Ring Expansion to 8-Membered Silacycles via Formal Cross-Dimerization of 5-
Membered Palladacycles with Silacyclobutanes
Xi-Chao Wang®, Hao-Ran Wang", Xiufang Xu* and Dongbing Zhao*

[*] X.-C. Wang, Prof. Dr. D. Zhao
State Key Laboratory and Institute of Elemento-Organic Chemistry
College of Chemistry, Nankai University
94 Weijin Road, Tianjin 300071 (China)

E-mail: dongbing.chem@nankai.edu.cn

H.-R. Wang, Prof. Dr. X. Xu

Key Laboratory of Advanced Energy Materials Chemistry (Ministry of Education)
College of Chemistry, Nankai University

94 Weijin Road, Tianjin 300071 (China)

E-mail: xxfang@nankai.edu.cn

[+] These authors contributed equally to this work

Abstract: Investigations of the sila-8-membered ring fused biaryls are of important
significance for the discovery of new drug lead compounds. However, such compounds
are still unknown due to the synthetic challenge. Herein we describe the chemo- and
regio-selective cross-dimerization of 5-membered palladacycles with silacyclobutanes
enabled by Pd-catalytic conditions, which constitutes an expedient ring expansion route
to the sila-8-membered ring fused biaryl skeletons.

Silasubstitution of biologically active molecules has attracted increased interest in
drug discovery.™ Because it proved that silicon incorporation often resulted in modifying
physiological and biological activities, molecular size and shape, lipophilicity as well as
toxicology. The eight-membered ring bridged biaryl motifs A are prevalent in a broad
variety of natural products (Scheme 1a).” Thus, investigations of the sila-8-membered
ring fused biaryls B are of important significance for the discovery of new
drug lead compounds. However, such compounds are still unknown due to the synthetic
challenge on incorporation of a silicon atom at the ring junction of the biaryl frameworks
A.

A retrosynthetic analysis shows that the cycloaddition of strained silacycle with Tt-
bonds, which is the most well-known ring expansion strategy,'*¥ is incapable of delivering
such sila-8-membered ring fused biaryl skeletons. Recently, a few examples on ring
expansion through transition metal-catalyzed formal cross-dimerization of strained
(benzo)-silacyclobutanes and 3- or 4-membered cyclic ketones with 100% atom economy
developed by Murakami and our group have dramatically expanded chemists’ toolbox,!
enabling rapid construction of specific 7 or 8-membered sila-cyclic ketones (Scheme 1b),
which often require tedious multistep synthesis. Inspired by this attractive and modular
strategy for rapid delivery of larger ring systems, we wonder if such sila-8-membered
ring fused biaryl skeletons can also be efficiently approached by transition metal
catalyzed cross-dimerization of strained (benzo)-silacyclobutanes and biphenylenes.
Notably, biphenylenes have been widely utilized as biaryl-synthons in a variety of
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transformations such as homo-coupling and cycloaddition with alkynes or alkenes owing
to their high ring strain energy, which would facilitate the C—C bond cleavage via metal
insertion to form the corresponding dibenzo-metallacyclopentadienes. However, until
now transition metal-catalyzed cross-dimerization of biphenylenes with strained ring has
not been explored. To realize this transformation, the reactivities of these two strained
rings need to be highly differentiated and the well-documented preferential
homodimerization of strained rings by choice of the proper catalytic system. Herein, we
achieved the formal cross-dimerization of 5-membered palladacycles generated from C—
C bond cleavage of biphenylenes or C—H bond activation of 2-iodobiphenyls and 1-(tert-
butyl)-2-iodobenzenes with silacyclobutanes by employing Pd(0)-catalytic system,
enabling to directly access the structurally diverse sila-8-membered ring fused biaryl
skeletons and benzoannulenes (Scheme 1c).
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Scheme 1. Driven force and our study for synthesis of sila-8-membered ring fused biaryls.

In preliminary experiments, biphenylene 1a and silacyclobutane 2a was subjected to
Pd-catalytic conditions to try to access sila-8-membered ring fused biphenyl 3aa. We
found that the cross-dimerization of biphenylene 1a and silacyclobutane 2a smoothly
occurred to yield the desired product 3aa in 98% yield with Pd(dba). (1 mol%) and 2-
dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl (DavePhos,10 mol%) in toluene
(3 mL) at 100 °C for 24 h (Equation A). Considering the higher strain energy of
biphenylene 1a, we rationalized that the reaction was triggered by the oxidative addition
of Pd® species to C—C bond of biphenylene to form the dibenzopalladacyclopentadiene.
Following the proposal, we synthesized the corresponding palladacycle Pd-1a and found
that the reaction of palladacycle Pd-1la and silacyclobutane 2a proceed smoothly to



deliver the product 3a in toluene at 100 °C for 24 h (Equation B), which clearly proved
our speculation. Besides the way to dibenzopalladacyclopentadienes via C-C activation
of biphenylenes, C—H activation of 2-iodobiphenylsis also a reliable alternative to
achieve the same palladacycle (Equation C).I"! Thus, we assumed that 2-iodobiphenyls
might also react with silacyclobutane 2a to approach the silacycle 3aa.® Fortunately,
after extensive survey of the reaction parameters (for more details, see Sl), the ring
expansion product 3aa was formed in 86% yield by treatment of 2-iodobiphenyl 4a with
silacyclobutane 2a, Pd(dba). (5 mol%), DavePhos (10 mol%) and KOAc (2.0 equiv) in
DMSO at 110 °C for 12 h (Equation D).
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Considering the wider accessibility and functional group compatibility of 2-
iodobiphenyls, we extended the substrate scope of this Pd-catalytic ring expansion
protocol by treatment of diverse 2-iodobiphenyls 4 and silacyclobutanes 2 under the
optimized conditions, affording the unkown 8-membered sila-tricyclic biaryl skeletons
(Table 1). First, the substituent effect of the silacyclobutanes on the silicon atom has
been investigated. 1,1-Dialkylsilacyclobutanes are well tolerated (2b-c), giving the
desired products 3ab-ac in high vyields, albeit the reaction of 4a with 1,1-
diphenylsilacyclobutane 2d suffers from low yield of 3ad due to the increased steric
hindrance of 2d. Furthermore, we found that diverse 1-methyl-substituted
silacyclobutanes bearing phenyl, benzyl and sterically hindered t-butyl group at the Si
center (2e—g) also smoothly underwent this reaction in uniformly high yields. Then, the
compatibility of the 2-iodobiphenyls under the optimized condition was also examined. It
is worthy to note that diverse 2-iodo-3,5-disubstituted-1,1'-biphenyls (4b-e), which have
two possible reactive sites for C-H activation step, only resulted in single isomer
(3ba-ea), indicating that the cyclometalation occurred at the less crowded C-H bond
position. Additionally, this ring expansion also allows access to structurally diverse sila-8-
membered ring fused biaryl skeletons bearing a variety of important functional groups
such as F, Cl, CFs;, OCF; and OMe (3ga—ka), which are capable of undergoing further
downstream transformations. Likewise, we proved that multisubstituted o-iodobiaryl 41 &



4m were also eligible substrates for this ring expansion reaction to assemble the
corresponding 8-membered sila-tricyclic biaryl substructures 3la—ma in good yields.

Table 1. Substrate scope for the reaction of 2-iodobiphenyls 4 and silacyclobutanes 2.1
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[a] In a Nfilled glove box, treatment of 2-iodobiphenyls 4 (0.2 mmol) and
silacyclobutanes 2 (0.4 mmol) in the presence of Pd(dba). (0.01 mmol), DavePhos
(0.02 mmol), KOAc (0.4 mmol) in DMSO (1.0 mL) at 110 °C for 12 h. Yields are
given for the isolated product. [b] These reactions were conducted by use of

Pd(dba). (10 mol%) and DavePhos (20 mol%) at 130 °C for 12 h.

Encouraged by the success of these results, we further proceeded to examine the
reaction with 1-(tert-butyl)-2-iodobenzene 5a and silacyclobutane 3a involving C(sp®)-H
activation under the optimized condition. Unfortunately, only trace amounts of the desired
product 6a were provided. After an extensive screening, we found that the reaction
occurred smoothly in 77% yield in the presence of Pd(OAc). (10 mol%), P(o-Tol)s (20 mol
%) and Cs(OACc): (2.0 equiv) in DMSO at 110 °C for 24 h (Scheme 2). The NMR spectra
confirmed that only single isomer 6a was obtained in the reaction. It indicates that the
reductive elimination step in this reaction is highly regioselective.
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Scheme 2. Regioselective synthesis of 8-membered silacycles via C(sp®-H bond activation/ C(sp®-Si bond cleavage.

Next, computational studies were carried out to probe the reaction pathway by taking the
reaction of 1a and 2a as the example and tris(2-methoxyphenyl)phosphine as the ligand.
As described above, the key mechanistic question is the competition between the C-C
bond cleavage of biphenylenes and C-Si bond cleavage of silacyclobutanes. The
computed energy profiles indicate that the pathway involving the C—C bond cleavage of
biphenylene 1a at the beginning of the reaction is more energetically favorable, which is
consistent with the aforementioned stoichiometric experiments. The overall activation
energy of this pathway is 29.6 kcal/mol (Scheme 3, from 1a to a-TS1), which is much
lower than that of pathway initiated by the C-Si bond cleavage of silacyclobutane 2a
(43.8 kcal/mol, Figure Sl from 2a to b-TS2). Thus, as show in Scheme 3, at first, with the
approaching of PdL, to biphenylene 1a, the rupture of C1-C4 bond takes place via
transition state a-TS1 to afford a 5-membered palladacycle a-A, in which Pd—C1 and Pd—
C4 bond are formed. Before the intermediate a-A and silacyclobutane 2a are complexed,
two ligands are released from a-A. Then the rupture of Si—C5 bond and the simultaneous
formation of Pd-Si and Pd-C5 bonds occur via the transition state a-TS2 to generate a
Pd(IV) species B. Next, a ligand is coordinated to the metal center Pd(IV) to afford the
intermediate a-B. Subsequently, formation of the C1-Si bond together with the rupture of
the Pd—C1 and Pd-Si bonds occur in a-B via transition state a-TS3, to afford a nine-
membered palladacycle a-C. Then, the cyclic a-C can go through reductive elimination
via transition state a-TS4 to form the product 3aa.
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Scheme 3. The computed energy profiles for the Pd-catalyzed formal cross-dimerization of biphenylene 1a with silacyclobutane 2a.



In summary, we have developed the formal cross-dimerization of biphenylenes and their
surrogates with silacyclobutanes by employing Pd(0)-catalytic systems. This facile ring
expansion approach constitutes the first method for the modular and robust synthesis of
the structurally diverse 8-membered sila-tricyclic biaryl skeletons. The choice of proper
ligand and metal catalyst was critical to differentiate the reactivity of the two strained
rings, inhibit the competive elementary step and facilitate the regioselective reductive
elimination during the reaction. The computational studies indicate that the reaction of
biphenylenes with silacyclobutanes undergoes a Pd”"" cycle, initiated by oxidative C-C
bond cleavage of biphenylenes.
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