One-pot Aminoalkylation of Aldehydes: Diastereoselective Synthe-

sis of Vicinal Diamines with Azaarylmethylamines

Haixing Guan,’ Xianzhong Cao, Patrick J. Walsh,** and Jianyou Mao,*-f

fInstitute of Advanced Synthesis, School of Chemistry and Molecular Engineering, Nanjing Tech University, 30 South Pu-

zhu Road, Nanjing 211816, P. R. China

fRoy and Diana Vagelos Laboratories, Department of Chemistry, University of Pennsylvania, 231 South 34th Street, Phila-

delphia, Pennsylvania 19104-6323, USA
Supporting Information Placeholder

o NR,
Ar)LH + @2
Yoo

NaN(SiMe3y),

Ar

easy to access on scale

NSiMe;

tandem reactions

NaN(SiMes), NR,

PMDTA r:x\@)\(/*f
—_ >
Pr,0,10°C, 12h  “Sor NH,

NR,

)e Na®

Azaaryl = 2-py, 4-py, 3-isoquinoline
upto>20:1dr

Azaaryl

ABSTRACT: A one-pot synthesis of vicinal diamines with azaarylmethylamines and aldehydes is reported. A diverse array of
vicinal diamines could be achieved in up to 92% yield with good to excellent diastereoselectivities (up to 20:1). The tandem reac-
tion takes place under mild conditions and provides an alternative strategy for the synthesis of vicinal diamines.

Vicinal diamines constitute an important structural class
with broad applications in natural products, chemotherapy,
medicinal chemistry, and organic synthesis.! Due to their
wide applications, their synthesis continues to attract signifi-
cant attention, where the demand for more diastereoselective
and straightforward syntheses still remains high. Furthermore,
the rapid introduction of nitrogens into organic structures is a
long-standing challenge in medicinal chemistry.?

Traditional routes for diamine syntheses generally involve:
(1) direct inter- or intra-molecular diamination of unfunction-
alized alkenes;® (2) addition of organometallic reagents to
bisimine derivatives;* (3) reductive homocoupling of imines;’
(4) ring opening of aziridines with nitrogen nucleophiles;® and
(5) Mannich type reactions employing nitroalkanes followed
by reduction of the corresponding nitro groups.” These routes
have a number of drawbacks. For example, the first three
routes are limited to the synthesis of symmetric vicinal dia-
mines whereas the latter two require additional steps to pre-
pare the starting aziridines or use an external reductant to re-
duce the undesired nitro groups.

The direct addition of a-amino anions to imines is a very
important tool to construct a diverse array of vicinal dia-
mines.? To the best of our knowledge, however, a one-pot
synthesis of vicinal diamines from aldehydes is unknown.
Recently, our team developed a one-pot chemoselective C—N
and C—C bond forming reaction for the aminobenzylation of
aldehydes with toluene derived pronucleophiles (Scheme 1a).°
More recently, this method has been made catalytic in base.!®

Further adaptation of the chemistry led to a novel one-pot
route to 2-arylindoles from readily available 2-fluoro toluenes
and benzonitriles (Scheme 1b).!! We put forth evidence that
these reactions are facilitated by formation of a cation-r inter-
actions between the main group metal (Cs®) and the toluene
derivative, facilitating the deprotonation of the benzylic me-
thyl group”!!"!2. Herein, we advance a straightforward and
practical one-pot synthesis of vicinal diamines employing
azaarylmethylamines and aldehydes. The tandem reaction
provides an alternative strategy for the synthesis of biological-
ly active compounds.'3

Scheme 1. Tandem synthesis of bioactive fine chemicals.
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Based on our previous studies, we began to investigate em-
ploying benzaldehyde (1a) and 4-(pyridin-2-
ylmethyl)morpholine (2a) as model substrates (Table 1). We
first screened three different bases [LiN(SiMes),,
NaN(SiMes),, and KN(SiMes),] using THF as solvent at 10 °C
for 12 h (Table 1, entries 1-3). According to the screening
results, NaN(SiMes), was identified as the best candidate
among these three bases, giving 3aa in 84% AY with 4.5 : 1 dr
(entry 2, AY = assay yield determined by 'H NMR integration

of the unpurified reaction mixture against an internal standard).

It is important to emphasize that MN(SiMes), (M = Li, Na, K)
plays two vital roles: (1) condensation with benzaldehyde and
aza-Peterson  elimination to in situ generate N-
(trimethylsilyl)imines; and (2) direct deprotonation of benzylic
C-H bonds of 4-(pyridin-2-ylmethyl)morpholine (2a)
(Scheme 1c¢). Based on the conditions of entry 2, we next test-
ed five ethereal solvents (‘Pr,O, TBME, CPME, DME and
Et,0). Based on consideration of diastereomeric ratios and
yield, 'Pr,O outperformed other solvents (5.2 : 1 dr, 86% AY,
entry 4) and was used going forward. It is noteworthy that
TBME also gave good results (90% yield, 4.6 : 1 dr, entry 5).
Since amine additives impact the aggregation of silylamide
bases,'* and therefore, their reactivity and selectivity, we ex-
amined two commonly used polyamine ligands:
N,N.N’, N’ ,N’’-pentamethyldiethylenetriamine (PMDTA, 1.0
equiv) and TMEDA (1.0 equiv) under the conditions of entry
2. PMDTA improved both the yield and diastereoselectivity,
affording the desired product in 95% yield with 6.0 : 1 dr (en-
try 10). Ultimately, the optimized conditions for this tandem
reaction are 1.0 equiv of benzaldehyde, 1.5 equiv of 2a, 2.0
equiv of NaN(SiMes),, and 1.0 equiv. of PMDTA in ‘Pr;O at
10 °C for 12 h. After derivatization of 3aa by 3,5-
dinitrobenzoyl chloride, the corresponding anti- and syn-
diastereomers of 4aa could be separated. According to 'H
NMR of 4aa (see Supporting Information), the coupling con-
stant between the two protons alpha to the nitrogens of the
major isomer of 4aa is 10.5 Hz whereas the minor component
of 4aa 3.7 Hz, leading to the assignment of the major diastere-
omer as anti-4aa.®" This spectroscopic difference between the
diastereoisomers was used to judge syn/anti selectivity in the
following studies, which show anti selectivity in all cases.

Table 1. Optimization of Reaction Conditions*.

MN(SiMe3), (2.0 equiv) ©
Additives (1.0 equiv)

(j)k G) Solvent, 10°C, 12h
7

entry base additive solvent AY(%)”? dr°
1 LiN(SiMes), - THF 90 1.6:1
2 NaN(SiMes), - THF 84 4.5:1
3 KN(SiMe3), -- THF Trace --
4 NaN(SiMes) - Pr,0 86  5.2:1

5 NaN(SiMes), - TBME 90  4.6:1

6  NaN(SiMes), - CPME 76 581

7 NaN(SiMes) - DME 52 43:1

8  NaN(SiMes), - Et,O 87 441
9  NaN(SiMe;)) TMEDA  ‘Pr,0 81 551

10  NaN(SiMes), PMDTA  Pr,O 95 6.0:1

@Reactions conducted under argon on 0.1 mmol scale. *Yields
were determined by '"H NMR analysis of unpurified reaction mix-
tures with internal standard dimethyl terephthalate. The dr was
determined by LC-MS analysis of unpurified reaction mixtures.

With the optimized conditions in hand, the scope of aryl al-
dehydes was examined (Scheme 2). In general, a diverse array
of substituents on the aldehydes was tolerated under the mild
conditions. The parent benzaldehyde (1a) was successfully
transformed to 3aa in 95% yield with 6.0 : 1 dr. Benzalde-
hydes substituted by electron donating groups, such as 4-
methyl (1b), 4-methoxy (1¢) and 4-phenoxy (1d) exhibited
good reactivity, giving 3ba, 3ca and 3da in 73%, 70% and
79% yields with similar diastereoselectivities of 4.2 : 1, 6.7 : 1
and 4.5 : 1, respectively. It is interesting that 4-
methylbenzaldehyde is a good substrate, given that deprotona-
tion of the relatively acidic methyl group of the aldehyde or
imine could be envisioned to be problematic. Substrates con-
taining extended m-systems, such as 2-naphthyl aldehyde (1e),
furnished the corresponding product 3ea in 77% yield with
5.6 : 1 dr. Benzaldehydes bearing halogens, such as 4-
chlorobenzaldehyde, were also good substrates, as exemplified
by the generation of 3fa (80% yield and 6.0 : 1 dr). This prod-
uct is primed for further functionalization by cross-coupling
methods. Since fluorinated compounds play an extremely im-
portant role in medicinal chemistry,'* we next examined fluor-
inated benzaldehydes. Both 4-fluoro- (1g) and 4-
trifluoromethoxy-benzaldehyde (1h) were excellent coupling
partners, affording 3ga and 3ha in 91% (5.8 : 1 dr) and 87%
yields (dr = 5.5 : 1) respectively. Benzaldehydes containing
aromatic substituents such as 4-(2-thienyl) (1i) and 4-(N-
pyrrolyl) (1j) provided products 3ia and 3ja in 85% (5.8 : 1 dr)
and 82% (5.1 : 1 dr) yields, respectively. To our surprise, 4-
phenyl benzaldehyde and 4-(2-pyridyl) benzaldehyde reacted
to give the expected products 3ka and 3la in very good yields
(83% and 86%) with excellent diastereoselectivities (16:1
and > 20:1), respectively. In addition to benzaldehydes, heter-
ocyclic aldehydes such as nicotinaldehyde (1m), quinoline-6-
carbaldehyde (1n), benzofuran-5-carbaldehyde (10) and thio-
phene-2-carbaldehyde (1p) were transformed to their corre-
sponding products in good yields (76—86%) and diastereose-
lectivities (4.6 : 1t0 6.3 : 1).

Scheme 2. Substrate Scope of Aldehydes”
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Subsequently, the scope of azaarylmethylamines was ex-
plored (Scheme 3), beginning with the cyclic amine moiety.
When the morpholino group of 2a was replaced by thiomor-
pholino (2b), piperidine (2¢) and 1-methylpiperazine (2d), the
corresponding products 4ab, 4ac and 4ad were obtained in
89%, 83% and 81% yields with dr values of 7:1,12: 1 and >
20 : 1, respectively. Acyclic amines N,N-dimethyl- (2e), N-
benzyl-N-methyl- (2f) and N,N-diethyl- (2g) derivatives were
also good coupling partners and their respective products 4ae,
4af and 4ag were recovered in 70—86% yield and with 4.2 : 1
to >20 : 1 dr. To test the azaaryl group, 3-aminomethyl iso-
quinoline (2h) and 4-aminomethhyl pyridine (2i) derivatives
were examined and the corresponding products (4ah and 4ai)
were formed in 70% and 80% yield with 7 : 1 and 2 : 1 dr,
respectively. Unfortunately, 3-aminomethyl pyridine deriva-

tives and diphenylmethanes, which are significantly less acidic,

did not react under our conditions. To obtain acceptable dia-
stereoselectivity, 2-aminomethyl substituted pyridine deriva-
tives, which can chelate to the main group metal of the base,
are required.

Scheme 3. Substrate Scope of Azaarylmethylamines”
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To investigate the potential scalability (Scheme 4), a 5
mmol scale reaction with 11 and 2a was conducted. The de-
sired product 3la was obtained in 88% yield with greater than
20 : 1 dr. Condensation of 3la with 3,5-dinitrobenzoyl chloride
(1.2 equiv) and triethylamine (1.2 equiv) formed the expected
amide, the structure of which was determined to be the anti-
4la’ product by X-ray crystallographic analysis (see Supporting
Information for details).

Scheme 4. Scale-up to 5 mmol.
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In conclusion, we have reported a straightforward and prac-
tical one-pot synthesis of vicinal diamines between azaarylme-
thylamines and aldehydes. The tandem reaction takes place
without transition metal catalysts and provides an effective
strategy to synthesize biologically active vicinal diamines. A
wide range of electron-donating and withdrawing aryl sub-
strates, including heterocycles, are viable substrates in our
reaction. The synthetic value and practicality of this method
were demonstrated with a highly diastereoselective gram scale
reaction. We anticipate that this straightforward avenue to
stitch together molecules with 3—4 nitrogen centers from
readily available precursors will render it immediately useful
to medicinal chemists. Further efforts will focus on the identi-
fication of a catalytic asymmetric route to these diamines.

ASSOCIATED CONTENT

Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website

Experimental procedures, characterization data, and NMR spectra
(PDF)

CIF for compound 4la’ (CIF)

AUTHOR INFORMATION

Corresponding Author



*E-mail: pwalsh@sas.upenn.edu
*E-mail: ias_jymao@njtech.edu.cn.

ORCID

Jianyou Mao: 0000-0003-0581-3978
Patrick J. Walsh: 0000-0001-8392-4150

ACKNOWLEDGMENT

The authors acknowledge National Natural Science Foundation of
China (21801128 to J.M.), Natural Science Foundation of Jiangsu
Province, China (BK20170965 to J.M.) and the Nanjing Tech
University (3980001601 and 39837112) for financial support.
PJW thanks the US National Science Foundation (CHE-
1902509).

REFERENCES

(1) (a) Lucet, D.; Le Gall, T.; Mioskowski, C. The chemistry of vici-
nal diamines. Angew. Chem., Int. Ed. 1998, 37, 2580; (b) Viso, A.;
Fernandez de la Pradilla, R.; Garcia, A.; Flores, A. a,B-Diamino ac-
ids. Biological significance and synthetic approaches. Chem. Rev.
2005, 105, 3167; (c) Kotti, S. R. S. S.; Timmons, C.; Li, G. Vicinal
diamino functionalities as privileged structural elements in biological-
ly active compounds and exploitation of their synthetic chemistry.
Chem. Biol. Drug Des. 2006, 67, 101.

(2) Blakemore, D. C.; Castro, L.; Churcher, I.; Rees, D. C.; Thomas,
A. W.; Wilson, D. M.; Wood, A. Organic synthesis provides opportu-
nities to transform drug discovery. Nat. Chem. 2018, 10, 383.

(3) (a) Shen, S.-J.; Zhu, C.-L.; Lu, D.-F.; Xu, H. Iron-Catalyzed Di-
rect Olefin Diazidation via Peroxyester Activation Promoted by Ni-
trogen-Based Ligands. ACS Catal. 2018, 8, 4473;  (b) Yuan, Y.-A;
Lu, D.-F.; Chen, Y.-R.; Xu, H. Iron-Catalyzed Direct Diazidation for
a Broad Range of Olefins. Angew. Chem., Int. Ed. 2016, 55, 534; (c)
Zhao, B.; Peng, X.; Cui, S.; Shi, Y. Cu(I)-Catalyzed Regioselective
Diamination of Conjugated Dienes via Dual Mechanistic Pathways. J.
Am. Chem. Soc. 2010, 132, 11009.

(4) (a) Neumann, W. L.; Rogic, M. M.; Dunn, T. J. The stereoselec-
tive synthesis of functionalized vicinal diamine systems by the double
allylation reactions of protected 1,2-bisimine precursors. Tetrahedron
Lett. 1991, 32, 5865; (b) Alexakis, A.; Tomassini, A.; Chouillet, C.;
Roland, S.; Mangeney, P.; Bernardinelli, G. A new efficient synthesis
of (R,R)-2,2"-bipyrrolidine: an interesting chiral 1,2-diamine with C2
symmetry. Angew. Chem., Int. Ed. 2000, 39, 4093; (c) Alvaro, G.;
Savoia, D. Addition of organometallic reagents to imines bearing
stereogenic N-substituents. Stereochemical models explaining the 1,3-
asymmetric induction. Synlett 2002, 651; (d) Sun, X.; Wang, S.; Sun,
S.; Zhu, J.; Deng, J. Highly diastereoselective and enantioselective
addition of organometallic reagents to a chiral C2-symmetrical bisi-
mine. Synlett 2005, 2776; (¢) Vemula, R.; Wilde, N. C.; Goreti, R.;
Corey, E. J. A New, Short, and Stereocontrolled Synthesis of C2-
Symmetric 1,2-Diamines. Org. Lett. 2017, 19, 3883.

(5) (a) Zhong, Y.-W.; Izumi, K.; Xu, M.-H.; Lin, G.-Q. Highly Dia-
stereoselective and Enantioselective Synthesis of Enantiopure C2-
Symmetrical Vicinal Diamines by Reductive Homocoupling of Chiral
N-tert-Butanesulfinyl Imines. Org. Lett. 2004, 6, 4747, (b)
Faugeroux, V.; Genisson, Y. The imino-pinacol coupling reaction.
Curr. Org. Chem. 2008, 12, 751; (c) Rieke, R. D.; Kim, S.-H. New
reagent for reductive coupling of carbonyl and imine compounds:
highly reactive manganese-mediated pinacol coupling of aryl alde-
hydes, aryl ketones, and aldimines. J. Org. Chem. 1998, 63, 5235; (d)
Smith, J. G.; Ho, 1. Reductive dimerization of Schiff bases by alkali
metals. Isomerization of the dimeric dianions. J. Org. Chem. 1972,
37, 653; (e) Campos, P. J.; Arranz, J.; Rodriguez, M. A. Photoreduc-
tive Coupling of Aldimines. Synthesis of C2 Symmetrical Diamines.
Tetrahedron 2000, 56, 7285; (f) Kitajima, K.; Nagatomo, R.; Fujimo-
to, T. Diastereoselective imino-pinacol coupling of chiral imines
promoted by Mg(0) and a Grignard reagent. Tetrahedron 2015, 71,
977.

(6) (a) Huang, Y.-Y.; Lv, Z.-C.; Yang, X.; Wang, Z.-L.; Zou, X.-X.;
Zhao, Z.-N.; Chen, F. Nucleophilic ring opening of aziridines with
amines under catalyst- and solvent-free conditions. Green Chem.
2017, 19, 924; (b) Hajra, S.; Singha Roy, S.; Biswas, A.; Saleh, S. A.
Catalyst-Free Ring Opening of Spiroaziridine Oxindoles by Hetero-
nucleophiles: An Approach to the Synthesis of Enantiopure 3-

Substituted Oxindoles. J. Org. Chem. 2018, 83, 3633; (c) Samanta, S.;
Chatterjee, R.; Mahato, S.; Hajra, A.; Santra, S.; Zyryanov, G. V.;
Majee, A. Synthesis of diverse B-(nitrooxy)-substituted amines by
regioselective ring-opening of aziridines under neat conditions. Synth.
Commun. 2018, 48, 1857.

(7) (a) Noble, A.; Anderson, J. C. Nitro-Mannich Reaction. Chem.
Rev. 2013, 113, 2887; (b) Marcantoni, E.; Petrini, M. Recent Devel-
opments in the Stereoselective Synthesis of Nitrogen-Containing
Heterocycles using N-Acylimines as Reactive Substrates. Adv. Synth.
Catal. 2016, 358, 3657; (c) Dudek, A.; Mlynarski, J. Iron-Catalyzed
Asymmetric Nitro-Mannich Reaction. J. Org. Chem. 2017, 82, 11218,
(d) Hajra, S.; Jana, B. Quinine-Based Trifunctional Organocatalyst for
Tandem Aza-Henry Reaction-Cyclization: Asymmetric Synthesis of
Spiroxindole-Pyrrolidine/Piperidines. Org. Lett. 2017, 19, 4778; (e)
Lu, N; Li, R.; Wei, Z.; Cao, J.; Liang, D.; Lin, Y.; Duan, H. Enantio-
and Diastereoselective Nitro-Mannich Reaction of a-Aryl Nitrome-
thanes with Amidosulfones Catalyzed by Phase-Transfer Catalysts. J.
Org. Chem. 2017, 82, 4668; (f) Prasad, S. S.; Senthilkumar, S.; Sri-
vastava, A.; Baskaran, S. Iminosugar C-Nitromethyl Glycosides and
Divergent Synthesis of Bicyclic Iminosugars. Org. Lett. 2017, 19,
4403; (g) Ouyang, L.; Zhan, L.; Li, J.; Zhang, Q.; Qi, C.; Wu, W ;
Jiang, H. Pd-Catalyzed Three-Component Reaction of Anilines, Ethyl
Vinyl Ether, and Nitro-Paraffin: Assembly of B-Nitroamines. Org.
Lett. 2018, 20, 550; (h) Sprague, D. J.; Singh, A.; Johnston, J. N.
Diastereo- and enantioselective additions of a-nitro esters to imines
for anti-o,B-diamino acid synthesis with a-alkyl-substitution. Chem.
Sci. 2018, 9, 2336.

(8) (a) Kise, N.; Kashiwagi, K.; Watanabe, M.; Yoshida, J.-i. Stere-
oselective Synthesis of trans-4,5-Disubstituted 1,3-Imidazolidin-2-
ones by Reaction of an a-Nitrogen Carbanion with Imines. J. Org.
Chem. 1996, 61, 428; (b) Park, Y. S.; Boys, M. L.; Beak, P. (-)-
Sparteine-Mediated a-Lithiation of N-Boc-N-(p-
methoxyphenyl)benzylamine: Enantioselective Syntheses of (S) and
(R) Mono- and Disubstituted N-Boc-benzylamines. J. Am. Chem. Soc.
1996, 118, 3757; (c¢) Ooi, T.; Kameda, M.; Fujii, J.; Maruoka, K.
Catalytic Asymmetric Synthesis of a Nitrogen Analogue of Dialkyl
Tartrate by Direct Mannich Reaction under Phase-Transfer Condi-
tions. Org. Lett. 2004, 6, 2397; (d) Chen, Y.-J.; Seki, K.; Yamashita,
Y.; Kobayashi, S. Catalytic Carbon-Carbon Bond-Forming Reactions
of Aminoalkane Derivatives with Imines. J. Am. Chem. Soc. 2010,
132, 3244; (e) Kano, T.; Sakamoto, R.; Akakura, M.; Maruoka, K.
Stereocontrolled Synthesis of Vicinal Diamines by Organocatalytic
Asymmetric Mannich Reaction of N-Protected Aminoacetaldehydes:
Formal Synthesis of (-)-Agelastatin A. J. Am. Chem. Soc. 2012, 134,
7516; (f) Mitchell, E. A.; Peschiulli, A.; Lefevre, N.; Meerpoel, L.;
Maes, B. U. W. Direct a-Functionalization of Saturated Cyclic
Amines. Chem. - Eur. J. 2012, 18, 10092; (g) Ding, L.; Chen, J.; Hu,
Y.; Xu, J.; Gong, X.; Xu, D.; Zhao, B.; Li, H. Aminative Umpolung
of Aldehydes to a-Amino Anion Equivalents for Pd-Catalyzed Allyla-
tion: An Efficient Synthesis of Homoallylic Amines. Org. Lett. 2014,
16, 720; (h) Liu, X.; Gao, A.; Ding, L.; Xu, J.; Zhao, B. Aminative
Umpolung Synthesis of Aryl Vicinal Diamines from Aromatic Alde-
hydes. Org. Lett. 2014, 16, 2118; (i) Lin, C.-Y.; Sun, Z.; Xu, Y.-J.;
Lu, C.-D. Synthesis of Aryl anti-Vicinal Diamines via Aza-Brook
Rearrangement-Initiated Nucleophilic Addition of a-Silylamines to
Imines. J. Org. Chem. 2015, 80, 3714; (j) Lin, S.; Kawato, Y.;
Kumagai, N.; Shibasaki, M. Catalytic Asymmetric Mannich-Type
Reaction of N-Alkylidene-o-Aminoacetonitrile with Ketimines. 4n-
gew. Chem., Int. Ed. 2015, 54, 5183; (k) Li, K.; Weber, A. E,;
Tseng, L.; Malcolmson, S. J. Diastereoselective and Enantiospecific
Synthesis of 1,3-Diamines via 2-Azaallyl Anion Benzylic Ring-
Opening of Aziridines. Org. Lett. 2017, 19, 4239; (1) Liu, F.; Zhao,
G.; Cai, W.; Xu, D.; Zhao, B. Aminative Umpolung cyclization for
synthesis of chiral exocyclic vicinal diamines. Org. Biomol. Chem.
2018, /6, 7498; (m) Shao, X.; Li, K.; Malcolmson, S. J. Enantioselec-
tive Synthesis of anti-1,2-Diamines by Cu-Catalyzed Reductive Cou-
plings of Azadienes with Aldimines and Ketimines. J. Am. Chem.
Soc. 2018, 140, 7083; (n) Tang, S.; Zhang, X.; Sun, J.; Niu, D.;
Chruma, J. J. 2-Azaallyl Anions, 2-Azaallyl Cations, 2-Azaallyl Rad-
icals, and Azomethine Ylides. Chem. Rev. 2018, 118, 10393; (o) Xia,
Q.; Tian, H.; Dong, J.; Qu, Y.; Li, L.; Song, H.; Liu, Y.; Wang, Q. N-
Arylamines Coupled with Aldehydes, Ketones, and Imines by Means
of Photocatalytic Proton-Coupled Electron Transfer. Chem. - Eur. J.
2018, 24, 9269; (p) Wang, M.; Fan, Q.; Jiang, X. Nitrogen-4



Iodine Exchange of Diaryliodonium Salts: Access to Acridine and
Carbazole. Org. Lett. 2018, 20, 216.

(9) Wang, Z.; Zheng, Z.; Xu, X.; Mao, J.; Walsh, P. J. One-pot ami-
nobenzylation of aldehydes with toluenes. Nat. Commun. 2018, 9, 1.
(10) Wang, R.; Ma, M.; Gong, X.; Fan, X.; Walsh, P. J. Reductive
Cross-Coupling of Aldehydes and Imines Mediated by Visible Light
Photoredox Catalysis. Org. Lett. 2019, 21, 23.

(11) Mao, J.; Wang, Z.; Xu, X.; Liu, G.; Jiang, R.; Guan, H.; Zheng,
Z.; Walsh, P. J. Synthesis of Indoles through Domino Reactions of 2-
Fluorotoluenes and Nitriles. Angew. Chem., Int. Ed. 2019, 58, 11033.
(12) (a) Pardue, D. B.; Gustafson, S. J.; Periana, R. A.; Ess, D. H.;
Cundari, T. R. Computational study of carbon-hydrogen bond depro-
tonation by alkali metal superbases. Comput. Theor. Chem. 2013,
1019, 85; (b) Sha, S.-C.; Tcyrulnikov, S.; Li, M.; Hu, B.; Fu, Y.;
Kozlowski, M. C.; Walsh, P. J. Cation-rt Interactions in the Benzylic
Arylation of Toluenes with Bimetallic Catalysts. J. Am. Chem. Soc.
2018, 740, 12415.

(13) Arndts, D.; Loesel, W.; Roos, O.; (Boehringer Ingelheim KG,
Germany). Application: DE, 1993, p 11 pp.

(14) (a) Lappert, M. F.; Slade, M. J.; Singh, A.; Atwood, J. L.; Rog-
ers, R. D.; Shakir, R. Structure and reactivity of sterically hindered
lithium amides and their diethyl etherates: crystal and molecular
structures  of  [Li{N(SiMe3)2}(OEt2)]2 and tetrakis(2,2,6,6-
tetramethylpiperidinatolithium). J. Am. Chem. Soc. 1983, 105, 302,
(b) Henderson, K. W.; Walther, D. S.; Williard, P. G. Identification of
a Unimetal Complex of Bases by 6Li NMR Spectroscopy and Single-
Crystal Analysis. J. Am. Chem. Soc. 1995, 117, 8680; (c) Armstrong,
D. R.; Henderson, K. W.; Kennedy, A. R.; Kerr, W. J.; Mair, F. S;
Moir, J. H.; Moran, P. H.; Snaith, R. Structural studies of the chiral
lithium amides [{PhC(H)Me}2NLi] and
[PhCH2 {PhC(H)Me}NLi-THF] derived from o-methylbenzylamine.
J. Chem. Soc., Dalton Trans. 1999, 4063.

(15) Purser, S.; Moore, P. R.; Swallow, S.; Gouverneur, V. Fluorine
in medicinal chemistry. Chem. Soc. Rev. 2008, 37, 320.




