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Abstract: The sodiation of substituted acrylonitriles and
alkenyl sulfides in a continuous flow set-up using NaDA
(sodium diisopropylamide) in EtNMe, or NaTMP (sodium
2,2,6,6-tetramethylpiperidide)- TMEDA in n-hexane provides
sodiated acrylonitriles and alkenyl sulfides, which are subse-
quently trapped in batch with various electrophiles such as
aldehydes, ketones, disulfides and allylic bromides affording
functionalized acrylonitriles and alkenyl sulfides. This flow-
procedure was successfully extended to other acrylates by using
Barbier-type conditions.

The metalation of unsaturated nitriles and sulfides is an
important synthetic procedure.!! After quenching with vari-
ous electrophiles, highly functionalized unsaturated products
are obtained, which may be useful building blocks for
biologically active heterocycles and natural products.”) The
batch-metalation of alkenyl nitriles or sulfides with lithium
bases is often complicated due to competitive allylic lithia-
tions.®! The use of stronger, more polar bases like sodium or
potassium amides may avoid such limitations. However, the
sodiation of such unsaturated compounds is much less
explored.[“] Moreover, the use of sodium organometallics is
of high interest due to the low price, high abundancy and low
toxicity of sodium salts.”] Recently, arylsodium compounds
have been prepared by Collum using NaDA (sodium diiso-
propylamide) as deprotonating agent**®! and by Asako and
Takai, who have investigated the utility of arylsodiums in
catalytic cross-couplings.”! Yoshida, Ley, Organ and others
have demonstrated a high functional group tolerance per-
forming challenging metalations in a continuous flow set-up.!
Based on these studies, we have extended the Collum
procedure to the preparation of sodiated aryl and heteroaryl
derivatives which are difficult to generate otherwise and
decompose upon batch-sodiation.”! KDA-TMEDA (potas-
sium diisopropylamide-N,N,N',N'-tetramethylethylenedi-
amine) in n-hexane was used in continuous flow for similar
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metalations."”! Herein, we wish to report that NaDA and
NaTMP (TMPH =2,2,6,6-tetramethylpiperidine) were effi-
cient bases for the regioselective flow-metalation of various
substituted acrylonitriles and alkenyl sulfides.'Y In first
experiments, we have optimized the sodiation of cinnamoni-
trile (1a) and have found that metalation with NaDA (0.24 m
in DMEA (dimethylethylamine), 1.2 equiv) at —78°C using
a combined flow-rate of 10 mLmin ' and a 0.02 mL reactor
proceeded best with a residence time of 0.12s affording
organosodium 2a. Subsequent trapping with electrophiles of
type 3 such as aldehydes, ketones, disulfides and allylic
bromides afforded 2-substituted cinnamonitriles of type 4
with usually high E/Z ratios (Table 1, entries 1-10). Thus, for
a quenching with aromatic aldehydes, we obtained the Z-
product of type 4 as major product, whereas for more
sterically hindered ketones the E-product was formed.

The diastereoselectivity of products of type 4 obtained
after the addition to a carbonyl electrophile was tentatively
explained by assuming that the sodiated nitrile 2 a reacted fast
with an aldehyde (RCHO) according to pathway A leading to
the allylic alcohol Z-4. In contrast, by using ketones, an
equilibration to the cummulene form 2a’ may occur and the
cyclic transition state A would be disfavoured due to steric
hindrance. E/Z isomerization of the cummulene structure 2a’
occurred affording the E-4 product via transition state B
(Scheme 1).

We have then extended this flow procedure to various
functionalized arylacrylonitriles of type 5. Electron-rich
cinnamonitrile derivatives (5a-5d) were selectively meta-
lated in 2-position using NaDA in a continuous flow set-up
within 0.12 s at —78°C. The resulting organosodiums (6a-d)
were trapped in batch with various carbonyl electrophiles,
such as me-anisaldehyde (3k), cyclohexanecarboxaldehyde
(31) or cyclohexanone (3m), and with 3-bromocyclohexene
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Scheme 1. Tentative mechanism for the stereoselective addition of
sodiated phenylacrylonitrile 2a or 2a’ to aldehydes or ketones.
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Table 1: Sodiation of cinnamonitrile (1a) using a microflow reactor and
subsequent batch quench of the intermediate sodium organometallic 2a
with various electrophiles of type 3 leading to functionalized cinnamo-
nitriles of type 4.

NaDA
0.24 m in DMEA
(1-2€quV) 4o 1 jmin
P“I CN |
| 1
1a CN
0.20 min THF
E/Z>99/1
_______ (LOBAUN),....oovvenmscmmunmemmmvmrss s Mo s vssmsevssmosss sessov s
#  electrophile product® # electrophile  product?
CHO Ph\ ok Ph
/©/ nBu,S, - SBu
B
r CN Br CN
1 3a 4aa: 95%, 6 3f 4af: 93 %,
Z/E>99/1F! ZJE=54/46
Ph OH Ph
/©/CHO = 0 ~CN
cl CN Ph)LPh Ph
cl HO™ b
2 3b 4ab: 92%, 7 3g 4ag: 82%,
Z/E>99/1"! E/Z>99/11
Ph
cl Ph OH (I
cHO N N OTD NN
[ I - e A~ OH
3 3c 4ac: 74 %, 8 3h 4ah: 82%,
Z/E=89/11" E/Z>99/1
d.r.>99/11
Ph OH Ph
Me CN Me)jw HO
Me Me
4 3d 4ad: 93%, 9 3i 4ai: 78%,
Z/E>99/1d E/Z>99/1®
B Ph
Q g o] xCN
Br MeAnBu nBu
CN HO™ Ve
5 3el 4ae: 93%, 10 3j 4aj: 87 %,
E/jz=9/1" E/Z>991®

[a] Yield of analytically pure product. [b] The E- or Z- diastereoselectivity
was assigned in analogy to related products, for which X-ray data were
obtained. [c] The diastereoselectivity was determined by crystal structure
analyses, see Supporting Information. [d] 10 mol% CuCN-2 LiCl.

(3e) using 10 mol % CuCN-2LiCl as catalyst, affording the
desired alcohols (7ak, 7bk, 7¢cl and 7dm) and an allylated
cinnamonitrile derivative (7de) in 57-97 % yield with diaste-
reomeric ratios up to > 99/1 (Table 2, entries 1-5). Similarly,
regioselective sodiation of electron-deficient 3-(4-(trifluoro-
methyl)phenyl)acrylonitrile (5e) followed by copper-cata-
lyzed allylation with 3-bromocyclohexene (3e) led to the
functionalized phenylacrylonitrile (7 ee) in 66 % yield with an
E/Z ratio > 99/1. Furthermore, an extension to methoxy- and
ethoxyacrylonitriles 5f and 5g was possible resulting in
secondary alcohols (7fn, 7fd, 7gc and 7gl) after batch-
quench with aromatic aldehydes (3¢, 3d and 3mn), and
aliphatic aldehyde (31) in 91-98% and Z/E ratios > 99/
1 (entries 7-10). An alkenyl sulfide such as phenyl-
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(styryl)sulfane (5h) provided the sodium derivative (6h)
upon metalation with NaDA, which after trapping with
sterically demanding ketones such as adamantanone (30)
and benzophenone (3g) gave tertiary alcohols (7ho and 7hg)
in 85-95% yield and comparable E/Z ratios to the starting
material 5h (entries 11-12).

Extension to alkyl-substituted acrylonitriles such as
geranylnitrile (8a, E/Z=50/50) and the related nitrile 8b
(E/Z=065/35) was possible under the standard sodiation
conditions providing after electrophilic quench the desired
functionalized nitriles (10ap, 10al, 10aq, 10br) in 60-98 %
yield as E/Z mixtures (Table 3, entries 1-4). Interestingly,
starting from the diastereomerically pure acrylonitrile 8¢ (E/
Z >99/1) the desired product 10 ¢q was obtained in 67 % yield
(Z/IE=58/42) after quench with a-tetralone (3q) (entry5)
showing the prevalence of the cumulene structure of the
sodiated nitriles (see 2a’ in Table 1). However, the methoxy-
substituted acrylonitrile 8d (E/Z=280/20) afforded after
continuous flow sodiation and quenching with o-anisaldehyde
(3Kk) the allylic alcohol 10dk as single diastereoisomer in 58 %
yield (Z/E>99/1) showing the importance of the methoxy
group for controlling the stereochemistry of the intermediate
sodiated nitrile (entry 6). Also, the dienylnitrile 8e was
sodiated in flow and trapping with an allylic bromide (3e)
or an aldehyde (3k) furnished the functionalized dienylni-
triles (10 ee and 10 ek) in 74-82 % yield (entries 7-8).

Recently, Takai and Asako published a straightforward
synthesis of lithium-free sodium 2,2,6,6-tetramethylpiperidide
(NaTMP) in n-hexane by using sodium dispersion, TMPH,
TMEDA and isoprene.”? This method would allow us to
avoid the use of the amine DMEA as solvent and therefore
making our method more practical. Using the Takai proce-
dure, we have prepared hexane-soluble NaTMP-TMEDA"!
and have performed an efficient continuous flow sodiation of
cinnamonitrile (1a) selectively in 2-position within 0.12 s at
—78°C. A subsequent batch trapping of 2a’ with various
ketones of type 3 afforded the desired tertiary alcohols of type
4 in 58-83% yield as single regioisomers (Scheme 2).
Similarly, ethoxyacrylonitrile Sg gave, after batch quench
with o-anisaldehyde (3k) and benzophenone (3g), the allylic
alcohols (7gk and 7gg) in 65-78% yield (Z/E>99/1).
Further, geranylnitrile (8a) provided the organosodium 9a
upon metalation with NaTMP-TMEDA, which after a copper-
catalyzed allylation using 3-bromocyclohexene (3e) led to the
desired product (10ae) in 54 % yield with a E/Z ratio of 52/48.

However, the sodiation of other acrylates still remained
challenging. Applying our standard sodiation method to ethyl
cinnamate (11a) afforded solely the condensation product
13a showing that the sodiation of 11a was possible, but
difficult to control. Thus, the intermediate organosodium 12a
reacted instantaneously with another molecule of 11a before
the desired electrophile quench proceeded (Scheme 3a). To
prevent this self-condensation reaction, sterically hindered
tert-butyl cinnamate (11b) was used affording organosodium
12b after continuous flow sodiation. A copper-catalyzed
batch allylation with 3-bromocyclohexene (3e) gave the
desired product 13be in 61 % yield with an E/Z ratio > 99/
1 (Scheme 3b). To overcome the need of sterically hindered
esters, we envisioned a Barbier-type in situ trapping™ of the
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Table 2: Sodiation of substituted acrylonitriles and alkenyl sulfides of
type 5 using a microflow reactor and subsequent batch quench of the
intermediate sodium organometallics of type 6 with various electrophiles
of type 3 leading to functionalized phenylacrylonitriles and alkenyl

sulfides of type 7.

P flow  NapA tR 0125
0.24 m in DMEA = 78 °c :
(1.2 equiv) :
R fomin2s°c R F i
__ 10 mL/min — \=< :
\_5\FG : @ FG |
0.20 M in THF i (1.5 equiv) :
(1.0 equiv) : 3 7
R = Aryl, OEt, OMe
G RO SPh
# SM product # SM product®
OMe OMe
O OMe OMe OH
OH OMe S N
§ N CN e CF,
W LD
1 5a 7ak: 97 %" 7 5f 7 fn: 93 %
E/Z= Z/E=289/11 E/Z= ZJE>99/1
76/24 83/17
Me Me
Me Me O OMe OMe OH
OH OMe % N
~ N CN GN Me
Lo L0
2 5b 7bk: 849! 8 5f 7fd: 98 %
E/Z= Z/E=90/10 Ejz= Z/E>99/1
79/21 83/17
o
o) o OEt OEt OH cCI
1 L0
N CN ]
CN
3 5c 7cl: 74 %P 9 5g 7 gc: 95%!
E/Z= Z/E>991 EjZ= Z/E>99/1
83/17 68/32
tBu
tBu
OEt OEt OH
X
~CN %
x> HO CN CN
CN
4 5d 7dm: 67 %! 10 Sg 7gl:91 %"
EjZ= E/Z>99/1 Ejz= Z/E>99/1
79/21 68/32
tBu tBu
O Fh Ph
A
N o
N X ‘ SPh OH
SPh
CN CN
5 5d 7de: 57 %" 11 5h 7ho: 95 %!
E/)Z= E/Z>99/1 Ejz= E/|Zz=77/23
79/21 71/29
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Table 2: (Continued)

# SM product # SM product®
CFs CFs
O Ph Ph Ph
S %Ph
N N ‘ SPh SPr?H
CN CN
6 5eld 7ee: 66 %1 12 5h 7hg: 85%"
E/|Z= E/Z>99/1 E/Z= E/Z=68/32
78/22 71/29

[a] Yield of analytically pure product. [b] The E- or Z- diastereoselectivity
was assigned in analogy to related products, for which X-ray data were
obtained. [c] The diastereoselectivity was determined by crystal structure
analyses, see Supporting Information. [d] 10 mol % CuCN-2LiCl.

| flow :
i NaTMP-TMEDA E
10.26 M in hexane :
! (1.3 equiv) R R F
10 mL/min | @ 10 min, 25 °C l
R Na” “CN E”CN!
ﬂ\ (1.5 equiv)
CN
0.20 M in THF
(1.0 equiv)
Al

Ph

Me
Ph Ph/\HVOH
CN
4ah; 71% 4ai 68%“’1 4aj; sa%lbl 4ao0: 9%“’1 4as: 58%!°]
E/Z>99/11 E/Z>99/1 E/Z>991 E/Z>99/1 E/Z>9911
Me Me
OEt OH OMe OEt OH
= Me A D CN
ph"
PR CN N
OH
CN
4aq: 67%"! 7gk: 78%!! 799: 65%! 10ae: 54%!°!
E/Z>99/1 Z/E>99/1 Z/E>99/1 E/Z=52/48

Scheme 2. General set-up for the sodiation of functionalized acryloni-
triles with NaTMP-TMEDA in a microflow reactor and subsequent
batch quench of the intermediate sodium organometallics with various
electrophiles leading to functionalized acrylonitriles. [a] The diastereo-
selectivity was determined by crystal structure analyses, see Support-
ing Information. [b] The E- or Z- diastereoselectivity was assigned in
analogy to related products, for which X-ray data were obtained.

[] 10 mol % CuCN-2LiCl.

highly reactive organosodiums of type 12. Interestingly, ethyl
cinnamate (11a), which underwent self-condensation side
reactions applying our standard flow conditions (Scheme 3 a),
was sodiated at —78 °C under Barbier-conditions and afforded
organosodium 12a, which was instantaneously trapped by
adamantanone (30), outcompeting self-condensation and
resulting in the tertiary alcohol 13ao0 in 66 % yield (E/Z >
99/1). Similarly, methyl-3-methoxyacrylate (11 ¢) was sodiated
in 3-position in the presence of adamantanone (30) using
NaDA (1.2 equiv) affording the spirolactone 13co in 58 %
yield (Scheme 3¢).

In summary, we have reported the sodiation of substituted
acrylonitriles and alkenyl sulfides in a continuous flow set-up
using NaDA (sodium diisopropylamide) in EtNMe, (DMEA)
and NaTMP (sodium 2,2,6,6-tetramethylpiperidide) TMEDA
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Table 3: Sodiation of alkyl- and alkenyl-substituted acrylonitriles of type 8
using a microflow reactor and subsequent batch quench of the
intermediate sodium organometallics of type 9 with various electrophiles
of type 3 leading to functionalized alkyl- and alkenyl-substituted
acrylonitriles of type 10.

# substrate electrophile product®
Me Me /MQ/\/NKKCN
X
e AN I, Me |
1 8a E/Z=50/50 3p 10ap: 75%, Z/E=68/32
Me Me
Me Me CHO Me™ X xCN
Me/MCN O/ HO
2 8a, E/Z=50/50 31 10al: 60%, Z/E=64/36

Me Me

N
Me/K/\/K/C

Me Me
(o]
Me)\/\/%cgj
OH

3 8a, E/Z=50/50 3q 10aq: 98%, Z/E=53/47
Me
Me 1 nBu” ™Y N
B OH
nBu/K/CN V)J\Q
Z >l
Cl
4 8b, E/Z=65/35 3r 10br: 85%, Z/E=55/45
Me
Me i nPr” Y CN
OH
nPr)\/C"‘I ij@
5 8¢, E/Z>99/1 3q 10cq: 67%, Z/E=58/42
Me
oM MeO CN
Me ) CHO TN
MeO._x CN on
OMe
6 8d, £/Z=280/20 3k 10dk: 58 %, Z/E>99/1
nBu” XN o
By NN 5 /©
r

7 8e 2E/2Z=69/31 3el 10ee: 74%, 2E/2Z=77/23

OMe nBu” NN eN
CHO

OH

OMe

8  8e, 2£/2Z=69/31 3k 10ek: 82%. 2Z/2E=76/24
[a] Yield of analytically pure product. [b] 10 mol % CuCN-2 LiCl.

B X XN

in n-hexane. The resulting sodiated acrylonitriles and alkenyl
sulfides were subsequently trapped in batch with various
electrophiles such as aldehydes, ketones, disulfides and allylic
bromides affording functionalized acrylonitriles and alkenyl
sulfides. This flow-procedure was successfully extended to
other acrylates by using Barbier-type conditions.
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a) Sodiation of ethyl cinnamate 11a leading to self-condensation side product:

i flow
: o\ CORE
NaDA
0.24 min DMEA P "0
(1.2 equiv) 13a
10 mL/min
Ph/\/COZEt
11a CO,Et
0.20 min THF PR
: (1.0 equiv) E

—————————————————————————————————————————————————————————— d 13b

flow
NaDA
0.24 min DMEA
(1.2 equiv) P Xy CO2BU
10 mL/min ph/yCOztBu @\4»10 min, 258 S
;
Na
o -CO21BU ©/
11b 12b 3e 13be;
0.20 min THF (1.5 equiv) 61%, E/Z>99/1

H . ' +
R N e ! 10 mol% CuCN-2LiCl

c) Sodiation of acrylates using Barbier-type trapping conditions:

NaDA ‘ Ph
0.24 m in DMEA ; S
i Ph CO,Et : OH
12e :
(1.2 equiv) “Na or booNa || b
1 12a
: 13a0:
0 CO,Et OMe |:
COR' 10 mL/min 12a 12¢ ‘ 66%, E/Z>99/1
+ !
% * o :
2 112¢ o
H R 300 : ”
i11a: R1=Et; R2=Phfel : oS
e ot * 13c0: 58%

Scheme 3. Sodiation of substituted acrylates of type 11 using a micro-
flow reactor under standard-flow conditions and Barbier conditions. In
situ quench of the intermediate sodium organometallics of type 12
with adamantanone (3 0) afforded functionalized acrylates of type 13.
[a] 0.20 m in THF, 1.0 equiv [b] 0.30 M in THF, 1.5 equiv.

Acknowledgements

N. Weidmann thanks the German Academic Scholarship
Foundation for a fellowship. We thank the DFG and LMU for
financial support. We further thank BASF (Ludwigshafen)
and Albemarle (Frankfurt) for the generous gift of chemicals
and Unigsis for technical support. Open access funding
enabled and organized by Projekt DEAL.

Conflict of interest
The authors declare no conflict of interest.

Keywords: acrylonitriles - alkenyl sulfides -
Barbier-type reactions - flow chemistry - sodiation

[1] a) F. F. Fleming, Q. Wang, Z. Zhang, O. W. Steward, J. Org.
Chem. 2002, 67, 5953; b) J. Doroszuk, M. Musiejuk, L. Poni-
kiewski, D. Witt, Eur. J. Org. Chem. 2018, 6333; c) O. De Lucchi,
L. Pasquato, Tetrahedron 1988, 44, 6755; d) B. M. Trost, A. C.
Lavoie, J. Am. Chem. Soc. 1983, 105, 5075; e) B. Bartels, R.
Hunter, C. D. Simon, G. D. Tomlinson, Tetrahedron Lett. 1987,
28, 2985; f) A. B. Flynn, W. W. Ogilvie, Chem. Rev. 2007, 107,
4698; g) F. F. Fleming, Q. Wang, Chem. Rev. 2003, 103, 2035;

Angew. Chem. Int. Ed. 2021, 6o, 731-735


https://doi.org/10.1021/jo0258150
https://doi.org/10.1021/jo0258150
https://doi.org/10.1002/ejoc.201801181
https://doi.org/10.1016/S0040-4020(01)86204-9
https://doi.org/10.1021/ja00353a037
https://doi.org/10.1016/S0040-4039(00)96263-4
https://doi.org/10.1016/S0040-4039(00)96263-4
https://doi.org/10.1021/cr050051k
https://doi.org/10.1021/cr050051k
https://doi.org/10.1021/cr020045d
http://www.angewandte.org

—

—

—_

[

Angew. Chem. Int. Ed. 2021, 6o, 731-735

GDCh
~~—

h) G. Dagousset, C. Francois, T. Le6n, R. Blanc, E. Sansiaume-
Dagousset, P. Knochel, Synthesis 2014, 46, 3133.

a) S. Sengupta, V. Snieckus, J. Org. Chem. 1990, 55, 5680;
b) M. A. Reed, M. T. Chang, V. Snieckus, Org. Lett. 2004, 6,
2297; c) E. Block, S. Ahmad, J. L. Catalfamo, M. K. Jain, R.
Apitz-Castro, J. Am. Chem. Soc. 1986, 108, 7045; d) G. Brooks,
K. Coleman, J. S. Davies, P. A. Hunter, J. Antibiot. 1988, 41, 892;
e) T. H. Morris, E. H. Smith, R. Walsh, J. Chem. Soc. Chem.
Commun. 1987, 964.

a) F. F. Fleming, S. Gudipati, J. A. Aitken, J. Org. Chem. 2007,
72, 6961; b) FE. F. Fleming, V. Gudipati, O. W. Steward, Tetrahe-
dron 2003, 59, 5585; c) B. A. Feit, U. Melamed, R. R. Schmidt,
H. Speer, Tetrahedron 1981, 37, 2143; d) D. C. Harrowven, H. S.
Poon, Tetrahedron Lett. 1994, 35,9101; ¢) D. C. Harrowven, H. S.
Poon, Tetrahedron 1996, 52, 1389; f) R. R. Schmidt, J. Talbiersky,
P. Russegger, Tetrahedron Lett. 1979, 20, 4273; g) R. R. Schmidt,
R. Hirsenkorn, Tetrahedron 1983, 39, 2043; h) R. Knorr, E.
Lattek, Chem. Ber. 1981, 114, 2116; i) M. A. Ganiek, M. R.
Becker, M. Ketels, P. Knochel, Org. Lett. 2016, 18, 828.

a) A. A. Morton, F. D. Marsh, R. D. Coombs, A. L. Lyons, S. E.
Penner, H. E. Ramsden, V. B. Baker, E. L. Little, R. L. Let-
singer, J. Am. Chem. Soc. 1950, 72, 3785; b) A. A. Morton, E. J.
Lanpher, J. Org. Chem. 1955, 20, 839; c) R. A. Benkeser, D. J.
Foster, D. M. Sauve, J. F. Nobis, Chem. Rev. 1957, 57, 867,
d) R. A. Woltornist, Y. Ma, R. F. Algera, Y. Zhou, Z. Zhang,
D. B. Collum, Synthesis 2020, 52, 1478; e¢) R. F. Algera, Y. Ma,
D. B. Collum, J. Am. Chem. Soc. 2017, 139, 11544; f) Y. Huang,
G. H. Chan, S. Chiba, Angew. Chem. Int. Ed. 2017, 56, 6544;
Angew. Chem. 2017, 129, 6644.

a) D. Seyferth, Organometallics 2006, 25, 2; b) D. Seyferth,
Organometallics 2009, 28, 2; c)N. Wiberg, Lehrbuch der
Anorganischen Chemie, 102. ed., De Gruyter Verlag, Berlin,
2007, pp. 1259-1299.

a) R. F. Algera, Y. Ma, D. B. Collum, J. Am. Chem. Soc. 2017,
139, 15197; b) R. F. Algera, Y. Ma, D. B. Collum, J. Am. Chem.
Soc. 2017, 139,7921; ¢) R. F. Algera, Y. Ma, D. B. Collum, J. Am.
Chem. Soc. 2017, 139, 11544; d) Y. Ma, R.F. Algera, D.B.
Collum, J. Org. Chem. 2016, 81, 11312.

[7] S. Asako, H. Nakajima, K. Takai, Nat. Catal. 2019, 2, 297.
[8] a) M. B. Plutschack, B. Pieber, K. Gilmore, P. H. Seeberger,

Chem. Rev. 2017, 117, 11796; b) J. Britton, T. F. Jamison, Nat.

Communications

Protoc. 2017, 12, 2423; ¢) T. Brodmann, P. Koos, A. Metzger, P.
Knochel, S. V. Ley, Org. Process Res. Dev. 2012, 16, 1102; d) M.
Colella, A. Nagako, R. Luisi, Chem. Eur. J. 2020, 26, 19; e¢) B.
Gutmann, C. O. Kappe, J. Flow Chem. 2017, 7, 65; f) M. Teci, M.
Tilley, M. A. McGuire, M. G. Organ, Org. Process Res. Dev.
2016, 20, 1967; g) D. A. Thaisrivongs, J. R. Naber, N. J. Rogus, G.
Spencer, Org. Process Res. Dev. 2018, 22, 403; h) F. Ullah, T.
Samarakoon, A. Rolfe, R. D. Kurtz, P. R. Hanson, M. G. Organ,
Chem. Eur. J. 2010, 16, 10959; i) J. Y. F. Wong, J. M. Tobin, F.
Vilela, G. Barker, Chem. Eur. J. 2019, 25, 12439; j) H. Kim, H.-J.
Lee, D.-P. Kim, Angew. Chem. Int. Ed. 2015, 54, 1877; Angew.
Chem. 2015, 127, 1897, k) H. Kim, A. Nagaki, J.-i. Yoshida, Nat.
Commun. 2011, 2, 264.
[9] N. Weidmann, M. Ketels, P. Knochel, Angew. Chem. Int. Ed.

2018, 57, 10748; Angew. Chem. 2018, 130, 10908.

[10] J. H. Harenberg, N. Weidmann, P. Knochel, Angew. Chem. Int.
Ed. 2020, 59, 12321; Angew. Chem. 2020, 132, 12419.

[11] Commercially available equipment from Unigsis was used. For
a detailed optimization, see Supporting Information.

[12] a) S. Asako, M. Kodera, H. Nakajima, K. Takai, Adv. Synth.

Catal. 2019, 361,3120; b) D. R. Armstrong, A. R. Kennedy, R. E.

Mulvey, S. D. Robertson, Chem. Eur. J. 2011, 17, 8820; c) R. E.

Mulvey, S. D. Robertson, Angew. Chem. Int. Ed. 2013, 52, 11470;

Angew. Chem. 2013, 125,11682; d) R. McLellan, M. Uzelac, L. J.

Bole, J. M. Gil-Negrete, D. R. Armstrong, A. R. Kennedy, R. E.

Mulvey, E. Hevia, Synthesis 2019, 51, 1207; e) B. Gehrhus, P. H.

Hitchcock, A. R. Kennedy, M. F. Lappert, R. E. Mulvey, P. J. A.

Rodger, J. Organomet. Chem. 1999, 587, 88.

For the synthesis of NaTMP-TMEDA, see Supporting Informa-

tion.

[14] a) M. G. Ganiek, M. V. Ivanova, B. Martin, P. Knochel, Angew.
Chem. Int. Ed. 2018, 57, 17249; Angew. Chem. 2018, 130, 17496;
b) M. A. Ganiek, M. R. Becker, G. Berionni, H. Zipse, P.
Knochel, Chem. Eur. J. 2017, 23, 10280; c¢) N. Weidmann, J. H.
Harenberg, P. Knochel, Org. Lett. 2020, 22, 5895.

[13

—

Manuscript received: September 4, 2020
Accepted manuscript online: October 7, 2020
Version of record online: November 3, 2020

© 2020 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH www.angewandte.org

Angewandte

intemationalEdition’y Chemie


https://doi.org/10.1021/jo00309a008
https://doi.org/10.1021/ol049740t
https://doi.org/10.1021/ol049740t
https://doi.org/10.1021/ja00282a033
https://doi.org/10.7164/antibiotics.41.892
https://doi.org/10.1039/C39870000964
https://doi.org/10.1039/C39870000964
https://doi.org/10.1021/jo0711539
https://doi.org/10.1021/jo0711539
https://doi.org/10.1016/S0040-4020(03)00765-8
https://doi.org/10.1016/S0040-4020(03)00765-8
https://doi.org/10.1016/S0040-4020(01)97971-2
https://doi.org/10.1016/0040-4039(94)88439-0
https://doi.org/10.1016/0040-4020(95)00965-5
https://doi.org/10.1016/S0040-4039(01)86564-3
https://doi.org/10.1016/S0040-4020(01)91922-2
https://doi.org/10.1002/cber.19811140612
https://doi.org/10.1021/acs.orglett.6b00086
https://doi.org/10.1021/ja01164a125
https://doi.org/10.1021/jo01125a005
https://doi.org/10.1021/cr50017a002
https://doi.org/10.1021/jacs.7b05218
https://doi.org/10.1002/anie.201702512
https://doi.org/10.1002/ange.201702512
https://doi.org/10.1021/om058054a
https://doi.org/10.1021/om801047n
https://doi.org/10.1021/jacs.7b08734
https://doi.org/10.1021/jacs.7b08734
https://doi.org/10.1021/jacs.7b03061
https://doi.org/10.1021/jacs.7b03061
https://doi.org/10.1021/jacs.7b05218
https://doi.org/10.1021/jacs.7b05218
https://doi.org/10.1021/acs.joc.6b02287
https://doi.org/10.1038/s41929-019-0250-6
https://doi.org/10.1021/acs.chemrev.7b00183
https://doi.org/10.1038/nprot.2017.102
https://doi.org/10.1038/nprot.2017.102
https://doi.org/10.1021/op200275d
https://doi.org/10.1002/chem.201903353
https://doi.org/10.1556/1846.2017.00009
https://doi.org/10.1021/acs.oprd.6b00292
https://doi.org/10.1021/acs.oprd.6b00292
https://doi.org/10.1021/acs.oprd.7b00385
https://doi.org/10.1002/chem.201001651
https://doi.org/10.1002/chem.201902917
https://doi.org/10.1002/anie.201410062
https://doi.org/10.1002/ange.201410062
https://doi.org/10.1002/ange.201410062
https://doi.org/10.1002/anie.201803961
https://doi.org/10.1002/anie.201803961
https://doi.org/10.1002/ange.201803961
https://doi.org/10.1002/anie.202003392
https://doi.org/10.1002/anie.202003392
https://doi.org/10.1002/ange.202003392
https://doi.org/10.1002/adsc.201900215
https://doi.org/10.1002/adsc.201900215
https://doi.org/10.1002/chem.201101167
https://doi.org/10.1002/anie.201301837
https://doi.org/10.1002/ange.201301837
https://doi.org/10.1016/S0022-328X(99)00284-3
https://doi.org/10.1002/anie.201810158
https://doi.org/10.1002/anie.201810158
https://doi.org/10.1002/ange.201810158
https://doi.org/10.1002/chem.201702593
https://doi.org/10.1021/acs.orglett.0c01991
http://www.angewandte.org

