.4 (0.3 mmol), ‘BuLi (0.33 mmol), THF (2 mL), -78 °C, 30 min, and then
rt, 16 h; 2) aldehyde (0.45 mmol), rt, 4 h, and MeOH (2 mL). PConversion and diastereoselectivity
calculated by 1H NMR spectroscopy with naphthalene as internal standard. cIsolated as mixture of
diastereosiomers. dlsolated as diastereoisomer.

In all the examples described in Table 4.7 and 4.8, a new tetrasubstituted carbon

center has been formed from 1-phenylvinylboronic acid pinacol ester substrate

4.4. This approach to form tetrasubstituted carbon center with the o,fp-

unsaturated ketones becomes potentially useful since the quaternary center can
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be easily achieved by cross coupling reaction of the tetrasubstituted carbon
center. We illustrated the straightforward transformation of 4.35 into product
4.43 via Suzuki-Miyaura cross coupling with p-MeC¢Hal, in the presence of

Pd(OAc): (Scheme 4.12).

p-MeCgHy-I
Pd(OAc),
O (10 mol%)

0
Ph \)J\ Q RuPhos

Bpin BuLi (11 equiv) (1.5 equiv) (10 mol%)

> Bpin - .
44 THE 78°Ctort rt, 4 h Ph KOH Ph
30 min-16 h By (3 equiv) By

THF/H,0 (10:1) .
4.35 90°C. 12 h 4.43 [52%]

Scheme 4.12. Functionalization of 4.35 towards the generation of a quaternary centre through
Suzuki-Miyaura cross coupling.

4.5 Conclusions

In conclusion, we have described that 1-phenylvinylboronic acid pinacol ester
4.4 can be activated by nucleophilic attack of :BulLi, by suppression of any
boron'ate’ by-product formation. The corresponing a-arylboryl carbanion is
stabilized as a borata-alkene, accumulating the nucleophilic character to react
with aldehydes and ketones. The resulting a-arylboryl enolate intermediates
evolve through B-0 elimination to generate tri- or tetrasubstituted alkenes and
dienes, via boron-Wittig sequence, with little control on the diastereoselectivity.
In addition, the feasibility of conjugate addition of a-boryl carbanion represents
an emerging area and our approach becomes potentially useful since the a-
arylboryl carbanion intermediate 4.5 is formed in situ and eventually reacts with
unhindered o,B-unsaturated ketones to generate the tetrasubstituted carbon

center through 1,4-addition.
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The present doctoral thesis has succeeded in developing synthetic
methodologies to enhance the formation of borata-alkene species. Moreover, we
explore the versatile applications of this species into the formation of a wide

array of unprecedent organoboron compounds.

In Chapter 2, the substrate 1,1,1',1'-tetrapinacolborylethane has been
synthesized with 67% isolated yield, and its structure was analyzed by X-ray
diffraction, gaining insight into the relative orientation of the "empty" boron pz
orbital within the four Bpin moieties. Subsequently, we optimized the reaction
conditions for coupling this substrate with allyl bromide through Cu catalysis ,to
maximize the formation of the monoalkylated product, while minimizing by-
products. Next, the substrate scope covered representative examples of
sterically hindered allyl halides, suggesting an Sy2’' mechanism for the Cu-
catalyzed allylic alkylation. A second allylic alkylation reaction of the homoallyl
triboronate systems was performed to form dihomoallyl diboronates. Finally, a
Cu-catalyzed intramolecular cyclation with homoallyl triboronate systems
resulted in cyclopentane derivatives with 2:1 diastereoselection in favor of the

trans-diastereoisomer.

In Chapter 3, a straightforward intermolecular three-component assembly
across alkenylboranes has been developed, forming two C(sp3)-C(sp3) bonds
through regioselective 1,2-dicarbofunctionalization of 1,1-arylboryl alkenes. A
wide variety of tertiary boronic esters have been synthesized, including
products with halides, alkenes, alkynes, aromatic compounds, esters, and
cyanide groups. These tertiary boronic esters have also been converted into
tertiary alcohols. Differences in electrophilic trapping between bromides and
chlorides, as well as between secondary and primary alkyl halides, have been
explored, demonstrating selectivity, and suggesting an Sy2 mechanism in the
trapping reaction. This selective alkyl trapping has enabled the cyclization of one
of the functionalized products. The reaction mechanism has been studied using

1B NMR spectroscopy, confirming the involvement of borata-alkene
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intermediates. The addition of various lithiated bases to alkenylboronic esters
has been attemped, with ¢BuLi, sBuLi, Me3SiLi, or TMSDM succeeding in the
formation of the previously mentioned intermediate. To finish, the reaction has
been extended to synthesize stereoisomeric products and their corresponding

enantioselective alcohols with a moderate enantioselectivity achieved.

In Chapter 4, the intermolecular three-component assembly utilizing
alkenylboranes, via borata-alkene intermediates, has been further extended by
incorporating carbonyl functional groups for electrophilic trapping, thereby
synthesizing tri- and tetrasubstituted alkenes and dienes. Borata-alkene
intermediates that react with aldehydes and ketones evolve through B-O
elimination in a boron-Wittig sequence to form alkenes and dienes. However,
unhindered o,pB-unsaturated ketones have reacted through 1,4-addition to
generate products with a tetrasubstituted carbon center products and an
untouched Bpin moiety. To conclude, an example of functionalization has been

performed through a Suzuki-Miyaura cross-coupling.
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6.1 General considerations

Solvents and reagents were obtained from commercial suppliers, such as Sigma-
Aldrich Inc, Apollo Scientific, Fluorochem, Alfa Aesar, TCI Chemicals,
ThermoFisher, Abcr, etc.; and dried and/or purified (if needed) by standard
procedures.! Allyl halides, other than those commercially available, were
prepared accordingly to reported methods.2 Bis(pinacolato)diboron (B:zpinz)
and bis(hexyleneglycolato)diboron (B:hex;) were obtained as a generous
donation from Dalian Allychem Co. ,and were used without further purification.
All reactions were conducted in oven and flame-dried glassware under an inert
atmosphere of argon, using Schlenk-type techniques. Flash chromatography
purification procedures were performed on standard silica gel (Merck Kieselgel
60 F254 400-630 mesh). Thin Layer Chromatography (TLC) was performed on
Merck Kieselgel 60 F2s4 which was developed using standard visualizing agents:
UV fluorescence (254 and 366 nm) or potassium permanganate/A. NMR spectra
were recorded at a Varian Goku 400 or a Varian Mercury 400 spectrometer. 1H
NMR and 13C{'H} NMR chemical shifts (§) were reported in ppm with the solvent
resonance as the internal standard (CHCls: 7.26 ppm (1 H)) and (CDCls: 77.16
ppm (13C). 11B{tH} NMR chemical shifts (§) were reported in ppm relative to
(CH3)20---BF3. Data are reported as follows: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, hept = heptuplet, br = broad, m =
multiplet), coupling constants (Hz) and integration. High resolution mass
spectra (HRMS) were recorded using a 6210 Time of Flight (TOF) mass
spectrometer from Agilent Technologies (Waldbronn, Germany) with an ESI
interface and it was performed at the Servei de Recursos Cientifics i Tecnics
(Universitat Rovira i Virgili, Tarragona) or using a BIOTOF II Time of Flight
(TOF) mass spectrometer from Bruker with an APCl interface or El interface and
it was performed at the Unidade de Espectrometria de Masas e Protedmica
(Universidade de Santiago de Compostela, Santiago de Compostela). GC-MS

analyses were performed on a HP6890 gas chromatograph and an Agilent
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Technologies 5973. Mass selective detector (Waldbronn, Germany) equipped
with an achiral capillary column HP-5 (30m, 0.25mm i. d., 0.25pum thickness)
using He as the carrier gas. Melting points were conducted in a Digital Melting

Point IA 9100.
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6.2 Experimental section for Chapter 2

6.2.1 General procedure for the synthesis of 1,1,1',1'-
tetrapinacolborylethane®

OJ§< 1. LDA (1.2 equiv) j—f

rB\O THF, 0 °C, 6 min B QJ%
B\ 2 |2 O\B)g‘/B\O

7 |

o © 0°C-rt, 2 h o e,
EE 32

Dipinacolborylmethane (1.0 equiv, 20 mmol) was dissolved in dried THF (100
mL) in a rounded-bottom Schlenk flask and cooled to 0 °C. A lithium
diisopropylamide (LDA) solution (1.2 equiv, 24 mmol) in THF, was added
dropwise and the reaction mixture was stirred for 6 minutes at 0 °C. Then, an
iodine solution in THF (1M, 0.6 equiv, 12 mmol) was added slowly and the
resulting mixture was warmed from 0 °C to room temperature and stirred for 2
h. The resulting reaction crude was extracted with 50 mL of Et;0, 50 mL of
NazS203 (1M), 50 mL of NH4Cl (1M) and 50 mL of a saturated solution of NaCl
and dried over MgSOs. The crude product was purified by flash column

chromatography with pentane/ethyl acetate (5:1).

6.2.2 General procedure for the Cu catalyzed coupling between
1,1,1’,1’-tetrapinacolborylethane and allyl halides

[Cu(MeCN),JPFg (15 mol%)

Bpin R, PPh; (15 mol%) Bpin R,
" Bpi ‘ LiO'Bu (1.5 equiv) _ R
pinB)%/Bpln v R X Bpin i 2
H ‘ _
Bpin Rs THF, 60 °C, 16 h Bpin Ry
(1.5 equiv)
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In a flamed Schlenk-tube equipped with a magnetic stir bar, 1,1,1’,1'-
tetrapinacolborylethane (80 mg, 0.15 mol%), [Cu(MeCN)4]PFs (8 mg, 15
mmol%), PPhs (6 mg, 15 mol%) and LiO‘Bu (18 mg, 1.5 equiv) were added in
THF (2 mL) under argon atmosphere. The reaction mixture was stirred at 60 °C
for 10 min and then the allyl bromide (1.5 equiv) was introduced into the
reaction mixture. After being stirred at 60 °C for 16 h, the reaction was
concentrated under a vacuum and the NMR yield was calculated through
comparison to an internal standard (toluene). The crude residue was purified

by silica gel flash chromatography to afford the desired product.

6.2.3 General procedure for the oxidation of
methylenecyclopentane-1,2-dipinacolboronic esters

In an opened-air flask, charged with a magnetic stir bar, were added
methylenecyclopentane-1,2-dipinacolboronic ester (0.1 mmol, 1 equiv),
NaBO3-H;0 (0.3 mmol, 3 equiv), THF (2 mL) and distilled water (1 mL). The
reaction was closed with a septum with a needle to avoid over pressures and
was stirred for 16 h at room temperature. After this period of time, the mixture
was extracted with Et,0 (3 x 15 mL), the organic layer was dried with anhydrous
magnesium sulphate, filtered and the solvents were evaporated. The resulting
crude was purified by silica gel chromatography to obtain the corresponding

alcohol.
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6.2.4 Characterization data for 1,1,1’,1’-
tetrapinacolborylethane

The product was purified by flash column

chromatography using as eluent a mixture of
J% pentane/ethyl acetate (5:1). The product 2.8 was

a/ obtained as a white solid (7.15 g, 67%).
1H NMR(400 MHz, CDCl3) 6 =1.19 (s, 24H), 1.18 (s, 24H),
0.99 (s, 2H).

13C NMR (100 MHz, CDCl3) & = 82.7, 24.9, 24.4, 5.4(C-B).

11B NMR (128 MHz, CDCl3) & = 34.6.

HRMS-(ESI+) for C26Hs1B40g [M-H]*: calculated: 535.3956, found: 535.3961.

6.2.5 Characterization data for products

2,2',2"-(pent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.9)

Bpin The product was purified by flash column chromatography

pinB ~  using as eluent a mixture of pentane/ethyl acetate (10:1). The
2.9 Bpin product 2.9 was obtained as colourless oil (43.7 mg, 65%).

1H NMR(400 MHz, CDCls) & = 5.79 (ddt, ] = 17.1, 10.1, 7.0 Hz, 1H), 5.00-4.85 (m,
2H), 2.21 (t, ] = 6.8 Hz, 2H), 1.44 (dt, ] = 9.8, 6.8 Hz, 1H), 1.21 (s, 12H), 1.20 (s,
24H), 0.88 (d, ] = 9.8 Hz, 1H).

13CNMR (100 MHz, CDCI3) §=138.9,115.1, 83.0,82.9,82.8,37.6, 25.1, 25.0, 24.9,
24.8, 24.8, 24.7.

11B NMR (128 MHz, CDCl3) 6 = 33.8.

HRMS-(ESI*) for C23H44B306 [M-H]*: calculated: 449.3417, found: 449.3426.
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2,2'-(octa-1,7-diene-4,5-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)

(2.10)
Bpin The product was purified by flash column chromatography
= ~ using as eluent a mixture of pentane/ethyl acetate (20:1).
Bpin 1H NMR (400 MHz, CDCl3) 8 = 5.76 (ddt, ] = 17.1, 10.1, 6.9 Hz,
2.10

2H), 4.98 - 4.88 (m, 2H), 4.84 (ddt, ] = 10.1, 2.3, 1.1 Hz, 2H),
2.21-2.03 (m, 4H), 1.19 - 1.24 (26H).

13C NMR (100 MHz, CDCl3) & = 139.1, 114.8, 34.7, 31.0, 25.2, 25.1, 25.0, 24.8.

11B NMR (128 MHz, CDCls) & = 33.6.

HRMS (ESI) for C53Hs7B204 [M+H*]*: calculated: 363.2872, found: 363.2883.

2,2'-(octa-1,7-diene-4,5-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)

(2.10°)

The product was purified by flash column chromatography

using as eluent a mixture of pentane/ethyl acetate (20:1).
Bpin ~1H NMR(400 MHz, CDCls) & = 5.74 (ddt, ] = 17.0, 10.2, 6.9 Hz,

sro O™ 2H), 4.98 - 4.90 (m, 2H), 4.84 (ddt, ] = 10.1, 2.4, 1.2 Hz, 2H),

2.28 - 2.14 (m, 2H), 1.16 (m, 26H).

13C NMR (100 MHz, CDCl3) 6 = 139.1, 114.9, 83.0, 34.3, 25.2, 24.8.

11B NMR (128 MHz, CDCl3) & = 33.9.

HRMS (ESI) for C23H37B204 [M+H+]*: calculated: 363.2872, found: 363.2885.
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2,2',2"-(5,5-difluoropent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.11)
Bpin F The product was purified by flash column chromatography
pinB F using as eluent a mixture of pentane/ethyl acetate (10:1).
2.11 Bpin The product 2.11 was obtained as a white solid (53.7 mg,
74%).
1H NMR(400 MHz, CDCl5) & = 4.16 (dt, ] = 25.7, 8.0, 7.9 Hz, 1H), 2.11 (dd, ] = 8.0,
7.0 Hz, 2H), 1.39 (t,] = 9.7, 7.0 Hz, 1H), 1.21 (s, 12H), 1.20 (s, 24H), 0.84 (d, ] =
9.7 Hz, 1H).
13C NMR (100 MHz, CDCl3) 6 = 156.0 (t, }Jc.r = 287.706), 83.1, 83.1, 83.0, 78.1 (t,
2Jc.p =20.6 Hz), 25.7 (d,3)c.r = 4.0 Hz), 25.1, 25.0, 24.9, 24.8, 24.8, 19.8, 10.6.
11B NMR (128 MHz, CDCl3) & = 33.4.
19F NMR (377 MHz, CDCl5) 6 = -89.61 (dd, ] = 48.7, 7.9 Hz), -91.79 (dd, ] = 49.2,
25.7 Hz).
HRMS-(ESI+) for C23H42B3F206 [M+H]*: calculated: 485.3223, found: 485.3238.

2,2',2"-(4-methylpent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.12)

The product was purified by flash column chromatography

Bpin
pinBWCHs using as eluent a mixture of pentane/ethyl acetate (10:1).
2.12 Bpin The product 2.12 was obtained as colourless oil (40.2 mg,
58%).

H NMR(400 MHz, CDCl3) 6 = 4.66 (bs, 2H), 2.31 - 2.01 (m, 2H), 1.69 (s, 3H), 1.53
(td, ] =8.6,7.2 Hz, 1H), 1.21 (s, 12H), 1.21 (s, 12H), 1.21(s (12H) 0.81 (d,] = 8.6
Hz, 1H).

13CNMR (100 MHz, CDCI3) 6 = 146.1,110.6, 83.0,83.0, 82.9, 38.3, 25.1, 25.0, 25.0,
24.9,22.5.

11B NMR (128 MHz, CDCl3) 6 = 33.7.

HRMS-(ESI+) for C26H4sB306 [M-H]*: calculated: 461.3417, found: 461.3414.
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2,2',2"-(4-cyclopentylpent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.13)

Bpin The product was purified by flash column

pinB chromatography using as eluent a mixture of
213 Bpin pentane/ethyl acetate (10:1). The product 2.13 was

obtained as a colourless 0il (39.5 mg, 51%).

1H NMR(400 MHz, CDCI3) 6 = 4.70 - 4.66 (bs, 2H), 2.47 - 2.37 (m, 1H), 2.20 -

2.14 (m, 2H), 1.88 - 1.71 (m, 3H), 1.65 - 1.50 (m, 5H), 1.37 - 1.33 (m, 1H), 1.20

(s, 24H), 1.19 (s, 6H), 1.19 (s, 6H), 0.83 (d, ] = 9.3 Hz, 1H).

13CNMR (100 MHz, CDCl3) 6§ =153.3,107.3,82.9,82.8,82.8,45.2,40.2,31.6, 31.3,

25.1, 25.0, 25.0, 25.0, 24.9, 24.8, 24.8, 24.7.

11B NMR (128 MHz, CDCl3) & = 33.4.

HRMS-(ESI+) for C2sHs0B306 [M-H]*: calculated: 515.3886, found: 515.3882.

2,2',2"-(4-benzylpent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.14)

Bpin The product was purified by flash column chromatography

pinBWPh using as eluent a mixture of pentane/ethyl acetate (10:1).

2.14 Bpin The product 2.14 was obtained as white solid (54.9 mg,
68%).
1H NMR (400 MHz, CDCl3) 6 = 7.33 - 7.07 (m, 5H), 4.83 (s, 1H), 4.60 (s, 1H), 3.33
(s,2H), 2.14 (d,] = 8.2 Hz, 2H), 1.62 (dt,] =8.7, 8.4 Hz, 1H), 1.22 (s, 12H), 1.20 (s,
12H), 1.17 (s, 6H), 1.14 (s, 6H), 0.84 (d,] = 9.5 Hz, 1H).
13CNMR (100 MHz, CDCl3) 6 =149.2,140.4,129.3,128.1,125.7,112.0, 82.9, 82.9,
82.8,42.5,39.7,25.1, 25.1, 24.9, 24.9, 24.8, 24.6.
11B NMR (128 MHz, CDCl3) & = 33.2.
HRMS-(ESI+) for C30Hs0B30¢ [M+H]*: calculated: 539.3881, found: 539.3891.
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2,2',2"-(4-methylenehept-6-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.15)

Bpin The product was purified by flash column

pinBW chromatography using as eluent a mixture of

2.15 Bpin pentane/ethyl acetate (15:1). The product 2.15 was
obtained as a colourless liquid (17.1 mg, 31%).
1H NMR(400 MHz, CDCl3) § =5.77 (ddt,] =17.1,10.1, 7.0 Hz, 1H), 5.02 - 4.87 (m,
2H), 4.74 (s, 1H), 4.66 (s, 1H), 2.69 (d, ] = 7.0 Hz, 2H), 2.11 (d,] = 7.0 Hz, 2H), 1.52
- 1.44 (m, 1H), 1.14 (s, 24H), 1.13 (s, 12H), 0.76 (d, ] = 10.5 Hz, 1H).
13C NMR (100 MHz, CDCI3) 6 = 148.4, 137.0, 115.7, 110.8, 83.0, 82.9, 82.8, 40.3,
40.1, 25.1, 25.1, 24.9, 24.9, 24.8, 24.7.
11B NMR (128 MHz, CDCls) & = 33.5.
HRMS (ESI) for C26H4gB30s [M+H*]*: calculated: 489.3725, found: 489.3727.

2,2',2"-(4-mesitylpent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.16)

Bpin The product was purified by flash column

pinBW chromatography using as eluent a mixture of

2.16 Bpin pentane/ethyl acetate (10:1). The product 2.16 was
obtained as colourless oil (62.0 mg, 73%).
1H NMR(400 MHz, CDCI3) 6 = 6.81 (s, 2H), 5.25 (s, 1H) , 4.75 (s, 1H), 2.37 - 2.27
(m, 2H), 2.25 (s, 3H), 2.22 (s, 3H), 2.20 (s, 3H), 1.68 (td, ] = 8.8, 5.7 Hz, 1H) , 1.23
(s, 12H), 1.22 (s, 12H), 1.20 (s, 6H), 1.19 (s, 6H), 1.00 (d, ] = 8.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) 6 = 149.2, 141.3, 135.4, 135.4, 135.1, 128.0, 127.9,
112.3,83.0,82.9, 82.9, 39.9, 25.2, 25.1, 25.0, 24.8, 24.7, 24.6, 21.0, 19.8, 19.7.
11B NMR (128 MHz, CDCl3) 6 = 33.1.

HRMS-(ESI+) for C32Hs4B30¢ [M+H]*: calculated: 567.4194, found: 567.4213.
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2,2',2"-(2-(cyclohex-2-en-1-yl)ethane-1,1,2-triyl)tris(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.17)

Boi The product was purified by flash column chromatography
pin

pinB using as eluent a mixture of pentane/ethyl acetate (10:1).
2.17 Bpin The product 2.17 was obtained as colourless oil in a mixture

of diastereoisomers 1:1 (49 mg, 67%).

1H NMR(400 MHz, CDCl3) 6 = 5.71 - 5.54 (m, 4H), 2.34 - 2.27 (m, 1H), 2.21 -

2.14 (m, 1H), 1.90 (dd, ] = 6.9, 3.6 Hz, 4H), 1.74 (ddt, ] = 10.3, 7.5, 2.8 Hz, 5H),

1.58 - 1.38 (m, 5H), 1.19 (s, 72H), 1.10 (d, ] = 11.4 Hz, 1H), 1.03 (d, ] = 11.2 Hz,

1H).

13C NMR (100 MHz, CDCl3) 6 = 133.6, 131.4,127.0, 126.1, 82.9, 82.9, 82.9, 82.8,

82.8,40.1,38.7,29.3,26.8, 25.6, 25.6, 25.4, 25.2, 25.2, 25.2, 25.1, 24.9, 24.8, 24.8,

24.7,24.6,24.5,24.5,22.9,22.7.

11B NMR (128 MHz, CDCls) & = 33.8.

HRMS (ESI) for C26H4sB306 [M-H]*: calculated: 489.3730, found: 489.3738.

2,2',2"-(4-bromopent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.18)

Bpin The product was purified by flash column chromatography
pinBWBr using as eluent a mixture of pentane/ethyl acetate (10:1). The
2.18 Bpin

product 2.18 was obtained as colourless oil (41.8 mg, 55%).
1H NMR (400 MHz, CDCls) § = 5.53 (d, ] = 1.4 Hz, 1H), 5.36 (d, ] = 1.5 Hz, 1H), 2.65
(ddd, ] = 15.0, 7.3, 1.2 Hz, 1H), 2.55 (dd, ] = 7.5, 1.1 Hz, 1H), 1.69 - 1.61 (m, 1H),
1.21 (s,] = 2.0 Hz, 37H), 0.85 (d, ] = 7.4 Hz, 1H).

13CNMR (100 MHz, CDCl3) § =135.3,116.9,83.0,82.9,82.8,44.2, 25.0, 24.9, 24.8,
24.8,24.6, 24.5.

11B NMR (128 MHz, CDCl3) 6 = 34.1.

HRMS (ESI) for C23H42B3BrOs [M-H]*: calculated: 527.2522, found: 257.2533.
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2,2',2"-(4-(bromomethyl)pent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.19)

Bpin The product was purified by flash column chromatography

pinBWBr using as eluent a mixture of pentane/ethyl acetate (10:1).
219 Bpin The product 2.19 was obtained as white solid (33.2 mg,

41%).

1H NMR(400 MHz, CDCls) § = 5.12 (s, 1H), 4.97 (s, 1H), 4.07-3.90 (m, 2H), 2.39-

2.25 (m, 2H), 1.50 (q, ] = 8.5 Hz, 1H), 1.22 (s, 12H), 1.21 (s, 12H), 1.20 (s, 12H),

0.80 (d, ] = 8.9 Hz, 2H).

13C NMR (100 MHz, CDCl3) 6 = 135.4, 117.0, 83.2, 83.0, 82.9, 44.4, 25.2, 25.1,

25.0,24.9, 24.8, 24.7,18.1,11.9.

11B NMR (128 MHz, CDCl5) & = 33.9.

HRMS (ESI) for C24H4sB3 BrOg [M+H]*: calculated: 541.2673, found: 541.2689.

2,2',2"-(4-(chloromethyl)pent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.20)

Bpin The product was purified by flash column chromatography

pinBWm using as eluent a mixture of pentane/ethyl acetate (10:1).
2.20 Bpin

The product 2.20 was obtained as colourless oil (32.0 mg,
43%).
1H NMR(400 MHz, CDCl3) & = 5.02 (s, 1H), 4.96 (s, 1H), 4.12 - 3.98 (m, 2H), 2.33
- 2.23 (m, 2H), 1.51 (dt, ] = 6.7 Hz, 7.0 Hz, 1H), 1.21 (s, 12H), 1.21 (s, 12H), 1.19
(s, 12H), 0.82 (d,] = 7.0 Hz, 1H).
13CNMR (100 MHz, CDCI3) 6 = 145.5,115.1, 83.0,83.0,82.9,29.1, 27.7, 25.1, 25.0,
24.9,24.9,24.8,24.7.
11B NMR (128 MHz, CDCl3) 6 = 33.4.
HRMS (ESI) for C24H45B3Cl06 [M+H]*: calculated: 497.3178, found: 497.3197.
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2,2',2"-(3-(bromomethyl)pent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.21)

Bpin gr The product was purified by flash column chromatography

- _— using as eluent a mixture of pentane/ethyl acetate (10:1). The

2.21 Bpin product was was purified by flash column chromatography
using as eluent a mixture of pentane/ethyl acetate (20:1). The product 2.21A
was obtained as colourless oil (21 mg, 26%). The product 2.21B was obtained
as colourless oil (22 mg, 27%).
1H NMR(400 MHz, CDCl3) 2.21A 6 = 5.70(ddd,]=17.0,10.3,8.9 Hz, 1H), 5.16 -
4.98 (m, 2H), 3.70 (dd, ] = 9.8, 3.2 Hz, 1H), 3.37 (t,] = 10.0 Hz, 1H), 2.64 (tdd, ] =
9.7,6.8,3.1Hz, 1H), 1.53 (dd, ] =9.1, 7.0 Hz, 1H), 1.24 (s, 12H), 1.23 (s, 12H), 1.20
(s, 12H), 0.92 (d,] = 9.0 Hz, 1H).
13C NMR (100 MHz, CDCl3) 2.21A 6 = 139.9, 120.2, 85.2, 85.0, 84.9, 53.6, 50.4,
27.3,27.1,27.0,26.7,26.7, 26.6.
1B NMR (128 MHz, CDCl3) 2.21A 6 = 34.1.

HRMS (ESI) for C24H45B3BrO¢ [M+H]*: calculated: 541.2673, found: 541.2691.

1H NMR(400 MHz, CDCl3) 2.21B 6 = 5.57 (ddd, ] = 17.0, 10.3, 8.9 Hz, 1H), 5.55
(m, 2H), 3.52 (m, 2H), 2.51 (tt, ] = 9.3, 4.6 Hz, 1H), 1.64 (dd, ] = 11.3, 3.9 Hz, 1H),
1.23 (s, 12H), 1.21 (s, 12H), 1.20 (s, 12H), 0.99 (d, ] = 11.3 Hz, 1H).

13C NMR (100 MHz, CDCl3) 2.21B 6 =138.7, 115.3, 81.6, 81.5, 47.0, 46.0, 23.6,
23.5,23.3,23.3,23.2.

11B NMR (128 MHz, CDCl3) 2.21B § = 33.9.

HRMS (ESI) for C24H4sB3BrOs [M+H]*: calculated:541.2673, found: 541.2678.
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2,2',2"-(3-(chloromethyl)pent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.22)

The product was purified by flash column chromatography

. _Cl
Bpin using as eluent a mixture of pentane/ethyl acetate (10:1). The

pinB

222 Bpin product was was purified by flash column chromatography

using as eluent a mixture of pentane/ethyl acetate (20:1). The
product 2.22A was obtained as colourless oil (33.5 mg, 45%). The product
2.22B was obtained as colourless oil (31.3 mg, 42%).
1H NMR(400 MHz, CDCl3) 2.22A 6 = 5.58(ddd,]=16.9,10.4,9.3 Hz, 1H), 5.17 -
5.02 (m, 2H), 3.70 - 3.58 (m, 2H), 2.46 (m, 1H), 1.62 (dd, ] = 11.4, 3.9 Hz, 1H),
1.23 (s, 12H), 1.21 - 1.20 (s, 24H), 0.99 (d, ] = 11.4 Hz, 1H).
13C NMR (100 MHz, CDCl3) 2.22A § = 140.3,116.8, 83.2, 83.1, 49.6, 47.5, 25.2,
25.1,24.9,24.8, 24.8.
11B NMR (128 MHz, CDCl3) 2.22A 6 = 34.5.
HRMS (ESI) for C24H45B3C106 [M+H]*: calculated: 497.3178, found: 497.3186.

1H NMR(400 MHz, CDCl3) 2.22B 8§ = 5.57 (ddd, ] =16.9,10.4, 9.3 Hz, 1H), 5.24 -
498 (m, 2H), 3.80 - 3.58 (m, 2H), 2.46 (m, 1H), 1.61 (dd, ] = 11.4, 3.9 Hz, 1H),
1.25 (s, 12H) 1.23 (s, 12H), 1.20 (s, 12H) 0.99 (d, ] = 11.4 Hz, 1H).

13C NMR (100 MHz, CDCl3) 2.22B 6 = 138.2, 118.5, 83.5, 83.3, 83.2, 51.8, 48.7,
25.6,25.4,25.3,25.0, 24.9, 24.9.

1B NMR (128 MHz, CDCl3) 2.22B & = 34.8.

HRMS (ESI) for C24H4sB3Cl06 [M+H]*: calculated: 497.3178, found: 497.3186.
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(E)-2,2',2"-(hex-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.23)

Bpin The product was purified by flash column chromatography
Pi:.'zs L using as eluent a mixture of pentane/ethyl acetate (30:1).

The product 2.23 was obtained as a colourless liquid (27.7

mg, 40%).
1H NMR(400 MHz, CDCl5) & = 5.47 - 5.30 (m, 2H), 2.21 - 2.07 (m, 2H), 1.59 (d, ]
= 5.0 Hz, 3H), 1.44 - 1.39 (m, 1H), 1.21 (s, 12H), 1.20 (s, 24H), 0.89 (d, ] = 10.3
Hz, 1H).
13CNMR (100 MHz, CDCl3) § =131.3,125.4,82.9,36.2,25.1, 25.0, 24.9, 24.8, 24.8,
18.0.
1B NMR (128 MHz, CDCl3) 6 = 34.5

HRMS (ESI) for C24H46B306 [M+H*]*: calculated: 463.3568, found: 463.3583.

2,2',2"-(3-methylpent-4-ene-1,1,2-triyl)tris(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane)(2.24)
Bpin The product was purified by flash column chromatography
pinB _ = using as eluent a mixture of pentane/ethyl acetate (30:1).
224 Bein The product 2.24 was obtained as a colourless liquid (17.9
mg, 26%).
H NMR(400 MHz, CDCI3) 6 = 5.85 (ddd, ] = 17.6, 10.2, 7.7 Hz, 1H), 4.98 - 4.82
(m, 2H), 3.76 - 3.58 (m, 1H), 2.39 - 2.26 (m, 1H), 1.44 - 1.36 (m, 1H), 1.22 (s,
24H),1.21 (s, 12H), 0.98 (d,/ = 6.8 Hz, 3H), 0.97 (d, J = 10.3 Hz, 1H).
13CNMR (100 MHz, CDCI3) 6 = 145.7,112.3,82.9,82.8,41.1, 29.8, 25.4, 25.1, 25.0,
24.8,24.8,24.7,17.9.
11B NMR (128 MHz, CDCl3) 6 = 33.7
HRMS (ESI) for C24H4sB3NaOg [M+Na+]*: calculated: 485.3388, found: 485.3385.
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2,2'-(2-methylocta-1,7-diene-4,5-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (2.25)

Bpin The product was purified by flash column chromatography

~ using as eluent a mixture of pentane/ethyl acetate (20:1).

2.25 Bpin The product 2.25A was obtained as colourless oil (25%). The
product 2.25B was obtained as colourless oil (29%).

1H NMR(400 MHz, CDCl3) 2.25A 6 = 5.80 (ddt,] =17.1, 10.1, 7.0 Hz, 1H), 5.03 -
497 (m, 2H), 4.94 - 4.87 (m, 2H), 4.68 (brs, 2H), 2.34 - 2.23 (m, 1H), 2.20 - 2.13
(m, 3H), 1.68 (s, 3H), 1.39 - 1.29 (m, 1H), 1.23 (s, 6H), 1.22 (s, 12H), 1.22 (s, 6H),
1.14 (dt,J = 8.7, 6.3 Hz, 1H).

13C NMR (100 MHz, CDCl3) 2.25A 6 = 145.9,139.2,114.7,110.5, 82.9, 82.8, 38.2,
34.5,25.0, 24.9, 24.8, 24.7, 22.4.

11B NMR (128 MHz, CDCl3) 2.25A 6 = 34.3.

HRMS (ESI) for C21H39B204 [M-H]*: calculated: 377.3034, found: 377.3035.

1H NMR(400 MHz, CDCl3) 2.25B § = 5.76 (ddt,] =17.1, 10.1, 6.9 Hz, 1H), 4.98 -
4.88 (m, 1H), 4.87 - 4.79 (m, 1H), 4.66 - 4.57 (m, 2H), 2.16 - 2.07 (m, 3H), 2.01
(dd, ] = 14.0, 5.6 Hz, 1H), 1.64 (s, 3H), 1.36 - 1.29 (m, 1H), 1.22 - 1.09 (m, 1H),
1.16 (s, 12H), 1.15 (s, 12H).

13C NMR (100 MHz, CDCl3) 2.25B & = 146.0,139.0, 114.6, 110.4, 82.9, 38.6, 34.6,
24.9,24.94 22.6.

1B NMR (128 MHz, CDCl3) 2.25B § = 34.2.

HRMS (ESI) for C21H39B204 [M-H]*: calculated: 377.3034, found: 377.3037.
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2,2'-(1,1-difluoroocta-1,7-diene-4,5-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane)(2.26)

Bpin The product was purified by flash column

A = chromatography using as eluent a mixture of

F 226 Bpln pentane/ethyl acetate (20:1). The product 2.26A was
obtained as colourless oil (33%). The product 2.26B was obtained as colourless
oil (50%).

1H NMR(400 MHz, CDCl3) 2.26A 6 = 5.79 (ddt,] = 17.0, 10.1, 6.9 Hz, 1H), 5.05 -
4.87 (m, 2H), 4.16 (dtd, ] = 25.6, 7.9, 2.9 Hz, 1H), 2.35 - 2.22 (m, 1H), 2.20 - 2.06
(m, 3H), 1.28 - 1.20 (m, 26H).

13C NMR (100 MHz, CDCl3) 2.26A 6 =156.2 (t, 1Jcr=284.5 Hz), 138.9,115.1, 83.2,
83.2,78.2 (t, 2cr=20.7 Hz), 34.2, 25.1, 24.8, 24.8, 24.7, 22.6 (d, 3]c.r = 4.1 Hz).
19F NMR (377 MHz, CDCl3) 2.26A & = -89.6 (d, ] = 48.4 Hz), -91.5 (dd, ] = 48.4,
25.6 Hz).

1B NMR (128 MHz, CDCl3) 2.26A & = 33.7

HRMS (ESI) for C20H35B2F.04 [M+H+*]*: calculated: 399.2684, found: 399.2695.

1H NMR(400 MHz, CDCl;) 2.26B (major) 6 = 5.79 - 5.68 (m, 1H), 4.98 - 4.81 (m,
2H), 4.12 (dtd, ] = 25.6, 8.0, 2.8 Hz, 1H), 2.23 - 2.11 (m, 1H), 2.11 - 1.97 (m, 3H),
1.19 - 1.13 (m, 2H), 1.16 (s, 12H), 1.16 (s, 12H).

13C NMR (100 MHz, CDCls) 2.26B (major) & = 156.0 (t, 1jcr= 284.0 Hz), 138.8,
114.9, 83.0,83.0, 78.1 (t, ZJcr= 20.7 Hz), 34.1, 24.7, 25.0, 24.6, 22.5 (d, 3]Jcr= 4.2
Hz).

11B NMR (128 MHz, CDCls) 2.26B (major) & = 33.6.

19F NMR (377 MHz, CDCl3) 2.26B (major) & = -89.5 (d, ] = 48.8 Hz), -91.6 (dd, J
= 48.8, 25.6 Hz).

HRMS (ESI) for C20H35B2F204 [M+H*]*: calculated: 399.2684, found: 399.2687.
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2,2'-(1,1-difluoro-7-methylocta-1,7-diene-4,5-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.27)

_ The product was purified by flash column chromatography
o 1 using as eluent a mixture of pentane/ethyl acetate (20:1).
2.27 Bpin The product 2.27A was obtained as colourless oil (23%).
The product 2.27B was obtained as colourless oil (29%).
1H NMR(400 MHz, CDCl3) 2.27A § = 4.69 (s, 1H), 4.68 (s, 1H), 4.20 (dtd, ] = 25.6,
7.9, 2.8 Hz, 1H), 2.25 - 2.16 (m, 1H), 2.13 - 2.03 (m, 3H), 1.70 (s, 3H), 1.40 (dt, ]
=10.0, 6.4 Hz, 1H), 1.23 (s, 12H), 1.21 (s, 12H), 1.17 - 1.10 (m, 1H).
13C NMR (100 MHz, CDCl3) 2.27A 6§ = 145.8,110.7, 83.2,83.1, 78.4 (t, lcr= 22.4
Hz), 38.4, 25.0, 25.0, 25.0, 24.9 (d, ?Jc.r= 4.0 Hz), 22.6.
19F NMR (377 MHz, CDCls) 2.27A 8 =-89.72 (d, ] = 47.4 Hz), -91.47 (dd, ] = 47.4,
25.5 Hz).
11B NMR (128 MHz, CDCl3) 2.27A § = 33.6.

HRMS (ESI) for C21H37B2F,04 [M+H]*: calculated: 413.2841, found: 413.2840.

1H NMR(400 MHz, CDCl3) 2.27B (major) & = 4.62 (s, 2H), 4.10 (dtd, ] = 25.6, 8.0,
2.8 Hz, 1H), 2.20 - 2.00 (m, 4H), 1.62 (s, 3H), 1.28 - 1.23 (m, 1H), 1.16 (s, 12H),
1.15 (s, 12H), 1.06 - 1.01 (m, 1H).

13C NMR (100 MHz, CDCl3) 2.27B (major) § = 145.8, 110.9, 83.1, 83.1, 784 (t,
Jer=20.7 Hz), 38.2, 25.1, 25.0, 24.9, 24.8, 23.1 (d, ?Jc.r= 4.0 Hz), 22.4.

19F NMR (377 MHz, CDCl3) 2.27B (major) 6 =-89.68 (d, ] = 48.9 Hz), -91.74 (dd,
] =48.9, 25.5 Hz).

11B NMR (128 MHz, CDCl3) 2.27B (major) 6 = 33.5.

HRMS (ESI) for C21H37B2F204 [M+H]*: calculated: 413.2841, found: 413.2846.
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2,2'-(7-bromo-1,1-difluoroocta-1,7-diene-4,5-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.28)
Br  Bpin F The product was purified by flash column chromatography
F using as eluent a mixture of pentane/ethyl acetate (20:1).
228 Bpin The product 2.28A was obtained as colourless oil (19%).
The product 2.28B was obtained as colourless oil (25%).
1H NMR(400 MHz, CDCl3) 2.28A 6 = 5.59 (br's, 1H), 5.38 (d, ] = 1.6 Hz, 1H), 4.23
(dtd, ] = 25.6, 8.0, 2.8 Hz, 1H), 2.64 (ddd, ] = 15.0, 9.1, 1.2 Hz, 1H), 2.48 (ddd, ] =
14.9, 6.3, 1.2 Hz, 1H), 2.15 - 2.03 (m, 2H), 1.65 - 1.52 (m, 1H), 1.24 - 1.21 (m,
25H).
13C NMR (100 MHz, CDCl3) 2.28A = 135.08, 117.07, 82.94, 82.83, 78.0 (t, ?Jc.r=
22.0 Hz), 41.53, 24.61, 24.54, 24.52, 22.8 (d, Jc.r = 4.8 Hz).
19F NMR (377 MHz, CDCl3) 2.28A § =-89.42 (d,] = 49.3 Hz),-91.33 (dd, ] = 49.3,
25.4 Hz).
1B NMR (128 MHz, CDCl3) 2.28A § = 34.4.
HRMS (ESI) for CyoHs3B:BrF,NaOs [M+Na*]*: calculated: 499.1609, found:
499.1605.

1H NMR(400 MHz, CDCl3) 2.28B (major) & = 5.58 (brs, 1H), 5.38 (d, ] = 1.4 Hz,
1H), 4.18 (dtd, J = 25.6, 8.5, 7.4, 2.8 Hz, 1H), 2.66 - 2.54 (m, 2H), 2.27 - 2.06 (m,
2H), 1.49 (td,] = 7.8, 5.0 Hz, 1H), 1.23 (s, 12H), 1.23 (s, 12H), 1.09 (td, ] = 7.7, 4.8
Hz, 1H).

13C NMR (100 MHz, CDCl3) 2.28B (major) § = 135.5, 117.4, 83.3, 83.2, 78.4 (t,
?Jcr=21.2 Hz), 41.95, 25.03, 24.97, 24.95, 24.93, 23.23 (d, 3]c.r= 4.1 Hz).

19F NMR (377 MHz, CDCl3) 2.28B (major) 6 =-89.48 (d, ] = 48.8 Hz)-91.62 (dd,
] =48.8, 25.3 Hz).

11B NMR (128 MHz, CDCl3) 2.28B (major) 6 = 34.4

HRMS (ESI) for CyoH33B;BrF;NaO. [M+Na+*]+: calculated: 499.1609, found:
499.1603.
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2,2'-(1,1-difluoro-7-mesitylocta-1,7-diene-4,5-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.29)

Bpin The product was purified by flash column

FW chromatography using as eluent a mixture of

F 229 Bpin pentane/ethyl acetate (20:1). The product 2.29A
was obtained as colourless oil (44%). The product 2.29B was obtained as
colourless oil (21%).
1H NMR(400 MHz, CDCl3) 2.29A (major) & = 6.83 (s, 2H), 5.20 (d, ] = 1.9 Hz, 1H),
4.76 (d, ] = 1.7 Hz, 1H), 4.19 (dtd, ] = 25.5, 8.0, 2.8 Hz, 1H), 2.42 - 2.10 (m, 4H),
2.26 (s, 3H), 2.22 (s, 3H), 2.19 (s, 3H), 1.49 (dt,] =9.9, 5.0 Hz, 1H), 1.29 - 1.18
(m, 1H), 1.24 (s, 6H), 1.23 (s, 6H), 1.21 (s, 6H), 1.19 (s, 6H).
13C NMR (100 MHz, CDCl3) 2.29A (major) 6 = 149.2,141.0, 135.4 (t, YJcr=30.8
Hz), 128.1,128.0, 112.2, 83.3, 83.2, 78.5 (t, 2Jc.r = 20.8 Hz), 36.8, 25.2, 25.0, 25.0,
24.6,23.1 (d, 3Jcr=4.1 Hz), 21.1, 19.8, 19.8.
19F NMR (377 MHz, CDCl3) 2.29A (major) & =-89.66 (d, ] = 48.7 Hz), -91.57 (dd,
] =48.7,25.6 Hz).
11B NMR (128 MHz, CDCl3) 2.29A (major) 6 = 34.4.
HRMS (ESI) for C29H4sB2F204 [M+H]*: calculated:517.3467, found: 517.3467.

1H NMR(400 MHz, CDCls) 2.29B 6 = 6.82 (s, 2H), 5.22 (d,] = 1.8 Hz, 1H), 4.76 (d,
] = 1.6 Hz, 1H), 4.17 (dtd, ] = 25.4, 7.9, 2.8 Hz, 1H), 2.40 - 2.30 (m, 1H), 2.26 (s,
3H), 2.22 (s, 3H), 2.20 - 2.07 (m, 6H), 1.54 (td,] = 7.0, 3.4 Hz, 1H), 1.26 - 1.17 (m,
1H), 1.24 (s, 12H), 1.20 (s, 12H).

13CNMR (100 MHz, CDCI3) 2.29B 6 =149.2,140.8, 135.2 (t, {Jcr= 30.8 Hz), 128.0,
127.8,112.2,83.1, 78.1 (t, ?Jcr= 21.4 Hz), 37.0, 25.1, 24.8, 24.8, 24.7, 22.9 (d, 3]c.
r=4.2 Hz), 20.9, 19.6, 19.6.

19F NMR (377 MHz, CDCl3) 2.29B 6 =-89.55 (d, /=47.8 Hz),-91.19 (dd, ] = 47.8,
25.4 Hz).

11B NMR (128 MHz, CDCl3) 2.29B § = 34.4.

HRMS (ESI) for C29Ha5B2F204 [M+H]*: calculated:517.3467, found: 517.3465.
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2,2'-((1R,2S)-4-methylenecyclopentane-1,2-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.30)

The product was purified by flash column chromatography using
_ L? as eluent a mixture of pentane/ethyl acetate (30:1). The product
Bein 2.30 was obtained as a white solid (13.5 mg, 27%).
1H NMR(400 MHz, CDCI3) 6 = 5.01 - 4.60 (m, 2H), 2.45 - 2.33 (m,
4H), 1.56 (td, ] = 5.5, 2.9 Hz, 2H), 1.23 (s, 12H), 1.22 (s, 12H).
13C NMR (100 MHz, CDCl3) 6 = 153.9, 104.1, 83.1, 36.0, 25.0, 24.8.
11B NMR (128 MHz, CDCls) & = 34.5.

HRMS (ESI) for C18H33B204 [M+H]*: calculated: 335.2564, found: 335.2561.

2.30 BPin

2,2'-((1R,2R)-4-methylenecyclopentane-1,2-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (2.31)

The product was purified by flash column chromatography using
ﬁ as eluent a mixture of pentane/ethyl acetate (30:1). The product
Bpin épin 2.31 was obtained as a white solid (20.6 mg, 41%).
1H NMR(400 MHz, CDCl3) 6 = 4.73 (tt, ] = 2.7, 1.7 Hz, 2H), 2.45 -
2.34 (m, 2H), 1.30 - 1.22 (m, 2H), 1.16 (s, 24H).
13C NMR (100 MHz, CDCl3) 6 = 155.1, 103.7, 83.0, 36.7, 24.8.
1B NMR (128 MHz, CDCl3) & = 34.7.

HRMS (ESI) for C1gH33B204 [M+H]*: calculated: 335.2559, found: 335.2560.

2.31

(1R,2S)-4-methylenecyclopentane-1,2-diol (2.32)
The product was purified by flash column chromatography using as

ﬁ eluent a mixture of dichloromethane /methanol (20:1). The product
HO

OH 2.32 was obtained as a colourless liquid (10.7 mg, 94%).
2,32

1H NMR(400 MHz, CDCl3) & = 4.93 (s, 2H), 4.05 (s, 2H), 2.50 (dd, ] =
191.8, 15.0 Hz, 4H), 2.45 (s, 2H).
13C NMR (100 MHz, CDCls) & = 144.9, 108.9, 78.0, 38.7.
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(1R,2R)-4-methylenecyclopentane-1,2-diol (2.33)

The product was purified by flash column chromatography using as
eluent a mixture of dichloromethane /methanol (20:1). The product
HO 2.33 was obtained as a colourless liquid (15.2 mg, 89%).
1H NMR(400 MHz, CDCI3) 6 =4.93 (p,] = 2.3 Hz, 2H), 4.48 - 3.52 (m,
2H), 3.45 - 1.87 (m, 4H), 2.60 (br s, 2H).

13C NMR (100 MHz, CDCI3) 6 = 140.8, 105.0, 74.0, 34.7.

2.33 OH

6.2.6 X-Ray single-crystal diffraction analysis for 2.8

Figure 6.1. X-ray diffraction structure of 1,1,1’,1’-tetrapinacolborylethane.

This compound crystallizes in the monoclinic space group P2¢/n. The
asymmetric unit contains one molecule of the expected compound which shows
highly disordered five membered rings (pseudo-rotation). The structure is of
acceptable quality (no A- or B-alerts) and publishable with a R1 value of 8.67 %.
CCDC number 2284601.
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Table 6.1. Crystal data and structure refinement for mo_RJ578RT_Om_5.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

117.689(8)°.

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole
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mo_RJ578RT _Om_5

C13 H25 B2 04

266.95

298(2) K

0.71073 A

Monoclinic

P2i/n

a=117133) A o= 90°.
b=13.154(3) A B=

c=12.284(3) A vy =90°.
1675.9(8) A3

4

1.058 Mg/m?

0.074 mm-

580

0.200 x 0.150 x 0.100 mm?

1.986 to 27.535°.

-15<=h<=13, 0<=k<=16, 0<=I<=15
7243

7243 [R(int) = 7]

100.0 %

None

Full-matrix least-squares on F2
7243 /284 / 334

1.108

R1 =0.0867, wR2 = 0.2556

R1 =0.1699, wR2 = 0.3042

n/a

0.315 and -0.220 e.A3
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6.3 Experimental section for Chapter 3

6.3.1 General procedure for 1,2-dialkylation

1. ‘BuLi (1.1 equiv)

Ph THF, -78°C to rt
% 30min-16h Ph
Bpin >|\/i\
Bo
3.9 2. RX (1.5 equiv) R
r,5h

A flame dried 100 mL round-bottom flask equipped with a magnetic stir bar was
charged with 4,4,5,5-tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane (3.9)
(69.5 mg, 0.3 mmol, 1.0 equiv.) in dried THF (2 mL), then sealed with a rubber
septum and put under a nitrogen atmosphere at -78°C. A solution of tert-
butyllithium reagent (0.19 mL, 0.33 mmol, 1.1 equiv.) in hexane (1.7 M) was
added dropwise and the reaction mixture was stirred for 30 minutes at -78 °C
and then stirred at room temperature for 16 h. The reagent RX (0.45 mmol, 1.5
equiv.) was added dropwise, and the reaction mixture was stirred for 5 h at
room temperature. Finally, the reaction was quenched by addition of MeOH (5
mL) and extracted with Et;0 three times. The combined organic layers were
dried by addition of MgSO, filtered through Celite and concentrated under
reduced pressure. The NMR yield was calculated by comparison to an internal
standard (naphthalene). The crude product was purified by flash column
chromatography.

6.3.2 General procedure for alkylation/protonation

A flame dried 100 mL round-bottom flask equipped with a magnetic stir bar was
charged with 4,4,5,5-tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane (3.9)
(69.5 mg, 0.3 mmol, 1.0 equiv.) in dried THF (2 mL), then sealed with a rubber
septum and put under a nitrogen atmosphere at -78°C. A solution of tert-
butyllithium reagent (0.19 mL, 0.33 mmol, 1.1 equiv.) in hexane (1.7 M) was
added dropwise and the reaction mixture was stirred for 30 minutes at =78 °C

and then stirred at room temperature for 16 h. The reaction mixture was
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quenched by addition of MeOH (5 mL) and extracted with Et,0 three times. The
combined organic layers were dried by addition of MgSOy4 filtered through Celite
and concentrated under reduced pressure. The NMR yield was calculated by
comparison to an internal standard (naphthalene). The crude product was

purified by flash column chromatography.

6.3.3 General procedure for cyclopropanation

A flame dried Schlenk tube equipped with a magnetic stir bar was charged with
4,4,5,5-tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane (3.9) (69.5 mg, 0.3
mmol, 1.0 equiv.) in dried hexane (0.5 mL), then sealed with a rubber septum
and put under a nitrogen  atmosphere. A  solution  of
(trimethylsilyl)diazomethane (1.05 mL, 2.1 mmol, 7 equiv.) in hexane (2 M) was
added dropwise and the reaction mixture was stirred for 16 h at 80 °C. After the
reaction time, the solvent was evaporated in a rotatory evaporator and the NMR
yield was calculated by comparison to an internal standard (naphthalene). The

crude mixture was purified by silica gel chromatography.

6.3.4 General procedure for oxidation of boronic esters

A 50 mL round-bottom flask equipped with a magnetic stir bar was charged with
the boronic ester (0.2 mmol) in THF (2 mL). A solution of NaOH (1.00 mL, 3 M)
was added and the reaction mixture was stirred for 5 min. A solution of H20;
(2.00 mL, 33% v/v) was added dropwise and the reaction mixture was stirred
for 12 h. The crude was quenched with 2 mL of a saturated solution of Na;S,03
and extracted with diethyl ether. The organic phases were dried over MgSO4and
concentrated in a rotatory evaporator. The oxidized product was purified by

silica gel chromatography.
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6.3.5 General procedure for transborylation of alkenylboranes

A flame dried Schlenk tube equipped with a magnetic stir bar was charged with
4,4,5,5-tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane (3.9) (69.5 mg, 0.3
mmol, 1.0 equiv.) and bis-(+)-pinanediolato diboron (0.33 mmol, 1.1 equiv.) in
dried MeOH (2 mL), then sealed with a rubber septum and put under a nitrogen
atmosphere. The reaction mixture was stirred for 16 h at 90°C. After the
reaction time, the solvent was evaporated in a rotatory evaporator and the NMR
yield was calculated by comparison to an internal standard (naphthalene). The

crude mixture was purified by silica gel chromatography.

6.3.6 Characterization of tertiary boronic esters

2-(4,4-dimethyl-2-phenylpentan-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.12)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
If
B Bpin yielded the product 3.12 (68.2 mg, 75% yield) as white solid.
Me
3.12 1H NMR (CDCl3, 400 MHz, 6 ppm): 7.46 (dd, J = 8.4, 1.3 Hz, 2H),

7.26 (t,J] = 7.8 Hz, 2H), 7.16 -7.07 (m, 1H), 1.94 (d, J = 14.2 Hz, 1H), 1.72 (d, ] =
14.2 Hz, 1H), 1.47 (s, 3H), 1.18 (s, 6H), 1.17 (s, 6H), 0.86 (s, 9H).

13C NMR (CDCl3, 100 MHz, § ppm): 148.1, 128.0, 127.5, 125.2, 83.4, 52.7 32.4,
31.8,24.9,24.7, 23.2.

11B NMR (CDCl3, 128.3 MHz, § ppm): 34.1.

HRMS (ESI) for Ci9H31BO, [M+NH4]*: calculated: 320.2768, found: 320.2761.
M.p. = 69.8 °C.
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2-(5,5-dimethyl-3-phenylhexan-3-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.13)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
tBu\/i\Bpin yielded the product 3.13 (52.2 mg, 55% yield) as white solid.

352 1H NMR (CDClI3, 400 MHz, § ppm): 7.49 (dd, J = 8.4, 1.3 Hz, 2H),
7.29-7.21 (m, 2H), 7.13-7.08 (m, 1H), 1.99 (d, ] = 14.2 Hz, 1H),1.80 (m, 2H), 1.74
(d,J=14.2 Hz, 1H), 1.24 (2, 6H), 1.22 (2, 6H), 0.73 (s, 9H), 0.72 (t, ] = 7.4 Hz, 3H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.9, 129.2, 127.9, 125.2, 83.0, 48.9, 33.3,
31.7,30.8, 25.3,25.0, 11.1.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.7.
HRMS (ESI) for C20H33B0O2 [M+NH,4]*: calculated: 334.2924, found: 334.2917.
M.p.=73.1°C.
2,2'-(2,2,11,11-tetramethyl-4,9-diphenyldodecane-4,9-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) (3.14)
Flash column chromatography (pentane:EtOAc 100:0 to

‘Bu Pthin 100:3) yielded the product 3.14 (74.63 mg, 79 % yield) as
white solid.

Bpin 1H NMR (CDCl3, 400 MHz, § ppm): 7.50-7.42 (m, 4H), 7.23

1a P Bu (t, /= 7.6 Hz, 4H), 7.10 (t, ] = 7.3 Hz, 2H), 1.96 (d, ] = 14.2

Hz, 2H),1.98-1.77 (m, 4H), 1.72 (d,/ = 14.2 Hz, 1H), 1.70 (d,
] =14.2 Hz, 1H), 1.25-1.18 (m, 24H), 1.15-0.97 (m, 4H), 0.70 (s, 9H), 0.69 (s, 9H).
13CNMR (CDCl3, 100 MHz, 6 ppm): 146.0,146.0,128.4,128.3,127.8,127.8,125.0,
83.2,50.3,49.9,38.5,38.1,32.2,32.2,31.5, 31.5, 26.3, 26.2, 25.3, 25.2, 24.9.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.8.
HRMS (ESI) for C4oHesB204 [M+NH4]*: calculated: 648.5334, found: 648.5349.
M.p.=70.2 °C.
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2-(2,2-dimethyl-4-phenyloct-7-en-4-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.15)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
Bu Bpin yielded the product 3.15 (93.42 mg, 93 % yield) as colourless
oil.
3.15 = 1H NMR (CDCl3, 400 MHz, § ppm): 7.45-7.39 (m, 2H), 7.20-7.14
(m, 2H), 7.09-6.98 (m, 1H), 5.69 (ddt, / = 16.7, 10.2, 6.5 Hz, 1H), 4.90-4.75 (m,
2H), 1.99 (d, ] = 14.3 Hz, 1H), 1.88 (m, 2H), 1.79-1.74 (m, 2H), 1.71 (d, ] = 14.3
Hz, 1H), 1.16 (s, 6H), 1.14 (s, 6H), 0.68 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.5,139.4,128.2,127.8,125.1,113.7, 83.2,
49.7,37.3,32.1,31.4,30.9, 29.6, 25.1, 24.8.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.3.
HRMS (ESI) for C22H36BO, [M+NH4]*: calculated: 396.2845, found: 396.2841.
2-(4,4-dimethyl-1,2-diphenylpentan-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.16)
Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
Bu Bpin  yielded the product 3.16 (86.18 mg, 76 % yield) as white solid.
1H NMR (CDClI3, 400 MHz, § ppm): 7.67 (d, ] = 9.9 Hz, 2H), 7.25
3.16 (t,J=7.9Hz, 2H),7.17-7.12 (m, 1H), 7.05 (d,/ = 2.1 Hz, 3H), 6.89
(t,/ = 3.3 Hz, 2H), 3.35 (d, / = 14.5 Hz, 1H), 3.15 (d, / = 14.9 Hz, 1H), 2.10 (d, ] =
14.3 Hz, 1H), 1.95 (d,/ = 14.2 Hz, 1H), 1.16 (s, 6H), 1.08(s, 6H), 0.71 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm): 207.0, 145.6, 140.0, 130.2, 129.4, 127.8,
127.5,125.8,125.4,83.4,52.5, 46.5, 32.3, 31.6, 31.1, 25.4, 25.4.
11B NMR (CDCl3, 128.3 MHz, 6 ppm): 34.1.
HRMS (ESI) for C25H35B02 [M+NH4]*: calculated: 396.3068, found: 396.3083.

M.p. = 67.9 °C.
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2-(6,6-dimethyl-4-phenylhept-1-en-4-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.17)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)

Bu Bpin yielded the product 3.17 (69.8 mg, 71 % yield) as colourless oil.

| 1H NMR (CDCls, 400 MHz, § ppm): 7.53-7.46 (m, 2H), 7.23 (d, ] =
317 8.1 Hz, 2H), 7.15-7.07 (m, 1H), 5.62 (ddt, J = 17.1, 10.2, 6.9 Hz,
1H), 4.99 (m, 1H), 4.91 (m, 1H), 2.73 (d, ] = 6.9 Hz, 2H), 2.00 (d, ] = 14.3 Hz, 1H),
1.78 (d, ] = 14.3 Hz, 1H), 1.24 (s, 6H), 1.22 (s, 6H), 0.72 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.4,136.4,128.6,127.9,125.3,116.6, 83.5,
50.0,42.5,32.4,31.7, 25.3, 25.0.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.5.
HRMS (ESI) for C21H33B0O2 [M+NH,4]*: calculated: 346.2917, found: 346.2931.

4,4,5,5-tetramethyl-2-(2,6,6-trimethyl-4-phenylhept-1-en-4-yl)-1,3,2-
dioxaborolane (3.18)

- i Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
yielded the product 3.18 (80.09 mg, 78 % yield) as colourless oil.
318 1H NMR (CDCl3, 400 MHz, 6 ppm): 7.65-7.63 (m, 2H), 7.25-7.20

(m, 3H), 7.10 (tt, ] = 7.2, 1.7 Hz, 1H), 4.64 (m, 1H), 4.55 (m, 1H),
2.74 (d,] = 16.6 Hz, 1H), 2.62 (d, ] = 16.4 Hz, 1H), 2.03 (d, ] = 14.2 Hz, 1H), 1.80
(d,] =14.2 Hz, 1H), 1.52 (s, 3H), 1.23 (s, 6H), 1.22 (s, 6H), 0.67 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.9, 143.7,128.8,127.7,125.1,112.7, 83.4,
52.5,46.5,32.3,31.4,31.1, 25.5, 25.2, 24.9.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.3.
HRMS (ESI) for C22H35B02 [M+NH4]+: calculated: 360.3088, found: 360.3064.
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2-(2,2-dimethyl-4-phenylnon-6-yn-4-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.19)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
Bu Bpin  yielded the product 3.19 (43.55 mg, 41 % yield) as colourless oil.
. 'HNMR (CDCls, 400 MHz, & ppm): 7.39-7.36 (m, 2H), 7.25-7.21
3.19 (m, 2H), 7.14-7.09 (m, 1H), 2.89 (dt,/ = 16.4, 2.4 Hz, 1H), 2.78 (dt,
J=16.4, 2.4 Hz, 1H), 2.15-1.97 (m, 4H), 1.19 (s, 6H), 1.18 (s, 6H), 1.04 (t, /= 7.5
Hz, 3H), 0.79 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6§ ppm): 145.2, 127.9, 127.6, 125.2, 84.1. 83.5, 78.5,
46.8,32.6,31.8,29.8, 25.6, 24.9, 24.6, 14.4, 12.6.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.7.
HRMS (ESI) for C23H35B02 [M+NH4]+: calculated: 372.3074, found: 372.3088.

2-(1-cyclohexyl-3,3-dimethyl-1-phenylbutyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.20)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
Bpin  yielded the product 3.20 (79.4 mg, 69 % yield) as white solid. The

Bu

product appeared as a mixture of diastereoisomers 1:1.

3.20 1H NMR (CDCl3, 400 MHz, § ppm): 7.60 (dd, / = 8.4, 1.3 Hz, 2H),
7.24-7.18 (m, 2H), 7.14-7.09 (m, 1H), 2.22 (d, J = 13.9 Hz, 1H), 2.04 (d,J = 12.0
Hz, 1H), 1.86-1.75 (m, 2H), 1.62-1.58 (m, 2H), 1.53 (d,/ = 13.9 Hz, 1H), 1.45 (d, ]
= 12.9 Hz, 1H), 1.35 (2, 6H), 1,34 (s, 6H), 1.32 (m, 1H), 1.27 (m, 4H), 1.25 (m,
1H), 10.57 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.7, 130.1, 127.5, 125.2, 83.4, 50.4, 50.0,
31.8,31.6, 29.9, 29.5, 27.8, 27.6, 27.2, 26.0, 25.3.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.9.

HRMS (ESI) for Cz4H39BO; [M+NH4]*: calculated: 388.3384, found: 388.3387.
M.p. = 64.2 °C.

155



UNIVERSITAT ROVIRA I VIRGILI
BORATA ALKENE INTERMEDIATES FOR SELECTIVE C-C COUPLING REACTIONS
Sara Gonzadl&ztMB¥an

4,4,5,5-tetramethyl-2-(2,5,5-trimethyl-3-phenylhexan-3-yl)-1,3,2-
dioxaborolane (3.21)
Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
tBu\;FEBpin yielded the product 3.21 (40.6 mg, 41 % yield) as white solid.
1H NMR (CDCls, 400 MHz, 6 ppm): 7.62-7.55 (m, 2H), 7.22 (dd, ]
=8.3, 6.9 Hz, 2H), 7.15-7.08 (m, 1H), 2.23-2.16 (m, 1H), 2.20 (d, ]
=14 Hz, 1H), 1.52 (d, ] = 13.9 Hz, 1H), 1.35 (s, 6H), 1.33 (s, 6H), 1.06 (d,] = 7.0
Hz, 3H), 0.72 (d,] = 7.0 Hz, 3H), 0.57 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm): 145.7, 130.0, 127.5, 125.2, 83.4, 51.0, 38.9,
31.8,31.5,25.9,25.2,19.9,19.7.
11B NMR (CDCl3, 128.3 MHz, § ppm): 34.1.
HRMS (ESI) for Cz1H3sBO2 [M+NH4]*: calculated: 331.2809, found: 331.2807.

M.p. = 59.2 °C.

3.21

2-(1-cyclopropyl-3,3-dimethyl-1-phenylbutyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.22)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)

'BU\inin yielded the product 3.22 (32.3 mg, 33 % yield) as colourless oil.
1H NMR (CDCl3, 400 MHz, 6 ppm): 7.55 (dd, ] = 8.3, 1.3 Hz, 2H),
7.26-7.22 (m, 2H), 7.16-7.07 (m, 1H), 1.83 (s, 2H), 1.24 (s, 12H),

1.23-1.24 (m, 1H), 0.79 (s, 9H), 0.66-0.50 (m, 4H).

13C NMR (CDCl3, 100 MHz, 8§ ppm): 147.4, 128.7, 127.7, 125.1, 83.3, 49.5, 32.4,

32.0,24.9,24.8,18.3,4.3,4.3.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.6.

HRMS (ESI) for C2:H33B0O2 [M+NH4]*: calculated: 329.2648, found: 329.2650.

3.22
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2-(1-(bicy.clo[2.2.1]heptan-2-yl)-3,3-dimethyl-1-phenylbutyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (3.23)

Ph Flash column chromatography (pentane:EtOAc 400:1) yielded
Bu Bpin  the product 3.23 (53.0 mg, 46 % yield as a mixture of two
diastereoisomers 70:30) as white solid.
3.23 1H NMR (CDCl3, 400 MHz, § ppm): 7.75-7.68 (m, 2H), 7.24-7.18
(m, 2H), 7.13-7.06 (m, 1H), 2.22-2.18 (m, 2H), 2.14 (d, ] = 14.5 Hz, 1H), 1.75 (d, ]
= 14.5 Hz, 1H), 1.73-1.64 (m, 2H), 1.56-1.49 (m, 2H), 1.39 (s, 6H), 1.37 (s, 6H),
1.21 (m, 2H), 1.08 (m, 2H), 1.00-0.79 (m, 1H), 0.69 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm): 146.7, 129.8, 127.3, 124.9, 83.3, 57.1, 52.6,
40.6,39.9,37.7,32.1,31.9, 31.1, 30.6, 29.9, 26.6, 25.8, 23.5.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.3.
HRMS (ESI) for C25H40BO2 [M+H+]*: calculated: 383.3121, found: 383.3116. M.p.
=97.2°C.
2-(3,3-dimethyl-1-(oxetan-3-yl)-1-phenylbutyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.24)
Ph Flash column chromatography (pentane:EtOAc 400:1) yielded
tBu\inin the product 3.24 (25.80 mg, 25 % yield) as colourless oil.
1H NMR (CDCl3, 400 MHz, 6 ppm): 7.25-7.17 (m, 4H), 7.15-7.10
3.24 (m, 1H), 4.88-4.69 (m, 3H), 4.69-4.64 (m, 1H), 1.95 (d, ] = 14.8
Hz, 1H), 1.65 (d, ] = 14.8 Hz, 1H), 1.32 (s, 6H), 1.32 (s, 6H), 0.65 (s, 9H).
13C NMR (CDClI3, 100 MHz, 8§ ppm): 144.5, 128.3, 128.0, 125.6, 83.9, 75.5, 74.9,
47.6,40.6,31.8, 25.1, 25.0.
11B NMR (CDCl3, 128.3 MHz, § ppm): 34.6.
HRMS (ESI) for C21H34B0O3 [M+H+*]*: calculated: 345.2601, found: 345.2605.
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2,5,5-trimethyl-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)hexanenitrile (3.25)

oh Flash column chromatography (pentane:EtOAc 400:1 .to 20:1)
fBu\jinin yielded the product 3.25 (32.75 mg, 32 % yield, as a mixture of

3.25CN two diastereoisomers 60:40) as colourless oil.
1H NMR (CDCls, 400 MHz, 6 ppm): 7.79-7.72 (m, 2H), 7.33-7.27

(m, 2H), 7.24-7.18 (m, 1H), 3.21 (q, ] = 7.1 Hz, 1H), 2.27 (d, ] = 14.3 Hz, 1H), 2.05
(d, ] =14.3 Hz, 1H), 1.35 (s, 6H), 1.33 (s, 6H), 1.07 (d, ] = 7.1 Hz, 3H), 0.79 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm): 140.8, 129.5, 128.0, 126.7, 84.3, 49.9, 35.7,
31.7,25.6, 25.5,16.1.
11B NMR (CDCl3, 128.3 MHz, § ppm): 34.0.
HRMS (ESI) for C2:H33BNO, [M+H+]*: calculated: 342.2608, found: 342.2599.
2-(1-(cyclohex-2-en-1-yl)-3,3-dimethyl-1-phenylbutyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (3.26)

Ph Flash column chromatography (pentane:EtOAc 400:1) yielded the
Bu Bpin product 3.26 (37.5 mg 34 % yield as a mixture of two

diastereoisomers 70:30) as colourless oil.

3.26 1H NMR (CDCl3, 400 MHz, § ppm): 7.69-7.63 (m, 2Hwm), 7.58-7.51
(m, 2Hn), 7.28-7.18 (m, 2.Hm, 2Hn), 7.17-7.08 (m, 1Hy, 1Hn), 6.06 (dt, ] = 10.6,
2.1Hz, 1Hy), 5.70-5.62 (m,1Hn), 5.54-5.46 (m, 1Hwm), 5.35 (dt, ] = 10.2, 1.9 Hz,
1Hw), 2.86-2.79 (m, 1Hwm), 2.70-2.59 (m, 1Hn), 2.48 (d, ] = 13.8 Hz, 1Hn), 2.18 (d,
J = 13.9 Hz, 1Hw), 2.09-2.00 (m, 2HM, 2Hy,), 1.93-1.78 (m, 1Hw), 1.67-1.43 (m,
3Hwm,3Hm), 1.34 (s, 6Hwm), 1.33 (s, 6Hm), 1.28 (s, 6Hm), 1.26 (s, 6Hwn), 0.58 (s, 9Hn),
0.56 (s, 9Hw).
13C NMR (CDCI3;, 100 MHz, § ppm): 145.6, 130.7, 130.4, 127.7, 127.7, 126.9,
125.5, 125.4, 83.6, 83.5, 50.9, 50.0, 47.8, 46.9, 31.9, 31.6, 31.4, 31.0, 26.0, 25.8,
25.7,25.6,25.6,25.2,25.2,24.7,23.4,23.4.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.8.

HRMS (ESI) for C24H37B02 [M+NH4]*: calculated: 369.2970, found: 369.2964.
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(2)-2-(6,6-dimethyl-1,4-diphenylhept-1-en-4-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.27)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
Bu Bpin yielded the product 3.27 (111.1 mg, 91 % yield) as colourless oil.
| 1H NMR (CDCl3, 400 MHz, § ppm): 7.63-7.56 (m, 2H), 7.33-7.23
327 P (m, 6H),7.22-7.13 (m, 2H), 6.43 (d, ] = 15.8 Hz, 1H), 6.08 (dt, ] =
15.7,7.0 Hz, 1H), 2.94 (dt, ] = 7.3, 1.6 Hz, 2H), 2.10 (d, / = 14.4 Hz, 1H), 1.90 (d, J
=14.4 Hz, 1H), 1.26 (s, 6H), 1.24 (s, 6H), 0.79 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.5, 138.1, 131.8, 128.7, 128.6, 128.5,
127.9,126.8,126.1, 125.3, 83.5, 50.0, 41.7, 32.5, 31.7, 29.8, 25.3, 25.1.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.8.
HRMS (ESI) for C27H37B02 [M+NH4]*: calculated: 422.3225, found: 422.3247.

2-(8-chloro-2,2-dimethyl-4-phenyloctan-4-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.28)

Flash column chromatography (pentane:EtOAc 100:0 to 100:3)

Ph
Bu Bpin yielded the product 3.28 (80.50 mg, 71 % yield) as colourless oil.
1H NMR (CDCl3, 400 MHz, § ppm): 7.50-7.47 (m, 2H), 7.23 (d,] =
8.1 Hz, 2H), 7.11 (tt,J = 7.3, 1.2 Hz, 1H), 3.44 (td, ] = 6.8, 2.9 Hz,
3.28 (|

2H), 1.98 (d, J = 14.2 Hz, 1H), 1.91 (m 2H), 1.75 (d, J = 14.2 Hz,
1H), 1.77-1.66 (m, 2H), 1.30-1.19 (m, 2H), 1.24 (s, 6H), 1.22 (s, 6H), 0.73 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.7, 128.3, 128.0, 125.2, 83.4, 50.0, 45.1,
37.8,33.6,32.2,31.5,25.2, 25.0, 24.7, 23.0.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.8.

HRMS (ESI) for C22H36BClO2 [M+NH4]*: calculated: 393.2841, found: 393.2845.
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2-(8-bromo-2,2-dimethyl-4-phenylnonan-4-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.29)

Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)

‘Bu Bpin yielded the product 3.29 (66.7 mg, 51% yield as a mixture of
two diastereoisomers M:m=65:35) as colourless solid.
1H NMR (CDCl3, 400 MHz, 6 ppm): 7.53-7.43 (m, 2Hw, 2Hn),
329 5 555720 (m, 2Hy, 2Hum), 7.15-7.07 (m, 1Hy, 1Hum), 4.1-3.98 (m,
1Hwm, 1Hn), 2.03-1.64 (m, 6Hy, 6Hn), 1.63-1.60 (m, 3Hwy, 3Hm), 1.42-1.27 (m, 1Hy,
1Hm), 1.26-1.19 (m, 12Hwm, 12Hn), 1.19-1.10 (m, 1Hwm, 1Hm), 0.74 (s, 9Hm), 0.71 (s,
9Hw).
13C NMR (CDCl3;, 100 MHz, § ppm): 145.7, 145.6, 128.3, 128.2, 127.9, 127.9,
125.2,125.2, 83.4, 52.0, 51.7, 50.3, 49.3, 42.2, 42.0, 38.0, 37.1, 32.2, 32.2, 31.5,
31.5,26.6,26.4, 25.3,25.1, 24.9, 24.9, 24.0, 23.6.
11B NMR (CDCl3, 128.3 MHz, § ppm): 34.4.
HRMS (ESI) for C23H39BBrO, [M+H+*]*: calculated: 437.2221, found: 437.2225.

M.p. = 48.6 °C.

2-(2-bromo-5,5-dimethyl-3-phenylhex-1-en-3-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (3.30)
Flash column chromatography (pentane:EtOAc 400:1) yielded

Ph
By Boi the product 3.30 (40.1 mg, 33 % yield) as white solid.
pin
Br 1H NMR (CDCl3, 400 MHz, § ppm): 7.59-7.55 (m, 2H), 7.31-7.19
3.30 (m, 2H), 7.17-7.09 (m, 1H), 5.32 (m, 1H), 5.25 (m, 1H), 3.21 (dt, ]

=3.1, 1.7 Hz, 2H), 2.02 (d, ] = 14.1 Hz, 1H), 1.88 (d, ] = 14.1 Hz, 1H), 1.21 (s, 6H),
1.17 (s, 6H), 0.75 (s, 9H).

13C NMR (CDCl3, 100 MHz, § ppm): 144.1, 131.5, 128.0, 125.4, 118.7, 83.6, 50.4,
48.7,32.1,31.2, 25.0, 24.8.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.9.

HRMS (ESI) for C2:H33BBrO, [M+H+]*: calculated: 407.1756, found: 407.1757.
M.p.=83.9 °C.
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6.3.7 Characterization of cyclopropane

2-methylene-1-neopentylcyclopropyl)benzene (3.31)
Flash column chromatography (pentane) yielded the product
‘Bu\/K 3.31 (22.2 mg, 37 % yield) as colourless liquid.
1H NMR (CDCls, 400 MHz, § ppm): 7.43-7.38 (m, 2H), 7.28-7.22
(m, 2H), 7.19-7.13 (m, 1H), 5.72-5.66 (m, 1H), 5.55-5.50 (m, 1H),
2.19 (d,] = 14.3 Hz, 1H), 1.45 (d,] = 14.3 Hz, 1H), 1.33-1.26 (m, 2H), 0.75 (s, 9H).

13C NMR (CDCl3, 100 MHz, § ppm): 144.2,140.2,128.4,128.1, 126.1, 105.0, 52.3,
32.6,30.6, 27.9, 20.0.

6.3.8 Characterization of secondary boronic esters

2-(3,3-Dimethyl-1-phenylbutyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(3.32)
Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
tBu\/*\Bpin yielded the product 3.32 (115.1 mg, 60% yield) as white solid.

322 1H NMR (CDCl3, 400 MHz, § ppm): 7.23 (d, ] = 4.4 Hz, 4H), 7.13 -
7.08 (m, 1H), 2.39 (dd, ] = 10.0, 3.7 Hz, 1H), 2.02 (dd, ] = 13.3, 10.0 Hz, 1H), 1.50
(dd, ] =13.3,3.8 Hz, 1H), 1.14 (d, ] = 2.5 Hz, 12H), 0.90 (s, 9H).
13C NMR (CDClI3, 100 MHz, & ppm): 143.6, 128.5, 128.4, 125.2, 83.4, 46.7, 31.6,
29.9,24.8, 24.6.
11B NMR (CDCl3, 128.3 MHz, § ppm): 32.6.
HRMS (ESI) for CigH20BO2, [M+NH4]*: calculated: 306.2604, found: 306.2613.
M.p.=63.4 °C.
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4,4,5,5-Tetramethyl-2-(3-methyl-1-phenylpentyl)-1,3,2-dioxaborolane

(3.33)
Ph Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
Bu Bpin yielded the product 3.33 (20.0 mg, 16% yield as a mixture of
3_:3 diastereosiomers 1:1) as white solid.

1H NMR (CDCl3, 400 MHz, 6 ppm): 7.24-7.21 (m, 8H), 7.14 - 7.10 (m, 2H), 2.43
(dt, ] =9.3, 7.2 Hz, 2H), 1.87 (ddd, ] = 13.2, 9.2, 6.0 Hz, 1H), 1.74 (ddd, ] = 14.0,
9.0,5.2 Hz, 1H), 1.58 (ddd, ] = 13.5, 8.4, 7.2 Hz, 2H), 1.43-1.37 (m, 1H), 1.36-1.30
(m, 2H), 1.44-1.38 (m, 1H), 1.19 (d, ] = 2.5 Hz, 12H), 1.17 (s, 12H), 1.16-1.08 (m,
2H), 0.89-0.83 (m, 10H), 0.81 (t,] = 7.3 Hz, 3H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 144.0, 143.7, 128.6, 128.6, 128.5, 1284,
128.4,125.2,125.2, 83.4, 39.9, 39.2, 33.9, 33.3, 29.9, 29.4, 24.8, 24.8, 24.8, 19.7,
19.0,11.5,11.5.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.5.

HRMS (ESI) for CigH29BO2 [M+NH4]*: calculated: 306.2604 , found: 306.2608.
M.p.=62.6 °C.

Trimethyl(2-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)ethyl)silane (3.34)

Flash column chromatography (pentane:EtOAc 200:1)

Ph
(Hsc)zsi\/i\Bpin yielded the product 3.34 (36.49 mg, 40% yield) as white
H solid.
3.34

1H NMR (CDCls, 400 MHz, § ppm): 7.25-7.22 (m, 4H), 7.16-
7.06 (m, 1H), 2.48-2.28 (m, 1H), 1.25-1.19 (m, 1H), 1.17 (s, 6H), 1.16 (s, 6H), 0.90
(dd, ] = 14.6, 6.8 Hz, 1H), -0.09 (s, 9H).
13C NMR (CDCls, 100 MHz, § ppm): 145.8, 128.3, 128.2, 125.1, 83.4, 24.8, 24.7,
19.4,-1.11.
11B NMR (CDCls, 128.3 MHz, § ppm): 33.3.
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2-(1-(3-fluorophenyl)-3,3-dimethylbutyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (3.35)
g Flash column chromatography (pentane:EtOAc 200:1) yielded
the product 3.35 (34.87 mg, 38% yield) as colourless liquid.
gpin 'H NMR (CDCls;, 400 MHz, § ppm): 7.23-7.13 (m, 1H), 7.03-6.91
H (m, 2H), 6.85-6.75 (m, 1H), 2.40 (dd, ] = 9.7, 4.0 Hz, 1H), 1.99 (dd,
. ] = 13.4, 9.7 Hz, 1H), 1.48 (dd, ] = 13.4, 4.0 Hz, 1H), 1.15 (s, 6H),
1.15 (s,6H), 0.89 (s, 9H).
13C NMR (CDCls, 100 MHz, § ppm): 163.0 (d, ] = 244.6 Hz), 147.7 (d,] = 7.1 Hz),
129.6 (d,] = 8.3 Hz), 124.0 (d,] = 2.8 Hz), 115.0 (d,] = 21.1 Hz), 112.0 (d,] = 21.1
Hz), 83.5, 46.4, 31.5, 29.8, 24.7, 24.6.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.17.
19F NMR (CDCl3, 376 MHz, § ppm): -114.0.
HRMS (ESI) for C1gH29BFO, [M+H+*]*: calculated: 307.2239, found: 307.2242

4,4,5,5-tetramethyl-2-(2,2,7,7-tetramethyl-4,5-bis(4-

(trifluoromethyl)phenyl)octan-4-yl)-1,3,2-dioxaborolane (3.36)

Flash column chromatography (pentane:EtOAc 400:2)

yielded the product 3.36 (10.52 mg, 12% yield) as

colourless liquid.

1H NMR (CDCl3, 400 MHz, § ppm): 7.38 (d, ] = 8.1 Hz,
3.36 2H), 7.23 (d, ] = 8.1 Hz, 2H), 7.03 (d, ] = 8.2 Hz, 2H),

6.95 (d, ] = 8.2 Hz, 2H), 2.68-2.54 (m, 2H), 2.34 (dd, ] = 9.8, 4.1 Hz, 1H), 1.94 (dd,

] =13.3,9.8 Hz, 1H), 1.45 (dd, ] = 13.3,4.1 Hz, 1H), 1.10 (s, 12H), 0.86 (s,9H), 0.83

(s, 9H).

13C NMR (CDCl;, 100 MHz, § ppm): 145.8, 130.2, 130.2, 129.0, 129.0, 128.3,

128.1,127.8,126.4, 125.1, 125.1, 118.4, 118.2, 83.5, 83.4, 48.4, 45.9, 44.2, 33.3,

31.5,30.3,30.3,30.1, 29.8,29.7, 24.7, 24.5, 24.4.

11B NMR (CDCl3, 128.3 MHz, § ppm): 32.6.

19F NMR (CDCl3, 376 MHz, § ppm): -62.38.
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6.3.9 Characterization of silylpinacolborylcyclopropanes

2,2'-(3-Phenylprop-1-ene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (3.37)

SiMes Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
A(Q yielded the product 3.37 (16 mg, 17% yield) as pale yelowish oil.
sa7 BPIN 1H NMR (CDCls, 400 MHz, § ppm): 7.25 - 7.18 (m, 4H), 7.17 - 7.06
(m, 1H), 1.24 (dd, ] = 9.9, 2.9 Hz, 1H), 1.20 (s, 6H), 1.19 (s, 6H),
1.05 (dd, ] = 8.0, 2.9 Hz, 1H), 0.10 (s, 9H), 0.08 - 0.03 (m, 1H).
13C NMR (CDCI3, 100 MHz, 6 ppm): 147.4, 129.2, 127.9, 125.2, 83.4, 25.3, 24.6,
16.9,15.7,-0.4.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.7.
HRMS (ESI) for C18H30BO,Si*[M+H*]*: calculated: 317.2106, found: 317.2106.

Trimethyl((1S,2S)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(4-
(trifluoromethyl)phenyl)cyclopropyl)silane (3.38)

SiMe, cF, Flash column chromatography (pentane:EtOAc 100:3)
A(Q/ yielded the product 3.38 (27 mg, 23% yield) as pale
Bpin yelowish oil.
3.38

'H NMR (CDCl3, 400 MHz, 6 ppm): 7.46 (d, ] = 8.0 Hz, 2H),
7.33 (d,] = 8.0 Hz, 2H), 1.28 (dd, ] = 10.1, 3.1 Hz, 1H), 1.21 (s, 6H), 1.20 (s, 6H),
1.12 (dd, ] =8.1, 3.1 Hz, 1H), 0.12 (s, 9H), 0.09 - 0.06 (m, 1H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 151.6, 130.0, 129.4, 128.5, 124.9 (q,] = 3.6
Hz), 83.7, 25.3, 24.6, 17.2, 16.4, -0.4.
11B NMR (CDCl3, 128.3 MHz, § ppm): 33.4.
HRMS (ESI) for C19H20BF30,Si*[M+H+]+: calculated: 385.1982, found: 385.1986.
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6.3.10 Characterization of tertiary and secondary alcohols

3,3-Dimethyl-1-phenylbutan-1-ol (3.39)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
OH yielded the product 3.39 (32.81 mg, 92% yield) as white solid.

3.39 1H NMR (CDCl3, 400 MHz, 6§ ppm): 7.40-7.30 (m, 4H), 7.28-7.23
(m, 1H), 4.84 (dd, ] = 8.4, 3.6 Hz, 1H), 1.77 (dd, ] = 14.5, 8.4 Hz, 1H), 1.68 (s, 1H),
1.62 (dd, ] = 14.5, 3.6 Hz, 1H), 1.00 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6§ ppm): 146.6, 128.7, 127.5, 125.9, 72.7, 53.1, 30.3.
HRMS (ESI) for C12H17 [M-H*]-: calculated: 161.1330, found: 161.1324.
M.p.=65.5°C.

Bu

4,4-Dimethyl-2-phenylpentan-2-ol (3.40)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)

Bu oH yielded the product 3.40 (34.56 mg, 90% yield) as colourless

3!\::; liquid.
1H NMR (CDCls, 400 MHz, § ppm): 7.49-7.42 (m, 2H), 7.34-7.30 (m, 2H), 7.24-
7.17 (m, 1H), 1.95 (d, ] = 14.8 Hz, 1H), 1.84 (d, ] = 14.8 Hz, 1H), 1.58 (s, 2H), 0.81
(s, 5H).
13C NMR (CDCI3, 100 MHz, & ppm): 148.8, 128.1, 126.4, 125.1, 75.9, 56.2, 34.1,
31.5.

HRMS (ESI) for C12H190 [M-H+*]*: calculated: 191.1514, found: 192.1420.
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5,5-Dimethyl-3-phenylhexan-3-ol (3.41)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)

tB“\/i\OH yielded the product 3.41 (38.09 mg, 92% yield) as colourless
Et
3.41

1H NMR (CDCls, 400 MHz, § ppm): 7.41-7.36 (m, 2H), 7.33-7.29 (m, 2H), 7.23-
7.16 (m, 1H), 1.95 (d, ] = 14.8 Hz, 1H), 1.89-1.74 (m, 3H), 1.66 (s, 1H), 0.77 (s,
9H), 0.66 (t, ] = 7.4 Hz, 3H).

13C NMR (CDCls, 100 MHz, § ppm): 146.4, 127.9, 126.1, 125.8, 78.14, 6.21, 38.9,
31.9,31.7, 7.4.

HRMS (ESI) for C14H210 [M-H*]: calculated: 205.1592, found: 205.1594.

liquid.

1-Cyclopropyl-3,3-dimethyl-1-phenylbutan-1-ol (3.42)
Ph Flash column chromatography (pentane:EtOAc 10:1) yielded the

Bu OH product 3.42 (42.01 mg, 96% yield) as colourless liquid.

1H NMR (CDCl3, 400 MHz, § ppm): 7.50 - 7.44 (m, 2H), 7.35 - 7.27

(m, 2H), 7.26 - 7.17 (m, 1H), 2.04 (d, ] = 14.9 Hz, 1H), 1.85(d, ] =
14.9 Hz, 1H), 1.39 (s, 1H), 1.36 - 1.27 (m, 1H), 0.80 (s, 9H), 0.51 - 0.42 (m, 2H),
0.36 - 0.24 (m, 2H).
13C NMR (CDClI3, 100 MHz, 8 ppm): 147.5, 127.8, 126.3, 125.6, 75.5, 54.6, 31.7,
31.6,24.7,2.0,1.2.

HRMS (ESI) for C1sH210 [M-H*]-: calculated: 217.1592, found: 231.1741.

3.42
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1-Cyclohexyl-3,3-dimethyl-1-phenylbutan-1-ol (3.43)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
Bu OH yielded the product 3.43 (24.94 mg, 48% yield) as white solid.
1H NMR (CDCl3, 400 MHz, § ppm): 7.41-7.34 (m, 2H), 7.32-7.26
3.43 (m, 2H), 7.22-7.15 (m, 1H), 2.06-1.98 (m, 1H), 1.95 (d, ] = 14.8 Hz,
1H),1.89 (d, ] = 14.8 Hz, 1H), 1.83-1.75 (m, 1H), 1.64-1.60 (m, 3H), 1.26-1.21 (m,
4H), 1.11-1.03 (m, 2H), 0.9-0.83 (m, 2H), 0.72 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm: 146.1, 127.6, 126.2, 126.0, 79.5, 51.3, 51.1,
31.9,31.7,27.0, 26.9, 26.9, 26.8, 26.6.
HRMS (ESI) for C1gH270 [M-H*]-: calculated: 259.2061, found: 259.2040.
M.p.=70.9 °C.

2,2-Dimethyl-4-phenyloct-7-en-4-ol (3.44)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
Bu OH yielded the product 3.44 (42.72 mg, 92% yield) as colourless
liquid.

3.44 1H NMR (CDCls, 400 MHz,  ppm): 7.40-7.37 (m, 2H), 7.34-7.27 (m,
2H), 7.23-7.18 (m, 1H), 5.81-5.71 (m, 1H), 4.98-4.85 (m, 2H), 2.00-1.77 (m, 6H),
1.26 (s, 1H), 0.76 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm: 146.3, 139.1, 128.0, 126.2, 125.7, 114.7, 78.2,
55.6,45.3,31.9,31.7,27.8.

HRMS (ESI) for C16H230 [M-H*]-: calculated: 231.1749, found: 231.1741.
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4,4-dimethyl-1,2-diphenylpentan-2-ol (3.45)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
Bu OH yielded the product 3.45 (47.75 mg, 89% yield) as white solid.
1H NMR (CDCl3, 400 MHz, 6 ppm): 7.36-7.32 (m, 2H), 7.30-7.26
3.45 (m, 2H), 7.22-7.19 (m, 1H), 7.18-7.12 (m, 3H), 6.87-6.85 (m, 2H),
3.14 (d,] = 13.2 Hz, 1H), 2.99 (d, ] = 13.2 Hz, 1H), 2.11 (dd, ] = 14.7, 1.0 Hz, 1H),
1.88 (d,] = 14.7 Hz, 1H), 1.79 (d, ] = 1.0 Hz, 1H), 0.74 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm: 146.2,136.1,130.9, 128.2,127.8,126.8, 126.3,
126.1,54.4,52.9,32.0, 31.7.
HRMS (ESI) for Ci9H2sNO [M+NH4*]+: calculated: 286.1827, found: 286.2181.
M.p.=73.5°C.

6,6-Dimethyl-4-phenylhept-1-en-4-ol (3.46)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
tBu\/EOH yielded the product 3.46 (37.90 mg, 87% yield) as colourless
\ liquid.
34% " IH NMR (CDCls, 400 MHz, § ppm): 7.44-7.37 (m, 2H), 7.34-7.28
(m, 2H), 7.23-7.17 (m, 1H), 5.47-5.36 (m, 1H), 5.17-5.05 (m, 2H), 2.69 (dd, ] =
13.5,5.7 Hz, 1H), 2.44 (dd, ] = 13.5, 9.1 Hz, 1H), 2.07 (d, ] = 1.0 Hz, 1H), 1.95 (d, ]
=14.7 Hz, 1H), 1.83 (d, ] = 14.7 Hz, 1H), 0.76 (s, 8H).
13C NMR (CDCl3, 100 MHz, § ppm: 146.7, 133.5, 128.0, 126.3, 125.7, 120.2, 76.5,
54.8,51.0,31.9,31.6.

HRMS (ESI) for C15H220 [M+NH4]*: calculated: 200.1565, found: 200.1569.
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2,6,6-trimethyl-4-phenylhept-1-en-4-ol (3.47)
Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
Bu on Vvielded the product 3.47 (42.24 mg, 92% yield) as colourless
\/E( liquid.

1H NMR (CDCl3, 400 MHz, § ppm): 7.46-7.38 (m, 2H), 7.33-7.26
(m, 2H), 7.22-7.14 (m, 1H), 4.92-4.83 (m, 1H), 4.76-4.70 (m, 1H), 2.62 (d,] = 12.6
Hz, 1H), 2.49 (d, ] = 13.0 Hz, 1H), 2.42 (s, 1H), 2.00 (d, ] = 14.6 Hz, 1H), 1.80 (d, ]
=14.6 Hz, 1H), 1.16 (s, 3H), 0.74 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm: 146.7,142.6,127.8,126.26,126.0, 116.3, 75.7,
55.4,54.7,32.1,31.6, 24.4.
HRMS (ESI) for C16H240 [M+H*-H;0]*: calculated: 214.1719, found: 214.1722.

2,2-dimethyl-4-phenylnon-6-yn-4-ol (3.48)

Ph Flash column chromatography (pentane:EtOAc 100:3 to 10:1)

Bu OH yielded the product 3.48 (42.98 mg, 88% yield) as colourless
X liquid.

3.48 1H NMR (CDCls, 400 MHz, § ppm): 7.45-7.40 (m, 2H), 7.34-7.28

(m, 2H), 7.25-7.18 (m, 1H), 2.70-2.52 (m, 2H), 2.47 (s, 1H), 2.12 (qt,] = 7.5, 2.4
Hz, 2H), 2.00 (d, ] = 14.7 Hz, 1H), 1.91 (d, ] = 14.7 Hz, 1H), 1.06 (t, ] = 7.5 Hz, 3H),
0.76 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 146.1, 127.8, 126.4, 125.4, 86.2, 75.9, 75.0,
53.0,37.7,31.6,31.3,14.2,12.4.

HRMS (ESI) for C17H23 [M+H*-H,0]*: calculated: 226.1722, found: 226.1727.

169



UNIVERSITAT ROVIRA I VIRGILI
BORATA ALKENE INTERMEDIATES FOR SELECTIVE C-C COUPLING REACTIONS
Sara Gonzadl&ztMB¥an

(E)-6,6-dimethyl-1,4-diphenylhept-1-en-4-ol (3.49)
oh Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
Bu yielded the product 3.49 (53.51 mg, 91% yield) as white solid.

o 1H NMR (CDCls, 400 MHz, § ppm): 7.49-7.40 (m, 2H), 7.37-7.29
349 PN (m, 2H), 7.29-7.16 (m, 6H), 6.47 (d,] = 15.9 Hz, 1H), 5.88 - 5.75
(m, 1H), 2.82 (dd, ] = 13.6, 5.9, 1H), 2.61 (dd, ] = 13.6, 9.2 Hz, 1H), 2.10 (s, 1H),
2.01(d,] = 14.7 Hz, 1H), 1.88 (d, ] = 14.7 Hz, 1H), 0.77 (s, 9H).
13C NMR (CDCls, 100 MHz, § ppm): 146.7, 137.2, 135.2, 128.6, 128.1, 127.5,
126.4,126.46,125.7,124.8,77.1, 54.7, 50.4, 32.0, 31.6.
HRMS (ESI) for C21Hzs [M+H*-H,0]*: calculated: 276.1878, found: 276.1883.

M.p. = 62.5 °C.

8-chloro-2,2-dimethyl-4-phenyloctan-4-ol (3.50)
o Flash column chromatography (pentane:EtOAc 100:3 to 10:1)
Bu oH yielded the product 3.50 (51.47 mg, 96% yield) as white solid.
1H NMR (CDCl3, 400 MHz, § ppm): 7.39-7.36 (m, 2H), 7.34-7.28
(m, 2H), 7.25-7.17 (m, 1H), 3.44-3.41 (m, 2), 1.96 (d, ] = 14.8 Hz,
350 1 1H) 1.86-1.58 (m, 6H), 1.50-1.36 (m, 1H), 1.26 (s, 1H), 1.10-0.92
(m, 1H), 0.76 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm: 146.2, 128.0, 126.3, 125.6, 77.9, 55.4, 45.7,
44.9,33.0,31.9,31.7, 20.6.
HRMS (ESI) for Ci6H24Cl [M+H+-H20]*: calculated: 250.1488, found: 250.1503.

M.p. = 68.6 °C.
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2,2,11,11-tetramethyl-4,9-diphenyldodecane-4,9-diol (3.51)

Flash column chromatography (pentane:EtOAc

O OH 100:3 to 10:1) yielded the product 3.51 (79.59
HO mg, 89% yield) as white solid.
3.51 1H NMR (CDCls, 400 MHz, 6 ppm): 7.36-7.23 (m,

8H), 7.21-7.14 (m, 2H), 1.88 (d, ] = 14.8 Hz, 2H), 1.74 (d, ] = 14.8, 2H), 1.71-1.59
(m, 6H), 1.21-1.09 (m, 2H), 0.82-0.73 (m, 20H).

13C NMR (CDClI3, 100 MHz, 6 ppm: 146.6, 146.5, 127.8,127.8, 126.0, 125.6, 77.9,
77.9,55.4,55.4,46.3,46.3,31.8,31.6, 23.2, 23.2.

HRMS (ESI) for C28H4102 [M-H*]: calculated: 409.3107, found: 409.3098.
M.p.=93.1°C.

(1R,2S)-1-Phenyl-2-(trimethylsilyl)cyclopropan-1-ol (3.52)
SiMe, Flash column chromatography (pentane:EtOAc 10:1) yielded the
A(Q product 3.52 (38 mg, 93% yield) as pale yelowish oil.
. 1H NMR (CDCls, 400 MHz, & ppm): 7.26 - 7.22 (m, 2H), 7.18 - 7.12
(m, 1H), 7.04 - 7.00 (m, 2H), 3.86 (dd, ] = 7.5, 2.4 Hz, 1H), 2.04 (dd, ] = 8.1, 2.4
Hz, 1H), 1.94 (s, 1H), 0.33 (dd, ] = 8.1, 7.5 Hz, 1H), 0.14 (s, 9H).

13C NMR (CDCl3, 100 MHz, § ppm): 142.4, 128.4, 125.8, 125.7, 60.0, 29.3, 19.4, -
0.2.
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6.3.11 Characterization of chiral substrate
[1,3,2]dioxaborole (3.53)

Ph H Flash column chromatography (pentane:EtOAc 200:1) yielded

/I\Bfom the product 3.53 (79 mg, 93% yield) as a paleyelowish oil.
3.53 \OMe 1H NMR (CDCl3, 400 MHz, & ppm): 7.53 - 7.45 (m, 2H), 7.37 -
7.29 (m, 2H), 7.28 - 7.20 (m, 2H), 6.08 (d, ] = 2.0 Hz, 2H), 4.41 (dd, ] = 8.8, 1.9 Hz,
1H), 2.44 - 2.34 (m, 1H), 2.32 - 2.21 (m, 1H), 2.16 - 2.09 (m, 1H), 2.01 - 1.90 (m,
2H), 1.46 (s, 3H), 1.31 (s, 3H), 1.25 (d, ] = 10.9 Hz, 1H), 0.88 (s, 3H).
13C NMR (CDCl3, 100 MHz, § ppm): 141.6, 131.1, 128.3, 127.3, 127.1, 86.3, 78.3,
51.5, 39.6, 38.3, 35.7, 28.8, 27.2, 26.7, 24.1.
11B NMR (CDCl3, 128.3 MHz, 8 ppm): 30.0.
HRMS (ESI) for C1gH24B02 [M+H+]*: calculated: 283.1869; found: 283.1854.

6.3.12 Characterization of chiral boronic esters

2-(4,4-dimethyl-2-phenylpentan-2-yl)-3a,5,5-trimethylhexahydro-4,6-
methanobenzo[d][1,3,2]dioxaborole (3.54)

P Flash column chromatography (pentane:EtOAc 200:1)

tBu\/i\B,Om yielded the product 3.54 (61.64 mg, 58 % yield, , two

Me OMe diastereomers M:m=55:45) as colourless liquid.

3.54
1H NMR (CDCls, 400 MHz, § ppm: 7.50-7.45 (m, 2Hw,

2Hm), 7.29-7.23 (m, 2Hw, 2Hm), 7.14-7.08 (m, 1Hy, 1H), 4.3-4.22 (m, 1Hw, 1Hn),
2.36-2.22 (m, 1Hy, 1Hu), 2.08-1.95 (m, 3Hw, 3Hm), 1.86-1.70 (m, 3Hy, 3Hm), 1.51
(s, 3Hm), 1.51 (s, 3Hw), 1.37-1.29 (m, 4Hy, 4Hy), 1.24 (s, 3Hw), 1.24 (s, 3Hw), 0.88
(s, 9Hum), 0.87 (s, 9Hw), 0.81 (s, 3Hw, 3Hn).

13C NMR (CDCls, 100 MHz, § ppm): 148.1, 148.0, 127.9, 127.9, 127.3, 127.3,
125.0, 86.0, 85.5, 78.0, 77.8, 52.7, 52.6, 51.5, 51.5, 51.5, 39.6, 39.4, 39.4, 38.4,
35.8,35.6,35.6,32.4,32.4,31.7, 31.7, 28.8, 28.4, 28.4, 27.3, 27.1, 26.5, 26.1, 26.1,
24.1,23.2,23.1.

11B NMR (CDCls, 128.3 MHz, § ppm): 34.4.

HRMS (ESI) for C23H39sNBO, [M+NH4*]*: calculated: 372.3074, found: 372.3079.
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3a,5,5-trimethyl-2-(2,6,6-trimethyl-4-phenylhept-1-en-4-yl)hexahydro-4,6-
methanobenzo[d][1,3,2]dioxaborole (3.55)

Ph H Flash column chromatography (pentane:EtOAc 200:1)
‘Bu Bfom yielded the product 3.55 (70.96 mg, 60 % yield, , two
?\ \OMe diastereomers M:m=60:40) as white solid.

355 1H NMR (CDCls, 400 MHz, § ppm: 7.67-7.57 (m, 2Hu,
2Hu), 7.25-7.19 (m, 2Hw, 2Hw), 7.14-7.05 (m, 1Hw, 1Hm), 4.71-4.51 (m, 2Hy, 2Hm),
4.35-4.23 (m, 1Hy, 1Hw), 2.79 (d,] = 16.6 Hz, 1Hn), 2.77 (d,] = 16.6 Hz, 1Huy), 2.68
(d,] = 16.6 Hz, 1Hn), 2.64 (d, ] = 16.6 Hz, 1Hw), 2.38-2.27 (m, 1Hy, 1Hy), 2.12-
2.01 (m, 3Hy, 3Hm), 1.92-1.77 (m, 3Hw, 3Hm), 1.53 (s, 3Hm), 1.52 (s, 3Hw), 1.36 (s,
3Hm), 1.35 (s, 3Hw), 1.27 (s, 3Hw, 3Hm), 1.24-1.19 (m, 1Hy, 1Hm), 0.84 (s, 3Hm),
0.83 (s, 3Hwm), 0.70 (s, 9Hm), 0.70 (s, 9Hwm).
13C NMR (CDCls, 100 MHz, & ppm): 145.7, 143.5, 128.5, 128.5, 127.6, 125.0,
125.0,112.9,112.8, 86.1, 85.7, 77.9, 52.2, 52.0, 51.6, 51.4, 46.0, 45.7, 39.4, 39.3,
38.5, 384, 35.4, 35.3, 32.3, 32.2, 31.3, 28.6, 28.3, 28.2, 27.2, 27.1, 27.0, 25.9,
25.73,24.9,24.8,24.1, 24.1, 24.0.
11B NMR (CDCl3, 128.3 MHz, 6 ppm): 34.2

HRMS (ESI) for C26H43NBO2 [M+NH4*]*: calculated: 412.3387, found: 412.3375.
M.p.=55.6 °C.
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6.3.13 Enantiomeric excess determined by HPLC

Racemic alcohols and enantiomerically enriched alcohols were analyzed by

chiral HPLC analysis, ADH-column, 25 °C, 40-60 bar.

_— 7.005

100~

& 1778.24

10.006

- Arel 1791.45
o=

'
L B

¢ i
Iz (LT

Figure 6.2. Separation of racemic species for 3.45. Hexane: EtOH = 99:01, 1 mL/min.

Table 6.2.
Time Area Height Width Area% Symmetry
7.895 1778.3 108.8 0.2723 49.816 0.686
10.006 1791.4 62.2 0.4796 50.184 0.629
WAL 4479
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Figure 6.3. Separation of enantiomerically enriched species for 3.58. Hexane: EtOH = 98:02, 1
mL/min.
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Table 6.3.
Time Area Height Width Area% Symmetry
4.579 3638.9 515.7 0.1176 72.244 0.798
4.955 1398 194.1 0.1201 27.756 0.788
6.3.14 !B NMR spectroscopic studies
a) Ph |I'| 1B NMR 5 30.2 ppm
Bpin (|
3.9 | K
b)
A<4ph
<O OLi "B NMR 5 9.7 ppm
Bpin
3.10'
c)

3.12
WW 11B NMR § 34.9 ppm WLWWM

Figure 6.4. Evolution of 11B NMR spectroscopic signals in experiments performed at room
temperature, in d8-THF, from a) 1-phenylvinylboronic acid pinacol ester 3.9, b) addition of 1 equiv
of tBuLi to 3.9 with concomitant formation of a-borylcarbanion 3.10’, and c) addition of 1 equiv of
Mel to a-borylcarbanion 3.10 with subsequent formation of product tertiary boronic ester 3.12,
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Figure 6.5. Evolution of 11B NMR spectroscopic signals in experiments performed at room
temperature, in d8-THF, from a) 1-phenylvinylboronic acid pinacol ester 3.9, b) addition of 1 equiv
of nBuLi to 3.9 with concomitant formation of boron ‘ate’ 3.9-ate.

a)
/\Bpin

PN W

T T T T T T T T T T T T T T T T T T T T
60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35
f1 (ppm

Figure 6.6. Evolution of 11B NMR spectroscopic signals in experiments performed at room
temperature, in d8-THF, from a) vinylboronic acid pinacol ester 3.3, b) addition of 1 equiv of
tBuLi to 3.3 with concomitant formation of boron ‘ate’ 3.3-ate.
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6.4 Experimental section for Chapter 4

6.4.1. General methodology for 1,2-dicarbofunctionalization
through Boron-Wittig olefination with aldehydes or

ketones
R4
)=0
Ph R,
/I\Bpin BuLi (1.1 equiv) (1.5 equiv) %R
N 1
4.4 THF, -78 °C to rt rt, 4 h

30 min - 16 h Ra
A flame dried 100 mL round-bottom flask equipped with a magnetic stir bar was
charged with 4,4,5,5-tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane (4.4)
(69.5 mg, 0.3 mmol, 1.0 equiv) in dried THF (2 mL), then sealed with a rubber
septum and put under a nitrogen atmosphere at -78 °C. A solution of tert-
butyllithium reagent (0.19 mL, 0.33 mmol, 1.1 equiv) in hexane (1.7 M) was
added dropwise and the reaction mixture was stirred for 30 minutes at -78 °C
and then stirred at room temperature for 16 h. The aldehyde or ketone (0.45
mmol, 1.5 equiv) was added dropwise and the reaction mixture was stirred for
4 h at room temperature. Finally, the reaction was quenched by addition of
MeOH (5 mL) and extracted with Et;0 three times. The combined organic layers
were dried by addition of MgSOs filtered through Celite and concentrated under
reduced pressure. The NMR yield was calculated by comparison to an internal
standard (naphthalene). The crude product was purified by flash column

chromatography.
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6.4.2 General methodology for 1,2- dicarbofunctionalization
through conjugated addition to a,B-unsaturated ketones

BuLi (1.1 equiv) 0

Ph THF, -78 °C to rt
’ or R1MR2 Bpin

/]\Bpin 30 min-16h (1.5 equiv) PhMRz
44 rt, 4h

Bu” R, O

A flame dried 100 mL round-bottom flask equipped with a magnetic stir bar was
charged with 4,4,5,5-tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane (4.4)
(69.5 mg, 0.3 mmol, 1.0 equiv) in dried THF (2 mL), then sealed with a rubber
septum and put under a nitrogen atmosphere at -78 °C. A solution of tert-
butyllithium reagent (0.19 mL, 0.33 mmol, 1.1 equiv) in hexane (1.7M) was
added dropwise and the reaction mixture was stirred for 30 minutes at -78 °C
and then stirred at room temperature for 16 h. The o,pf—unsaturated ketone
(0.45 mmol, 1.5 equiv) was added dropwise and the reaction mixture was
stirred for 4 h at room temperature. Finally, the reaction was quenched by
addition of MeOH (5 mL) and extracted with Et;0 three times. The combined
organic layers were dried by addition of MgSO0, filtered through Celite and
concentrated under reduced pressure. The NMR yield was calculated by
comparison to an internal standard (naphthalene). The crude product was

purified by flash column chromatography.

6.4.3 General methodology for cross-coupling reaction

To a Schlenk flask equipped with a stirrer bar was added the substrate 4.35 (1
equiv, 0.3 mmol), 4-iodotoluene (1.5 equiv, 0.45 mmol) and solid potassium
hydroxide (3 equiv, 0.9 mmol). The flask was then sealed and flushed three times
with argon before being taken to the glovebox where palladium acetate (10
mol%) and Ruphos (10 mol%) were added. The flask was once again sealed. The
sealed flask was taken from the glovebox and dry THF (3.5 mL) and water,
sparged for thirty minutes with argon (0.35 mL), were added. The reaction was

heated to 90 °C and left to stir for 12 h.
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6.4.4 Characterization of products isolated from Boron-Wittig
olefination

(E/2)-(2,6,6-trimethylhept-3-en-4-yl)benzene (4.6)
o \ Flash column chromatography (pentane:EtOAc 100:0) yielded
_}zf the product 4.6 (45.3 mg, 70% yield. E/Z=1/1) as a colourless
Bu 4.6 liquid.
1H NMR (CDCl3, 400 MHz, 6 ppm): 7.34-7.25 (m, 6H), 7.25-7.17 (m, 4H) , 5.41 (d,
] =10.0 Hz, 1H), 5.24 (d,] = 10.1 Hz, 1H), 2.68 (m, 1H), 2.50 (s, 2H), 2.43 (m, 1H),
2.31 (s, 2H), 1.03 (d, ] = 6.5 Hz, 6H), 0.95 (d, ] = 6.6 Hz, 6H), 0.79 (s, 9H), 0.76 (s,
9H).
13C NMR (CDCl3, 100 MHz, 8§ ppm): 145.7, 142.4, 139.5, 138.1, 135.7, 135.5,
128.1, 127.4, 127.2, 126.3, 125.5, 125.5, 52.6, 41.9, 31.8, 31.4, 29.9, 29.5, 27.7,
27.2,23.0,22.5.
HRMS (ESI) for C16H2s [M+H]*: calculated: 217.1956, found: 217.1953.

(E/Z)-(1-cyclohexyl-4,4-dimethylpent-1-en-2-yl)benzene (4.7)
Flash column chromatography (pentane:EtOAc 100:0) yielded

Ph the product 4.7 (53.1 mg, 69% yield. E/Z =1/1) as a colourless
‘Bu 47 liquid.
1H NMR (CDCl3, 400 MHz, & ppm): 7.34-7.16 (m, 10H), 5.43 (d, ] = 10.0 Hz, 1H),
5.25 (d, ] = 10.1 Hz, 1H), 2.50 (s, 2H), 2.38-2.26 (m, 1H), 2.25 (s, 2H), 2.17-2.05
(m, 1H), 1.83-1.55 (m, 8H), 1.43-1.05 (m, 12H), 0.79 (s, 9H), 0.75 (s, 9H).
13C NMR (CDCI3, 100 MHz, 6 ppm): 146.4, 143.1, 138.7, 137.5, 136.8, 136.6,
128.8,128.1, 127.9, 127.0, 126.2, 126.1, 53.3, 42.6, 38.3, 37.5, 33.9, 33.3, 32.5,
32.0,30.5,30.1, 26.3, 26.2, 26.2, 25.8.

HRMS (ESI) for C19H29 [M+H]*: calculated: 257.2269, found: 257.2272.
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(E/Z)-(4,4-dimethylpent-1-ene-1,2-diyl)dibenzene (4.8)
Flash column chromatography (pentane:EtOAc 100:0) yielded
Ph @ the product 4.8 (24.8 mg, 33% yield. E/Z =1/1) as a colourless
‘Bu—)j liquid.
48 1H NMR (CDCl3, 400 MHz, § ppm): 7.49-7.43 (m, 2H), 7.40-7.32
(m, 6H), 7.31-7.17 (m, 7H), 7.15-7.03 (m, 3H), 6.96-6.90 (m, 2H), 6.70 (s, 1H),
6.44 (s, 1H), 2.75 (s, 2H), 2.51 (s, 2H), 0.84 (s, 9H), 0.71 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 146.0, 142.6, 142.4, 141.6, 138.9, 137.9,
131.6,129.6,129.3,129.2,129.1,128.3,128.3,127.9,127.2,126.9, 126.8, 126.4,
126.1,125.6,54.0,42.1, 33.0, 32.6, 30.7, 30.3.
HRMS (ESI) for C19H23 [M+H]*: calculated: 251.1790, found: 251.1794.

(2)-(5,5-dimethylhex-2-ene-1,3-diyl)dibenzene (4.9-2)
Flash column chromatography (pentane:EtOAc 100:0)

= yielded the product 4.9-Z (15.1 mg, 19% yield) as white
B 4.9-(2) solid.
1H NMR (CDCl3, 400 MHz, § ppm 7.36-7.14 (m, 10H), 5.64 (t,] = 7.6 Hz, 1H), 3.38
(d, ] =7.6 Hz, 2H), 2.41 (s, 2H), 0.78 (s, 9H).
13C NMR (CDCl3;, 100 MHz, 6 ppm): 142.2, 141.8, 140.4, 128.9, 128.7, 128.5,
128.4,128.1,126.6, 125.9, 53.3, 35.4, 32.2, 30.3.
HRMS (ESI) for C20H2s [M+H]*: calculated: 265.1956, found: 265.1951

M.p.: 76.4 °C
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(E)-(5,5-dimethylhex-2-ene-1,3-diyl)dibenzene (4.9-E)
Ph Flash column chromatography (pentane:EtOAc 100:0)

Bu yielded the product 4.9-E (14 mg, 18% yield) as white
4.9-6) solid.

1H NMR (CDCl3, 400 MHz, 6 ppm 7.36-7.27 (m, 5H), 7.26-7.16 (m, 5H), 5.81 (t, ]

=7.3 Hz, 1H), 3.56 (d, ] = 7.3 Hz, 2H), 2.60 (s, 2H), 0.82 (s, 9H).

13C NMR (CDCl3, 100 MHz, § ppm): 146.0, 141.3, 140.2, 130.8, 128.6, 128.6,

128.2,127.0,126.5, 126.1, 42.8, 35.8, 33.3, 30.6.

HRMS (ESI) for CzoHzs [M+H]*: calculated: 265.1956, found: 265.1953

M.p.: 76.4 °C

(E/Z)-1-(4,4-dimethyl-2-phenylpent-1-en-1-yl)naphthalene (4.10)
Q Flash column chromatography (pentane:EtOAc 100:0)
Ph yielded the product 4.10 (43.2 mg, 48% yield. E/Z=1/1) as
tBu—)—; white solid.
4.10 1H NMR (CDCl3, 400 MHz, & ppm): 7.87-7.80 (m, 4H), 7.72-
7.59 (m, 2H), 7.53-7.45 (m, 7H), 7.41-7.34 (m, 4H), 7.32-7.27 (m, 1H), 7.25-7.21
(m, 5H), 6.96 (dd, ] = 8.5, 1.8 Hz, 1H), 6.85 (s, 1H), 6.60 (s, 1H), 2.84 (s, 2H), 2.57
(s, 2H), 0.86 (s, 9H), 0.71 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.9, 143.0, 142.4, 142.1, 136.5, 135.5,
133.5,133.5,132.2,132.1,131.5,129.6, 129.4, 128.4, 128.3, 128.1, 128.0, 127.9,
127.8,127.7,127.6,127.6,127.4,127.2,127.0,127.0, 127.0, 126.1, 125.9, 125.8,
125.6, 54.0, 42.3, 33.1, 32.6, 30.7, 30.3.

HRMS (ESI) for C23H2s [M+H]*: calculated: 301.1953, found: 301.1951.
M.p.: 73.6 °C
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(2)-(5,5-dimethylhex-2-ene-1,1,3-triyl)tribenzene (4.11-2)
O Flash column chromatography (pentane:EtOAc 100:0)
yielded the product 4.11-Z (29 mg, 29% yield) as white

Ph
— O solid.

Bu 41142) 1H NMR (CDCls, 400 MHz, § ppm): 7.27-7.21 (m, 8H), 7.18-
7.08 (m, 7H), 5.90 (d, ] = 10.1 Hz, 1H), 4.74 (d, ] = 10.1 Hz, 1H), 2.41 (s, 2H), 0.75
(s, 9H).

13C NMR (CDCls, 100 MHz, § ppm): 207.2, 145.4, 142.0, 139.6, 132.4, 128.7,
128.5,128.4,128.1, 126.7, 126.2, 53.4, 50.3, 32.4, 31.1, 30.3.

HRMS (ESI) for CaHzo [M+H]*: calculated: 341.2269, found: 341.2258

M.p.: 96.7 °C

(E)-(5,5-dimethylhex-2-ene-1,1,3-triyl)tribenzene (4.11-E)
Ph Flash column chromatography (pentane:EtOAc 100:0)
gu— O yielded the product 4.11-E (27.8 mg, 28.6% yield) as
O white solid.
A114E) 1H NMR (CDCl3, 400 MHz, § ppm): 7.38-7.34 (m, 2H), 7.31-
7.27 (m, 6H), 7.25-7.17 (m, 7H), 6.10 (d, ] = 10.1 Hz, 1H),
5.07 (d,] = 10.1 Hz, 1H), 2.61 (s, 2H), 0.77 (s, 9H).
13C NMR (CDCl3;, 100 MHz, 6 ppm): 145.8, 144.9, 140.0, 134.3, 128.6, 128.5,
128.5,128.4,128.2,127.2,126.7,126.3, 45.0, 42.8, 33.0, 30.8.
HRMS (ESI) for C26Hzo [M+H]*: calculated: 341.2269, found: 341.2266.
M.p.: 96.7 °C
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(2)-2-(4,4-dimethyl-2-phenylpent-1-en-1-yl)pyridine (4.12-2)
7\ Flash column chromatography (pentane:EtOAc 100:50 to
Ph =N  100:100) yielded the product 4.12-(Z) (28.3 mg, 44% yield) as
By white solid.
122 1H NMR (CDCI3, 400 MHz, § ppm): 8.53-8.47 (m, 1H), 7.28-7.21
(m, 4H), 7.21-7.16 (m, 2H), 6.93 (ddd, ] = 7.5, 4.9, 1.1 Hz, 1H), 6.58 (s, 1H), 6.59-
6.54 (m, 1H), 2.54 (s, 2H), 0.84 (s, 9H).
13C NMR (CDCI3, 100 MHz, § ppm): 145.8, 144.9, 140.0, 134.3, 128.6, 128.5,
128.2,127.2,126.7,126.3, 50.0, 42.8, 33.0, 30.8.
HRMS (ESI) for C18H22N [M+H]*: calculated: 252.1748, found: 252.1747
M.p.: 123.2°C

(E)-2-(4,4-dimethyl-2-phenylpent-1-en-1-yl)pyridine (4.12-E)

Ph Flash column chromatography (pentane:EtOAc 100:50 to
gy—' \ 100:100) yielded the product 4.12-(E) (28.7 mg, 44% yield) as
N__/ white solid.
4.12-(E)

1H NMR (CDCl3, 400 MHz, 6 ppm): 8.66-8.59 (m, 1H), 7.64 (td, ]
=7.7,1.9 Hz, 1H), 7.52-7.45 (m, 2H), 7.38-7.32 (m, 2H), 7.33-7.23 (m, 2H), 7.09
(ddd,] =7.7, 4.8, 1.2 Hz, 1H), 6.68 (s, 1H), 3.24 (s, 2H), 0.72 (s, 9H).

13C NMR (CDCl3;, 100 MHz, 6 ppm): 157.7, 149.1, 146.7, 146.1, 136.1, 130.0,
128.3,127.2,127.2,124.8,121.1,41.7, 33.3, 30.5.

HRMS (ESI) for C1gH2:N [M+H]*: calculated: 252.1740, found: 252.1747

M.p.: 123.2°C
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(E/2Z)-1-(4,4-dimethyl-2-phenylpent-1-en-1-yl)-2-iodobenzene (4.13)
Flash column chromatography (pentane:EtOAc 100:0 to 100:3)
Ph Q yielded the product 4.13 (63.2 mg, 56% yield. E/Z=1/1) as a
‘Buﬁ ' colourless liquid.
4.13 1H NMR (CDCl3, 400 MHz, 6 ppm): 7.92-7.87 (m, 1H), 7.79-7.83
(m, 1H), 7.59-7.54 (m, 2H), 7.41-7.33 (m, 4H), 7.32-7.27 (m, 1H), 7.19-7.12 (m,
3H), 7.11-7.06 (m, 2H), 7.00-6.89 (m, 2H), 6.76 (td, ] = 7.6, 1.7 Hz, 1H), 6.64 (dd,
] =7.8, 1.7 Hz, 1H), 6.57 (s, 1H), 6.38 (s, 1H), 2.64 (s, 2H), 2.56 (s, 2H), 0.89 (s,
9H), 0.63 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.1, 142.6, 142.6, 142.4, 142.3, 141.5,
138.9,138.6,135.2,133.7,131.3,130.4, 129.3,128.4, 128.2, 128.1, 127.9, 127.7,
127.4,127.2,127.2,126.8,101.3,100.7, 52.7, 42.0, 33.3, 32.9, 30.6.
HRMS (ESI) for Ci9Hz2I [M+H]*: calculated: 377.0756, found: 377.0761.

(E/2)-1-(4,4-dimethyl-2-phenylpent-1-en-1-yl)-2-(trifluoromethyl)benzene

(4.14)
Flash column chromatography (pentane:EtOAc 100:0 to
Ph Q 100:3) yielded the product 4.14 (65.9 mg, 69% yield.
— CF
tBujJ ’ E/Z=4/5) as a white solid.

414 1H NMR (CDCls, 400 MHz, § ppm): 7.70-7.65 (m, 1Hg), 7.60-
7.56 (m, 1Hz), 7.54-7.48 (m, 1Hg), 7.48-7.42 (m, 3Hg), 7.39-7.30 (m, 3Hg) , 7.30-
7.24 (m, 1Hg), 7.17-7.02 (m, 7Hz), 6.78-82 (q, ] = 2.8 Hz, 1Hg), 6.73 (d, ] = 8.0 Hz,
1Hz), 6.71-6.66 (m, 1Hz), 2.64 (s, 2Hg), 2.55 (s, 2Hz), 0.82 (s, 9Hz), 0.60 (s, 8He).
13C NMR (CDCls, 100 MHz, § ppm): 145.4, 144.1, 143.9, 141.6, 137.5, 137.5,
137.5,137.5,132.5, 131.5, 131.4, 131.0, 129.5, 128.1, 128.0, 127.3, 127.2, 126.9
126.7,126.3,126.1, 126.0, 125.5, 125.4, 53.2, 42.5, 33.0, 32.9, 30.6, 30.3.
HRMS (ESI) for C20H22F3 [M+H]*: calculated: 319.1673, found: 319.1669.
M.p.: 62.7 °C

184



UNIVERSITAT ROVIRA I VIRGILI
BORATA ALKENE INTERMEDIATES FOR SELECTIVE C-C COUPLING REACTIONS
Sara Gonzéalez Moréan

(E/Z)-2-(4,4-dimethyl-2-phenylpent-1-en-1-yl)-1,3,5-trimethoxybenzene

(4.15)
ome Flash column chromatography (pentane:EtOAc 100:0 to
VeO 100:3) yielded the product 4.15 (93.8 mg, 92% yield. E/Z=
Ph 1/3) as white solid.
J:; OMe
Bu 1H NMR (CDCl3, 400 MHz, § ppm): 7.53-7.47 (m, 2Hg), 7.33-

4.15
7.27 (m, 2Hg), 7.23-7.18 (m, 1Hg), 7.12-7.00 (m, 5Hz), 6.31

(s, 1Hg), 6.19 (s, 1Hz), 6.16 (s, 2Hg), 5.97 (s, 2Hz), 3.84 (s, 3H), 3.80 (s, 6He), 3.76
(s, 3Hz), 3.45 (s, 6Hz), 2.55 (s, 2Hz), 2.38 (s, 2HE), 0.82 (s, 9Hz), 0.58 (s, 9HE).

13C NMR (CDClI3;, 100 MHz, 6 ppm): 160.3, 160.1, 158.4, 158.3, 146.0, 144.2,
143.2,141.6,128.0,127.9,127.3,127.3,126.4,125.8,122.8,121.1, 109.6, 109.4,
90.8,90.6, 55.9, 55.4, 55.3,52.8,43.8,32.8,32.4,31.1, 30.3, 30.2.

HRMS (ESI) for C22H29003 [M+H]*: calculated: 341.2111, found: 341.2113.

M.p.: 88.3 °C

(2)-2-(4,4-dimethyl-2-phenylpent-1-en-1-yl)-1,3,5-trimethoxybenzene
(4.15-2)

H NMR (CDCI3, 400 MHz, 6 ppm): 7.16-6.98 (m, 5H), 6.19 (s, 1H), 5.97 (s, 2H),
3.76 (s, 3H), 3.45 (s, 6H), 2.55 (s, 2H), 0.82 (s, 9H).

13C NMR (CDCI3, 100 MHz, 6 ppm): 160.1, 158.3, 144.2, 141.6, 127.9, 127.32,
125.8,121.1,109.4, 90.6, 55.4, 55.3, 52.4, 32.4, 31.1, 30.2.

M. p.: 88.3 °C
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(1-cyclopentylidene-3,3-dimethylbutyl)benzene (4.16)

Ph Flash column chromatography (pentane:EtOAc 100:0) yielded
’Bu—’4 ; i the product 4.16 (46.5 mg, 68% yield) as a colourless oil.

1H NMR (CDCl3, 400 MHz, 6 ppm): 7.29-7.23 (m, 2H), 7.22-7.18
(m, 2H), 7.17-7.12 (m, 1H), 2.44-2.34 (m, 4H), 2.23-2.15 (m, 2H), 1.74-1.64 (m,
2H), 1.60-1.50 (m, 2H), 0.76 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.8,142.8,130.8, 128.8,127.7, 125.6, 48.3,
33.5,32.8,31.8,30.5, 26.9, 26.6.
HRMS (ESI) for Ci17Hzs [M+H]*: calculated: 229.1956, found: 229.1951..

(1-cyclohexylidene-3,3-dimethylbutyl)benzene (4.17)
Flash column chromatography (pentane:EtOAc 100:0) yielded

Ph
t _):O the product 4.17 (58.9 mg, 81% yield) as a colourless oil.
Bu
4.17 1H NMR (CDCls, 400 MHz, § ppm): 7.28-7.23 (m, 2H), 7.19-7.11

(m, 3H), 2.42 (s, 2H), 2.33-2.30 (m, 2H), 2.08-2.01 (m, 2H), 1.64-1.55 (m, 4H),
1.49-1.43 (m, 2H), 0.74 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 145.5,138.2,131.0, 129.7,127.7, 125.6, 46.6,
33.0,32.4,31.7,30.5, 28.9, 28.3, 27.1.

HRMS (ESI) for Ci1gHz7 [M+H]*: calculated: 241.1955, found: 241.1951.

4-(3,3-dimethyl-1-phenylbutylidene)tetrahydro-2H-pyran (4.18)

Ph Flash column chromatography (pentane:EtOAc 100:0 to
’BuJ@ 100:1) yielded the product 4.18 (43.2 mg, 59% yield) as a
4.18

colourless oil.
1H NMR (CDCl3, 400 MHz, § ppm): 7.30-7.25 (m, 2H), 7.21-7.15 (m, 1H), 7.14-
7.11 (m, 2H), 3.79-3.70 (m, 2H), 3.63-3.56 (m, 2H), 2.50-2.43 (m, 2H), 2.43 (s,
2H), 2.25-2.20 (m, 2H), 0.74 (s, 9H).
13C NMR (CDCls, 100 MHz, 6 ppm): 144.3,133.2,132.9,129.7,127.9,126.1, 69.6,
69.1,46.5,33.2,32.0,32.4, 30.5.
HRMS (ESI) for C17H250 [M+H]*: calculated: 245.1901, found: 245.1900.
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(3,3-dimethyl-1-(4-phenylcyclohexylidene)butyl)benzene (4.19)

Ph Flash column chromatography (pentane:EtOAc 100:0)
'Bu—)—QPh yielded the product 4.19 (73.5 mg, 77% yield) as a white

4.19 solid.

1H NMR (CDCls, 400 MHz, § ppm): 7.32-7.27 (m, 4H), 7.25-7.15 (m, 6H), 3.00-
2.90 (m, 1H), 2.79-2.68 (m, 1H), 2.65-2.56 (m, 1H), 2.52-2.40 (m, 2H), 2.11-1.99
(m, 2H), 1.92-1.81 (m, 2H), 1.66-1.54 (m, 1H), 1.55-1.42 (m, 1H), 0.76 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 147.1, 147.2, 136.9, 131.9, 129.7, 128.5,
127.8,127.0,126.1, 125.8, 46.8, 44.8, 36.0, 35.6, 33.1, 32.1, 31.5, 30.5.
HRMS (ESI) for C24Hz9 [M-H]: calculated: 317.2253, found: 317.2264.
M.p.: 88.9 °C

4-(3,3-dimethyl-1-phenylbutylidene)-1,1'-bi(cyclohexane) (4.20)

Ph Flash column chromatography (pentane:EtOAc 100:0)
rBU_)—QCy yielded the product 4.20 (68.1 mg, 70% yield) as a white
4.20
solid.

1H NMR (CDCl3, 400 MHz, § ppm): 7.29-7.22 (m, 2H), 7.18-7.11 (m, 3H), 2.87-
2.75 (m, 1H), 2.55-2.34 (m, 3H), 1.90-1.81 (m, 2H), 1.75-1.62 (m, 5H), 1.31-1.05
(m, 8H), 1.03-0.91 (m, 3H), 0.74 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 145.5,138.3,130.7, 129.7,127.7, 125.6, 46.6,
43.6,43.1,33.1,32.0,31.9, 31.5, 31.3, 30.5, 30.5, 30.5, 27.0.

HRMS (ESI) for C24H37 [M+H]*: calculated: 325.2895, found: 325.2899.

M.p.: 66.3 °C
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(1-(4-(tert-butyl)cyclohexylidene)-3,3-dimethylbutyl)benzene (4.21)

Bh Flash column chromatography (pentane:EtOAc 100:0)
tBu_)—QtBU yielded the product 4.21 (62.7 mg, 83% yield) as a

4.21 colourless oil.

1H NMR (CDCls, 400 MHz, § ppm): 7.30-7.24 (m, 2H), 7.20-7.12 (m, 3H), 2.87 (dgq,
] = 13.4,3.1 Hz, 1H), 2.53 (dq, ] = 13.4, 3.1 Hz, 1H), 2.48-2.37 (m, 2H), 1.96-1.78
(m, 2H), 1.78-1.61 (m, 2H), 1.26-1.06 (m, 2H), 1.04-0.92 (m, 1H), 0.86 (s, 9H),
0.74 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.4,138.1, 130.7, 129.8, 127.7, 125.6, 48.5,
46.6,33.1,32.9,32.6,32.1, 31.6,31.1, 30.5, 29.9, 29.5, 28.9, 27.8.
HRMS (ESI) for Cz22Hz4 [M+H]*: calculated: 298.2648, found: 298.2655.

(3,3-dimethyl-1-(4-(trifluoromethyl)cyclohexylidene)butyl)benzene (4.22)

Ph Flash column chromatography (pentane:EtOAc 100:0 to
tBU_)—QCF3 100:1) yielded the product 18 (68.8 mg, 73% yield) as a

422 white solid.
1H NMR (CDCls, 400 MHz, § ppm): 7.31-7.26 (m, 2H), 7.22-7.16 (m, 1H), 7.14-
7.10 (m, 2H), 2.93 (dq, ] = 13.9, 3.3 Hz, 1H), 2.58 (dq, ] = 13.9, 3.3 Hz, 1H), 2.43
(s, 2H), 2.31-2.13 (m, 1H), 2.12-2.01 (m, 1H), 1.96-1.82 (m, 2H), 1.77-1.67 (m,
1H), 1.50-1.39 (m, 1H), 1.35-1.25 (m, 1H), 0.75 (s, 9H).
13C NMR (CDClI3, 100 MHz, & ppm): 145.0, 128.4, 128.3, 125.1, 83.4, 46.7, 31.5,
30.2,29.8,24.7,24.7, 24.6.
19F NMR (CDCl3, 376 MHz, § ppm): -73.5.
HRMS (ESI) for C19H26F3 [M+H]*: calculated: 311.1987, found: 311.1991.

M.p.: 68.3 °C
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(E/2)-1-chloro-4-(2,5,5-trimethyl-3-phenylhex-2-en-1-yl)benzene (4.23)
Flash column chromatography (pentane:EtOAc 100:0 to

T){@C' 100:1) yielded the product 4.23 (48.7 mg, 52% yield.,

Bu 4.23 E/Z=1/1) as a colourless liquid.

1H NMR (CDCls, 400 MHz, § ppm): 7.33-7.11 (m, 16H), 7.05-7.00 (m, 2H), 3.56 (s,

2H), 3.32 (s, 2H), 2.53 (s, 2H), 2.49 (s, 2H), 1.72 (s, 3H), 1.48 (s, 3H), 0.80 (s, 9H),

0.77 (s, 9H).

13C NMR (CDCls, 100 MHz, § ppm): 145.0, 144.8, 139.8, 138.9, 137.1, 136.6,

131.7, 131.6, 131.6, 131.5, 130.0, 129.6, 129.2, 128.6, 128.45 128.02, 128.0,

127.9,126.1,126.1,126.0,47.7,47.2,41.0,39.8, 33.4, 33.1, 30.6, 30.6, 20.1, 19.1.
HRMS (ESI) for C21H26Cl [M+H]*: calculated: 313.1723, found: 313.1617.

((4E/Z,6E)-2,2-dimethylocta-4,6-dien-4-yl)benzene (4.24)

Ph Flash column chromatography (pentane:EtOAc 100:0)
tB“\HJJ\/\/ yielded the product 4.24 (11.0 mg, 17% yield. E/Z=1/1) as
4.24

white solid.

'H NMR (CDCls, 400 MHz, 6 ppm): 7.42-7.27 (m, 2Hg,4Hz), 7.25-7.16 (m, 3Hg, 1
Hz), 6.47-6.35 (m, 1Hz), 6.28 (d,] = 11.0 Hz, 1Hz), 6.17-6.10 (m, 1Hg), 6.04 (d,] =
11.0 Hz, 1Hg), 5.79 (dq, ] = 15.0, 6.8 Hz, 1Hz), 5.75-5.66 (m, 1Hg), 2.59 (s, 2Hz),
2.37 (s, 2Hg), 1.83 (d, ] = 6.8 Hz, 3Hz), 1.69 (d, ] = 6.7 Hz, 3Hg), 0.79 (s, 9Hz), 0.75
(s, 9Hg).

13C NMR (CDCl;, 100 MHz, § ppm): 145.9, 138.3, 131.2, 130.4, 130.1, 129.3,
129.2,129.1, 129.0, 128.81, 128.3, 128.2, 128.0, 126.9, 126.8, 126.5, 53.0, 42.7,
34.3,32.6,30.6,30.2,22.5,18.7

HRMS (ESI) for Ci1¢Hz21 [M-H]-: calculated: 213.1633, found: 213.1638.

M.p.: 97.0 °C

189



UNIVERSITAT ROVIRA I VIRGILI
BORATA ALKENE INTERMEDIATES FOR SELECTIVE C-C COUPLING REACTIONS
Sara Gonzadl&ztMB¥an

((4z/E,6E)-2,2,6-trimethylocta-4,6-dien-4-yl)benzene (4.25)
Ph Flash column chromatography (pentane:EtOAc 100:0)

Bu "~~~ vyielded the product 4.25 (32.18 mg, 47% yield. E/Z= 1/1) as
4.25 a colourless liquid.

1H NMR (CDCls, 400 MHz, § ppm): 7.37-7.16 (m, 10H), 6.07(s, 1H), 6.03 (s, 1H),
5.55-5.47 (m, 1H), 5.46-5.38 (m, 1H), 2.69 (s, 2H), 2.36 (s, 2H), 1.81 (s, 3H), 1.74-
1.69 (m, 3H), 1.60-1.56 (m, 3H), 1.33-1.30 (m, 3H), 0.77 (s, 9H), 0.74 (s, 9H).

13C NMR (CDCls, 100 MHz, & ppm): 146.6, 143.6, 138.9, 137.6, 135.9, 134.5,
134.2, 133.9, 131.4, 129.4, 128.1, 127.8, 127.6, 127.2, 126.4, 126.4, 124.1, 54.0,
42.1,32.6,32.5,30.7,30.2,16.9,15.9, 13.8,13.8.

HRMS (ESI) for Ci17Hzs [M+H]*: calculated: 228.1878, found: 228.1881.

(E/2)-(1-(cyclohex-1-en-1-yl)-4,4-dimethylpent-1-en-2-yl)benzene (4.26)

o Flash column chromatography (pentane:EtOAc 100:0 to
fBu\w 100:3) yielded the product 4.26 (23.7 mg, 31% yield. E/Z=
4.26 1/1) as white solid.

1H NMR (CDCl3, 400 MHz, § ppm): 7.43-7.23 (m, 10H), 6.08-6.05 (m, 1H), 6.04-
6.02 (m, 1H), 5.83-5.74 (m, 1H), 5.67-5.59 (m, 1H), 2.77 (s, 2H), 2.43 (s, 2H),
2.27-2.18 (m, 4H), 2.15-2.04 (m, 2H), 1.84-1.62 (m, 6H), 1.59-1.52 (m, 2H), 1.52-
1.43 (m, 2H), 0.84 (s, 9H), 0.83 (s, 9H).

13C NMR (CDCl;, 100 MHz, 6§ ppm): 146.8, 143.7, 139.2, 137.9, 136.1, 136.0,
134.8, 133.6, 129.5, 129.0, 128.2, 127.6, 127.3, 126.7, 126.5, 126.4, 54.5, 42.4,
34.4,32.7,32.6,30.8,30.3,29.6, 28.6, 26.1, 25.9, 23.2, 22.6, 22.5, 22.4, 14.3.
HRMS (ESI) for Ci9Hzs [M+H]: calculated: 253.1943, found: 253.1941.

M.p.: 71.2 °C
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((1E,3E/32)-6,6-dimethylhepta-1,3-diene-1,4-diyl)dibenzene (4.27)

Ph Flash column chromatography (pentane:EtOAc 100:0)
rBu\wM/© yielded the product 4.27 (48.1 mg, 58% yield. E/Z=
4.27

1/1) as a colourless liquid.

1H NMR (CDCl3, 400 MHz, § ppm): 7.48-7.13 (m, 21H), 6.90 (dd, ] = 15.6,11.0 Hz,
1H), 6.70-6.51 (m, 3H), 6.29 (d, ] = 11.0 Hz, 1H), 2.75 (s, 2H), 2.50 (s, 2H), 0.86
(s, 9H), 0.81 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 145.5, 142.7, 142.1, 141.7, 138.0, 137.1,
132.2,131.3,131.2,130.3,129.3,128.8, 128.6, 128.4,128.1, 127.5,127.2, 127.0,
126.8,126.7,126.6, 126.5, 126.4, 53.1, 43.0, 33.4, 32.8, 30.7, 30.3.

HRMS (ESI) for Cz1Hz3 [M-H]: calculated: 275.1789, found: 275.1794.

((1Z,3Z/E)-2-bromo-6,6-dimethylhepta-1,3-diene-1,4-diyl)dibenzene (4.28)

Flash column chromatography (pentane:EtOAc 100:0 to

Ph Br
Bu oS 100:3) yielded the product 4.28 (45.7 mg, 43% yield.
4.28 E/Z=1/1) as a colourless liquid.

1H NMR (CDCl3, 400 MHz, § ppm): 7.69-7.64 (m, 2H), 7.45-7.17 (m, 18H), 6.95 (s,
1H), 6.35 (s, 1H), 6.32 (s, 1H), 6.19 (s, 1H), 2.81 (s, 2H), 2.45 (s, 2H), 0.83 (s, 9H),
0.80 (s, 9H).

13C NMR (CDCI3, 100 MHz, 6 ppm): 144.2, 143.9, 143.7, 141.3, 136.2, 136.0,
132.0,131.2,131.2,130.3,129.2,128.8,128.8, 128.4, 128.3, 128.2, 128.1, 128.0,
127.7,127.6,127.2,127.2,121.1,120.9, 52.2, 42.3, 33.2, 32.8, 30.8, 30.4, 30.3
HRMS (ESI) for C21H24Br [M+H]*: calculated: 355.1061, found: 355.0903.
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(E,Z)-(3,3-dimethyl-1-(3-methylcyclohex-2-en-1-ylidene)butyl)benzene

(4.29)
Ph Flash column chromatography (pentane:EtOAc 100:0)
11
BU\”‘\Q/ yielded the product 4.29 (47.2 mg, 62% yield, E/Z= 1/1) as
a colourless oil.
4.29

1H NMR (CDCl3, 400 MHz, § ppm): 7.32-7.26 (m, 4H), 7.21-
6.37 (m, 6H), 6.40-6.37 (m, 1H), 5.93-5.90 (m, 1H), 2.54 (s, 2H), 2.48 (s, 2H),
2.45-2.39 (m, 2H), 2.24-2.18 (m, 2H), 2.09-2.02 (m, 4H), 1.86-1.84 (m, 3H), 1.82-
1.74 (m, 2H), 1.66-1.64 (m, 3H), 1.63-1.54 (m, 2H), 0.76 (s, 9H), 0.75 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6 ppm): 145.2, 144.5, 138.6, 137.1, 133.0, 132.9,
132.8,132.3,130.3, 129.8, 128.4, 127.7, 125.9, 125.8, 123.5, 122.66, 46.8, 45.8,
33.5,33.3,31.1, 31.0, 30.9, 30.6, 30.5, 29.5, 28.4, 27.4, 24.8, 24.4, 23.7, 23.3.
HRMS (ESI) for C19H27 [M+H]*: calculated: 255.2103, found: 255.2107.

(E,Z)-4'-(3,3-dimethyl-1-phenylbutylidene)-3',4'-dihydro-2'H-1,1":1',1"-
terphenyl (4.30)

- Ph\ Flash column chromatography (pentane:EtOAc 100:0)

\/K@ yielded the product 4.30 (89.4 mg, 76% yield, E/Z=1/1) as

P:h a white solid.
1H NMR (CDCl3, 400 MHz, § ppm): 7.36-7.13 (m, 30H), 6.85

(d,]=10.3 Hz, 1H), 6.39 (d, ] = 10.1 Hz, 1H), 6.23 (d, ] = 10.3 Hz, 1H), 6.00 (d, ] =
10.1 Hz, 1H), 2.61 (s, 2H), 2.50-2.43 (m, 6H), 2.32-2.20 (m, 4H), 0.80 (s, 9H), 0.75
(s, 9H).
13C NMR (CDCI3, 100 MHz, 6 ppm): 148.6, 148.6, 144.5, 143.7, 136.9, 136.2,
136.2,134.9,131.9,131.6,130.2,129.5, 128.2,128.2, 128.1, 128.0, 127.8, 127.8,
127.0,126.4,126.2,126.0,49.1, 49.0, 46.8, 46.0, 36.6, 36.4, 33.5, 33.3, 30.6, 30.5,
25.7,24.7.
HRMS (ESI) for CzoH3zz [M+H]*: calculated: 393.2583, found: 393.2577.
M.p.: 86.5 °C
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((4Z/E,6E)-2,2,5,9-tetramethyldeca-4,6,8-trien-4-yl)benzene (4.31)

Ph Flash column chromatography (pentane:EtOAc 100:0)
B
“\W yielded the product 4.31 (38.6 mg, 48% yield, E/Z= 1/1)
4.31 as a colourless liquid.

1H NMR (CDCl3, 400 MHz, 6 ppm): 7.33-7.28 (m, 5H), 7.24-7.16 (m, 5H), 6.77 (d,
] =15.1 Hz, 1H), 6.54 (dd, ] = 15.1, 10.9 Hz, 1H), 6.42 (dd, ] = 15.3, 10.7 Hz, 1H),
6.27 (d,] = 15.3 Hz, 1H), 6.09-5.98 (m, 1H), 5.77-5.72 (m, 1H), 2.62 (s, 2H), 2.57
(s, 2H), 2.02 (s, 3H), 1.85 (s, 3H), 1.83 (s, 3H), 1.81 (s, 3H), 1.80 (s, 3H), 1.75 (s,
3H), 0.77 (s, 9H), 0.77 (s, 9H).

13C NMR (CDCl3, 100 MHz, § ppm): 194.9, 154.6, 144.6, 142.71, 139.4, 134.7,
132.0,131.0,130.3,130.1,129.9,129.7,129.1, 128.2,128.1, 127.7, 126.5, 126 .4,
126.2,125.6, 124.6, 48.9, 48.3, 46.7, 33.9, 33.5, 30.7, 30.6, 30.3, 26.4, 26.3, 18.6,
16.0.

HRMS (ESI) for C20Hz7 [M-H]: calculated: 267.2096, found: 267.2107.

(2)-(2,2,5,7-tetramethylocta-4,6-dien-4-yl)benzene (4.32-2)

- \/S/ﬁ/ Flash column chromatography (pentane:EtOAc 100:0)
yielded the product 4.32-Z (15.3 mg, 21% yield) as a
4.32-(2) colourless liquid.
H NMR (CDCl3, 400 MHz, & ppm): 7.25 (s, 1H), 7.22-7.16 (m, 2H), 7.14-7.07 (m,
3H), 2.48 (s, 2H), 1.89 (s, 3H), 1.53 (s, 3H), 1.43 (s, 3H), 0.76 (s, 9H).
13C NMR (CDCl3, 100 MHz, 6§ ppm): 145.6, 136.6, 132.3, 131.7, 129.8, 129.6,

128.5,127.2,125.5, 46.6, 33.5, 30.5, 25.6, 20.8, 19.8
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(2)-(3,6,6-trimethylhept-3-en-1-yne-1,4-diyl)dibenzene (4.33-2)
Flash column chromatography (pentane:EtOAc 100:0)
yielded the product 4.33-Z (32 mg, 36% yield) as a colourless

Ph 47 liquid.
gu—" 1H NMR (CDCl3, 400 MHz, 6 ppm): 7.48-7.43 (m, 2H), 7.36-
4.33-(2) 7.30 (m, 2H), 7.28-7.18 (m, 4H), 7.17-7.13 (m, 2H), 2.57 (s,

2H), 2.11 (s, 3H), 0.81 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6§ ppm): 147.2, 144.3, 131.3, 129.2, 128.2, 127.6,
127.5,126.8,124.2,116.9,93.0, 90.5, 46.5, 34.0, 30.5, 20.8.

HRMS (ESI) for Czz2Hzs [M+H]*: calculated: 289.1946, found: 289.1951.

(E)-(3,6,6-trimethylhept-3-en-1-yne-1,4-diyl)dibenzene (4.33-E)

Ph Flash column chromatography (pentane:EtOAc 100:0)
Bu— \\ yielded the product 4.33-E (26 mg, 29% yield) as a
colourless liquid.
1H NMR (CDCls, 400 MHz, 6 ppm): 7.50-7.45 (m, 2H), 7.37-
4:3346) 730 (m, 5H), 7.27-7.19 (m, 3H), 2.84 (s, 2H), 1.91 (s, 3H),
0.83 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 147.4, 142.5, 131.4, 128.9, 128.5, 128.0,
128.0,126.9,126.0, 124.2,116.9,92.8,92.4, 50.6, 33.6, 30.5, 20.7.
HRMS (ESI) for C;2Hzs [M+H]*: calculated: 289.1946, found: 289.1949.
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(2)-(6,6-dimethylhept-3-en-1-yne-1,4-diyl)dibenzene (4.34-2)
Flash column chromatography (pentane:EtOAc 100:0)
yielded the product 4.34-Z (30.2 mg, 37% yield) as a
Ph 4 colourless liquid.
‘Bu 1H NMR (CDCl3, 400 MHz, § ppm): 7.62-7.56 (m, 2H), 7.43-
43412 7.33 (m, 2H), 7.33-7.22 (m, 6H), 5.77 (s, 1H), 2.52 (s, 2H),
0.82 (s, 9H).
13C NMR (CDCl3, 100 MHz, § ppm): 152.3, 141.1, 131.4, 128.6, 128.3, 127.9,
127.8,127.7,124.0,108.9,91.2, 88.8, 51.6, 30.2, 22.5.

HRMS (ESI) for C21H23 [M+H]*: calculated: 275.1796, found: 275.1794.

(E)-(6,6-dimethylhept-3-en-1-yne-1,4-diyl)dibenzene (4.34-E)

Ph Flash column chromatography (pentane:EtOAc 100:0)
‘B - yielded the product 4.34-E (30 mg, 37% yield) as a
= N\ .
colourless liquid.
1H NMR (CDCl3, 400 MHz, § ppm): 7.49-7.45 (m, 2H), 7.42-
4.34-(E) 7.38 (m, 2H), 7.37-7.28 (m, 6H), 5.96 (s, 1H), 2.87 (s, 2H),
0.88 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 153.3, 143.2, 131.4, 128.5, 128.5, 128.1,
127.9,126.6,124.0,110.2,94.3, 89.2, 45.5, 33.7, 30.6
HRMS (ESI) for C21Hz3 [M+H]*: calculated: 275.1796, found: 275.1792.
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7,7-dimethyl-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)octan-2-one (4.35)

o  Flash column chromatography (pentane:EtOAc 100:0 to

Ph
IB“W 100:20) yielded the product 4.35 (41.9 mg, 39% yield) as a

Bpin
4.35

white solid.

1H NMR (CDCl3, 400 MHz, § ppm: 7.49-7.44 (m, 2H), 7.29-7.21
(m, 2H), 7.16-7.10 (m, 1H), 2.23-2.14 (m, 4H), 2.00 (s, 3H), 1.94 (d, ] = 14.2 Hz,
1H), 1.77 (d,] = 14.2 Hz, 1H), 1.24 (s, 6H), 1.20 (s, 6H), 0.76 (s, 9H).

13C NMR (CDCl3, 100 MHz, § ppm): 209.5, 145.1, 128.3, 128.2, 125.5, 83.5, 50.1,
40.0,32.0,31.7,31.5,30.1, 25.2, 24.9.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.5.

HRMS (ESI) for C22H36B03 [M+H]*: calculated: 359.2757, found:359.2752.

4,7,7-trimethyl-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)octan-2-one (4.36)

o Flash column chromatography (pentane:EtOAc 100:0 to
Ph
By 100:20) yielded the product 4.36 (39.1 mg, 35% yield, two

Bpin

436 diastereomers M:m=4:3) as colourless liquid.

H NMR (CDCl3, 400 MHz, 6 ppm: 7.67-7.61 (m, 2Hwm), 7.55-
7.50 (m, 2Hn), 7.30-7.18 (m, 2Hw, 2Hw), 7.16-7.10 (m, 1Hwm, 1Hn), 2.95 (dd, ] =
16.4, 2.8 Hz, 1Hw), 2.73-2.58 (m, 1Hw), 2.23-2.13 (m, 1Hy, 1Hw), 2.17 (s, 3Hwu),
2.13-2.05 (m, 1Hwy, 1Hw), 1.92 (s, 3Hm), 1.74-1.64 (m, 1Hw, 1Hn), 1.58-1.36 (m,
1Hwm, 2Hn), 1.37 (s, 6Hwm), 1.36 (s, 6Hwm), 1.34 (s, 12Hn), 1.05 (d, ] = 6.9,Hz, 3Hn),
0.68 (d, ] = 6.9 Hz, 3Hw), 0.58 (s, 9Hwn), 0.56 (s, 9Hn).
13C NMR (CDCl3, 100 MHz, § ppm): 209.6, 209.6, 145.0, 144.6, 130.0, 128.6,
127.7,127.5,125.9,125.6,83.7,83.6,50.7,50.5,48.7,48.3, 39.4,39.2,31.8, 31.8,
31.4,31.4,30.8,30.3,26.0, 25.8, 25.3, 25.2,17.3,17.0.
11B NMR (CDCls, 128.3 MHz, § ppm): 33.6.
HRMS (ESI) for C23H3sB03 [M+H]*: calculated: 373.2914, found: 373.2917.
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7,7-dimethyl-5-phenyl-4-propyl-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)octan-2-one (4.37)

phi" @ Flash column chromatography (pentane:EtOAc 100:0 to
tB“w 100:20) yielded the product 4.37 (60.1 mg, 50% yield, two

4.37 diastereomers M:m=3:2) as colourless liquid.
1H NMR (CDCls, 400 MHz, 8 ppm): 7.70-7.66 (m, 2Hy), 7.52-7.44 (m, 2Hy), 7.26-
7.07 (m, 3Hw, 3Hm), 3.15 (dd, ] = 18.1, 4.7 Hz, 1Hw), 2.77-2.66 (m, 1Hy), 2.44 (dd,
J=17.8, 2.4 Hz, 1Hp), 2.28-2.15 (m, 4Hy), 2.08 (dd, ] = 17.8, 7.9 Hz, 1Hx), 1.92 (d,
J = 13.6 Hz, 1Hy), 1.89-1.73 (m, 4Hy), 1.63-1.57 (m, 1Hy), 1.51-1.42 (m, 1Hy,
1Hm), 1.36 (s, 6H), 1.35 (s, 6Hm), 1.33 (s, 6Hw), 1.33 (s, 6Hm), 1.26- 0.80 (m, 4Hy,
7Hm), 0.66 (t, ] = 7.1 Hz, 3Hw), 0.55 (s, 9Hx), 0.51 (s, 9Hn).
13C NMR (CDCls, 100 MHz, 8 ppm): 209.3, 145.5, 130.4, 130.0, 128.7, 127.8,
127.5,125.9,125.7,125.6,83.6,83.5,53.1,50.9,50.7,48.6,47.0, 43.7, 43.5, 36.2,
35.7,32.0,31.8,31.5,31.3,30.5,30.3,30.2, 26.1, 25.6, 25.4, 25.0, 22.5,21.6, 14.8,
14.1.

11B NMR (CDCl3, 128.3 MHz, 6 ppm): 34.6.

Major diasteroisomer 4.37

H NMR (CDCl3, 400 MHz, § ppm): 7.70-7.66 (m, 2H), 7.26-7.20 (m, 2H), 7.15-
7.10 (m, 1H), 3.15 (dd, ] = 18.1, 4.7 Hz, 1H), 2.77-2.66 (m, 1H), 2.29-2.13 (m, 4H),
192 (d,] =13.6 Hz, 1H), 1.45 (d, ] = 13.6 Hz, 1H), 1.36 (s, 6H), 1.33 (s, 6H), 1.16-
1.03 (m, 2H), 0.98-0.82 (m, 3H), 0.66 (t,] = 7.1 Hz, 3H), 0.51 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 209.3, 145.5, 130.0, 127.8, 125.6, 83.5, 50.7,
47.0,43.5,35.7,31.8,31.3, 30.5, 30.5, 26.1, 25.0, 21.6, 14.1.

11B NMR (CDCl3, 128.3 MHz, § ppm): 34.4.

HRMS (ESI) for C25H42B03 [M+H]*: calculated: 401.3227, found: 401.3222.
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4-butyl-7,7-dimethyl-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)octan-2-one (4.38)

Bu o Flash column chromatography (pentane:EtOAc 100:0 to

tBuW 100:20) yielded the product 4.38 (73.3 mg, 59% yield, two

Bpin diastereomers M:m=10:7) as colourless liquid.

438 1H NMR (CDCls, 400 MHz, 8 ppm):7.69-6.67 (m, 2Hx), 7.50-
7.44 (m, 2Hn), 7.25-7.16 (m, 2Hwm, 2Hn), 7.16-7.06 (m, 1Hm, 1Hw), 3.16 (dd, ] =
18.1, 4.8 Hz, 1Hw), 2.75-2.62 (m, 1Hwm, 1Hn), 2.29-2.14 (m, 4Hw, 1Hn), 2.11-2.03
(m, 1Hn), 1.91 (d, ] = 13.6 Hz, 1Hwm), 1.90-1.86 (m, 1Hw), 1.83 (s, 3Hm), 1.64-1.62
(m, 1Hw), 1.45 (d, ] = 13.6 Hz, 1Hw), 1.35 (s, 6Hwm), 1.34 (s, 6Hn), 1.33 (s, 6Hum),
1.32 (s, 6Hm), 1.27-0.93 (m, 6Hwm, 5Hn), 0.88 (t,] = 7.1 Hz, 3Hn), 0.77- 0.71 (m,
1Hn), 0.68 (t,] = 6.9 Hz, 3Hwm), 0.55 (s, 9Hm), 0.51 (s, 9Hw).
13C NMR (CDCl3, 100 MHz, 8§ ppm): 209.3, 209.1, 145.6, 145.2, 130.4, 128.0,
127.8,125.7, 125.6, 83.6, 83.5, 50.9, 50.7, 48.5, 46.9, 43.8, 43.7, 33.5, 33.1, 32.0,
31.8, 31.4, 31.4, 31.2, 30.8, 30.5, 30.2, 30.2, 30.0, 26.03, 25.6, 25.4, 25.3, 25.0,
23.4,22.6,14.2,14.1.
11B NMR (CDCI3, 128.3 MHz, 6 ppm): 33.1.
HRMS (ESI) for C26H44BO3 [M+H]*: calculated: 415.3383, found: 415.3379.
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5,8,8-trimethyl-6-phenyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)nonan-3-one (4.39)

Bh o] Flash column chromatography (pentane:EtOAc 100:0 to
’Buw 100:20) yielded the product 35 (84.6 mg, 73% yield, two
Bz_igg diastereomers M:m=5:3) as colourless liquid.
1H NMR (CDCl3, 400 MHz, § ppm: 7.69-7.60 (m, 2Hwn), 7.57-7.47 (m, 1Hn), 7.27-
7.17 (m, 2Hm, 2Hm), 7.16-7.08 (m, 1Hy, 1Hm), 2.91 (dd,] = 16.2, 3.1 Hz, 1Hw), 2.74-
2.62 (m, 1Hy, 1Hn), 2.56-2.04 (m, 5Hy, 5Hw), 1.55 (d, ] = 13.9 Hz, 1Hw), 1.47 (d, ]
= 13.9 Hz, 1Huw), 1.37 (s, 6Hwn), 1.36 (s, 6Hwm), 1.34 (s, 12Hn), 1.07 (t, ] = 7.4 Hz,
3Hw), 1.04 (d, ] = 6.8 Hz, 3Hn), 0.91 (t,] = 7.4 Hz, 3Hn), 0.66 (d, ] = 6.8 Hz, 3Hw),
0.57 (s, 9Hw), 0.55 (s, 6Hm).
13C NMR (CDCl3, 100 MHz, 8§ ppm): 212.2, 212.1, 145.1, 144.8, 130.0, 127.9,
127.7,125.8,125.6, 83.7, 83.6, 50.7, 50.6, 47.2, 46.9, 39.6, 39.2, 36.9, 36.4, 31.9,
31.8,31.4,31.4,26.0,25.8,25.3,25.2,17.4,17.1,8.1, 7.9.
11B NMR (CDCl3, 128.3 MHz, 6 ppm): 34.6.

HRMS (ESI) for C24H40BO3 [M+H]*: calculated: 387.3070, found: 387.3076.
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3,6,9,9-tetramethyl-7-phenyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)decan-4-one (4.40)

oh o) Flash column chromatography (pentane:EtOAc 100:0 to
fau/\})\)HA 100:3) yielded the product 4.40 (89.4 mg, 72% vyield,
Bpin

three diastereomers A:B:C=2:2:1) as a white solid.

1H NMR (CDCl3, 400 MHz, § ppm: 7.67-7.62 (m, 2H), 7.25-
7.21 (m, 2H), 7.16-7.10 (m, 1H), 2.96-2.86 (m, 1H), 2.75-2.65 (m, 1H), 2.46 (dq, ]
=13.7,6.8 Hz, 1H), 2.31 (ddd, ] = 17.0, 10.2, 8.3 Hz, 1H), 2.09 (dd, ] = 13.7, 2.3 Hz,
1H), 1.76-1.63 (m, 1H), 1.53 (dd, ] = 13.7, 4.9 Hz, 1H), 1.37 (s, 6H), 1.34 (s, 6H),
(t, ] = 6.8 Hz, 3H), 0.91-0.87 (m, 3H), 0.67-0.64 (m, 3H), 0.56 (s, 9Ha), 0.56 (s,
9Hg), 0.55 (s, 9Hc).

13C NMR (CDCl3, 100 MHz, § ppm): 215.1, 215.0, 214.9, 214.9, 145.1, 144.9,
144.8,130.0,129.6,128.0,127.8,127.7,125.7,125.5, 83.6, 83.5, 50.7, 50.6, 50.6,
48.75, 48.5, 48.0, 47.7, 46.4, 45.8, 45.7, 39.0, 38.9, 38.6, 38.4, 31.9, 31.8, 314,
31.4,26.2,26.2,26.0,25.8,25.7, 25.6, 25.6, 25.4, 25.3,25.2,17.6,17.5,17.2,17.1,
16.2,16.1,15.9,15.6,11.9,11.8,11.7,11.7.

11B NMR (CDCl3, 128.3 MHz, 6 ppm): 33.3.

HRMS (ESI) for C26H44BO3 [M+H]*: calculated: 415.3375, found: 415.3378.

4.40
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3-(3,3-dimethyl-1-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)butyl)cyclohexan-1-one (4.41)

Flash column chromatography (pentane:EtOAc 100:0to 100:3)

’Bu\_<Ki>:O yielded the product 4.41 (749 mg, 65% yield, two

p,BPIn diastereomers A:B=1:1) as white solid.

4.41 1H NMR (CDCl3, 400 MHz, § ppm): 7.65-7.58 (m, 2Hg), 7.54-7.47
(m, 2H4), 7.25-7.19 (m, 2Ha, 2Hg), 7.18-7.09 (m, 1Ha, 1Hs), 2.78-2.68 (m, 1Hg),
2.37-1.97 (m, 7HA, 5Hg), 1.96-1.85 (m, 1Hg), 1.70-1.49 (m, 2H,, 2Hs), 1.40-1.31
(m, 12H,, 12Hg), 1.30-1.12 (m, 1Ha, 1Hg), 0.96-0.80 (m, 1Ha, 1Hg), 0.61 (s, Ha),
0.58 (s, 9Ha).
13C NMR (CDCl3, 100 MHz, 6 ppm): 212.8, 212.4, 144.4, 143.1, 129.9, 129.8,
127.8,127.8,125.8,125.8,83.8,83.7,49.9,49.8,49.8,49.5,45.7,44.7,41.9,41.8,
31.8,31.7,31.7,31.5,31.1, 28.6, 27.8, 26.1, 25.9, 25.8, 25.7, 3.5, 25.2.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.1.
HRMS (ESI) for C24H33B0O3 [M+H+]*: calculated: 385.2909, found: 385.2915.

Diastereoisomer A

H NMR (CDCl3, 400 MHz, & ppm): 7.54-7.46 (m, 2H), 7.25-7.18 (m, 2H), 7.16-
7.09 (m, 1H), 2.33-2.14 (m, 5H), 2.10-1.98 (m, 2H), 1.65 (d, ] = 14.0 Hz, 1H), 1.60-
1.52 (m, 2H), 1.37 (s, 6H), 1.35 (s, 6H), 1.27-1.12 (m, 1H), 0.94-0.81 (m, 1H), 0.61
(s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 212.4, 143.1, 129.9, 127.8, 125.8, 83.8, 49.8,
49.5,44.7,41.8,31.8,31.7, 28.6, 25.9, 25.8, 25.5.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.1.

HRMS (ESI) for C24H3sB03 [M+H]*: calculated: 385.2909, found: 385.2915.
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3,7,7-trimethyl-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)octan-2-one (4.42)

O Flash column chromatography (pentane:EtOAc 100:0 to 10:3)

Ph
tBuW yielded the product 4.42 (30.2 mg, 27% yield) as a colourless
B

pin

4.42 liquid.

1H NMR (CDCls, 400 MHz, § ppm): 7.58-7.53 (m, 2H), 7.20-7.18 (m, 2H), 7.13-
7.08 (m, 1H), 2.54-2.40 (m, 2H), 1.97 (d,] = 14.2 Hz, 1H), 1.76-1.68 (m, 2H), 1.47
(s, 3H), 1.33 (s, 6H), 1.32 (s, 6H), 0.92 (d, ] = 6.8 Hz, 3H), 0.64 (s, 9H).

13C NMR (CDCl3, 100 MHz, 6 ppm): 214.2, 144.4, 130.1, 127.7, 83.5, 45.4, 44 4,
32.0,31.5, 29.0, 25.8, 25.3, 22.8, 19.7.

11B NMR (CDCl3, 128.3 MHz, § ppm): 33.2.

7,7-dimethyl-5-phenyl-5-(p-tolyl)octan-2-one (4.43)

O Flash column chromatography (pentane:EtOAc 100:0 to 10:3)
(0]

yielded the product 4.43 (7 mg, 52% yield.) as colourless
Bu

liquid.
‘ 1H NMR (CDCl3, 400 MHz, 6 ppm): 7.23-7.18 (m, 2H), 7.15 -
7.00 (m, 7H), 2.59-2.50 (m, 1H), 2.37-2.31 (m, 4H), 2.30-2.20
4.43 (m, 4H), 1.99-1.86 (m, 1H), 1.71-1.62 (m, 2H), 1.47 (dd, ] =

14.0,3.7 Hz, 1H), 0.73 (s, 9H).

13C NMR (CDCls, 100 MHz, § ppm): 209.1, 146.8, 136.9, 136.7, 135.9, 135.7,
129.5,129.4, 128.9, 128.8, 128.4, 128.0, 126.0, 63.5, 51.0, 41.8, 41.0, 33.6, 31.4,
30.2,21.2, 21.2.
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The borata-alkene unit [CH,=BR:]- represents a formal depiction of stabilized a-
monoboryl carbanions, arising from the deficient valence of the nearby three-
coordinate boron center (Scheme 9.1). Not only strategic advanced synthetic
methodologies for the production of borata-alkenes have been reported, but
also the development of characterization techniques of borata-alkenes has
allowed the understanding of their properties. In this doctoral thesis, borata-
alkenes have played a pivotal role in enabling new reactions and thereby
expanding our understanding and utilization of these intermediates, in order to
explore the wide range of applications of borata-alkene species in producing

different novel compounds.

R'" R® R" RS
M@®OC-E -~ C=BOOM

RZ R* Rz R
a-monoboryl carbanion borata-alkene

Scheme 9.1. Resonance forms of borata-alkene species.

In Chapter 2, we studied the use of Cu(I) complexes to catalytically activate
1,1,1',1'-tetrapinacolborylethane, Cu-catalyzed producing the corresponding a-
borylalkyl copper species, followed by allylic alkylation sequences. The
structure of 1,1,1',1'-tetrapinacolborylethane has been revealed through X-ray
diffraction, contributing to a better understanding of its reactivity. Additionally,
this chapter outlines reaction conditions suitable to react the a-borylalkyl
copper species with a wide range of allyl bromide reagents in mono allylic
alkylation via an Sy2' mechanism (Scheme 9.2). Furthermore, a second allylic
alkylation of homoallyl triboronate systems was carried out to obtain
dihomoallyl diboronates. Finally, a Cu-catalyzed intramolecular cyclization
involving homoallyl triboronate systems yielded cyclization products exhibiting

a 2:1 diastereoselectivity favoring the trans-diastereoisomer.
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Bpin R, [Cu(MeCN)4]PFg (15 mol%) Bpin R,
H Boin R PPhs (15 mol%) R,
pinB”_ Pin -, RN > Bpin |
! . . -
Bpin Rj LiOBu (1.5 equiv) Bpin Ry
0,
(1.5 equiv) THF, 60 °C, 16 h

Scheme 9.2. Cu(l) activation of 1,1,1',1’-tetrapinacolborylethane towards allylic alkylation
reactions.

In Chapter 3 we have revealed the regioselective nucleophilic addition of
sterically hindered C(sp3) to 1,1-arylboryl alkenes, by stabilization of borata-
alkene intermediates, followed by electrophilic trapping of the a-boryl
carbanionic species with C(sp3) electrophiles, at room temperature. This goal
has been envisioned through engaged C(sp3) chemical entities avoiding metal
catalysts, additives, radical initiators or specific irradiation. This
multicomponent reaction guarantees that the new tetrasubstituted carbons
formed retains all the C atoms from the three starting materials involved in the
assembly (Scheme 9.3). The resulting tertiary boronic esters could potentially
be oxidized to yield novel tertiary alcohols. In addition, when employing a chiral
substrate, moderate diastereoisomeric ratio was achieved. The significance of
the borata-alkene intermediate in the reaction has been investigated through
1B NMR spectroscopic studies, and experiments have been conducted to

confirm the Sy2 mechanism in the electrophilic trapping.

1. 'BuLi (1.1 equiv)
Ph THF, -78 °C to rt @
PN 30 min - 16 h o Ph
2. RX (1.5 equiv) (o) ! Bpin
rt,5h L |

Scheme 9.3. Dicarbofunctionalization of alkenes with formation of two C(sp3)-C(sp3) bonds via
borata-alkene intermediates.

Chapter 4 outlines the exploration of this intermolecular three-component
assembly using alkenylboranes as substrate to show that borata-alkene
intermediates can react with carbonyl functional groups to synthesize tri- and

tetrasubstituted alkenes and dienes. When the borata-alkene interacts with
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ketones and aldehydes, the resulting a—arylboryl enolates evolve through B-O
elimination to generate tri or tetrasubstituted alkenes and dienes, via Boron
Wittig sequence (Scheme 9.4a). When unhindered o,p-unsaturated carbonyl
compounds react with the borata-alkenes, the electrophilic trapping is
chemoselectively performed through 1,4-addition generating new

tetrasubstituted carbon centers (Scheme 9.4b).

R1
=0
R Boi
Ph BuLi (1.1 equiv) (1.5 equiv) ph. /o
. Ph
a) % . > (0] @ E— R
BPIN 14E 78°Ctort rt, 4 h R R, - i
30min-16h R>
BuLi (1.1 equiv) o
THF, -78 °C to rt R/\/MRZ Bpin
/IIT 30min-16h (1.5 equiv) Ph 5
b) Bbi > 2
pin ft, 4h B L)
|

Scheme 9.4. Nucleophilic addition of tBuLi to 1-phenylvinylboronic acid pinacol ester followed
by electrophilic trapping with a) aldehydes and ketones and b) a,f—unsaturated carbonyl
compounds.
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