<

L&

Subscriber access provided by CORNELL UNIVERSITY LIBRARY

Tris(pentafluorophenyl)borane-Catalyzed
Cyclopropanation of Styrenes with Aryldiazoacetates
Joseph P Mancinelli, and Sidney Wilkerson-Hill

ACS Catal., Just Accepted Manuscript « DOI: 10.1021/acscatal.0c03218 « Publication Date (Web): 10 Sep 2020
Downloaded from pubs.acs.org on September 10, 2020

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a service to the research community to expedite the dissemination
of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts appear in
full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been fully
peer reviewed, but should not be considered the official version of record. They are citable by the
Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered to authors. Therefore,
the “Just Accepted” Web site may not include all articles that will be published in the journal. After
a manuscript is technically edited and formatted, it will be removed from the “Just Accepted” Web
site and published as an ASAP article. Note that technical editing may introduce minor changes
to the manuscript text and/or graphics which could affect content, and all legal disclaimers and
ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or
consequences arising from the use of information contained in these “Just Accepted” manuscripts.

is published by the American Chemical Society. 1155 Sixteenth Street N.W.,
Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course

of their duties.

"I CORMELL UNIVERSITY LIBRARY




Page 1 of 7

oNOYTULT D WN =

ACS Catalysis

Tris(pentafluorophenyl)borane-Catalyzed Cyclopropanation of

Styrenes with Aryldiazoacetates.

Joseph P. Mancinelli and Sidney M. Wilkerson-Hill*

"Department of Chemistry, The University of North Carolina at Chapel Hill, Chapel Hill, North Carolina 27599, United

States

Keywords: Cyclopropanation, tris(pentafluorophenyl)borane, Lewis acid catalysis, carbene, aryl diazoacetate

Supporting Information Placeholder

ABSTRACT: Methods for the synthesis of cyclopropanes are
critical for drug discovery, chemical biology, total synthesis and
other fields. Herein, we report the use of the strong sterically
encumbered Lewis acid tris(pentafluorophenyl)borane as a catalyst
for the cyclopropanation of unactivated alkenes using
aryldiazoacetates. The cyclopropane products are synthesized
using 10 mol % of the catalyst under mild conditions in up to 90%
yield (8:1 to >20:1 dr). We propose that the reaction proceeds via a
Lewis acid-activated carbene.

Cyclopropanes are dissonant carbocycles which are typically
synthesized using [2+1] cycloaddition strategies and are used in a
variety of applications.!”” Consequently, reactions to build these
motifs are enabling for a number of subdisciplines. To date, some
of the most efficient methods for the synthesis of cyclopropanes
rely on the activation of a carbene precursor, such as a diazo
acetate, with a transition-metal catalyst® generating transient metal
carbene species. These transformations have been optimized
extensively and, in most cases, provide cyclopropanes with high
enantioselectivity and diastereoselectivity and regiocontrol.
Alternatively, stoichiometric transformations utilizing zinc
carbenoids have been developed.® These transformations, however,
are not without limitations. The use of expensive transition-metal
catalysts can be a deterrent for their use on large scale.
Furthermore, the use of zinc carbenoids requires 1,1-dihaloalkane
precursors, work best when transferring methylene units, and
produces stoichiometric amounts of zinc waste. Thus, transition-

metal-free variants of [2+1] cycloaddition reactions are valuable.!%-
12

Harnessing the electrophilic reactivity of diazocarbonyl
compounds catalytically without transition-metals is conspicuously
absent despite the extensive studies on the stoichiometric reactivity
of these compounds with both Brensted and Lewis acids.!>~!3 Early
mechanistic studies demonstrated these species are capable of
generating both diazonium ketones, when activated with an acid on
carbon, or an alkenediazonium intermediate when activated on
oxygen instead.'® Interactions of acids with diazo compounds on
nitrogen are also common.!” Typically, the putative diazonium
species are then trapped with a variety of nucleophiles such as
pendant heteroatoms,'® nitriles,'® arenes?® or activated olefins to
give substitution products.?! However, these transformations are
limited in scope and often produce substitution products in low
yields and as a mixture of isomers (Figure 1, A). Organocatalytic
transformations using diazocarbonyls as ylides have only recently
been achieved using enaldehyde Michael acceptors activated by

highly electrophilic chiral oxazaborolidinium catalysts due to the
low nucleophilicity of diazoacetates.”?> At the outset of these
studies, there were no reports of isolating cyclopropanes when
unactivated alkenes were used as a reaction partner in the presence
of Lewis acids. However, during the preparation of this manuscript,
a report by Melen and coworkers appeared disclosing such
reactivity.??

(a) Early stoichiometric experiments using acids and diazocarbonyls Products obtained
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Figure 1: Summary of the reactivity of Brensted and Lewis acids
with diazocarbonyl compounds.

Recently, researchers have focused attention on catalytic
activation of diazocarbonyl compounds with Brensted (including
H-bonding) and Lewis acids. However, these transformations are
mainly limited to X—H insertions (X = C, N, or O).2* For example,
studies by the Mattson group showed that anilines undergo N-H
insertions with a-nitrodiazoesters activated by thioureas as
catalyst.?5 In 2014, Hu found that treating 3-diazooxindoles with
T{OH results in formal C—H insertion products which arise through
a Friedel—Crafts alkylation of electron-rich arenes (Figure 1, B).2¢
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Later in 2016, Zhang showed that tris(pentafluorophenyl)borane
(B(CgFs)3),%” activates aryldiazoacetates to effect an ortho-selective
C-H insertion reaction on phenols, and O-H insertions into water.?$

As a part of a research program centered on main-group
catalysis, we became interested in the reactivity of strong sterically
encumbered Lewis acids with aryldiazoacetates. We sought to use
the carbonyl group of aryldiazoacetates as a Lewis base handle for
activation and hypothesized that a strong, but sterically
encumbered, Lewis acids, such as tris(pentafluorophenyl)borane,
would facilitate catalysts turnover. Furthermore, we envisioned a
Lewis-acid activated carbene intermediate (see inset box in Scheme
1, C) would confer high levels of diasterocontrol. Herein, we report
an additional study on the use of B(C¢Fs); to activate

donor/acceptor  diazo  compounds for the catalytic
diastereoselective cyclopropanation of styrene derivatives.
We Dbegan by studying the reaction of ethyl 4-

bromophenyldiazoacetate with styrene in the presence of catalytic
(5 mol%) tris(pentafluorophenyl)borane.? We found that
increasing the catalyst loading from 5 to 10 mol % was moderately
beneficial (Table 1, Entries 1-2), but further increases (15 mol %
were deleterious to the reaction efficiency. A control study of the
reaction in the absence of catalyst revealed no conversion to
cyclopropane by '"H NMR. Next, the effect of solvent on the system
was investigated. We observed that non-coordinating solvents such
as benzene gave the best initial results (Table 1, Entry 8), and that
1,2-dichloroethane was optimal (63% yield, Table 1, Entry 9).
Other more coordinating solvents such as tetrahydrofuran and
acetonitrile significantly diminished the yields of cyclopropane
products (< 5%) presumably due to competitive inhibition of the
catalyst by the solvent. Reducing the equivalents of styrene relative
to diazo (2 equiv 1a) gave the best results 83% yield (75% isolated)
of compound 3. We observed increased amounts of poly(styrene)
in the crude reaction mixture when increased amounts of styrene
we used. The reaction was amenable to large batches, providing 3
on gram scale (70% isolated yield with 1.00 mmol styrene).
Notably, BPh; and other Lewis acid catalyst gave diminished yields
of the cyclopropane product (Table 1, Entries 13-16). The
temperature of the reaction was also investigated and 50 °C was
optimal. Cooling the reaction mixture to room temperature resulted
in slower conversion to product over days while heating the
mixture to 90 °C resulted in premature thermal decomposition of
the aryldiazoacetate, in accord with previous studies.>?

Table 1. Optimization Studies.

Br
\©\n)(z @/\ conditions
P
OMe 16h

N2

1a 2a
Entry catalyst loading (mol %) 2a (equiv) solvent temp. (°C) yield (%) 3a®

1 B(CeFs)s 5 5 PhMe 50 27 [y
2 B(CeFs)s 10 5 PhMe 50 33 3
3 B(CeFs)s 15 5 PhMe 50 21 3
4 B(CsFs)3 5 5 Et,0 50 37

5 B(CsFs)3 5 5 THF 50 <5 o
6  B(CeFs)s 5 5 MeCN 50 <5 K
7 B(CeFs)s 5 5 CH,Cl, 50 16 =
8 B(CeFs)s 5 5 PhH 50 57

9  B(CeFs)s 5 5 1,2-DCE 50 63

10 B(CeFs)s 5 1 1,2-DCE 50 70 2
" B(CéFs)3 10 1 1,2-DCE 50 64 rg
12 B(CeFs)s 10 1 1,2-DCE 50 835 (75)

13 BPh; 10 1 1,2-DCE 50 <5 5
14 SnCly 10 1 1,2-DCE -7810 25 21 §
15 BF3*OEt, 10 1 1,2-DCE 781025 21 9
16 TiCly 10 1 1,2-DCE -7810 25 decomp. &

Standard conditions: 0.10 M, 16 h. “Yields are based on 'H NMR
analysis of the crude reaction mixture using 150 pmol mesitylene
or hexamethyldisiloxane as an internal standard. ?150 pmol styrene
2a, 300 pumol (2 equiv) diazo 1a.

With our optimized conditions in hand, we explored the scope of
this transformation, beginning first with substitution on the styrene.
The transformation was amenable to several electron-rich styrene
derivatives producing 4-8 and electron deficient styrene
derivatives producing 9-11 (Chart 1) including those with Lewis
basic functionality that could hinder the reaction by coordinating
with the Lewis acid catalyst (e.g., 8). In all cases we observe a
single diastereomer with the aryl rings cis to each other, except in
the case of a-methyl styrene, where an 8:1 mixture of diastereomers
was observed by proton 'H NMR (E-14).% Indole groups were also
tolerated giving compound 15 in good yield, and no products
arising from cyclopropanation of the 2,3-bond of the indole unit
were observed. We also tested several unactivated alkenes (Chart
1, inset box) and found these substrates performed poorly with our
optimized conditions producing the desired cyclopropanes in low
yields (< 15%).

Chart 1. Reaction Scope with Styrene Derivatives

R
Br. ®/\ 2a-2m
o .
Z (1equiv)
OMe B(CoFs)s (10 mol%)
N, 1,2-DCE, 50 °C

1a (2 equiv)

3
75% (83%) yield

2) a

/4CO,Me

Me
E-14
75% (82%) yield, 8:1 d.r.

1
65% (70%) yield

ineffective alkene substrates
(o}
O e
M
Me/\M e

2Yields determined by "THNMR of the crude reaction mixture in
parenthesis. Product 3 is included for comparison purposes.
Conditions: All reactions were performed on 150 umol 2a—2m
(0.10 M) in a reaction tube. ®2-methyl styrene 75.0 pmol scale.

59% (75%) yield

We next explored the scope of the donor/acceptor diazo
compounds. We found that aryl diazoacetates with various
functionalities were reactive using the optimized reaction
conditions (Chart 2). Changing the identity of the ester did not
hinder the reaction, as methyl ester 1b ethyl ester 1h and even the
more sterically encumbered isopropyl ester 1i proved tolerant of
the reaction conditions giving products 16, 22 and 23 respectively.
More deactivated diazo compounds, such as the para-fluoro
derivative 1f, required longer reaction times, giving diminished
yields of cyclopropane 20. The more activated para-methoxy diazo
le also gave 19 in reasonable yield (60% yield). Diazocarbonyl
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compounds without aryl substitution or with two electron
withdrawing  groups (e.g., ethyl diazoacetate, ethyl
diazocyanoacetate, or dimethyl diazomalonate) were ineffective
using the optimized conditions giving less than 5% conversion to
product by 'H NMR analysis (Chart 2, inset box).

Chart 2. Cyclopropanation Scope with Diazocarbonyl
Compounds

\
| N 9 sytrene (2a, 2b, or 2h) (1 equiv)
Z OR
B(CgFs)3 (10 mol%)
N ' 1,2-DCE, 50 °C
1b - 1j (2 equiv) 14-16h
I \V/ ~1CO,Me
16 17
69% (71%)? 48% (51%)
l \V ~1CO,Me l \V/ ~1CO,Me
20 21
41 (45%)? 66% (77%)

72% (74%) 88% (92%)

ineffective diazo compounds

T

Ny No Ny

EtO,C.__H Et0,C.__CN MeO,C.__CO,Me|

28
43% (52%)

Conditions: All reactions were performed on 150 umol 2a (0.10
M). 224 h reaction time. TCE = 2,2,2-trichloroethy]l.

Preliminary investigations into the mechanism for this
transformation are outlined in eq 1-2. Reacting diazo 1a with E-f-
methyl styrene (£-2n) and Z-B-methyl styrene (Z-2m) gave
products 29 and 30 as single diastereomers by '"H NMR, indicating
the reaction is both stereospecific and stereoselective. The reaction
is not limited to Z-alkenes; E-alkenes, which typically react with
diazo carbonyl compounds only using Ag catalysis, also react in
our system, albeit slower.3! When allyl 4-bromophenyldiazoacetate
1k was subjected to the optimized reaction conditions, products 31
and 32 were formed 65% and 27% yield, respectively, by crude 'H
NMR analysis (eq 3). Thus, alkene groups on the diazoester are
allowed during the cyclopropanation reaction. The stereospecific
nature and high levels of diastereoselectivity are in accord with a
concerted cycloaddition process. As shown in eq 4, when purified
cyclopropane product 3 was subjected to the Lewis acid catalyst at
50 °C, no changes were observed by 'H NMR spectroscopy.

Br

©/%/Me 1a (2.0 equiv) O O
—_—m

B(CeFs)s (10 mol%) 7/ "COzMe

1,2-DCE, 50 °C : et
14-16h Me
E -2n 29, 18% isolated yield
(25% "H NMR yield)
Br
©/\I 1a (2.0 equiv) O O
—_—
Me B(CgFs)s (10 mol%) \/"COMe eq2
1,2-DCE, 50 °C
14-16h Me
Z-2n 30, 42% isolated yield

(45% H NMR yield)

styrene (2.0 equiv)

CGF5)3 (10 mol%)
1,2-DCE, 50 °C
14-16h

5% yleld 7% yleld

("H NMR) ("H NMR)

B(CgFs)3 (1.00 equiv)

eq4

CDCl3, 50 °C
16 h

< 5% change by "H NMR

With these data, the tentatively proposed mechanism for this
transformation is shown in Scheme 1. First, B(C¢Fs); coordinates
reversibly to the Lewis basic ester on diazo compound 1a,
generating the alkene diazonium species A which exists as a
mixture of E- and Z- isomers. The proposed O-bound enol
diazonium ion is in accord with known values for the equilibrium
of C- versus O-bound boron enolates, and is predicted to be ~25
kcal/mol lower in energy than the C-bound isomers.’?> Loss of
dinitrogen affords a resonance stabilized Lewis acid-activated
carbene intermediate B, which then undergoes a concerted [2+1]
cycloaddition reaction with the vinyl group on styrene derivative
2a and regenerates the Lewis acid catalyst. Intermediates such as C
have been studied using DFT calculations.?’® The concerted nature
of the cycloaddition reaction is suggested by eq 1 and 2. We
hypothesize that the high diastereoselectivity results from steric
interference between the styrene aryl group and the bulky
tris(pentafluorophenyl)borane, however we cannot rule out
favorable m-stacking interactions at this point. Lastly, B(C¢Fs); is
known to have a Lewis acidity intermediate of BF; and BCl;.3?* We
surmise this is an important feature of our catalytic reaction that
prevents ring-opening of the cyclopropane products and facilitates
catalysts turnover suggested by eq 4.

Scheme 1. Proposed Mechanism for the Transformation

Br B(CSF5 )
Br -B(CeFs)s
[e]
OMe
3 mOMe
o X
E/Z-A

2a

In conclusion, we have shown that aryldiazoacetates can be
activated with catalytic amounts of B(C¢Fs); to cyclopropanate
olefins. The reaction is tolerant of a wide variety of styrene
derivatives and diazo compounds with yields comparable to those
reported with transition-metal complexes. Further investigations
into the mechanism of this transformation, extension of the scope
of this transformation to unactivated alkenes, as well as methods
for rendering the transformation enantioselective are currently
underway.
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