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Introduction

Benzynes are unique reactive intermediates that participate in
the simultaneous creation of two bonds, including C-C, C-H,
or C-X (X = heteroatom) bonds, on adjacent aromatic carbons
via a cycloaddition reaction or the sequential addition of a
nucleophile and an electrophile." With a view to further
enhancing the synthetic utility of these reactive species, signifi-
cant efforts have been devoted to developing efficient benzyne
precursors.”® Among the known precursors, 2-trimethyl-
silylphenyl triflates, which generate benzynes on treatment
with fluoride salts, have been widely used. The advantages of
using these compounds include availability, stability, and mild
reaction conditions.>™* Aside from phenol derivatives, aniline
derivatives comprise a more classical class of benzyne precur-
sors such as 1-aminobenzotriazole, 1,2,3-benzothiadiazole 1,1-
dioxide, and diazonium salts derived from anthranilic acids.’
However, with the exception of anthranilic acids, the afore-
mentioned precursors are not currently commonly used.
Following early examples and some notable advancements in
the area of aryne chemistry, also referred to as its renaissance,
the development of novel aniline-based precursors has been
stagnated over the last few decades.®

As part of the research on the transformation of anilines
using the Rh(u)-nitrene species,””® we recently reported the
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triggered a cascade of oxidation/elimination processes resulting in the generation of benzynes, thus pro-
viding suitable conditions for a one-pot cycloaddition with azides or furans. The transformation pro-
ceeded under acid-, base-, and fluoride-free conditions, below ambient temperature, and was applicable
to a range of substrates containing glycoside and nucleoside moieties, as well as silyl-functional groups.

catalytic single-step synthesis of N-aryl-N'-tosyldiazenes from
primary anilines.?® In the presence of dirhodium(i) complexes
as the catalysts and 2 equiv. of (tosylimino)-2,4,6-trimethyl-
phenyliodinane (TsN=IMes), anilines underwent N-H amin-
ation by Rh(u)-nitrene followed by oxidation to provide the pro-
ducts in one pot (Scheme 1a). Although tosyldiazenes dis-

a) previous work

N NHz  Rhy(esp), or Rhy(HNCOCF3), N N:N/Ts
R+— Ru_/

= Me
— TsN=IMes
Ts=N=l M ( 2 equiv )
Me
N-H amination/oxidation
b) this work
Rho(HNCOCF3),
(2 mol%)
TsN=IMes (2 equiv) H
= NHz  arynophile = N\N/Ts
X Bpin  N-H amination X Bpin oxidation
1 A

= NQN/Ts FG!
S S [ES
X i N, - Ts FG2

Bpin
B — pinB-Nu
‘\ Nu elimination
(Nu=Ts etc.)
Scheme 1 (a) Rh(i)-Catalyzed synthesis of N-aryl-N’'-tosyldiazene. (b)

Utilization of 2-aminophenylboronates as benzyne precursors through a
Rh(i)-catalyzed N—H amination/oxidation/elimination cascade process.
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played higher stability than diazonium salts, their C-N bonds
were readily transformed into C-C bonds via the Suzuki-
Miyaura or Sonogashira coupling.® Thus, we successfully vali-
dated the compounds as safer surrogate of diazonium salts for
C-N bond transformation.

In this context, we herein report the utilization of 2-amino-
phenylboronates as novel benzyne precursors through
the combined use of Rh,(HNCOCF;), and TsN=IMes
(Scheme 1b). Under the described conditions, the Rh(u)-
nitrene-mediated N-H amination of the starting materials trig-
gered a cascade of oxidation/elimination processes resulting in
the generation of benzynes, thus providing suitable conditions
for a one-pot cycloaddition with azides or furans.

Results and discussion

During the course of our previous study (Scheme 1a),** we
found that the reaction of a commercially available 2-amino-
phenylboronic acid pinacol ester (1a) under Rh,(HNCOCF;),
catalysis unexpectedly provided phenyl p-tolyl sulfone (3) in
30% yield, instead of tosyldiazene 2 (Scheme 2). This result,
including simultaneous transformation of the neighboring
C-N and C-B bonds, strongly indicated the generation of the
benzyne intermediate from 1a in situ. On the basis of this
hypothesis, we subsequently attempted to trap benzyne with
an arynophile, methyl 4-azidobenzoate (4a). As expected, the
reaction in the presence of 4a (2 equiv.), and under otherwise
identical conditions, led to the formation of cycloadduct 5aa
in 57% yield (Table 1, entry 1). Therefore, 2-aminophenylboro-
nate undeniably functioned as a benzyne precursor under the
described conditions. Virtually the same result was obtained
using the inverse ratio of the precursor and the arynophile
(entry 2, 1a:4a = 1.5: 1). Changing the solvent from CH,Cl, to
MeCN had little impact on the product yields, whereas toluene
and benzotrifluoride led to a slight drop in the obtained yields
(entries 3-5). The influence of iminoiodinane was also investi-
gated (entry 6)."° In contrast to previous work, no significant
difference was observed between TsN=—IMes and TsN=IPh.
Utilizing Rh,(HNCOCF;), as the catalyst was remarkably
effective for the transformation, particularly in comparison to
the commonly used Rh(u) catalysts such as Rh,(OAc), and
Rh,(esp), (entry 1 vs. entries 7 and 8). A review of the starting
boronates indicated that pinanediolate 1b provided a compar-
able outcome to pinacolate 1a, whereas less bulky neopentyl-
glycolate 1c¢ and unprotected boronic acid 1d resulted in a
noticeable drop in the yields (entries 1, 9-11).

Rhy(HNCOCF3), (2 mol%)
@[NHZ TsN=IMes (2 equiv)
Bpin 4A MS, CHgClz

0°Ctort, 1h

: Ts : :N N Ts
Bpin

2;ND

1a

via benzyne? 30%

Scheme 2 Unexpected transformation of 2-aminophenylboronate 1a
under Rh(n)-catalyzed amination conditions. pin = pinacolato.
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Table 1 Dirhodium(i)-catalyzed cycloaddition of 2-aminophenylboro-
nates 1 with methyl 4-azidobenzoate (4a)?

Rh(ll) catalyst
(2 mol%)
TsN=IMes (2 equiv)

NH, N
@ L I
CO,Me 4AMS N

\
solvent Ar

0°Ctort,1h
° 5aa

Ar = 4-MeO,CCgH,4

O O Me
1b; B= —B, 1c;B=—B 1d; B = —B(OH),
0" Me o) Me

(2 equw)

Me Me
Entry Aniline Rh(u)-Catalyst Solvent ield® (%)
1 1a Rh,(HNCOCF;), CH,Cl, 57
2¢ 1a Rh,(HNCOCF;), CH,CI, 58
3¢ 1a Rh,(HNCOCF;), MeCN 57
4 1a Rh,(HNCOCF3), Toluene 41
5 1a Rh,(HNCOCF;), CF;C¢Hs 51
6° 1a Rh,(HNCOCF;), CH,CI, 53
7 1a Rh,(OAc), CH,CI, 17
8 1a Rh,(esp), CH,Cl, 33
9 1b Rh,(HNCOCFs3), CH,Cl, 58
10 1c Rh,(HNCOCF;), CH,Cl, 12
11 1d Rh,(HNCOCF;), CH,CI, 12

“Reaction conditions: 1 (0.10 mmol), 4a (0.20 mmol), Rh(u) catalyst
(0.002 mmol, 2 rnol%) iminoiodinane (0.20 mmol) and 4 A MS
(powder, 40 mg) in the indicated solvent (1.0 mL). “Isolated yield.
“1a:4a:TsN—IMes = 1.5:1.0: 3.0. “3 A MS was used. ¢ TsSN—IPh was
used. Ts = tosyl. esp = a,a,a,0-tetramethyl-1,3-benzenedipropanoate.

With the optimized conditions in hand, we then investi-
gated the cycloaddition using a range of azides (Scheme 3a).
All the aryl and alkyl azides that were examined gave cyclo-
adducts 5ab-ah in 48-61% yield. It is notable that the trialkyl-
silyl and the enolizable carbonyl groups remained unaffected
during the transformation (5ab, 5ae, 5af, 5ag, and 5ah). These
results indicate that the novel methodology is orthogonal to
the conventional fluoride- or strong base-mediated approaches
in terms of functional group tolerance. The present protocol
was also applicable to complex azides, associated with bio-
molecules including glycoside and nucleoside moieties. The
reaction with 2-azidoethyl
without anomerization and resulted in the formation of 5ag in
58% yield. The late-stage functionalization of O-(tert-butyldi-
methylsilyl) (TBS) protected zidovudine, an azide-containing

f-p-glucopyranoside proceeded

anti-HIV nucleoside used in the clinic, was achieved, and
cycloadduct 5ah was obtained in 58% yield. Aside from the
cycloaddition with azides, the reactions with furans, including
2,5-dimethylfuran and 2-acetylfuran, gave cycloadduct 6a and
6b in 52% and 46% yields, respectively (Scheme 3b). Utilizing
2-trimethylsilyloxyfuran led to the formation of 1-naphthol 6¢’
in 31% yield via the ring opening of cycloadduct 6c.''
Unfortunately, reactions with other arynophiles such as 2,5-
diphenylisobenzofuran, anthracene, nitrone, and p-ketoester
failed to provide the expected cycloadducts."”> However, the
reason is currently unclear.

Org. Chem. Front, 2020, 7, 64-68 | 65
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Scheme 3 Rh,(HNCOCF3),4-catalyzed cycloadditions of 2-aminophe-
nylboronate 1a with azides or furans. TBS = tert-butyldimethylsilyl. PMB
= para-methoxybenzyl. TMS = trimethylsilyl.

Our attention next turned to the preparation of functiona-
lized 2-aminophenylboronates (Table 2). Although the Miyaura
borylation of 2-haloaniline derivatives or the corresponding
nitrobenzenes provides reliable access to the described

Table 2 Synthesis of functionalized 2-aminophenylboronates 1e—h

1

p
R\@:NHPG conditions RQNHZ
R2

Bpin Bpin
1a, 1a', 1g 1e, 1f, 1h
Entry Substrate Conditions (yield) Product
1 1a NBS, NH,OAc 1le
R'=H MeCN (95%) R'=H
PG=H R®=Br
2 1a’ (1) Ph3PAUNTY, 1f
R'=H PhCH(N,)CO,Me R'=H
PG = Boc CH,Cl, (28%) R? = CHPhCO,Me
(2) TFA
CH,Cl, (46%)
3 1g (1) DIBAL-H, THF 1h
R' = CO,Me —40 °C (66%) R' = CH,OTBS
PG =H (2) TBSCI, TBAB R*=H

CH,CI, (47%)
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compounds,'"* the post-functionalization of 2-aminophenyl-
boronate would have the advantage of a rapid and divergent
conversion to a series of precursors. The brominated
precursor 1le was prepared from 1a by treatment with
N-bromosuccinimide (NBS) (entry 1). A gold-catalyzed C-H
insertion of phenyldiazoacetate into the N-Boc-protected
aniline 1a’ proceeded at the para position of the amino group,
albeit in low yield,"” and the desired benzyne precursor 1f was
obtained after removal of the Boc group by treatment with tri-
fluoroacetic acid (TFA) (entry 2). A methoxycarbonyl-substi-
tuted precursor 1g was readily available from the corres-
ponding commercially available starting materials such as
2-aminophenylboronic acid or the more inexpensive 2-nitro-
phenylboronic acid (see ESIT). Reduction of 1g with DIBAL-H,
followed by protection with the TBS group gave benzyl silyl
ether 1h (entry 3)."°

Similarly to 1a, all the synthesized precursors 1e-h unevent-
fully generated substituted benzyne species under identical
conditions, and cycloadducts 5ea-ha were obtained as mixture
of the regioisomers (Scheme 4).

A plausible reaction pathway for this transformation is illus-
trated in Scheme 1b. The N-H amination of aniline 1 with
Rh(n)-nitrene leads to the formation of N-aryl-N'-tosylhydrazine
A, which on reacting with TsN=IMes is immediately oxidized
into N-aryl-N'-tosyldiazene B.%® It is suspected that after acti-
vation of the boronate group with internal nucleophiles (i.e.,
Ts™, TSNH,, etc.),"*"'” elimination of the boronate and tosyl-
diazene moieties results in the one-pot generation of ben-
zynes. To verify the proposed pathway, we then attempted to
isolate the putative intermediate A or B utilizing the described
conditions; however, all our efforts were unsuccessful. Instead,
N-tosylhydrazine 8c was prepared through an alternative syn-
thetic pathway, which included electrophilic amination of
3-methoxyphenylboronate 7 with benzyl 2,2,2-trichloroethyl
azodicarboxylate, followed by a three-step manipulation of the
protecting groups (Scheme 5).'®'° The cycloaddition of 8¢ with
azide 4a was subsequently investigated. Treatment of the start-
ing material with TsN=IMes resulted in the formation of the
expected cycloadduct 9 in the presence or absence of the

4a (2 equiv)
; Rhy(HNCOCF3), (2 mol%) R or R2
R NHz  TsN=IMes (2 equiv) XN
1 S
R2 Bpin 4AMS, CH,Cl NN
0°Ctort,1h Ar

1e-h 5
Ar = 4—MeOZCC6H4

CO,Me
Br. Ph MeO,C TBSOH,C

XN J\ N AN oM
N || °N Il °N LN

NN NN NN NN
Ar Ar Ar Ar

5ea; 45% 5fa; 51% 5ga; 58% 5ha; 42%

~1:1 1:0.85 1:0.77 1:0.80

Scheme 4 Rh,(HNCOCF3),-catalyzed cycloaddition of 2-aminophenyl-
boronates 1e—h with methyl 4-azidobenzoate (4a).
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In, NH,Cl

EtOH-H,0 (60%

1) Hy, Pd/C, MeOH E
2) TsCl, pyridine
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8a; PG = Troc, PG? = Cbz
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8c; PG' = Ts, PG?=H

4a (2 equiv) MeO
QNHNHTS TsN=IMes (1 equiv) @ \
MeO Bpin 4AMS, CH,Cl, NN
0°Ctort,1h Ar

8c with Rhy(HNCOCF3),: 59%

without Rhy(HNCOCF3),: 50%

Ar = 4-MeO,CCgH,4

Scheme 5 Synthesis of N-aryl-N’'-tosylhydrazine 8c and cycloaddition
with methyl 4-azidobenzoate (4a).

Rh,(HNCOCF;), catalyst. Consequently, the reaction pathway
presented in Scheme 1b was verified.

Conclusions

In conclusion, we demonstrated that 2-aminophenylboronates
can be used as novel benzyne precursors. In the presence of
the dirhodium(n)-complex catalyst, Rh(u)-nitrene-mediated
N-H amination of the precursors triggered a cascade of oxi-
dation/elimination processes resulting in the generation of
benzynes, thus providing the desired cycloadducts in one pot.
The transformation proceeded under acid-, base-, and fluor-
ide-free conditions, below ambient temperature, and was
orthogonal to the conventional methods in terms of functional
group tolerance. Consequently, this methodology was appli-
cable to a range of substrates containing glycoside and nucleo-
side moieties, as well as silyl-functional groups. Further exten-
sion of this methodology to a range of (hetero)aryne precursors
as well as further mechanistic evaluation are currently in
progress.
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