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Abstract: The reaction between y-azido-N-tosylhydrazones and
boronic acids leads to the obtention of 2,2-disubstituted pyrrolidines
in a domino process that includes 1) diazoalkane formation, 2)
intermolecular carboborylation of the diazocompound and 3)
intramolecular carborylation of the azide, and comprises the
formation of a Csp3-Csp® and a Csp®-N bonds on the same carbon
atom. The reaction proceeds without the need of any transition metal
catalyst under microwave activation, and features wide scope in both
reaction partners. In particular, it can be applied to both alkyl and
arylboronic acids with equal efficiency. Importantly, with N-
tosylhydrazones derived from 2-(2-azidoethyl)-cyclopentanone and
cyclohexanone the reactions are highly diastereoselective leading to
the cis-fused bicyclic systems as unique diastereoisomers. The
scope of the process is illustrated by over sixty examples, including
scaffolds present in natural alkaloids, and the mechanistic proposal
is suppported by DFT-based computations.

Introduction

The transiton metal-free reductive coupling of N-
sulfonylhydrazones or diazo compounds with boronic acids*? is
a very useful C-C bond forming transformation that have found
wide applications in the recent years.*® The key step in these
reactions is the geminal carboborylation of a diazo compound to
generate a homologated boronic acid, which suffers a
spontaneous protodeboronation under the reaction conditions to
deliver the coupling product with formation of a Csp3-C and a
Csp®-H bonds on the former hydrazonic carbon atom (scheme 1,
A). Interestingly, if the protodeboronation is avoided, the
intermediate boronic acid can be engaged in a subsequent
reaction, and therefore, a double functionalization on the same
center can be accomplished in a straightforward manner
(scheme 1, B). This approach has been pioneered by Ley’s
group employing diazo compounds generated under mild
conditions through continuous flow methodologies.®! In an
alternative approach, we have recently developed various C-
C/C-C domino processes in which the allylboronic acid

intermediate  generated by reactions of appropriate N-
tosylhydrazones and boronic acids are trapped in an
intramolecular fashion by a cyano group placed in a strategic
position (scheme 1, C).[ These reactions lead to
cyclopentanones and cyclohexanones featuring an all-carbon
guaternary sterocenter. Interestingly, the carbocyclization and
the incorporation of a side chain occur during the domino
reaction giving remarkable versatility to these processes. To
expand the concept of these domino cyclizations with
incorporation of a side chain, we decided to explore the
possibility of achieving a C-C/C-N bond forming sequence. Such
a reaction might allow the synthesis of saturated nitrogenated
heterocycles through a geminal carboamination reaction.® To
that purpose, a molecule featuring the N-tosylhydrazone and an
electrophilic aminating group®® compatible with the reaction
conditions, should be designed (scheme 1, D).

Diazoalkane precursors such as N-tosylhydrazones have found
remarkable applications in the synthesis of pyrrolidines and
other saturated nitrogen heterocycles through intramolecular
metal catalyzed C-H insertion reactions.['®! Moreover, transition-
metal catalyzed C-H aminationsi*!! based on azides*? and other
nitrene precursors!*® have been recently developed as efficient
alternatives for the construction of pyrrolidines.

The metal-catalyzed amination of boronates is a very well known
transformation. However, transition-metal free methods are
rare,l* and are either restricted to arylboronic acids,*®! or
require electrophilic aminating agents and reaction conditions
incompatible with the carboborylation of N-tosylhydrazones.!'”]
Indeed, the real challenge of this approach would be to find a
nitrogenated functionality that will not react with a boronic acid in
an intermolecular fashion but still reactive to participate in an
intramolecular process. For this reason, we turned our attention
to azides. The amination of arylboronic acids with azides has
been previously described, but shows limited scope.[*8 Moreover,
alkyl boronates have been transformed into amines by reaction
with azides, but the processes involve the transformation of the
boronate into an alkyltrifluoroborate salt, and then to a highly
reactive alkyldichloroborane, and not the direct reaction of a
boronic acid.[**2
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A) Transition-metal free-reductive coupling of N-tosylhydrazones
or diazo compounds with boronic acids
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. C) Domino cyclizations of N-tosylhydrazones and boronic acids involving the intermolecular
carboborylation of the hydrazone and the intramolecular carboborylation of a nitrile
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Scheme 1. A) Reductive cross-couplings of N-tosylhydrazones with boronic acids. B) Geminal difunctionalization of diazoalkanes through sequential reactions
involving carboborylation of the diazoalkane followed by a subsequent transformation. C) C-C/C-C bond forming domino cyclizations of N-tosylhydrazones and
boronic acids involving the intermolecular carboborylation of the hydrazone and the intramolecular carboborylation of a nitrile. D) Synthetic plan for a C-C/C-N

bond forming domino cyclization.

Nevertheless, we decided to study a possible intramolecular
cascade reaction involving an azide as the electrophilic
aminating agent. We expected that the relative high
temperatures which can be employed for the reaction of N-
tosylhydrazones with boronic acids might promote in first place
the carboborylation of the N-tosylhydrazone, and subsequenly
the intramolecular reaction of the azide with the transient tertiary
alkyl boronic acid. Herein we wish to present our results that
have led to a quite general synthesis of 2,2-disubstituted
pyrrolidines through a C-C/C-N domino cyclization, via an
experimentally very simple and catalyst-free process.

Results and Discussion

We selected y-azido-N-tosylhydrazone la as the template to
study the domino reaction. The initial experiments were carried
out with (E)-(3-phenylprop-1-en-1-yl)boronic acid and 4-
methoxylphenylboronic acid, (scheme 2, A) (see Sl for further
details). The conditions were also similar to those employed in
reductive cross-couplings with N-tosylhydrazones: K,CO; as
base, 1,4-dioxane as solvent, and microwave thermal activation.
The reactions with the alkenylboronic acid were quite sluggish,
although the expected pyrrolidine could be detected in very poor
yield. However, the reaction with 4-methoxyphenylboronic acid
took place nicely at 150 °C in only 1h, giving rise to the
pyrrolidine 3a in 70 % vyield (scheme 2, A). After some
experimentation it was determined that microwave irradiation for
1h at 150 °C were indeed optimum conditions for the reaction.
We then started to study the scope of the reaction regarding the
arylboronic acid. It was observed that the electronic properties of
the boronic acid played a decisive role in the outcome of the
process (scheme 2, A). The reactions with electron-rich
arylboronic acids gave rise to the pyrrolidines 3 as unique
reaction product, however, the absence of electron-donating
groups or the presence of electron-withdrawing substituents
provided a mixture of the pyrrolidine 3 and the open-chain
product 4. Noteworthy, an increasing ratio of 4 is obtained with
the more electronwithdrawing character of the substituent: see
the series 3a to 3i.

The azide 4 is the expected product of the reductive arylation of
the N-tosylhydrazone 1a with the boronic acid, which takes
place through the formation of the benzylboronic acid A,
followed by the spontaneous protodeboronation (scheme 2, B).
Alternatively, after the generation of A, coordination of the azide
to the boron center would form boronate B. Then, complex B
could undergo 1,2-migration of the tertiary carbon substituent,
with formation of the C-N bond and release of a molecule of
nitrogen to form N-boropyrrolidine C, which will furnish
pyrrolidine 3 upon hydrolysis. According to this mechanistic
proposal, the ratio of the products 3 and 4 will be determined by
the balance between the rates of the protodeboronation of A and
the 1,2-migration reaction respectively. Therefore, with
electronwithdrawing substituents on the aromatic ring, which are
known to accelerate the protodeboronation of benzylboronic
acids,?Y the formation of 4 increases, while with electron-
donating substituents, that slow down the protodeboronation,
formation of the pyrrolidines 3 will be favoured.

Interestingly, the reaction with phenylboronic acid gives exactly
the same ratio of products 3d and 4d after 1h and after 4h at
150 °C (scheme 2, C), indicating that once azide 4d is formed, it
does not undergo cyclization, ruling out a possible 4 to 3
conversion through a C-H insertion reaction as an alternative
mechanism. Finally, the formation of the pyrrolidines takes place
also under conventional heating (sealed tube,1,4-dioxane, oil
bath, 120 °C, overnight), as demonstrated in the reactions with
phenylboronic acid and p-methoxyphenylboronic acid, however,
a slight increase in the formation of non-cyclized azides 4d and
4a was observed (scheme 2, C). For this reason, we kept the
MW heating method as the experimental conditions of choice
over this work. Noteworthy, even with the limitations described,
the reaction features remarkable synthetic interest provided that
electron-neutral or electron-rich aryl boronic acids are employed,
as demonstrated by some further examples (scheme 2, A) which
include several substituted phenylboronic acids (3j-3I) and also
condensed (3n) derivatives. Interestingly, the presence of an
NH- unprotected indole (3m) is well tolerated in the reaction.
However, the reaction with 3-aminophenylboronic acid, featuring
a free NH; provided exclusively the open chain azide 4p with
moderate vyield. The process is compatible with ortho
substitution in the aromatic ring, as an electron-rich o-substituted
boronic acid provided the expected pyrrolidine with acceptable
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yield

(30),

however in the reaction with 2,6-

dimethoxyphenylboronic acid no pyrrolidine 3 was detected.

10.1002/anie.202010528

WILEY-VCH

A) Synthesis of 2-aryl-2-methylpyrrolidines 3. Influence of the electronic and steric properties of the boronic acid.[?!

NNHTs Ar- B(OH)z R
Ng — 5 )(—7 M R B 20 o4
K;CO3 1,4-dioxane n>20%
1a MW 150 °C, 1h R:Ph 0% No reaction 55 %
4p[9] OMe
Me NMe, } ?
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Scheme 2. A) Synthesis of 2-aryl-2-methylpyrrolidines 3 from y-azido-N-tosylhydrazone 1a and arylboronic acids: Influence of the electronic and steric properties

of the arylboronic acids. B) Mechanistic proposal to justify the formation of compounds 3 and 4. C) Influence of the reaction conditions on the 3: 4 ratio.

[a]

Reaction conditions: N-tosylhydrazone 1a (0.3 mmol), boronic acid 2 (0.6 mmol), K2COs (0.9 mmol), 1,4-dioxane (2.5 mL), 150 °C (MW), 1h. [b] Determined by H
NMR of the reaction crude. [c] Isolated yield of pure 3 after acid-base extraction or column chromatography. [d] The pyrrolidine could be detected by *H NMR and
GC/MS in small amount. [e] Isolated yield after in situ acetylation. [f] Isolated yield of the azide 4e. [g] No pyrrolidine 3 was formed.

The domino process was then studied with alkylboronic acids
(scheme 3). Interestingly, the pyrrolidines 3 were obtained as
the only reaction product, which could be isolated upon acid-
base extraction, or as the acetamides 6 after in situ acetylation
to enable easier isolation. The reaction is compatible with
primary boronic acids (n-butyl 3q, phenethyl 3r, neopentyl, 3s)
as well as secondary, both linear (sec-butyl 3t), and cyclic
(cyclohexyl 3u, cyclopentyl 3v, cyclobutyl 6w, cyclopropyl 6x)
with good vyields. Clearly, the protodeboronation of the
intermediate tertiary boronic acid A substituted only with alkyl
groups is slower than for the benzylboronic acids, favouring the
cyclization process. The functional group tolerance of the
reaction is also remarkable, as functionalized boronic acids,
such as 4-cyanobutylboronic acid and 5-oxohexylboronic acid
featuring an unprotected carbonyl and a nitrile functionalities
respectively, were both competent coupling partners for the
reaction (6y and 6z respectively). To further illustrate the
synthetic versatility of the reaction, the important 4-piperidyl
heterocyclic moiety was also introduced efficiently (3aa). It must
be pointed that in these reactions, due to the instability of some
alkylboronic acids under the reaction conditions, a 3:1, boronic
acid: hydrazone ratio was required to achieve high isolated
yields.

Regarding the structure of the N-tosylhydrazone, the reaction is
not restricted to alkyl substituted systems. In fact, hydrazones

derived from arylketones are also compatible with the cyclization
reaction (scheme 3). As expected, N-tosylhydrazone 1b (Ar = 4-
MeOCsH,) with an electron-donating substitutent in the aryl ring
provided higher yields of the pyrrolidines than N-tosylhydrazone
1c (Ar = Ph). This observation is in agreement with the
mechanistic model. The same type of intermediate
benzylboronic acid A (scheme 2, B) can be obtained combining
an alkylboronic acid and an aryl substituted N-tosylhydrazone, or
an arylboronic acid with the alkyl substituted N-tosylhydrazone.
Therefore, the same evolution of intermediate A should be
expected regardless of the starting materials. Moreover, N-
tosylhydrazone 1b could be combined with methyl, primary and
secondary alkylboronic acids, to give 2-alkyl-2-arylpyrrolidines
(3a, 3ab, 3ac, 6ad, 6af) and with arylboronic acids to give 2,2-
diarylpyrrolidines (3ag, 3ah, 3ai). Thus, the same methodology
can be applied to prepare 2,2-dialkyl, 2,2-diaryl, and 2-alkyl-2-
arylpyrrolidines, revealing the high versatility of the domino
reaction. Furthermore, the reaction could be applied for the
direct synthesis of the bicyclic lactams 7 by employing boronic
acids featuring an ester functionality. In these cases, the amino
ester initially formed undergoes spontaneous lactamization
under the reaction conditions. These transformations may
represent a straightforward entry into novel pyrrolizidine and
indolizidine structures, commonly present in many bioactive
alkaloids.??2% Finally, as previously mentioned for 3a, these
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domino reactions are not totally limited to the employment of
microwave heating, and proceed also under conventional
heating at 120 °C overnight. Comparable yields were obtained
for 2,2-dialkylpyrrolidines and 2-alkyl-2-arylpyrrolidines (see the
selected examples 3u, 3ac and 7b). However, in the case of the
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2,2,-diarylpyrrolidine 3ah, under conventional thermal conditions
the cyclization product was obtained in a very poor 10 % yield,
and the major product of the reaction was the azide 4 derived
from the reductive alkylation.

H Ac
1a, R = Me NNHTs K,COs R' N Ac,0 R' N
1b, R" = 4-MeO-CqH 1 Na  + R%-B(OH), ————> . 4 ><_7
o 64 R 1,4-dioxane, R2 CH,Cl, R2
1¢, R = Ph MW, 150 °C, 1h
1 2 3 6
Alkylboronic acids
v o Mo T
[c] NC\/\/ B\OC
C
R 3q, 66 % 35,86 %  3u,71% (61%)% gy 5o olel 6y, 69 %°l N
HAC l{l 6s, 85 % 6u, 60 % L'j
3
R2><_7 Ph/\/ \/k % \n/\/\/
0,
g:, gg of 3t, 76 % 3v. 83 % 6x, 54 %) - T 3aa, 51 %
A 6v, 90 % ’
Aromatic N-tosylhydrazones 1b, Ar = 4-MeO-CgH,4 i 1c, Ar=Ph| Lactam synthesis Q
R : EtO,C
o e e ey ©uon,
N 3 .
) © L KoCOs
3ac,80%  3ae,67% ¢ 3aj,45 % NNHTs 1 4-dioxane 523"/
HaC— (85 %)\ M~ Ng MW, 150 °C, 1h R
3a,72% : Q_
: N
3ag, 76 % 3ah, 93 % 3ai, 74 % |
Et— Ph™ Q‘ (10 %) | 3ak, 68 % Et0,C” > “B(OH),
3ab,85% 6ad,75%  6af, 69 % : 7b
' 71 % (65 %)

Scheme 3.12 P Scope of the C-C/C-N domino cyclization with y-azido-N-tosylhydrazones and boronic acids. [a] Reaction conditions as in Scheme 2, boronic acid
2 (2-3 equiv). [b] Isolated yields after acid-base extraction or column chromatography. [c] Yield of the reaction under conventional heating at 120 °C overnight. [d]
A 70 % isolated yield for the open chain azide 4 was obtained. [€] In situ acetylation was required to facilitate isolation

One challenge in the transition-metal-free reactions of boronic
acids with diazoalkanes or N-tosylhydrazones is to control the
stereochemistry of the processes. This issue still remains
unsolved for most linear diazoalkanes. However, we have
previously demonstrated that it is possible to conduct
diastereoselective reactions when N-tosylhydrazones derived
from substituted cyclic ketones are employed.**”1 Thus, the
diastereoselectivity of the domino C-C/C-N cyclization process
was examined on cyclic systems. We chose as our model the N-
tosylhydrazone 9 derived from 2-(2-azidoethyl)cyclohexan-1-one
8. To our delight, the domino processes took place efficiently to
yield a single diasteroisomer of the octahydro-1H-indole
derivatives 10 that corresponded to the cis-fused bicyclic system
(scheme 4). Noteworthy, the stereochemistry observed is in
agreement with our previous observations on the
diastereoselective reactions of cyclic N-tosylhydrazones.[*"]
Similarly, the cascade cyclization was also examined with the
analogous five-membered ring N-tosylhydrazone 12. The
reactions proceeded also with total diastereoselectivity to render
the cis-fused substituted octahydrocyclopenta[b]pyrroles 13 as
single diastereoisomers (scheme 4).

The scope of the reactions with the cyclic N-tosylhydrazones 9
and 12 is remarkable. The bicyclic amines 10 and 13 were
obtained for the reactions with arylboronic acids (10a-10m; 13a-

13f) with moderate to good yields, including the incorporation of
a condensed aromatic system (10m, 13f), and an unprotected
N-H-indole (10l, 13e). Importantly, these reactions are less
sensitive to the electronic nature of the aryl boronic acid than the
reactions with the linear hydrazone 1a, and even boronic acids
substituted with electronwithdrawing substituents led to the
bicyclic products with high yields (10d, 10e, 10g, 10h and 13b).
In particular, the synthetically versatile chloro- and bromophenyl
fragments could be introduced with high efficiency. Also, the
process proceeded successfully in the presence of an
unprotected carbonyl (10h). The different behavior of the cyclic
systems when compared with the linear N-tosylhydrazone la
could be rationalized considering that the more hindered tertiary
boronic acid generated upon carboborylation of the cyclic diazo
compound is less prone to undergo protodeboronation than in
the case of intermediate A (scheme 2, B), enabling the
cyclization pathway. Moreover, the reaction allows also the
introduction of aliphatic rests at the angular position through the
employment of primary (10n, 13g) and secondary alkylboronic
acids (100, 10p, 13h), as well as functionalized substituents
such as the b5-cyanobutyl (13i). Finally, bicyclic systems
featuring an angular methyl group, a motif present in many
natural products, could be prepared employing methylboronic
acid (10q, 13)).
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Pyrrolidine polycyclic alkaloid scaffolds
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Scheme 4.12.%1 Diastereoselective C-C/C-N domino cyclization with y-azido-N-tosylhydrazones 9 and 12 and boronic acids. Synthesis of cis-fused octahydro-1H-
indoles 10 and octahydrocyclopenta[b]pyrroles 13 respectively. [a] ] Reaction conditions as in Scheme 2, boronic acid 2 (2-3 equiv). [b] Isolated yields after acid-
base extraction or column chromatography. [c] Obtained as the corresponding acetamides 10Ac and 13Ac upon in situ acetylation to facilitate isolation. [d]

Prepared from EtO2C-(CH2)3-B(OH)2. [e] Prepared from MeO2C-(CHz)2-B(OH)2

The octahydro-1H-indole substructure of bicyclo 10 is present in
natural alkaloids and biologically active molecules such as the
erythrina alkaloids,” and in particular, aryl substituted
octahydro-1H-indoles such as 10a and 10h have been
employed in the synthesis = of erythrinanes  and
homoerythrinanes.?!  Additionally, when the reactions were
conducted with the alkoxycarbonyl containing boronic acids, the
corresponding tricyclic lactams 14 were obtained as unique
stereoisomers. It is noteworthy that these relative complex
tricyclic scaffolds, which resemble the basic structure of several
natural alkaloids such as lepadiformines and cylindricines,?® are
assembled in one single step from readily available materials.
Therefore, this methodology might be adapted into convergent
approaches to novel alkaloid-like interesting polycyclic moieties.
The cascade process seems to be limited to the construction of
pyrrolidines. When the same reaction was conducted with the &-
azido-N-tosylhydrazone 15 the analogous piperidines 16 were
not obtained. The reactions with both an electron-rich
arylboronic acid and an alkylboronic acid led to the tertiary
alcohols 17 (scheme 5, A). In these reactions the
protodeboronation of the tertiary boronic acids D is very slow,
but the cyclization seems to be also disfavoured. Therefore,
after the carboborylation to give the intermediate boronic acid D,

autooxidation of the boronic acid occurs to give the observed
alcohols 17. A justification of the different behavior of N-
tosylhydrazones 1 and 15 based on DFT computations is
provided below. Also, the reaction of N-tosylhydrazone 18 with
p-MeO-Ph-B(OH), gave the reductive alkylation azide 19 instead
of azetidine 20. Thus, the protodeboronation of intermediate J is
favoured towards the formation of the highly strained four-
membered ring (Scheme 5, A).

Mechanistic considerations

The formation of the pyrrolidines by reaction y-azido-N-
tosylhydrazones and boronic acids can be explained by the
domino process proposed in scheme 2, B. To provide additional
support to this proposal, the intramolecular amination of the
boronic acid was studied through DFT calculations starting from
the model system Al (scheme 5, B) (see Sl for further details).
According to the calculations, the conversion of Al into C1 takes
place in one single concerted step, where the boronate species
is indeed a saddle point (TS1) and not an intermediate in the
potential energy surface. TS1 features a six-centers chair-like
arrangement (scheme 5, C), and reveals that the process is
indeed highly asynchronous, since in TS1 the new N-B bond is
highly developed (ds.n = 1.56 A) but the C-N distance of the new
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A) Reactions of boronic acids with N-tosylhydrazones 15 and 1812
B(OH
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B) DFT computational calculations (M06-2X/6-311++G**)

OH ¥
| HO.__OH
B B
B(OH), HO— \Q .
MN:;—» N2"-\NI| — >Q + Ny
A1 = TS1 - C1
AGgq = 29.7 keal/mol AGreac = - 90.0 keal/mol
OH BE:
HO.-OH
B(OH), N
N3—> — i) + N,
D1 - TS2 y E

AG,¢t = 40.0 kcal/mol

C) Transition states TS1 and TS2 obtained for the intramolecular aminations leading to C1 and E respectively (M06-2X/6-311++G**)

T$1

D) Justification for the stereoselectivity observed®!
diastereoselective

diazoalkane carboborylation

stereoretentive
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AGact = 23.0 kcal-mol™!

Scheme 5. A) Reactions of boronic acids with 3-azido-N-tosylhydrazone 7. B)

AGact = 27.5 kcal-mol™!

DFT computational calculations for the intramolecular amination of a boronic acid

with an azide for the construction of pyrrolidines and piperidines at the M06-2X/6-311++G** level. C) 3D representations of the transition states for the
intramolecular carboborylation of the azides A1 and D1. D) DFT-based modelling of the diastereoselective carboborylation / stereoretentive carboborylation at the
M06-2X/6-311++G** (PCM) level. [a] Reaction conditions as in scheme 5. [b] Gibbs free energies in kcal-mol™.

bond is still very long (den = 2.41 A). A Gibbs free energy of
activation of 29.7 kcal/mol was obtained for the transformation,
an accessible energy barrier for reactions take place at high
temperature. As previously discussed, the formation of
piperidines from &-azido-N-tosylhydrazone 15 does not take

place under the same conditions (scheme 5, A). Starting from
model system D1, a similar transition state TS2 was found for
the conversion of D1 into E. However, a much higher energy
barrier of 40 kcal/mol was obtained [AGa(D1>E)
AGa(A1->C1) = 10.3 kcal-mol], which justifies clearly why in
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this case the cyclization reaction does not occur, and instead the
intermediate boronic acid evolves through an alternative reaction
pathway. The remarkable difference in the activation Gibbs free
energies of both processes could be understood considering
that the transition state TS1 features a nearly perfect six-
membered ring chair-like arrangement (scheme 5, C), while TS2
consists on a less favoured seven-membered ring.l?]

The diastereoselectivity observed in the synthesis of
octahydroindoles 10 and octahydrocyclopenta[b]pyrroles 13 can
be also rationalized in agreement with the mechanistic proposal,
and considering 1) a diastereoselective carboborylation of the
diazo compound, 2829 2) a stereoretentive carboborylation of the
azide. Retention of configuration on the latter step is expected
considering that 1,2-migrations of boronate complexes are
stereospecific and proceed with retention of configuration on the
migrating group.t722030  Therefore we propose that the
stereochemistry must be defined in the first step. DFT-based
computations were carried out on these stereoselective
reactions to support this proposal (see Sl for a complete
discussion). We assumed the decomposition of the N-
tosylhydrazone to give the diazoalkane F as a preliminary step,
and studied the model reaction between F and phenylboronic
acid (scheme 5, D). The modeling studies indicate that formation
of the tertiary boronic acid G through the transition state TS(F-G)
is favoured by 3.9 kcal-mol* towards the formation of the
diastereomer G’ through the analogous TS(F-G’). Both transition
states show a similar structure that corresponds to an
asynchronous concerted process where the boron atom
approaches the carbon of the diazoalkane through an equatorial
trajectory, and the aryl group occupies a pseudoaxial disposition,
nearly antiperiplanar with the leaving N, molecule. However, this
structure is much less favoured in TS(G’-H’) due to the
destabilizing interaction between the aryl group and the
azidoethyl substituent that are in a syn arrangement. Then, the
intramolecular stereoretentive amination of the boronic acid G,
through the cyclic transition state TS(G-H) (AGax = 28.4
kcal-mol?), gives the cis-fused bicyclic systems H observed.
According to the computations, if the diastereomeric boronic
acid G’ were formed, it should also undergo the cyclization
through the same type of concerted 1,2-alkyl migration through
TS(G’-H’) (AGa = 27.5 kcal-mol?) to give H’, because the
energy barriers for both pathways are of the same magnitude.
However, the trans-fused diastereocisomers H’ have not been
observed experimentally. Therefore, the combination of
experimental and computational evidences rule out the
possibility of the formation of G’, and support that the
diastereoselectivity of the reactions is determined in the
carboborylation of the cyclic diazo compound.

Conclusion

We have presented herein a novel synthesis of 2,2-disubstituted
pyrrolidines that takes place through a transition-metal free
domino cyclization. The mechanism involves the carboborylation
of a N-tosylhydrazone with a boronic acid followed by the
intramolecular capture of the transient boronic acid by an azide
through a second carboborylation event. Synthetically, the
reaction features wide scope, as both aryl and alkylboronic acids
are competent substrates in the transformation, allowing for the
preparation of diversely substituted pyrrolidines. Moreover, the
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reactions with cyclopentanone and cyclohexanone derived y-
azido-N-tosylhydrazones are highly diastereoselective providing
the bicyclic amines as single diastereocisomers. The mechanism
proposed is supported by DFT computations and comprises two
consecutive concerted carboborylation processes - a
diastereoseletive carboborylation of the diazoalkane generated
from the N-tosylhydrazone, and the intramolecular
carboborylation of the azide. This last step takes place through a
chair-like transition state. Considering the wide availability of
boronic acids, the simple synthesis of the precursor y-
azidoketones, and the wide scope already shown of the reaction,
we consider that this novel transformation will be very useful for
the synthesis of pyrrolidine-containing structures and to
introduce the interesting pyrrolidine moiety into different natural
and unnatural structures.
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Playing together: Sequential geminal carboborylations of N-tosylhydrazones and azides, carbene and nitrene precursors
respectively, have allowed for the development of a very general synthesis of 2,2-disubstituted pyrrolidines via a novel transition
metal-free domino cyclization with concomitant incorporation of a side chain. With cyclic N-tosylhydrazones alkaloid-like cis-fused
bicyclic and tricyclic structures are obtained with total diastereoselectivity.
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