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ABSTRACT: An umpolung reaction with α-hydrazonoesters was investigated, and it was found that α-N,N-dialkylaminoamides
could be directly synthesized in yields up to 92% via a concomitant rearrangement of dialkylamino groups. As an application, a short
synthesis of an inhibitor of glycine type-1-transporter was accomplished via subsequent functional group transformations in 28%
overall yield.

Hydrazones and their derivatives have received consid-
erable attention as stable and versatile imine deriva-

tives,1,2 since their CN moieties behave as electrophiles of
moderate reactivity with the availability of their chiral versions,
e.g., (S)-1-amino-2-methoxymethylpyrrolidine (SAMP)/(R)-
1-amino-2-methoxymethylpyrrolidine (RAMP) hydrazones
and others.3 During our research into the α-iminoester,4 we
have become interested in the reactivity of oxime derivatives as
stable and useful substrates for the SN2 type reaction at the
nitrogen atom and for subsequent umpolung reactions to
introduce plural substituents at the nitrogen (Scheme 1a).4f−k

During the exploration into the SN2 type reaction at the
nitrogen atom, we focused on a relatively strong N−N bond of
the hydrazone moiety and found that, once the N−N bond
was cleaved, the cleaved nitrogen moiety behaved as a good
nucleophile for the ester part to convert it to an amide. In this
Communication, we would like to describe an intriguing α-

aminoamide synthesis using an SN2 type reaction at the
nitrogen atom followed by subsequent amide formation and
the second N-alkylation (Scheme 1b). Further extension of the
present reaction to the synthesis of an inhibitor of the glycine
type-1-transporter5 was also successfully carried out in an
efficient manner.
As an initial investigation, N,N-dimethylhydrazonoester 1a

was chosen as a model substrate for the α-N,N-dialkylamino
amide synthesis. Treatment of the hydrazonoester 1a in
toluene with an ether solution of ethylmagnesium bromide at
−78 °C gave the α-N,N-diethylaminoamide 2a along with the
monoethylated iminoester 3a. Encouraged with the initial
result, we screened the reaction conditions with respect to the
equivalent of the reagent, solvent, and temperature, and Table
1 summarizes the results.
As shown in Table 1, the reaction proceeded relatively fast in

polar solvents at −78 °C, while the intermediate α-ethyl-
iminoester 3a was solely formed in CH2Cl2 at −78 °C (entries
1−5). An increase in the the reaction temperature to 0 °C gave
the desired α-N,N-diethylamino amide 2a as the sole product
in 62% yield (entry 14). The best result was obtained when the
reaction was carried out with 2.5 equiv of ethylmagnesium
bromide in CH2Cl2 at 0 °C, and the desired product was
formed in 81% yield (entry 19).
Under the optimum conditions, a variety of substrates and

Grignard reagents were subjected to the present α-N,N-
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Scheme 1. Previous Work and This Work
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dialkylamino amide formation, and Scheme 2 displays the
results. Regarding the substituents at the aromatic ring (R2),
both the electron-donating and electron-withdrawing groups
were tolerated to afford the corresponding products in good
yields (2a−g). Ethyl, pentyl, and 3-butenyl Grignard reagents
gave the N,N-dialkylated amides 2a, 2h, and 2i in good yields,
whereas methyl, phenyl, and sterically bulky iso-propyl and tert-
butyl counterparts were not effective for the present reaction.6

Although the yields were only moderate, bis-Grignard reagent7

and benzylmagnesium bromide gave the desired dialkylated
products 2n and 2o. In addition to dimethyl amides as the
products, piperidino and morpholino derivatives were formed
in good yields from the corresponding starting α-hydrazo-
noesters (2p−s). Besides the aryl derivatives examined in the
present study, unfortunately, we were unable to prepare alkyl
substituted substrates in pure form to carry out their studies.
This reaction could be scaled up as shown in Scheme 3.

When α-hydrazonoester 1a′ (10 mmol) was treated with
EtMgBr under the optimal reaction conditions, the corre-
sponding N,N-dialkylated amide 2a was obtained without
affecting the yield. This result shows that the present α-
aminoamide forming reaction is highly practical.
As a straightforward application of the present tandem

alkylation/amide formation, a short synthesis of an inhibitor of
glycine type-1-transporter5 was next examined. Scheme 4
shows the results. The α-hydrazono ester 1a was treated with
3-butenylmagnesium bromide (2.5 equiv) to give the α-
bis(buten-3-yl)aminoaminde 2i in 87% yield. Metathesis using
the Grubbs second catalyst effected the formation of the
tetrahydroazepine derivative 4 in 84% yield.8 Hydroboration/
oxidation of the formed double bond of the tetrahydroazepine
ring gave the alcohol 5 in 60% yield.9 Mesylation of the

hydroxy group followed by amination with an excess amount
of 4-fluoro-3-trifluoromethylphenylmethylamine introduced
the suitably substituted benzylamino group in 72% yield.10

The final step, amide formation with 1-methyl-1H-imidazole-4-
carbonyl chloride, was readily carried out to give the target
molecule 7 in 90% yield. Thus, a short synthesis of an inhibitor
of the glycine type-1-transporter was accomplished in 28%

Table 1. Screening of the Reaction Conditions for Tandem
N-Alkylation of α-Hydrazonoestera

entry x equiv solvent temp (°C) time 2a (%)b 3a (%)b

1 2.0 toluene −78 1 h 33 25
2 2.0 EtCN −78 1 h 47 20
3 2.0 THF −78 1 h 24 33
4 2.0 Et2O −78 1 h 45 23
5 2.0 CH2Cl2 −78 1 h 0 52
6c 2.0 EtCN −40 1 h 51 6
7c 2.0 Et2O −40 1 h 45 7
8 2.0 CH2Cl2 −40 1 h 34 25
9c 2.0 EtCN −20 1 h 62 1
10c 2.0 Et2O −20 1 h 51 6
11 2.0 CH2Cl2 −20 1 h 47 15
12c 2.0 EtCN 0 1 h 39 2
13c 2.0 Et2O 0 1 h 52 3
14 2.0 CH2Cl2 0 1 h 62 0
15 2.0 CH2Cl2 30 1 h 51 0
16 2.0 CH2Cl2 0 15 min 37 13
17 2.0 CH2Cl2 0 30 min 66 0
18d 2.0 CH2Cl2 0 30 min 80 0
19d 2.5 CH2Cl2 0 30 min 81 0

aReaction conditions: 1a (0.20 mmol), solvent (2.0 mL) under argon.
bIsolated yield. cα-Hydrazonoester derived from the corresponding
methyl ester 1a′ was used. dEtMgBr in THF was used.

Scheme 2. Scope of Substrates and Nucleophiles

aReaction time was 40 min. bPentamethylenebis(magnesium bro-
mide) was used as a nucleophile. cα-Hydrazonoester derived from the
corresponding methyl ester 1a′ was used.

Scheme 3. Gram Scale Synthesis
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overall yield starting from a readily available α-hydrazonoester
1a.
In order to clarify the reaction mechanism, the following

crossover and control experiments were carried out. A mixture
of an equal amount of the α-hydrazonoesters 1f and 1h was
treated with ethylmagnesium bromide (5.0 equiv) in dichloro-
methane at 0 °C for 30 min. Good yields of the α-
diethylaminoamides 2f and 2p were obtained, in which no
crossover product with respect to the amide moiety was
detected (Scheme 5a). Next, an E-isomer-rich hydrazonoester
was treated with n-pentylmagnesium bromide (2.5 equiv) to
give the α-diethylamino amide 2h in 75% yield along with a
trace amount of the α-imino amide 8 (Scheme 5b). When the
Z-α-imino amide 9 was treated with ethylmagnesium bromide
(2.5 equiv) in dichloromethane at 0 °C for 30 min, the
addition reaction did not proceed at all (Scheme 5c).
On the basis of these results as well as our previous

examination into α-alkoxyiminoesters, we propose the
following reaction mechanism (Scheme 6). First, the addition
of the Grignard reagent to the imino moiety via a chelated
intermediate A gives the magnesium enolate B. An elimination
of the dimethylamino group proceeds followed by the
amidation11,12 with the eliminated magnesium amide via the
intermediates C and D to give the α-imino amide E, which is
attacked by the second Grignard reagent to afford the α-
dialkylamino amide enolate F. Protonation furnishes the α-
dialkylamino amide 2.
In conclusion, we have developed a cascade reaction

including N-alkylation/amidation/N-alkylation starting from
an α-hydrazonoester to give an α-dialkylaminoamide. An
application of the present method to a straightforward

synthesis of an inhibitor of glycine type-1-transporter was
readily carried out using a metathesis of the introduced
homoallylated product followed by the appropriate functional
group transformations. The present method involves a useful
amide formation by the use of an eliminated secondary amino
moiety, which contrasts the previous SN2 type reaction at the
nitrogen atom using oxime derivatives, where eliminated
moieties are just wasted.

Scheme 4. Transformation to an Inhibitor of Glycine Type-
1-Transporter

Scheme 5. Mechanistic Investigation

Scheme 6. Plausible Reaction Mechanism
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Lassaletta, J. M. Asymmetric Formal Carbonyl-Ene Reactions of
Formaldehyde tert-Butyl Hydrazone with α-Keto Esters: Dual
Activation by Bis-urea Catalysts. J. Am. Chem. Soc. 2012, 134,
12912−12915. (d) Chuang, S. C.; Gandeepan, P.; Cheng, C. H.
Synthesis of Isoquinolines via Rh(III)-Catalyzed C−H Activation
Using Hydrazone as a New Oxidizing Directing Group. Org. Lett.
2013, 15, 5750−5753. (e) Perez-Aguilar, M. C.; Valdes, C.

Regioselective One-Step Synthesis of Pyrazoles from Alkynes and
N-Tosylhydrazones: [3 + 2] Dipolar Cycloaddition/[1,5] Sigmatropic
Rearrangement Cascade. Angew. Chem., Int. Ed. 2013, 52, 7219−7223.
(f) Xia, Y.; Wang, J. Transition-Metal-Catalyzed Cross-Coupling with
Ketones or Aldehydes via N-Tosylhydrazones. J. Am. Chem. Soc. 2020,
142, 10592−10605. (g) Wang, S.; Cheng, B.-Y.; Srs̆en, M.; König, B.
Umpolung Difunctionalization of Carbonyls via Visible-Light Photo-
redox Catalytic Radical-Carbanion Relay. J. Am. Chem. Soc. 2020, 142,
7524−7531.
(2) For hydrazonoesters: (a) Benincori, T.; Pagani, S. B.; Fusco, R.;
Sannicolo, F. Rearrangements of aromatic carbonyl arylhydrazones of
benzene, naphthalene, and azulene. J. Chem. Soc., Perkin Trans. 1
1988, 2721−2728. (b) Atlan, V.; Kaim, L. E.; Supiot, C. New versatile
approach to α-hydrazonoesters and amino acid derivatives trough a
modified Japp−Klingemann reaction. Chem. Commun. 2000, 1385−
1386. (c) González, A.; Pérez, D.; Puig, C.; Ryder, H.; Sanahuja, J.;
Solé, L.; Bach, J. Efficient three-step sequence for the deamination of
α-aminoesters. Application to the synthesis of CysLT1 antagonists.
Tetrahedron Lett. 2009, 50, 2750−2753. (d) Kobayashi, S.;
Kitanosono, T.; Ueno, M. Copper(II) and Bismuth(III) Hydroxide
Catalyzed Addition Reactions of Hydrazonoester with Allenylboro-
nate in Aqueous Media. Synlett 2010, 2010, 2033−2036. (e) Yasui, E.;
Wada, M.; Nagumo, S.; Takamura, N. A novel method for the
synthesis of 3,4-disubstitutedpyrrole-2,5-dicarboxylates from hydra-
zones derived from α-diazo esters. Tetrahedron 2013, 69, 4325−4330.
(3) (a) Charrier, J. D.; Reliquet, A.; Meslin, J. C. Diastereoselective
synthesis of 3,6-dihydro-2H-1,3,4-thiadiazines. Tetrahedron: Asymme-
try 1998, 9, 1531−1537. (b) Palacios, F.; Aparicio, D.; de los Santos,
J. M; Vicario, J. Regioselective alkylation reactions of hydrazones
derived from phosphine oxides and phosphonates. Synthesis of
phosphorus substituted 1-amino-pyrrolones, pyridinones and pyrroles.
Tetrahedron 2001, 57, 1961−1972. (c) Job, A.; Janeck, C. F.; Bettray,
W.; Peters, R.; Enders, D. The SAMP-/RAMP-hydrazone method-
ology in asymmetric synthesis. Tetrahedron 2002, 58, 2253−2329.
(d) Denmark, S. E.; Edwards, J. P.; Weber, T.; Piotrowski, D. W.
Organocerium additions to proline-derived hydrazones: synthesis of
enantiomerically enriched amines. Tetrahedron: Asymmetry 2010, 21,
1278−1302. (e) Pancholi, A. K.; Geden, J. V.; Clarkson, G. J.;
Shipman, M. Asymmetric Synthesis of 2-Substituted Azetidin-3-ones
via Metalated SAMP/RAMP Hydrazones. J. Org. Chem. 2016, 81,
7984−7992. (f) Uteuliyev, M. M.; Nguyen, T. T.; Coltart, D. M.
Diastereoselective addition of Grignard reagents to α-epoxy N-
sulfonyl hydrazones. Nat. Chem. 2015, 7, 1024−1027. (g) Rastelli, E.
J.; Bolinger, A. A.; Coltart, D. M. A Stereodivergent Synthesis of β,γ-
Fused Bicyclic γ-Lactones via a Multicomponent Ring Expansion
Cascade. Chem 2018, 4, 2228−2238.
(4) For N-alkylation to α-iminoesters in our laboratory: (a) Shimizu,
M.; Niwa, Y. N-Alkylation-coupling reaction of imines promoted by
alkylaluminum reagents, leading to a facile synthesis of 1,2-diamines.
Tetrahedron Lett. 2001, 42, 2829−2832. (b) Niwa, Y.; Takayama, K.;
Shimizu, M. Electrophilic amination with iminomalonate. Tetrahedron
Lett. 2001, 42, 5473−5476. (c) Niwa, Y.; Shimizu, M. Tandem N-
Alkylation−C-Allylation Reaction of α-Imino Esters with Organo-
aluminums and Allyltributyltin. J. Am. Chem. Soc. 2003, 125, 3720−
3721. (d) Shimizu, M.; Itou, H.; Miura, M. A New Synthetic Method
for α-Alkoxycarbonyl Iminium Salt and Its Reaction with
Nucleophiles. J. Am. Chem. Soc. 2005, 127, 3296−3297. (e) Mizota,
I.; Tanaka, K.; Shimizu, M. Synthesis of γ,δ-unsaturated quaternary α-
alkylamino acids using umpolung reaction and Claisen rearrangement.
Tetrahedron Lett. 2012, 53, 1847−1850. (f) Hata, S.; Maeda, T.;
Shimizu, M. N,N-Di- and N,N,C-Trialkylation of α-Sulfoximino
Esters. Bull. Chem. Soc. Jpn. 2012, 85, 1203−1205. (g) Shimizu, M.;
Takao, Y.; Katsurayama, H.; Mizota, I. Synthesis of Indolin-3-ones
and Tetrahydro-4-quinolones from α-Imino Esters. Asian J. Org.
Chem. 2013, 2, 130−134. (h) Shimizu, M.; Kurita, D.; Mizota, I.
Highly Diastereoselective Tandem N-Alkylation-Mannich Reaction of
α-Imino Esters. Asian J. Org. Chem. 2013, 2, 208−211. (i) Mizota, I.;
Matsuda, Y.; Kamimura, S.; Tanaka, H.; Shimizu, M. Regioselective
Tandem N-Alkylation/C-Acylation of β,γ-Alkynyl α-Imino Esters.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.1c01117
Org. Lett. 2021, 23, 4168−4172

4171

https://pubs.acs.org/doi/10.1021/acs.orglett.1c01117?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c01117/suppl_file/ol1c01117_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Isao+Mizota"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-0760-677X
mailto:imizota@chem.mie-u.ac.jp
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Makoto+Shimizu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-0467-9594
mailto:mshimizu@chem.mie-u.ac.jp
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yusuke+Nakamura"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shunsuke+Mizutani"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nanami+Mizukoshi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shunya+Terasawa"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01117?ref=pdf
https://doi.org/10.1021/ol901051z?ref=pdf
https://doi.org/10.1021/ol901051z?ref=pdf
https://doi.org/10.1021/ja202267k?ref=pdf
https://doi.org/10.1021/ja202267k?ref=pdf
https://doi.org/10.1021/ja202267k?ref=pdf
https://doi.org/10.1021/ja305209w?ref=pdf
https://doi.org/10.1021/ja305209w?ref=pdf
https://doi.org/10.1021/ja305209w?ref=pdf
https://doi.org/10.1021/ol402796m?ref=pdf
https://doi.org/10.1021/ol402796m?ref=pdf
https://doi.org/10.1002/anie.201301284
https://doi.org/10.1002/anie.201301284
https://doi.org/10.1002/anie.201301284
https://doi.org/10.1021/jacs.0c04445?ref=pdf
https://doi.org/10.1021/jacs.0c04445?ref=pdf
https://doi.org/10.1021/jacs.0c00629?ref=pdf
https://doi.org/10.1021/jacs.0c00629?ref=pdf
https://doi.org/10.1039/P19880002721
https://doi.org/10.1039/P19880002721
https://doi.org/10.1039/b003361h
https://doi.org/10.1039/b003361h
https://doi.org/10.1039/b003361h
https://doi.org/10.1016/j.tetlet.2009.03.118
https://doi.org/10.1016/j.tetlet.2009.03.118
https://doi.org/10.1055/s-0030-1258485
https://doi.org/10.1055/s-0030-1258485
https://doi.org/10.1055/s-0030-1258485
https://doi.org/10.1016/j.tet.2013.03.037
https://doi.org/10.1016/j.tet.2013.03.037
https://doi.org/10.1016/j.tet.2013.03.037
https://doi.org/10.1016/S0957-4166(98)00108-6
https://doi.org/10.1016/S0957-4166(98)00108-6
https://doi.org/10.1016/S0040-4020(01)00033-3
https://doi.org/10.1016/S0040-4020(01)00033-3
https://doi.org/10.1016/S0040-4020(01)00033-3
https://doi.org/10.1016/S0040-4020(02)00080-7
https://doi.org/10.1016/S0040-4020(02)00080-7
https://doi.org/10.1016/j.tetasy.2010.04.042
https://doi.org/10.1016/j.tetasy.2010.04.042
https://doi.org/10.1021/acs.joc.6b01284?ref=pdf
https://doi.org/10.1021/acs.joc.6b01284?ref=pdf
https://doi.org/10.1038/nchem.2364
https://doi.org/10.1038/nchem.2364
https://doi.org/10.1016/j.chempr.2018.08.007
https://doi.org/10.1016/j.chempr.2018.08.007
https://doi.org/10.1016/j.chempr.2018.08.007
https://doi.org/10.1016/S0040-4039(01)00302-1
https://doi.org/10.1016/S0040-4039(01)00302-1
https://doi.org/10.1016/S0040-4039(01)01022-X
https://doi.org/10.1021/ja029639o?ref=pdf
https://doi.org/10.1021/ja029639o?ref=pdf
https://doi.org/10.1021/ja029639o?ref=pdf
https://doi.org/10.1021/ja042330f?ref=pdf
https://doi.org/10.1021/ja042330f?ref=pdf
https://doi.org/10.1021/ja042330f?ref=pdf
https://doi.org/10.1016/j.tetlet.2012.01.133
https://doi.org/10.1016/j.tetlet.2012.01.133
https://doi.org/10.1246/bcsj.20120195
https://doi.org/10.1246/bcsj.20120195
https://doi.org/10.1002/ajoc.201200174
https://doi.org/10.1002/ajoc.201200174
https://doi.org/10.1002/ajoc.201300010
https://doi.org/10.1002/ajoc.201300010
https://doi.org/10.1021/ol401934x?ref=pdf
https://doi.org/10.1021/ol401934x?ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01117?rel=cite-as&ref=PDF&jav=VoR


Org. Lett. 2013, 15, 4206−4209. (j) Tanaka, H.; Mizota, I.; Shimizu,
M. Tandem N-Alkylation/Vinylogous Aldol Reaction of β,γ-Alkenyl
α-Iminoester. Org. Lett. 2014, 16, 2276−2279. (k) Mizota, I.; Maeda,
T.; Shimizu, M. Highly efficient sequential N,N,C-trialkylation of α-
N-acyloxyimino esters. Tetrahedron 2015, 71, 5793−5799. (l) Naka-
hama, K.; Suzuki, M.; Ozako, M.; Mizota, I.; Shimizu, M. One-pot
Syntheses of 3-Amino-2-pyrones and 3-Amino-5,6-dihydro-2-pyri-
dones from β,γ-Unsaturated α-Iminoesters: Application to the
Synthesis of A Tricyclic Pyranoindole. Asian J. Org. Chem. 2018, 7,
910−913. (m) Mizota, I.; Ueda, C.; Tesong, Y.; Tsujimoto, Y.;
Shimizu, M. Umpolung Reaction of α-Imino Thioesters and the
Subsequent C−C Bond Formation with the Unexpected Alkylthio
Rearrangement. Org. Lett. 2018, 20, 2291−2296. (n) Mizota, I.;
Tadano, Y.; Nakamura, Y.; Haramiishi, T.; Hotta, M.; Shimizu, M.
Tandem N,N-Dialkylation Reaction of N-Trimethylsilyl α-Iminoest-
ers Utilizing an Umpolung Reaction and Characteristics of the Silyl
Substituent: Synthesis of Pyrrolidine, Piperidine, and Iminodiacetate.
Org. Lett. 2019, 21, 2663−2667. (o) Shimizu, M.; Mushika, M.;
Mizota, I.; Zhu, Y. Double nucleophilic addition to iminomalonate,
leading to the synthesis of quaternary α-amino diesters and
desymmetrization of the products. RSC Adv. 2019, 9, 23400−
23407. (p) Shimizu, M.; Furukawa, Y.; Mizota, I.; Zhu, Y. An
umpolung reaction of α-iminonitriles and its application to the
synthesis of aminomalononitriles. New J. Chem. 2020, 44, 152−161.
(q) Mizota, I.; Maeda, M.; Imoto, K.; Shimizu, M. Synthesis of
Tetramic Acid Derivatives via a Tandem Umpolung Alkylation/
Reduction/Cyclization Reaction of γ-Hydrazono β-Ketoester. Org.
Lett. 2020, 22, 3079−3083. (r) Shimizu, M.; Morimoto, T.; Yanagi,
Y.; Mizota, I.; Zhu, Y. An umpolung reaction of α-iminothioesters
possessing a cyclopropyl group. RSC Adv. 2020, 10, 9955−9963.
(5) Lowe, I. J. A.; Sakya, S. M.; Sanner, M. A.; Coe, J. W.; Mchardy,
S. F. Heteroaryl amides as type i glycine transport inhibitors. WO
2008065500, June 5, 2008 (The target compound 7 was synthesized
in 6 steps. However, the yield of each step as actually carried out in
their laboratory was not reported).
(6) The addition of methyl-, aryl-, and sterically congested alkyl-
metal reagents only proceeds for certain doubly activated α-
iminoester derivatives (see refs 4b, m, and o). These reactivity
differences could be explained in terms of the different pKa values and
the nucleophilicity of the reagents; see: (a) Bordwell, F. G.
Equilibrium Acidities in Dimethyl Sulfoxide Solution. Acc. Chem.
Res. 1988, 21, 456−463. (b) Mayr, H.; Ofial, A. R. Do general
nucleophilicity scales exist? J. Phys. Org. Chem. 2008, 21, 584−595.
and references cited therein.
(7) Reichle, M. A.; Breit, B. Preparation of Alkylmagnesium
Reagents from Alkenes through Hydroboration and Boron−
Magnesium Exchange. Angew. Chem., Int. Ed. 2012, 51, 5730−5734.
(8) Hong, S. H.; Sanders, D. P.; Lee, C. W.; Grubbs, R. H.
Prevention of Undesirable Isomerization during Olefin Metathesis. J.
Am. Chem. Soc. 2005, 127, 17160−17161.
(9) Stopka, T.; Marzo, L.; Zurro, M.; Janich, S.; Würthwein, E.-U.;
Daniliuc, C. G.; Alemán, J.; Mancheño, O. G. Oxidative C-H Bond
Functionalization and Ring Expansion with TMSCHN2: A Copper-
(I)-Catalyzed Approach to Dibenzoxepines and Dibenzoazepines.
Angew. Chem., Int. Ed. 2015, 54, 5049−5053.
(10) Hess, W.; Burton, J. W. Palladium-Catalysed Cyclisation of N-
Alkynyl Aminomalonates. Chem. - Eur. J. 2010, 16, 12303−12306.
(11) Lardicci, L.; Malanga, C.; Balzano, F.; Menicagli, R. Catalyzed
reaction of 2-methyl-1,3-dioxep-4-ene and halogen magnesium salts of
secondary amines. A new approach to allylaminoalcohols. Tetrahedron
1994, 50, 12953−12958.
(12) The following control experiment was carried out in the
presence of an extra magnesium amide. We obtained a small amount
of the product 2r arising from the amidation with the external
magnesium amide.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.1c01117
Org. Lett. 2021, 23, 4168−4172

4172

https://doi.org/10.1021/ol5007983?ref=pdf
https://doi.org/10.1021/ol5007983?ref=pdf
https://doi.org/10.1016/j.tet.2015.04.111
https://doi.org/10.1016/j.tet.2015.04.111
https://doi.org/10.1002/ajoc.201800186
https://doi.org/10.1002/ajoc.201800186
https://doi.org/10.1002/ajoc.201800186
https://doi.org/10.1002/ajoc.201800186
https://doi.org/10.1021/acs.orglett.8b00639?ref=pdf
https://doi.org/10.1021/acs.orglett.8b00639?ref=pdf
https://doi.org/10.1021/acs.orglett.8b00639?ref=pdf
https://doi.org/10.1021/acs.orglett.9b00654?ref=pdf
https://doi.org/10.1021/acs.orglett.9b00654?ref=pdf
https://doi.org/10.1021/acs.orglett.9b00654?ref=pdf
https://doi.org/10.1039/C9RA04889H
https://doi.org/10.1039/C9RA04889H
https://doi.org/10.1039/C9RA04889H
https://doi.org/10.1039/C9NJ05114G
https://doi.org/10.1039/C9NJ05114G
https://doi.org/10.1039/C9NJ05114G
https://doi.org/10.1021/acs.orglett.0c00824?ref=pdf
https://doi.org/10.1021/acs.orglett.0c00824?ref=pdf
https://doi.org/10.1021/acs.orglett.0c00824?ref=pdf
https://doi.org/10.1039/D0RA01152E
https://doi.org/10.1039/D0RA01152E
https://doi.org/10.1021/ar00156a004?ref=pdf
https://doi.org/10.1002/poc.1325
https://doi.org/10.1002/poc.1325
https://doi.org/10.1002/anie.201201704
https://doi.org/10.1002/anie.201201704
https://doi.org/10.1002/anie.201201704
https://doi.org/10.1021/ja052939w?ref=pdf
https://doi.org/10.1002/anie.201411726
https://doi.org/10.1002/anie.201411726
https://doi.org/10.1002/anie.201411726
https://doi.org/10.1002/chem.201001951
https://doi.org/10.1002/chem.201001951
https://doi.org/10.1016/S0040-4020(01)81214-X
https://doi.org/10.1016/S0040-4020(01)81214-X
https://doi.org/10.1016/S0040-4020(01)81214-X
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01117?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01117?fig=&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01117?rel=cite-as&ref=PDF&jav=VoR

