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Transition-Metal-Free Synthesis of Polyfunctional Triarylmethanes and
1,1-Diarylalkanes by Sequential Cross-Coupling of Benzal Diacetates
with Organozinc Reagents
Baosheng Wei, Qianyi Ren, Thomas Bein, and Paul Knochel*

Abstract: A variety of functionalized triarylmethane and 1,1-
diarylalkane derivatives were prepared via a transition-metal-
free, one-pot and two-step procedure, involving the reaction of
various benzal diacetates with organozinc reagents. A sequen-
tial cross-coupling is enabled by changing the solvent from
THF to toluene, and a two-step SN1-type mechanism was
proposed and evidenced by experimental studies. The synthetic
utility of the method is further demonstrated by the synthesis of
several biologically relevant molecules, such as an anti-tuber-
culosis agent, an anti-breast cancer agent, a precursor of
a sphingosine-1-phosphate (S1P) receptor modulator, and
a FLAP inhibitor.

Introduction

Triarylmethane and 1,1-diarylalkane scaffolds are impor-
tant core structures in many pharmaceuticals and biologically
active molecules,[1] and are potentially valuable building
blocks for the construction of covalent organic and metal–
organic frameworks (COFs and MOFs) that can play a role in
hydrogen storage, photocatalysis, photoelectrochemistry, and
solar cells.[2] Thus, their preparation has attracted much
attention over the past decade.[3] Typically, triarylmethanes
may be prepared by Friedel–Crafts-type reactions (Sche-
me 1a),[4, 5] or by various transition-metal-catalyzed cross-
coupling reactions (Scheme 1b).[6–8] These methods were also
used for the preparation of related 1,1-diarylalkanes (Sche-
me 1c).[9, 10] Recently, some other methods have also been
developed for the synthesis of triarylmethanes and 1,1-
diarylalkanes.[11, 12] Despite the popularity of these methods,
there are some important drawbacks. For example, Friedel–
Crafts-type reactions are typically limited to electron-rich and
unhindered (hetero)arenes and often result in poor regiose-
lectivity.[4,9] Cross-coupling methods usually require the
troublesome prefunctionalization of coupling partners, and
b-hydride elimination of alkyl or benzylic reagents in

transition-metal-involved cross-couplings often leads to non-
productive synthesis.[6, 7,10] Thus, the selective and modular
synthesis of polyfunctional triarylmethanes and 1,1-diaryl-
alkanes from readily accessible starting materials[13] under
transition-metal-free conditions is still an important synthetic
goal, and a general method that can deliver both triaryl-
methanes and 1,1-diarylalkanes would be highly desirable.[14]

Zinc organometallics are very useful organometallic
intermediates for forming new carbon@carbon bonds, and
allow the synthesis of a variety of polyfunctional organic
molecules.[15] Usually, transition-metal catalysts are required
for achieving good yields and selectivities.[15c,d] Only a few
reactions of organozinc reagents with electrophiles proceed in
the absence of catalysts.[16] We envisioned that benzal gem-
diacetates of type 1, which can be easily prepared from the
corresponding aldehydes,[17] may be an ideal class of electro-
philes for reaction with organozinc reagents allowing a mod-
ular synthesis of triarylmethanes and 1,1-diarylalkanes
(Scheme 1d). Herein, we wish to report a convenient tran-
sition-metal-free, one-pot and two-step synthesis of triaryl-
methanes and 1,1-diarylalkanes starting from 1. Thus, the
treatment of 1 with excess arylzinc halides of type 2
(Ar2ZnX)[18] either in THF or toluene at 80 88C smoothly
provides the symmetrical triarylmethanes of type 3. However,

Scheme 1. Typical methods for the synthesis of triarylmethanes and
1,1-diarylalkanes.
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the treatment of 1 with 2 (1.0 equiv) in THF at 25–60 88C
selectively provides the diarylmethyl acetate (4), which reacts
in situ with aryl- or alkylzinc halides (Ar3ZnX or alkylZnX)
in toluene at 80 88C, producing either triarylmethanes of type 5
or 1,1-diarylalkanes of type 6.

Results and Discussion

In preliminary experiments, we have treated the benzal
diacetate 1 a (1.0 equiv) with PhZnX (2a, 1.0 equiv, X =

Cl·MgCl2) at 25 88C in THF for 12 h and have observed the
exclusive formation of the mono-substituted product 4a in
86% isolated yield. Alternatively, heating the reaction
mixture at 60 88C also led to a full conversion after 3 h.[17] On
the other hand, using an excess of 2a (3.0 equiv) and heating
the reaction mixture at 80 88C for 6 h produced the double-
substituted product 3a in 81% isolated yield. Notably, a scale-
up of this reaction (15 mmol) provided the similar yield of 3a
(Scheme 2).

Also, the p-methoxybenzal diacetate (1b) reacted well
with 4-MeOC6H4ZnX (2b) providing the triarylmethane 3b
in 85% yield. Similarly, various benzal diacetates (1c–1 e)
reacted with 2b providing the triarylmethanes 3c–3e in 93–
95% yield. The more sterically hindered organozinc reagent
2-MeOC6H4ZnX (2c) also gave the triarylmethane 3 f in 63%
yield. Products of type 3 bearing heterocyclic rings, such as 3g
and 3 h, were readily prepared by this method showing that
the heterocyclic moiety can be attached either to the benzal

part or to the organozinc reagent. However, by using
electron-poor arylzinc reagents such as p-fluorophenylzinc
halide (2d), the substitution reaction with p-methylbenzal
diacetate (1a) proceeded quite sluggishly in THF at 80 88C
providing 3 i in 54 % yield after 12 h, but much faster and
high-yielding in toluene at 80 88C (76 % yield, 1 h). A similar
behavior was noticed in the reaction of p-methoxy (1b) and p-
fluoro (1 c) benzal diacetates with 2 d, and yields of 65% (3j :
80 88C, 12 h) and 42 % (3k : 80 88C, 12 h) were obtained in THF,
whereas in toluene a clean reaction produced the triaryl-
methanes 3j and 3k in 84 % and 72 % yield (80 88C, 1 h),
respectively. A scale-up of these reactions was possible and 3j
was obtained in 82% yield at a 10 mmol scale. The preparation
of triarylmethanes bearing electron-withdrawing substituents
was difficult by Friedel–Crafts reactions, however, using
arylzinc halides bearing electron-poor substituents such as 4-
CF3C6H4ZnX (2e) allowed the preparation of the correspond-
ing triarylmethane 3 l in 80% yield. Also, the presence of an
ethynyl substituent in the benzal diacetate was well tolerated
and a cross-coupling with PhZnX provided the desired product
3m in 98% yield. Finally, the reaction of 2,2’-bis-zincated
biphenyl with various benzal diacetates led to 9-aryl-fluorene
derivatives such as 3n and 3o in 72–85% yield (Scheme 2).

A one-pot selective double arylation of benzal diacetates
of type 1 can be readily achieved (Scheme 3). First, the
treatment of 1 with Ar2ZnX (2, 1.0 equiv) in THF at 25 88C
selectively generated the mono-substituted product of type 4,
and heating the reaction mixture at 60 88C was necessary in
some cases to achieve a full conversion in this step. Then, after
addition of a second arylzinc reagent (Ar3ZnX) and subse-
quent removal of THF in vacuum, toluene was added and the
reaction mixture was heated typically at 80 88C for 1 h, leading
to various unsymmetrical triarylmethanes 5a–5 l in 51–90%
isolated yield. Heteroarylzinc reagents such as thienyl-,
benzothienyl-, or benzofuranylzinc halides can be used in
the first or second arylation providing triarylmethanes 5m–5r
in 52–75% yield. A range of functional groups were well-
tolerated in the benzal diacetates of type 1 (CN, CF3, Br, Cl,
CO2Me, OMe) as well as in (hetero)arylzinc reagents (F,
OMe, OCF3, SMe, acetal, SiMe3, OTBS, NMe2, CO2Et).
These reactions were scalable as exemplified in the case of 5b
obtained in 83% yield at a 10 mmol scale. Polycyclic arylzinc
halides were also suited affording 5h and 5r. The aldehyde
group in product 5k was introduced by using 4-dimethoxy-
methylphenylzinc halide (2 f)[17] in the reaction performing
the deprotection during work-up. Notably, several compouds
obtained by this method were otherwise unavailable using
previously reported methods,[4,8] which shows the versatility
and synthetic utility of this reaction.

The above-mentioned method can be extended to the
synthesis of nonsymmetrical 1,1-diarylalkanes of type 6 by
adding a second alkyl- or alkenylzinc reagent to the in situ
formed diarylmethyl acetate 4, followed by heating the
reaction mixture in toluene typically at 80 88C for 1 h
(Scheme 4A). Thus, various 1,1-diarylalkane derivatives 6a–
6 l were obtained in 59–92 % yield. A scale-up of these
reactions was also feasible as shown for the formation of 6 f in
60% yield at a 10 mmol scale. Also, many functional groups
were well-tolerated in the benzal diacetates of type 1 (CN,

Scheme 2. Synthesis of symmetrical triarylmethanes from benzal diace-
tates (1) and (hetero)arylzinc reagents (2). [a] The reaction was
performed at room temperature and was completed within 3 h.
[b] Toluene, 80 88C, 1 h. [c] Toluene, 120 88C, 1 h. [d] The 2,2’-bis-zincated
biphenyl was prepared by adding ZnCl2 into the corresponding bis-
magnesiated or cyclometalated lanthanum reagents.[19]
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CO2Me, OMe, F, Br) as well as in (hetero)arylzinc reagents (F,
SMe, OMe, CF3, OCF3, CO2Et) and in alkylzinc reagents (Cl,
acetal, CO2Et, CN, cyclohexyl). Besides, E-2-trimethylsilylal-
kenylzinc halide was used in this reaction providing 6m in
43% yield with full configurational retention of the double
bond (E/Z> 99:1). Furthermore, symmetrical 1,1-diarylal-
kanes of type 8 were also obtained starting from the
corresponding alkyl or alkenyl gem-diacetates of type 7
(Scheme 4B). In comparison, the solvent effect of these
reactions was unconspicuous and the scope of arylzinc
reagents was narrow. Only electron-rich arylzinc reagents
with NMe2 or OR substituents gave good results. All efforts to
prepare nonsymmetrical 1,1-diarylalkanes starting from di-
acetates of type 7 failed. As shown in Scheme 4 B, 1,1-diaryl-
alkanes 8a–8 d were obtained in 54–75 % yield. Diacetates

with an adjacent E-alkenyl moiety reacted with full config-
urational retention (E/Z> 99:1), providing 8c’’ and 8d’’ in
80% and 52% yield, respectively. Besides, a cholesteryl gem-
diacetate gave the expected product 8e in 72 % yield, showing
that the reaction may be useful in late-stage functionalization
of steroids and other complex substrates.

To further demonstrate the synthetic utility of this
reaction, we targeted the synthesis of several biologically
relevant compounds. However, anti-tuberculosis agent 5u[20a]

and anti-breast cancer agent 5v[20b] were obtained in low yield
by the above two-step procedure, because the formation of

Scheme 3. One-pot synthesis of unsymmetrical triarylmethane deriva-
tives. [a] In the first step, the reaction mixture was heated in THF at
60 88C for 3–12 h. [b] The aldehyde moiety was generated after work-up
from a protecting dimethyl acetal.

Scheme 4. One-pot synthesis of 1,1-diarylalkane derivatives of type 6
and 8. [a] In the first step, the reaction mixture was heated in THF at
60 88C for 3–12 h. [b] The second step required heating in toluene at
120 88C for 3 h.
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quinonemethide precursors will easily lead to symmetrical
triarylmethanes in the above conditions.[21] Thus, as shown in
Scheme 5, 5u and 5 v were prepared by a modified procedure,
which makes use of the reactivity difference of organozinc
reagents.[17] The dropwise addition of a mixture of 2b
(1.0 equiv) and 2 g (3.0 equiv) to 1g over 12 h led to 5s in
67% yield. Similarly, the mixture of 2g (1.0 equiv) and 2h
(3.0 equiv) was added dropwise to 1 b leading to 5 t in 70%
yield. Follow-up desilylation and alkylation led to the desired
anti-tuberculosis agent 5 u (94 % yield) and anti-breast cancer
agent 5v (89 % yield). Besides, a precursor (6n) of a sphingo-
sine-1-phosphate (S1P) receptor modulator[22a] was obtained
in 91 % yield by sequential cross-coupling of 1m with 2 i and
4-chlorobutylzinc halide under indicated conditions. Also, the
FLAP inhibitor 6 q[22b] was prepared in 5 steps (1.23 g, 54%
overall yield starting from 1 n). Specifically, the sequential
cross-coupling of 1n with 2a and neopentylzinc halide led to
6o in 83 % yield. 6o was treated with magnesium in the
presence of LiCl to produce a magnesium reagent which was
treated with NCCO2Me providing 6 p in 71 % yield. Follow-up
desilylation and alkylation led to 6q in 92% yield.

To examine the salt effect on the reaction, control
experiments[17] were done showing that the involved halide
ions, LiCl, and MgCl2 have no observable effect, and ZnCl2

may have a limited accelerating effect on the reaction.[23] To
examine whether any transition metal catalysts were present,
ICP-MS analysis was performed on solvents (THF and
toluene), a representative substrate (1a), organozinc reagent

(2a), and their final reaction mixture, indicating the absence
of transition-metal catalysis.[24]

To elucidate the mechanism of the reaction, we proposed
that the first step was a nucleophilic addition of the arylzinc
species to an in situ formed ketone oxonium. The second step
may proceed by virtue of the coordination of the zinc center
with the acetyl moiety, followed by a nucleophilic addition to
the generated benzhydryl cation to form the final product
(Scheme 6a). Toluene favors coordination of zinc reagents,
thus promoting the reaction. For experimental evidence, an
intramolecular diacetate 9 was treated with excess 2 b in
toluene at 120 88C for 3 h, only generating the mono-substi-
tuted product 10 in 74% isolated yield. The difficulty of
a second substitution on 10 may be explained by the extra
stabilization of the lactone 10. An allyl-substituted benzhy-
dryl acetate 4d was treated with excess 1-penten-5-ylzinc
halide providing 11 in 58 % yield, which revealed the possible
formation of a benzhydryl carbocation in this reaction
(Scheme 6b).

Conclusion

We have developed a useful method for the preparation of
functionalized triarylmethane and 1,1-diarylalkane derivatives
from readily available diacetates and organozinc reagents. This
one-pot reaction is transition-metal-free, also featuring its
versatility, scaleability, wide scope, and synthetic utility in the

Scheme 5. Synthesis of various biologically relevant compounds.

Angewandte
ChemieResearch Articles

10412 www.angewandte.org T 2021 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH Angew. Chem. Int. Ed. 2021, 60, 10409 – 10414

http://www.angewandte.org


efficient synthesis of biologically relevant molecules. The
solvent effect (toluene vs. THF) is remarkable. A two-step
SN1-type mechanism was proposed and partly evidenced by
experimental study. Further studies for applications in
material science are underway in our laboratories.

Acknowledgements

We thank the Deutsche Forschungsgemeinschaft (DFG) and
the Cluster of Excellence e-conversion for financial support.
We also thank Albemarle (Frankfurt) and BASF (Ludwig-
shafen) for generous gifts of chemicals. Open access funding
enabled and organized by Projekt DEAL.

Conflict of interest

The authors declare no conflict of interest.

Keywords: cross-coupling · diacetates · organozinc reagents ·
transition-metal-free · triarylmethane and 1,1-diarylalkane

[1] For reviews, see: a) M. S. Shchepinov, V. A. Korshun, Chem. Soc.
Rev. 2003, 32, 170 – 180; b) V. Nair, S. Thomas, S. C. Mathew,
K. G. Abhilash, Tetrahedron 2006, 62, 6731 – 6747; c) D. Ameen,
T. J. Snape, MedChemComm 2013, 4, 893 – 907.

[2] For selected reviews, see: a) J. Lee, O. K. Farha, J. Roberts, K. A.
Scheidt, S. T. Nguyen, J. T. Hupp, Chem. Soc. Rev. 2009, 38,
1450 – 1459; b) X. Feng, X. Ding, D. Jiang, Chem. Soc. Rev. 2012,
41, 6010 – 6022; c) Y. Zhao, Chem. Mater. 2016, 28, 8079 – 8081;
d) M. S. Lohse, T. Bein, Adv. Funct. Mater. 2018, 28, 1705553.

[3] For recent reviews, see: a) S. Mondal, G. Panda, RSC Adv. 2014,
4, 28317 – 28358; b) M. Nambo, C. M. Crudden, ACS Catal. 2015,
5, 4734 – 4742; c) S. Mondal, D. Roy, G. Panda, ChemCatChem
2018, 10, 1941 – 1967; d) R. Kshatriya, V. P. Jejurkar, S. Saha,
Eur. J. Org. Chem. 2019, 3818 – 3841.

[4] For examples starting from aldehydes or imines, see: a) J.
Esquivias, R. G. Array#s, J. C. Carretero, Angew. Chem. Int. Ed.
2006, 45, 629 – 633; Angew. Chem. 2006, 118, 645 – 649; b) S.
Podder, J. Choudhury, U. K. Roy, S. Roy, J. Org. Chem. 2007, 72,
3100 – 3103; c) C.-R. Liu, M.-B. Li, C.-F. Yang, S.-K. Tian, Chem.
Commun. 2008, 1249 – 1251; d) Z. Li, Z. Duan, J. Kang, H. Wang,
L. Yu, Y. Wu, Tetrahedron 2008, 64, 1924 – 1930; e) G. K. S.
Prakash, C. Panja, A. Shakhmin, E. Shah, T. Mathew, G. A.
Olah, J. Org. Chem. 2009, 74, 8659 – 8668; f) F.-L. Sun, M. Zeng,
Q. Gu, S.-L. You, Chem. Eur. J. 2009, 15, 8709 – 8712; g) P.
Thirupathi, S. S. Kim, J. Org. Chem. 2010, 75, 5240 – 5249; h) P.
Thirupathi, L. N. Neupane, K.-H. Lee, Tetrahedron 2011, 67,
7301 – 7310; i) P. N. Chatterjee, A. K. Maity, S. S. Mohapatra, S.
Roy, Tetrahedron 2013, 69, 2816 – 2826; j) Q. Li, W. Xu, J. Hu, X.
Chen, F. Zhang, H. Zheng, RSC Adv. 2014, 4, 27722 – 27725; k) S.
Ruengsangtongkul, P. Taprasert, U. Sirion, J. Jaratjaroonphong,
Org. Biomol. Chem. 2016, 14, 8493 – 8502.

[5] For examples starting from diarylmethyl derivatives, see: a) G.
Pallikonda, M. Chakravarty, J. Org. Chem. 2016, 81, 2135 – 2142;
b) M. Nambo, Z. T. Ariki, D. Canseco-Gonzalez, D. D. Beattie,
C. M. Crudden, Org. Lett. 2016, 18, 2339 – 2342; c) S. Mondal, D.
Roy, M. K. Jaiswal, G. Panda, Tetrahedron Lett. 2018, 59, 89 – 93;
d) D. Paul, S. Khatua, P. N. Chatterjee, ChemistrySelect 2018, 3,
11649 – 11656.

[6] For typical cross-couplings, see: a) S. Lin, X. Lu, J. Org. Chem.
2007, 72, 9757 – 9760; b) J.-Y. Yu, R. Kuwano, Org. Lett. 2008, 10,
973 – 976; c) F. Q. Yuan, L. X. Gao, F. S. Han, Chem. Commun.
2011, 47, 5289 – 5291; d) Y. Xia, F. Hu, Z. Liu, P. Qu, R. Ge, C.
Ma, Y. Zhang, J. Wang, Org. Lett. 2013, 15, 1784 – 1787; e) Q.
Chen, X.-H. Fan, L.-P. Zhang, L.-M. Yang, RSC Adv. 2015, 5,
15338 – 15340; f) T. Saha, M. S. L. Kumar, S. Bera, B. B. Karkara,
G. Panda, RSC Adv. 2017, 7, 6966 – 6971; g) T. Das, S. Debnath,
R. Maiti, D. K. Maiti, J. Org. Chem. 2017, 82, 688 – 700; h) Z.
Zhang, H. Wang, N. Qiu, Y. Kong, W. Zeng, Y. Zhang, J. Zhao, J.
Org. Chem. 2018, 83, 8710 – 8715.

[7] For asymmetric cross-couplings, see: a) B. L. H. Taylor, M. R.
Harris, E. R. Jarvo, Angew. Chem. Int. Ed. 2012, 51, 7790 – 7793;
Angew. Chem. 2012, 124, 7910 – 7913; b) M. R. Harris, L. E.
Hanna, M. A. Greene, C. E. Moore, E. R. Jarvo, J. Am. Chem.
Soc. 2013, 135, 3303 – 3306; c) E. J. Tollefson, L. E. Hanna, E. R.
Jarvo, Acc. Chem. Res. 2015, 48, 2344 – 2353; d) S. C. Matthew,
B. W. Glasspoole, P. Eisenberger, C. M. Crudden, J. Am. Chem.
Soc. 2014, 136, 5828 – 5831; e) Y. Huang, T. Hayashi, J. Am.
Chem. Soc. 2015, 137, 7556 – 7559; f) J. H. Kim, S. Greßies, M.
Boultadakis-Arapinis, C. Daniliuc, F. Glorius, ACS Catal. 2016,
6, 7652 – 7656.

[8] For methods involving C@H functionalization, see: a) T. Niwa,
H. Yorimitsu, K. Oshima, Org. Lett. 2007, 9, 2373 – 2375; b) Y.-Z.
Li, B.-J. Li, X.-Y. Lu, S. Lin, Z.-J. Shi, Angew. Chem. Int. Ed.
2009, 48, 3817 – 3820; Angew. Chem. 2009, 121, 3875 – 3878; c) G.
Song, Y. Su, X. Gong, K. Han, X. Li, Org. Lett. 2011, 13, 1968 –
1971; d) J. Zhang, A. Bellomo, A. D. Creamer, S. D. Dreher, P. J.
Walsh, J. Am. Chem. Soc. 2012, 134, 13765 – 13772; e) S. Tabuchi,
K. Hirano, T. Satoh, M. Miura, J. Org. Chem. 2014, 79, 5401 –
5411; f) S. Xu, G. Wu, F. Ye, X. Wang, H. Li, X. Zhao, Y. Zhang,
J. Wang, Angew. Chem. Int. Ed. 2015, 54, 4669 – 4672; Angew.
Chem. 2015, 127, 4752 – 4755; g) X. Ji, T. Huang, W. Wu, F.
Liang, S. Cao, Org. Lett. 2015, 17, 5096 – 5099; h) J. Zhang, S. C.
Sha, A. Bellomo, N. Trongsiriwat, F. Gao, C. Tomson, P. J. Walsh,
J. Am. Chem. Soc. 2016, 138, 4260 – 4266; i) X. Cao, S.-C. Sha, M.
Li, B.-S. Kim, C. Morgan, R. Huang, X. Yang, P. J. Walsh, Chem.

Scheme 6. Proposed mechanism (a) and some experimental eviden-
ces (b).

Angewandte
ChemieResearch Articles

10413Angew. Chem. Int. Ed. 2021, 60, 10409 – 10414 T 2021 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH www.angewandte.org

https://doi.org/10.1039/b008900l
https://doi.org/10.1039/b008900l
https://doi.org/10.1016/j.tet.2006.04.081
https://doi.org/10.1039/c3md00088e
https://doi.org/10.1039/b807080f
https://doi.org/10.1039/b807080f
https://doi.org/10.1039/c2cs35157a
https://doi.org/10.1039/c2cs35157a
https://doi.org/10.1021/acs.chemmater.6b04677
https://doi.org/10.1002/adfm.201705553
https://doi.org/10.1039/C4RA01341G
https://doi.org/10.1039/C4RA01341G
https://doi.org/10.1021/acscatal.5b00909
https://doi.org/10.1021/acscatal.5b00909
https://doi.org/10.1002/cctc.201701601
https://doi.org/10.1002/cctc.201701601
https://doi.org/10.1002/ejoc.201900465
https://doi.org/10.1002/anie.200503305
https://doi.org/10.1002/anie.200503305
https://doi.org/10.1002/ange.200503305
https://doi.org/10.1021/jo062633n
https://doi.org/10.1021/jo062633n
https://doi.org/10.1039/b800066b
https://doi.org/10.1039/b800066b
https://doi.org/10.1016/j.tet.2007.11.080
https://doi.org/10.1021/jo901668j
https://doi.org/10.1002/chem.200901369
https://doi.org/10.1021/jo1010137
https://doi.org/10.1016/j.tet.2011.07.041
https://doi.org/10.1016/j.tet.2011.07.041
https://doi.org/10.1016/j.tet.2013.01.074
https://doi.org/10.1039/C4RA03126A
https://doi.org/10.1039/C6OB01638C
https://doi.org/10.1021/acs.joc.5b02441
https://doi.org/10.1021/acs.orglett.6b00744
https://doi.org/10.1016/j.tetlet.2017.11.049
https://doi.org/10.1002/slct.201802245
https://doi.org/10.1002/slct.201802245
https://doi.org/10.1021/jo071232k
https://doi.org/10.1021/jo071232k
https://doi.org/10.1021/ol800078j
https://doi.org/10.1021/ol800078j
https://doi.org/10.1039/c1cc10953g
https://doi.org/10.1039/c1cc10953g
https://doi.org/10.1021/ol400690t
https://doi.org/10.1039/C4RA16452K
https://doi.org/10.1039/C4RA16452K
https://doi.org/10.1039/C6RA25429B
https://doi.org/10.1021/acs.joc.6b02689
https://doi.org/10.1021/acs.joc.8b00965
https://doi.org/10.1021/acs.joc.8b00965
https://doi.org/10.1002/anie.201202527
https://doi.org/10.1002/ange.201202527
https://doi.org/10.1021/ja311783k
https://doi.org/10.1021/ja311783k
https://doi.org/10.1021/acs.accounts.5b00223
https://doi.org/10.1021/ja412159g
https://doi.org/10.1021/ja412159g
https://doi.org/10.1021/jacs.5b03277
https://doi.org/10.1021/jacs.5b03277
https://doi.org/10.1021/acscatal.6b02392
https://doi.org/10.1021/acscatal.6b02392
https://doi.org/10.1021/ol0708119
https://doi.org/10.1002/anie.200900341
https://doi.org/10.1002/anie.200900341
https://doi.org/10.1002/ange.200900341
https://doi.org/10.1021/ol200345a
https://doi.org/10.1021/ol200345a
https://doi.org/10.1021/ja3047816
https://doi.org/10.1021/jo5010636
https://doi.org/10.1021/jo5010636
https://doi.org/10.1002/anie.201412450
https://doi.org/10.1002/ange.201412450
https://doi.org/10.1002/ange.201412450
https://doi.org/10.1021/acs.orglett.5b02602
https://doi.org/10.1021/jacs.6b01578
https://doi.org/10.1039/C5SC03704B
http://www.angewandte.org


Sci. 2016, 7, 611 – 618; j) J. C.-H. Yim, M. Nambo, C. M.
Crudden, Org. Lett. 2017, 19, 3715 – 3718.

[9] For preparation of 1,1-diarylalkanes using Friedel–Crafts-type
reactions, see: a) K. Mertins, I. Iovel, J. Kischel, A. Zapf, M.
Beller, Angew. Chem. Int. Ed. 2005, 44, 238 – 242; Angew. Chem.
2005, 117, 242 – 246; b) I. Iovel, K. Mertins, J. Kischel, A. Zapf,
M. Beller, Angew. Chem. Int. Ed. 2005, 44, 3913 – 3917; Angew.
Chem. 2005, 117, 3981 – 3985; c) G. Sch-fer, J. W. Bode, Angew.
Chem. Int. Ed. 2011, 50, 10913 – 10916; Angew. Chem. 2011, 123,
11105 – 11108; d) Y. Sawama, Y. Shishido, T. Kawajiri, R. Goto,
Y. Monguchi, H. Sajiki, Chem. Eur. J. 2014, 20, 510 – 516; e) J. V.
Oakley, T. J. Stanley, K. A. Jesse, A. K. Melanese, A. A. Alvarez,
A. L. Prince, S. E. Cain, A. G. Wenzel, R. G. Iafe, Eur. J. Org.
Chem. 2019, 7063 – 7066; f) T. Yurino, A. Hachiya, K. Suzuki, T.
Ohkuma, Eur. J. Org. Chem. 2020, 2225 – 2232.

[10] For preparation of 1,1-diarylalkanes using cross-coupling meth-
ods, see: a) D. Imao, B. W. Glasspoole, V. S. Laberge, C. M.
Crudden, J. Am. Chem. Soc. 2009, 131, 5024 – 5025; b) A. Llpez-
P8rez, J. Adrio, J. C. Carretero, Org. Lett. 2009, 11, 5514 – 5517;
c) B. L. H. Taylor, E. C. Swift, J. D. Waetzig, E. R. Jarvo, J. Am.
Chem. Soc. 2011, 133, 389 – 391; d) H. M. Wisniewska, E. C.
Swift, E. R. Jarvo, J. Am. Chem. Soc. 2013, 135, 9083 – 9090; e) P.
Maity, D. M. S. McAtee, G. P. A. Yap, E. R. Sirianni, M. P.
Watson, J. Am. Chem. Soc. 2013, 135, 280 – 285; f) H.-Q. Do,
E. R. R. Chandrashekar, G. C. Fu, J. Am. Chem. Soc. 2013, 135,
16288 – 16291; g) I. M. Yonova, A. G. Johnson, C. A. Osborne,
C. E. Moore, N. S. Morrissette, E. R. Jarvo, Angew. Chem. Int.
Ed. 2014, 53, 2422 – 2427; Angew. Chem. 2014, 126, 2454 – 2459;
h) L. K. G. Ackerman, L. L. Anka-Lufford, M. Naodovic, D. J.
Weix, Chem. Sci. 2015, 6, 1115 – 1119; i) K. E. Poremba, N. T.
Kadunce, N. Suzuki, A. H. Cherney, S. E. Reisman, J. Am.
Chem. Soc. 2017, 139, 5684 – 5687; j) W. Zhang, P. Chen, G. Liu,
J. Am. Chem. Soc. 2017, 139, 7709 – 7712; k) W. Zhang, L. Wu, P.
Chen, G. Liu, Angew. Chem. Int. Ed. 2019, 58, 6425 – 6429;
Angew. Chem. 2019, 131, 6491 – 6495; l) S.-P. Jiang, X.-Y. Dong,
Q.-S. Gu, L. Ye, Z.-L. Li, X.-Y. Liu, J. Am. Chem. Soc. 2020, 142,
19652 – 19659.

[11] For other methods for preparation of triarylmethanes, see: a) Y.
Lou, P. Cao, T. Jia, Y. Zhang, M. Wang, J. Liao, Angew. Chem.
Int. Ed. 2015, 54, 12134 – 12138; Angew. Chem. 2015, 127, 12302 –
12306; b) H.-H. Liao, A. Chatupheeraphat, C.-C. Hsiao, I.
Atodiresei, M. Rueping, Angew. Chem. Int. Ed. 2015, 54, 15540 –
15544; Angew. Chem. 2015, 127, 15760 – 15765; c) M. Lanzi, J.
Merad, D. V. Boyarskaya, G. Maestri, C. Allain, G. Masson, Org.
Lett. 2018, 20, 5247 – 5250; d) C. Yue, F. Na, X. Fang, Y. Cao, J. C.
Antilla, Angew. Chem. Int. Ed. 2018, 57, 11004 – 11008; Angew.
Chem. 2018, 130, 11170 – 11174; e) M. Miao, W. Yin, L. Wang, Z.
Chen, J. Xu, H. Ren, J. Org. Chem. 2018, 83, 10602 – 10612; f) Z.
Tang, L. Peng, Y. Yuan, T. Li, R. Qiu, N. Kambe, J. Org. Chem.
2020, 85, 5300 – 5311.

[12] For other methods for preparation of 1,1-diarylalkanes, see: a) J.
Mazuela, J. J. Verendel, M. Coll, B. N. Schaffner, A. Borner, P. G.
Andersson, O. Pamies, M. Dieguez, J. Am. Chem. Soc. 2009, 131,
12344 – 12353; b) P. Tolstoy, M. Engman, A. Paptchikhine, J.
Bergquist, T. L. Church, A. W. M. Leung, P. G. Andersson, J.
Am. Chem. Soc. 2009, 131, 8855 – 8860; c) T. P. Pathak, M. S.
Sigman, J. Org. Chem. 2011, 76, 9210 – 9215; d) S. Song, S.-F.
Zhu, Y.-B. Yu, Q.-L. Zhou, Angew. Chem. Int. Ed. 2013, 52,
1556 – 1559; Angew. Chem. 2013, 125, 1596 – 1599; e) Z. Wang, F.
Ai, Z. Wang, W. Zhao, G. Zhu, Z. Lin, J. Sun, J. Am. Chem. Soc.
2015, 137, 383 – 389; f) S. D. Friis, M. T. Pirnot, S. L. Buchwald, J.
Am. Chem. Soc. 2016, 138, 8372 – 8375; g) X.-Y. Lv, C. Fan, L.-J.
Xiao, J.-H. Xie, Q.-L. Zhou, CCS Chem. 2019, 1, 328 – 334; h) X.
Zhu, M. Su, Q. Zhang, Y. Li, H. Bao, Org. Lett. 2020, 22, 620 –
625; i) Y. He, C. Liu, L. Yu, S. Zhu, Angew. Chem. Int. Ed. 2020,
59, 9186 – 9191; Angew. Chem. 2020, 132, 9271 – 9276; j) Y. He, C.
Liu, L. Yu, S. Zhu, Angew. Chem. Int. Ed. 2020, 59, 21530 –

21534; Angew. Chem. 2020, 132, 21714 – 21718; k) T.-Y. Lin, Z.
Pan, Y. Tu, S. Zhu, H.-H. Wu, Y. Liu, Z. Li, J. Zhang, Angew.
Chem. Int. Ed. 2020, 59, 22957 – 22962; Angew. Chem. 2020, 132,
23157 – 23162.

[13] a) M. Nambo, C. M. Crudden, Angew. Chem. Int. Ed. 2014, 53,
742 – 746; Angew. Chem. 2014, 126, 761 – 765; b) Z. Li, D. Wu, C.
Ding, G. Yin, CCS Chem. 2020, 2, 576 – 582.

[14] Q. Zhou, H. D. Srinivas, S. Dasgupta, M. P. Watson, J. Am.
Chem. Soc. 2013, 135, 3307 – 3310.

[15] a) Organozinc Reagents: A Practical Approach (Eds: P. Kno-
chel, P. Jones), Oxford University Press, New York, 1999 ; b) A.
Boudier, L. O. Bromm, M. Lotz, P. Knochel, Angew. Chem. Int.
Ed. 2000, 39, 4414 – 4435; Angew. Chem. 2000, 112, 4584 – 4606;
c) D. Haas, J. M. Hammann, R. Greiner, P. Knochel, ACS Catal.
2016, 6, 1540 – 1552; d) J.-Q. Chen, Z.-B. Dong, Synthesis 2020,
52, 3714 – 3734.

[16] For selected examples, see: a) S. Berger, F. Langer, C. Lutz, P.
Knochel, T. A. Mobley, C. K. Reddy, Angew. Chem. Int. Ed.
Engl. 1997, 36, 1496 – 1498; Angew. Chem. 1997, 109, 1603 –
1605; b) P. Jones, N. Millot, P. Knochel, Chem. Commun. 1998,
2405 – 2406; c) H. Ren, G. Dunet, P. Mayer, P. Knochel, J. Am.
Chem. Soc. 2007, 129, 5376 – 5377; d) H. Minami, X. Wang, C.
Wang, M. Uchiyama, Eur. J. Org. Chem. 2013, 7891 – 7894; e) P.
Quinio, D. S. Roman, T. Leln, S. William, K. Karaghiosoff, P.
Knochel, Org. Lett. 2015, 17, 4396 – 4399; f) M. Leibeling, K. A.
Shurrush, V. Werner, L. Perrin, I. Marek, Angew. Chem. Int. Ed.
2016, 55, 6057 – 6061; Angew. Chem. 2016, 128, 6161 – 6165;
g) M. Ellwart, I. S. Makarov, F. Achrainer, H. Zipse, P. Knochel,
Angew. Chem. Int. Ed. 2016, 55, 10502 – 10506; Angew. Chem.
2016, 128, 10658 – 10662.

[17] Please see the Supporting Information for details.
[18] Unless otherwise noted, the organozinc reagents used in this

work were prepared by adding ZnCl2 into the corresponding
magnesium reagents or by inserting magnesium into organic
halides in the presence of ZnCl2. F. M. Piller, P. Appukkuttan, A.
Gavryushin, M. Helm, P. Knochel, Angew. Chem. Int. Ed. 2008,
47, 6802 – 6806; Angew. Chem. 2008, 120, 6907 – 6911.

[19] B. Wei, D. Zhang, Y.-H. Chen, A. Lei, P. Knochel, Angew. Chem.
Int. Ed. 2019, 58, 15631 – 15635; Angew. Chem. 2019, 131, 15777 –
15782.

[20] a) M. K. Parai, G. Panda, V. Chaturvedi, Y. K. Manjub, S. Sinha,
Bioorg. Med. Chem. Lett. 2008, 18, 289 – 292; b) Shagufta, A. K.
Srivastava, R. Sharma, R. Mishra, A. K. Balapure, P. S. R.
Murthy, G. Panda, Bioorg. Med. Chem. 2006, 14, 1497 – 1505.

[21] a) N. Nagahora, I. Takemoto, M. Fujii, K. Shioji, K. Okuma, Org.
Lett. 2017, 19, 2110 – 2113; b) Y. Cheng, Z. Fang, Y. Jia, Z. Lu, W.
Li, P. Li, RSC Adv. 2019, 9, 24212 – 24217.

[22] a) W. K. Fang, E. G. Corpuz, K. Chow, WO2015073556A1, 2015 ;
b) S. KC, R. K. Dhungana, V. Aryal, R. Giri, Org. Process Res.
Dev. 2019, 23, 1686 – 1694.

[23] For related phenomena, see: a) H. Duan, L. Meng, D. Bao, H.
Zhang, Y. Li, A. Lei, Angew. Chem. Int. Ed. 2010, 49, 6387 –
6390; Angew. Chem. 2010, 122, 6531 – 6534; b) E. Hevia, R.
Mulvey, Angew. Chem. Int. Ed. 2011, 50, 6448 – 6450; Angew.
Chem. 2011, 123, 6576 – 6578; c) P. Eckert, S. Sharif, M. G.
Organ, Angew. Chem. Int. Ed. 2021, https://doi.org/10.1002/anie.
202010917; Angew. Chem. 2021, https://doi.org/10.1002/ange.
202010917.

[24] No transition metals were detected at the level of 1 ppb (the
detection limit). Although this result may not entirely rule out
the participation of transition metals, the present findings
indicate the low possibility of the involvement of a transition-
metal-mediated process.

Manuscript received: February 3, 2021
Accepted manuscript online: February 24, 2021
Version of record online: March 17, 2021

Angewandte
ChemieResearch Articles

10414 www.angewandte.org T 2021 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH Angew. Chem. Int. Ed. 2021, 60, 10409 – 10414

https://doi.org/10.1039/C5SC03704B
https://doi.org/10.1021/acs.orglett.7b01510
https://doi.org/10.1002/anie.200460666
https://doi.org/10.1002/ange.200460666
https://doi.org/10.1002/ange.200460666
https://doi.org/10.1002/anie.200462522
https://doi.org/10.1002/ange.200462522
https://doi.org/10.1002/ange.200462522
https://doi.org/10.1002/anie.201105380
https://doi.org/10.1002/anie.201105380
https://doi.org/10.1002/ange.201105380
https://doi.org/10.1002/ange.201105380
https://doi.org/10.1002/chem.201302862
https://doi.org/10.1002/ejoc.201901082
https://doi.org/10.1002/ejoc.201901082
https://doi.org/10.1002/ejoc.202000077
https://doi.org/10.1021/ja8094075
https://doi.org/10.1021/ja108547u
https://doi.org/10.1021/ja108547u
https://doi.org/10.1021/ja4034999
https://doi.org/10.1021/ja3089422
https://doi.org/10.1021/ja408561b
https://doi.org/10.1021/ja408561b
https://doi.org/10.1002/anie.201308666
https://doi.org/10.1002/anie.201308666
https://doi.org/10.1002/ange.201308666
https://doi.org/10.1039/C4SC03106G
https://doi.org/10.1021/jacs.7b01705
https://doi.org/10.1021/jacs.7b01705
https://doi.org/10.1021/jacs.7b03781
https://doi.org/10.1002/anie.201902191
https://doi.org/10.1002/ange.201902191
https://doi.org/10.1021/jacs.0c09125
https://doi.org/10.1021/jacs.0c09125
https://doi.org/10.1002/anie.201505926
https://doi.org/10.1002/anie.201505926
https://doi.org/10.1002/ange.201505926
https://doi.org/10.1002/ange.201505926
https://doi.org/10.1002/anie.201505981
https://doi.org/10.1002/anie.201505981
https://doi.org/10.1002/ange.201505981
https://doi.org/10.1021/acs.orglett.8b02196
https://doi.org/10.1021/acs.orglett.8b02196
https://doi.org/10.1002/anie.201804330
https://doi.org/10.1002/ange.201804330
https://doi.org/10.1002/ange.201804330
https://doi.org/10.1021/acs.joc.8b01428
https://doi.org/10.1021/acs.joc.9b03433
https://doi.org/10.1021/acs.joc.9b03433
https://doi.org/10.1021/ja904152r
https://doi.org/10.1021/ja904152r
https://doi.org/10.1021/ja9013375
https://doi.org/10.1021/ja9013375
https://doi.org/10.1021/jo201789k
https://doi.org/10.1002/anie.201208606
https://doi.org/10.1002/anie.201208606
https://doi.org/10.1002/ange.201208606
https://doi.org/10.1021/ja510980d
https://doi.org/10.1021/ja510980d
https://doi.org/10.1021/jacs.6b04566
https://doi.org/10.1021/jacs.6b04566
https://doi.org/10.31635/ccschem.019.20190026
https://doi.org/10.1021/acs.orglett.9b04392
https://doi.org/10.1021/acs.orglett.9b04392
https://doi.org/10.1002/anie.202001742
https://doi.org/10.1002/anie.202001742
https://doi.org/10.1002/ange.202001742
https://doi.org/10.1002/anie.202010386
https://doi.org/10.1002/anie.202010386
https://doi.org/10.1002/ange.202010386
https://doi.org/10.1002/anie.202008262
https://doi.org/10.1002/anie.202008262
https://doi.org/10.1002/ange.202008262
https://doi.org/10.1002/ange.202008262
https://doi.org/10.1002/anie.201307019
https://doi.org/10.1002/anie.201307019
https://doi.org/10.1002/ange.201307019
https://doi.org/10.1021/ja312087x
https://doi.org/10.1021/ja312087x
https://doi.org/10.1002/1521-3773(20001215)39:24%3C4414::AID-ANIE4414%3E3.0.CO;2-C
https://doi.org/10.1002/1521-3773(20001215)39:24%3C4414::AID-ANIE4414%3E3.0.CO;2-C
https://doi.org/10.1002/1521-3757(20001215)112:24%3C4584::AID-ANGE4584%3E3.0.CO;2-2
https://doi.org/10.1021/acscatal.5b02718
https://doi.org/10.1021/acscatal.5b02718
https://doi.org/10.1002/anie.199714961
https://doi.org/10.1002/anie.199714961
https://doi.org/10.1002/ange.19971091349
https://doi.org/10.1002/ange.19971091349
https://doi.org/10.1039/a805952g
https://doi.org/10.1039/a805952g
https://doi.org/10.1021/ja071380s
https://doi.org/10.1021/ja071380s
https://doi.org/10.1002/ejoc.201301404
https://doi.org/10.1021/acs.orglett.5b02380
https://doi.org/10.1002/anie.201602393
https://doi.org/10.1002/anie.201602393
https://doi.org/10.1002/ange.201602393
https://doi.org/10.1002/anie.201603923
https://doi.org/10.1002/ange.201603923
https://doi.org/10.1002/ange.201603923
https://doi.org/10.1002/anie.200801968
https://doi.org/10.1002/anie.200801968
https://doi.org/10.1002/ange.200801968
https://doi.org/10.1002/anie.201908046
https://doi.org/10.1002/anie.201908046
https://doi.org/10.1002/ange.201908046
https://doi.org/10.1002/ange.201908046
https://doi.org/10.1016/j.bmcl.2007.10.083
https://doi.org/10.1021/acs.orglett.7b00716
https://doi.org/10.1021/acs.orglett.7b00716
https://doi.org/10.1039/C9RA04768A
https://doi.org/10.1021/acs.oprd.9b00199
https://doi.org/10.1021/acs.oprd.9b00199
https://doi.org/10.1002/anie.201002116
https://doi.org/10.1002/anie.201002116
https://doi.org/10.1002/ange.201002116
https://doi.org/10.1002/anie.201102054
https://doi.org/10.1002/ange.201102054
https://doi.org/10.1002/ange.201102054
https://doi.org/10.1002/anie.202010917
https://doi.org/10.1002/anie.202010917
https://doi.org/10.1002/ange.202010917
https://doi.org/10.1002/ange.202010917
http://www.angewandte.org

