0 rganic
Syntheses

Three-Step Synthesis of 2-(Diiodomethyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane from Dichloromethane

Morgane Sayes,” Guillaume Benoit,* and André B. Charette*

Université de Montréal, FRQNT Centre in Green Chemistry and Catalysis,
Department of Chemistry, Faculty of Arts and Science, P.O. Box 6128,
Station Downtown, Québec, Canada H3C 3]7.

*These authors contributed equally.

Checked by Alexander R. Rovira and Richmond Sarpong

1) BuLi, THF
A. 2) B(OMe), oL A0l
c al PR
3) HCI quench cl cl
1
B. HO\B/OH Pinacol, MgSO,4 O\B/O
¢l >cl CH,Cl, Cl)\CI
1 2
C. O\B/O Nal, acetone O\B/O
CI/kCI |)\|
2 3

Procedure (Note 1)

A. (Dichloromethyl)boronic acid (1). A flame-dried 1-L, three-necked,
round-bottomed flask (Note 2) is equipped with a 125-mL addition funnel
fitted with an argon inlet, an overhead mechanical stirrer with a 20 x 75 mm
Teflon paddle (Notes 3 and 4) and a rubber septum fitted with an argon inlet,
an argon outlet (Note 5) and a temperature probe (Note 6). The flask is
charged by cannulation of dry tetrahydrofuran (200 mL) (Notes 7 and 8) and
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by syringe with dry dichloromethane (10.0 mL, 156 mmol, 1.23 equiv)
(Note 9) (Figure 1).

Figure 1. Reaction set-up for Step A

The reaction mixture is cooled to —100 °C in an ethanol/liquid nitrogen
bath (Notes 10, 11 and 12) and stirred vigorously (400 rpm). A solution of n-
butyllithium (2.5 M in hexanes, 50.7 mL, 127 mmol, 1.00 equiv) (Note 13) is
charged in the addition funnel and is then added dropwise over 45 min while
maintaining the internal reaction temperature at —100 °C (Figure 2) (Note 14).
The reaction mixture is stirred at this temperature for 40 min (Note 15).
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Figure 2. (a) Addition of n-butyllithium (b) Reaction mixture at -100 °C

Trimethyl borate (15.0 mL, 133 mmol, 1.05 equiv) (Note 16) is added in
one portion by syringe via the rubber septum equipped neck (Note 17). The
reaction mixture is stirred at —~100 °C for 40 min. Hydrochloric acid (5 N,
30 mL) is added in one portion at —100 °C, then the cooling bath is removed
and the reaction mixture is stirred for 1 h (Notes 18 and 19). A cloudy white
solution is obtained and it quickly becomes clear and colorless (Figure 3).

Figure 3. Reaction mixture after HCI addition

The solution is poured into a 1-L separatory funnel. The three-necked
flask is rinsed with diethyl ether (2 x 50 mL), and the solution is transferred
into the separatory funnel (Figure 4 (a)). After thorough mixing, the aqueous
layer is separated and extracted with diethyl ether (2 x 50 mL). The combined
organic layers are washed with brine (100 mL) and dried over 15g of
magnesium sulfate. The resulting homogeneous solution is filtered through
an 11-cm diameter Biichner funnel (Figure 4 (b)) (Note 20). The colorless
solution is transferred into a 1-L round-bottomed flask and concentrated
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under reduced pressure (320 mmHg, 25 °C) to remove diethyl ether then
(130 mmHg, 25 °C) to remove tetrahydrofuran (Note 21). When most of the
solvents are evaporated, the solution is transferred (using diethyl ether to
rinse the flask) into a tared 250 mL round-bottomed flask and concentrated
under reduced pressure (320 mmHg, 25 °C then 130 mmHg, 25 °C).

" prem |
¥ —

Figure 4. (a) Separatory funnel filled with reaction mixture and diethyl
ether (b) Filtration of MgSO, on a Biichner funnel

The crude is dried under reduced pressure on a high-vacuum pump
(0.2 mmHg) for 1 h to afford desired boronic acid 1 (20.9 g, 78% w. purity
(being 16.3 g, 127 mmol, quantitative yield) as a yellow-brownish syrup
(Note 22) which is used with no further purification for next step (Notes 23,
24 and 25) (Figure 5).
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Figure 5. Crude boronic acid 1 on a high-vacuum pump

B. 2-(Dichloromethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2). In the 250-
mL round-bottomed flask containing crude (dichloromethyl)boronic acid 1
obtained from Step A (16.3 g, 127 mmol, 1 equiv) under argon is added a 5 cm
egg-shaped magnetic stir bar and dry dichloromethane (100 mL) (Figure 6)
(Note 26). After complete dissolution of the boronic acid, magnesium sulfate
anhydrous (15.3 g, 127 mmol, 1 equiv) (Note 27) and pinacol (15.73 g,
133 mmol, 1.05 equiv) (Note 28) are added. The obtained heterogeneous
reaction mixture is stirred under argon at room temperature for 16 h.

Figure 6. Reaction set-up for step B
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The reaction mixture is filtered through a 10.5 cm diameter sintered glass
funnel over a pad of Celite (2 cm high) (Figure 7 (a)) (Note 29). The cake is
washed with dichloromethane (2 x 50 mL). The filtrate is transferred into a
500 mL round-bottomed flask and concentrated under reduced pressure
(270 mmHg, 25 °C). The obtained beige liquid is dried under reduced
pressure on a high-vacuum pump (0.2 mmHg) for 1 h to remove any residual
solvent (Figure 7 (b)).

Figure 7. (a) Filtration through a sintered glass funnel over a pad
of Celite (b) Crude boronic ester 2 on a high-vacuum pump

The residue is transferred into a 40-mL Claisen flask equipped with a
glass stopper, a glass thermometer fitted with a glass adapter and a 16-cm
condenser on which is placed a distillation receiver with a 10-mL round-
bottomed flask for the first fraction, a tared 50-mL round-bottomed flask for
the second fraction and a tared 25-mL round-bottomed flask for the last
fraction. Granules for smooth boiling (1.3 g) are added (Note 30). The product
is distilled under reduced pressure through a 10-cm vacuum-jacketed
distilling column (Figure 8) (Notes 31 and 32).
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A forerun (ca 0.5 mL) is collected and discarded, and then desired boronic
ester 2 is obtained (24.2 g, 89%) as a colorless liquid, distilling at 108 °C
(23 mmHg) (Figure 9) (Notes 33, 34 and 35). The liquid turns into an
amorphous, low melting solid upon standing in the freezer overnight.

Figure 9. (a) Crude boronic ester 2 before distillation (b) Pure
boronic ester 2 after distillation (c¢) Residue after distillation

C. 2-(Diiodomethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3). A 1-L flame-
dried round-bottomed flask, equipped with a 24-cm condenser and a 6.5-cm
egg-shaped magnetic stir bar, is charged with 2-(dichloromethyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 2 obtained from Step B (22.8 g, 108 mmol,
1 equiv), sodium iodide (37.3 g, 249 mmol, 2.3 equiv) (Note 36) and dry
acetone (230 mL) (Figure 10) (Note 37).
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Figure 10. Reaction set-up for Step C

The obtained yellow solution is heated under reflux conditions at 60 °C
in a heating mantle under argon for 48 h (Note 38). A sheet of aluminum foil
is placed around the round-bottomed flask to protect the reaction from light
(Figure 11) (Note 39).

- —
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Figure 11. (a) Reaction mixture at the beginning of the reaction
(b) Aluminum foil protection of the reaction mixture
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The reaction mixture is cooled down to room temperature and filtered
through a 14-cm diameter sintered glass funnel over a pad of Celite (2 cm
high) to remove NaCl salts formed during the reaction. The cake is washed
with acetone (500 mL) until the orange color disappears from the pad
(Figure 12).

Figure 12. Salts removal by filtration through
a sintered glass funnel over a pad of Celite

The obtained resulting red solution is transferred into a 1-L round-
bottomed flask covered with a sheet of aluminum foil and concentrated
under reduced pressure (155 mmHg, 25 °C) to give a grey-greenish solid
(Figure 13).

RN
Figure 13. Light protection with aluminum foil for evaporation
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Dichloromethane (300 mL) is added, giving an orange solution which is
transferred into a 1-L Erlenmeyer flask fitted with a 6.5-cm octagon magnetic
stir bar. Sodium thiosulfate pentahydrate (40 g) (Note 40) and anhydrous
magnesium sulfate (45 g) (Note 41) are added in alternating portions of 5 g
and 5.5 g, respectively, to quench residual iodide, until noting disappearance
of the orange color (Figure 14).

Figuré 14. (a) Solution with no stirring at the beginning of
addition of Na,S,0; and MgSO, (b) Same solution as (a) under
stirring (c) Quenched solution

The obtained pale yellow solution is filtered through a 14-cm diameter
sintered glass funnel over a pad of Celite (2 cm high) (Note 42), transferred
into a 1-L round-bottomed flask and concentrated under reduced pressure
(300 mmHg, 25 °C) (Note 43). The obtained pale yellow solid is dried under
reduced pressure on a high-vacuum pump (0.2 mmHg) for 2 h to afford
desired boronic ester 3 (40.5 g, 95%) as a pale yellow solid (Note 44). The
product can be used with no further purification or can be recrystallized.

Recrystallization is performed on the aforementioned batch. The solid is
placed in a tared 250-mL round-bottomed flask and dissolved of hot hexanes
(35 mL) (70 °C) (Figure 15).
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Figure 15. Dissolution of boronic ester 3 in minimal amount of hexanes

The yellow solution is allowed to cool to room temperature, then cooled
to 0 °C in an ice bath for 30 min to allow for slow crystallization. The yellow
supernatant is removed by Pasteur pipette and transferred into a tared 100-
mL round-bottomed flask. The solid is transferred into a 10.5-cm diameter
sintered glass funnel and rinsed with 50 mL of cold hexanes (0 °C) (Note 45).
The resulting solid is dried overnight under reduced pressure on a high-
vacuum pump (0.2 mmHg) to afford pure boronic ester 3 (34.1 g, 80%) as a
pale yellow crystalline solid (Figure 16) (Notes 46, 47 and 48).

Figure 16. (a) Boronic ester 3 before recrystallization
(b) Boronic ester 3 after recrystallization
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Notes

Prior to performing each reaction, a thorough hazard analysis and risk
assessment should be carried out with regard to each chemical substance
and experimental operation on the scale planned and in the context of the
laboratory where the procedures will be carried out. Guidelines for
carrying out risk assessments and for analyzing the hazards associated
with chemicals can be found in references such as Chapter 4 of “Prudent
Practices in the Laboratory” (The National Academies Press, Washington,
D.C., 2011; the full text can be accessed free of charge at
https:/ /www.nap.edu/catalog /12654 / prudent-practices-in-the-
laboratory-handling-and-management-of-chemical. See also
“Identifying and Evaluating Hazards in Research Laboratories”
(American Chemical Society, 2015) which is available via the associated
website “Hazard Assessment in Research Laboratories” at
https:/ /www.acs.org / content/acs/en/about/governance /committees
/ chemicalsafety / hazard-assessment.html. In the case of this procedure,
the risk assessment should include (but not necessarily be limited to) an
evaluation of the potential hazards associated with n-butyllithium,
dichloromethane, tetrahydrofuran, trimethyl borate, hydrochloric acid,
diethyl ether, pinacol, sodium iodide, magnesium sulfate, calcium sulfate
and diphenylacetic acid.

All glassware is flame-dried under vacuum and purged with argon prior
to use. All reaction steps are performed under a partial positive argon gas
atmosphere using an argon gas line connected to an external mineral oil
bubbler.

A mechanical stirrer is employed as magnetic stirring through the dewar
is not sufficiently efficient.

The mechanical stirrer used is a EUROSTAR power control-visc, IKA-
WERKE.

An argon outlet is placed on the rubber septum to ensure that argon is
flowing through the equipment set-up.

The temperature probe (A VWR Traceable Waterproof Type-K
Thermometer, Cat. #89094-738, with a low temperature type-K probe,
Cat. #23609-238) is placed inside the reaction mixture in order to carefully
monitor the internal reaction temperature.

Tetrahydrofuran was purified by passage through a column of activated
alumina on a filtration system.
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A 250-mL flame dried round-bottomed flask is charged with dry
tetrahydrofuran, which is then transferred by cannula into the 1-L three-
necked reaction flask.

Dichloromethane was freshly distilled over CaH, before use.

The rate of the argon flow should be sufficiently high when adding liquid
nitrogen in the bath to prevent the oil in the bubbler from being sucked-
in the line.

When reaching —100 °C, ethanol solidifies. A spatula is used to break the
solid that had formed and to obtain a gel. Achieving a stable internal
temperature of —100 °C may take from 45 min to 1 h.

To obtain an internal temperature of —100 °C, the ethanol/liquid nitrogen
bath should be maintained near — 120 °C.

The n-Butyllithium solution (2.5 M in hexanes) was purchased from
Sigma Aldrich and titrated with diphenylacetic acid, 99% (purchased
from Sigma Aldrich and used as received) before use.

Liquid nitrogen is added regularly to maintain the internal temperature
at-100 °C.

Black residues may appear on the wall of the flask due to
dichloromethane carbene formation/polymerization.

Trimethyl borate, 99% was purchased from Alfa-Aesar and used as
received.

After addition of trimethyl borate in one portion the internal temperature
rises to 70 °C. Liquid nitrogen is added to the dewar in portions, waiting
several minutes between additions, until the internal reaction
temperature has returned to a stable -100 °C.

The reaction mixture is stirred for 1 h starting from the time when the
ethanol/liquid nitrogen bath is removed.

The reaction mixture is placed in a room temperature water bath that is
changed regularly to help the internal reaction temperature rise faster to
room temperature.

A Fisher Q8 filter paper (Cat No. 09-790C, diameter: 9.0 cm) was used.
The colorless solution becomes pale yellow when concentrated.

The color of the crude mixture may range from yellow to reddish brown.
Significative amounts of tetrahydrofuran and diethyl ether remain in the
product, but this residual solvent does not interfere in next step. The
crude reaction mixture contained a mixture of 1, tetrahydrofuran and
diethyl ether. The ratio of these compounds was determined by '"H NMR
(400 MHz, CDCl,) by integration of the following diagnostic peaks:
1(5.34 ppm, s, 1H), tetrahydrofuran (3.87 — 3.84 ppm, m, 4H) and diethyl
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ether (3.52 ppm, q, ] = 7.0 Hz, 4H). A typical crude reaction mixture
contained a 100:276:19 ratio of 1:tetrahydrofuran:diethyl ether.

A second reaction on the same scale afforded 21.0 g (78% w. purity) of
1 (quantitative yield).

The product has been characterized as follows: '"H NMR (400 MHz,
CDCl,) 6 :5.62 — 6.50 (s, 2H), 5.34 (s, 1H), ; ®C NMR (126 MHz, CDCl,)
The only carbon of the molecule is attached to boron and was not
observed due to quadrupolar relaxation; "B NMR (128 MHz, CDCl,)
$:27.3.

A large magnetic stir bar is required as the reaction is heterogeneous.
Anhydrous magnesium sulfate was purchased from Fisher Chemical and
used as received.

Pinacol was purchased from Oakwood Chemical and used as received.
Magnesium sulfate becomes a fine powder after the reaction is finished
and filtration on a Biichner funnel is not efficient enough without a pad
of Celite.

Granules for smooth boiling were purchased from Hengar Company.
An oil bath at 140 °C is used as source of heat.

Over the course of the distillation, crystallization may take place in the
condenser to give a translucent solid.

A second reaction on the same scale (16.33 g of starting material) afforded
21.55 g of 2 (79%).

The product has been characterized as follow : bp = 108 °C at 23 mmHg;
"H NMR (600 MHz, CDCl,) & : 5.35 (s, 1H), 1.33 (s, 12H); "C NMR
(151 MHz, CDCl,) § : 24.6, 85.9, the carbon attached to boron was not
observed due to quadrupolar relaxation; "B NMR (193 MHz, CDCl,)
§:28.4; FTIR (cm™) (neat): 2982, 2935, 1470, 1408, 1360, 1274, 1213, 1169,
1137, 1111, 968, 901, 846, 823, 738, 672, 650, 577. HRMS (EI, Pos): calcd for
C,H;;BCLO, [M]": 210.0380 m/z, found 210.0383 m/z. Anal. calcd for
C,H,;BC,,0,: C, 39.87; H, 6.21. Found: C, 39.49; H, 5.95.

The product was determined to be 98.0% pure by quantitative NMR
using ethylene carbonate as internal standard.

Sodium iodide was purchased from Oakwood Chemical and used as
received.

Acetone (anhydrous) is purchased from Acros Organics in an AcroSeal
bottle and used as received.

A Glindemann PTFE sealing ring is placed on the condenser joint to
prevent any leak that could lead to evaporation of acetone.
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The desired boronic ester 3 is sensitive to light due to its C-I bonds. For
this reason work-up is done with the light of the hood switched off at all
time. All manipulations outside the hood (including solvent evaporation
and drying under a high-vacuum pump) are performed using aluminum
foil around the flask.

Sodium thiosulfate pentahydrate was purchased from Anachemia and
ground in a mortar before use.

Anhydrous magnesium sulfate is used to scavenge the water introduced
from the sodium thiosulfate pentahydrate.

A large sintered funnel is necessary for the filtration of the large amount
of solids added while quenching the reaction mixture.

A yellow oil is obtained that crystallizes to afford a pale yellow solid
when the pressure is lowered to 20 mmHg. Crystallization can also be
induced with a Pasteur pipette.

A second reaction on a similar scale (21.4 g of starting material) afforded
37.1 g of 3 (93%).

Initial filtration of the liquor was avoided due to continued crystal
formation after filtration attempts. The liquor was instead gently
removed via a Pasteur pipette. The cold hexanes that were used to wash
the solid crystals were combined with this liquor and then evaporated to
provide the solid for a second recrystallization.

The product has been characterized as follow: mp = 74 — 76 °C; '"H NMR
(500 MHz, CDCl,) & : 4.30 (s, 1H), 1.30 (s, 12H); "C NMR (126 MHz,
CDCl,) 6 : 24.3, 85.5, the carbon attached to boron was not observed due
to quadrupolar relaxation; ''B NMR (128 MHz, CDCl,) § : 29.8; FTIR
(cm ') (neat): 2975, 2925, 2864, 1466, 1371, 1370, 1270, 1136, 1086, 963, 892,
842, 675, 661, 593, 575, 484; HRMS (EI, Pos): calcd for C,H,;;BL,O, [M]*:
393.9091 m/z, found 393.9105 m/z; Anal. caled for C;H;;BL,O,: C, 21.35; H,
3.33; Found: C, 21.40; H, 3.16.

A second recrystallization was performed on the solid obtained from
evaporation of the filtrate (6.4 g) using 8 mL of hexanes, which was
heated to 70 °C to induce dissolution. The desired boronic ester 3 (4.3 g)
was isolated, giving an overall yield of 38.4 g (86%).

The product can be stored protected from light, under argon in the fridge
for months, without degradation.
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Working with Hazardous Chemicals

The procedures in Organic Syntheses are intended for use only by persons
with proper training in experimental organic chemistry. All hazardous
materials should be handled using the standard procedures for work with
chemicals described in references such as "Prudent Practices in the
Laboratory" (The National Academies Press, Washington, D.C., 2011; the full
text can be accessed free of charge at
http:/ /www.nap.edu/ catalog.php?record id=12654). All chemical waste
should be disposed of in accordance with local regulations. For general
guidelines for the management of chemical waste, see Chapter 8 of Prudent
Practices.

In some articles in Organic Syntheses, chemical-specific hazards are
highlighted in red “Caution Notes” within a procedure. It is important to
recognize that the absence of a caution note does not imply that no significant
hazards are associated with the chemicals involved in that procedure. Prior
to performing a reaction, a thorough risk assessment should be carried out
that includes a review of the potential hazards associated with each chemical
and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards
associated with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published
and are conducted at one's own risk. Organic Syntheses, Inc., its Editors, and
its Board of Directors do not warrant or guarantee the safety of individuals
using these procedures and hereby disclaim any liability for any injuries or
damages claimed to have resulted from or related in any way to the
procedures herein.

Discussion

2-(Diiodomethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane is wused to
perform direct borocyclopropanation reactions; direct meaning that the
cyclopropane ring is formed at the same time as the boronic ester is installed.

The cyclopropane moiety proved to be essential in biologically active
compounds due to its tridimensional architecture which ranked it as the 10*
most used carbocycle in medicinal chemistry.” Indeed, mono- and
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disubstituted cyclopropane rings are now often included in SAR studies of
new drug candidates in order to modulate their properties (activity,
metabolism or conformational rigidity).z’3 More difficult to access 1,2,3-
substituted cyclopropanes are also of high interest as they are present in
many biologically active molecules.* Developing building blocks to easily
introduce a cyclopropane motif in a more complex molecule is therefore of
high interest. Boronic acid derivatives are a nice handle to do so. Indeed, they
are really versatile compounds that allow diversification of a common
intermediate through C-C bond formation (Suzuki-Miyaura cross-
couplings), C-O bond formation (hydroxydeboronation reactions or Chan-
Lam couplings) and C-N bond formation (Chan-Lam couplings).

Several strategies have been developed to obtain borocyclopropanes
(Scheme 1).

2 R2

R
1 R o
R\Z\Bj + CHRN, + Pd(OAc), EtZnX + CHRI, + %I.B)
|
R® O or [Cu] R® O
Vinyl b(.)rone!tes cyclopropanation Vinyl boronates cyclopropanation
with diazo compound via a Simmons-Smith reaction

0 R Ry o o

H-E +MeOZC'-'& N 7 - B-E

o o o
RZ

+[Rh]or[Cu] 7777 Tt + [Ir] or [Pd]

Cyclopropene hydroboration 0.5-0 - Direct C-H bond borylation
fo) Br '
O—Bio + Bf"'f> SORANERE T 1 O*NHPI + (RO)zB-B(OR);
4< & o] + [Ni] or hv
+ BuLi u W Decarboxylative borylation

Lithium-Halogen exchange

o o]
oTBS A~ OPOIOR), i -t ﬂg
J\\+ H-Bpin + Cp,ZrHCI R o o

R1
S
+ [Cu]

Hydroboration/Hydrozirconation Borocupration/cyclization

Scheme 1. Different strategies to synthesize borocyclopropanes
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These methodologies are either based on the functionalization of an
already existing cyclopropane or cyclopropene ring such as rhodium® or
copper-catalyzed® hydroboration of cyclopropenes, lithium/halogen
exchange on a dihalogenated cyclopropane followed by trialkylborate
trapping,” iridium-®* or palladium-catalyzed” C-H borylation and
decarboxylative borylation," or require prior elaboration of vinyl boronates
that can then be engaged in cyclopropanation with a diazo compound" or in
a Simmons-Smith reaction.” Vinyl boronates can also be formed in situ by
hydroboration of an alkyne which then undergoes a hydrozirconation to give
the corresponding cyclopropane,” or by borocupration of Z-allylic
phosphonates."

As mentioned previously, 2-(diiodomethyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane proved to be a very interesting reagent as it allows the
formation of borocyclopropanes in one step from olefins. Until now, it has
been used in 3 different types of cyclopropanation.

The first reported one is a Simmons-Smith borocyclopropanation of
allylic ethers (-OBn or -OTBS protected substrates) and styrenes (Scheme 2)."°

i) L,CHBpin (2.0 equiv)
ii) EtZnO,CCF;*MTBE (2.1 equiv)

R3 Bpin

iii) Substrate (1.0 equiv) 29 examples
RZW)\/OPG 2 3
~ R2 /\.\R 38-94%
R 12-DCE (02 M), -40°Ctort,20h  Ri OPG  gr>201

Scheme 2. Simmons-Smith reaction using a boromethylzinc carbenoid

In these conditions, 2-(dilodomethyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane allows the formation of a boromethylzinc carbenoid by
insertion of zinc, which can then undergo the borocyclopropanation reaction.
It is important to note that 2-(diiodomethyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane proved to be the key partner as its dichloro analogue did not
give any desired product. A wide range of cyclopropanes are obtained in
high yields and high diastereoselectivities with good chemoselectivity.

This methodology has also been applied to styrene derivatives
(Scheme 3). With these substrates, moderate yields and diastereoselectivities
are obtained.
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i) I,CHBpin (2.0 equiv)
ii) EtZnO,CCF4*MTBE (2.1 equiv) Bpin
iii) Substrate (1.0 equiv) 5 i’aagjlgles

~= = (4
Ar 1,2-DCE (0.2M),-40°Ctort,20h  Ap dr 1:1 to 10:1

Scheme 3. Application of the methodology to styrenes

A photoredox borocyclopropanation of styrene derivatives using UV-A
light irradiation (350 nm) in continuous flow has been developed
(Scheme 4)." This metal-free procedure enables rapid borocyclopropane
synthesis in a more sustainable manner.

UVA (350 nm)
R2 Bpin
3 1z
X xR | Bpin ¢ \>.4A\
R Pz \Ir _ —/ R? R?
(1 equiv) (2.5 equiv) 26 examples
26-84%
Xanthone (5 mol%) CH,Cl, drl:lto ;5:1
DIPEA (5 equiv) [0.25 M]

Scheme 4. UV light mediated borocyclopropanation of styrenes using
continuous flow technology

2-(Diiodomethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane has also been
used in a chromium-promoted borocyclopropanation (Scheme 5)."” This
methodology is applicable to unactivated alkenes under mild conditions with
good stereoselectivities and good functional group tolerance. Contrary to the
Simmons-Smith reaction, no heteroatom directing group is required. Electron
rich and electron deficient alkenes are obtained in good yields.

I,CHBpin (1.5 equiv)
R3 CrClg (6 equiv)

8 Bpin
J\ TMEDA (6 equiv) P 17 examples
R R® A\ 13-98%
R2 THE, 50 °C, 20 h R R2 dr 61:39 to 97:3
Rl'orR®=H

Scheme 5. Chromium-promoted cyclopropanation of unactivated alkenes
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Appendix
Chemical Abstracts Nomenclature (Registry Number)

n-Butyllithium solution (2.5 M in hexanes) (109-72-8)
Trimethyl borate (121-43-7)
Magnesium sulfate anhydrous (7487-88-9)
Pinacol (76-09-5)
Sodium iodide (7681-82-5)
Diphenylacetic acid (117-34-0)
Sodium thiosulfate pentahydrate (10102-17-7)
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