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ARTICLE INFO ABSTRACT

Article history Ethyl 3-alkyl(arylmethyl)amino-2-diazo-3-oxopropaties (diazo amidoacetates) generate

Received generally both cycloheptgpyrrolones (Buchner products) ang-lactams (1,4-insertion

Received in revised form products), and show obviousN-substituent-controlled chemoselectivity between the

Accepted intramolecular Buchner reaction and aliphatic 1;#-Gnhsertion under the catalysis of copper

Available online salts. The less steri-alkyl substituents in the amide moiety generadlydr the aliphatic 1,4-C-
H insertion, while the more sterid-alkyl substituents generally favor the Buchnerctiem.

Keywords Compared with rhodium and ruthenium-catalyzed oo, the current copper-catalyzed

Buchner reaction conditions improved the Buchner reaction selegtiuit ethyl 3-alkyl(arylmethyl)amino-2-diazo-

Carbenoid 3-oxopropanoates

Copper catalyst ) )

Cycloheptaf]pyrrolone 2017 Elsevier Ltd. All rights reserved

Diazoamide

Insertion

Lactam

1. Introduction under copper catalysis because of #he stacking interaction

) ) ) between the electron-deficient cyano group and kbetren-rich
The reactions of carbenes derived from diazo comgsu N-arylmethyl group in diazoacetamideScheme 1).
provide a powerful tool to construct syntheticallynda

biologically important organic compounds, espeyialh the In our further studies, we hope to extend our stidie the
intramolecular reaction'sOf particular, we are quite interested in reaction of ethyl 3-alkyl(arylmethyl)-2-diazo-3-gxmpanoates
the intramolecular Buchner reactforand aliphatic 1,4-C-H (ethyl diazoamidoacetates) under the copper cadalgsd to
insertion of substituted diazoacetamideBhe former gives 9- improve the intramolecular Buchner reaction sewgti Herein,
azabicyclo[5.3.0]deca-2,4,6-trien-10-one derivajVe, 7-bicyclic ~ we present theN-substituent-controlledntramolecular Buchner
products, while the latter producesp-lactams for N-  reacion to form ethyl 2-alkyl-3-ox0-1,2,3,3a-
benzyldiazoacetamides. Additionally, the reactiolss generate tetrahydrocyclohepta]pyrrole-3a-carboxylates and 1,4-insertion
aliphatic 1,5-C-H insertion to affordlactamé and aromatic 1,6- into aliphatic C-H bonds to yield ethytransf-lactam-3-
C-H insertion to vyield tetrahydroisoquinolinones some  carboxylates (Scheme 1).

cased"® (Scheme 1). The chemoselectivity between the Buchne2 . .

reaction and aliphatic 1,4-C-H insertion has readivauch - Results and Discussion

attention”® Previously published results revealed that the Eghyl 3-alkyl(aryimethyl)amino-3-oxopropanoates were
substituents adjacent to the diazo bgréj.’iéi)ghg ligands of  prepared from coupling of ethyl malony! chioridedasalkyl-N-
rhodium .catalysté.c,'.’ ’7t|)\}|1'j59Ub5tltuePt§,’C’e”' *%*and even  gryvimethylamines and further converted into ethyk 3
the reaction COﬂdIFIOﬁ% " played important roleg in .deC|d|ng alkyl(arylmethyl)amino-2-diazo-3-oxopropanoagby the diazo
the chemoselectivity. Ethyl 3-alkyl(arylmethyl)ami2-diazo-3-  yransformation withp-acetamidobenzenesulfonyl aziqeABSA)

oxopropanoatesNtalkyl-N-arylmethyl-diazoaceamides with- in the presence of 1,8-diazabicyclo[5.4.0Jundex@-¢DBU) as
ethoxycarbonyl substituent) produced genergi{actams as page (Scheme 2).

major or sole products under the catalysis of nodiand
ruthenium catalyst§. Under these conditions, Buchner products
were obtained in only a few cases with low selectiiggcently,
our group discovered that the presence of the cygmwp
adjacent to the diazo group led to a specific Bechmaction

OCorresponding author. Tel.: +8610-6443-5565; f88610-6443-5565; e-mail: jxxu@mail.buct.edu.cn
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Scheme 2Copper-catalyzed reactions of ethyl 3-
alkyl(arylmethyl)amino-2-diazo-3-oxopropanoates.
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Ethyl 2-diazo-3-dibenzylamino-3-oxopropanoat@a)( was
selected as a model substrate to optimize theiosacbnditions
under catalysis of different copper salts. At filGy(acac) was
chosen as the catalyst for the reaction in 1,2ldickthane
(DCE) as solvent because they showed excellentefiigiin the
reaction of 2-cyano-2-diazopropanamidéShe desired product
ethyl 2-benzyl-3-oxo-1,2,3,3a-tetrahydrocycloheg@frrole-3a-
carboxylate 8a) was obtained in 27% yield with aliphatic 1,4-C-
H insertion by-producg-lactam4a in 14% yield after refluxing
overnight (Table 1, entry 1). The yields of bottogucts were
improved in refluxing toluene overnight (Table Intry 2).
Further investigation upon various copper catalyJiable 1,
entries 3-12), including CuBr, Cul, CuCl, Cu(OAt)0,
CuSQ-5H,0, Cu(NQ),-3H,0, CuBsy, Cu(OTf),
CuOTf-1/2GHs, and CuCl2H,0 salts, revealed that
CuCl-2H,0 was optimal catalyst, showing a quantitative total
yield and high Bchner reaction selectivity. Changing addition
mode from dropwise to one portion further improveue t
selectivity from 72:28 to 75:25 (Table 1, entried and 13).
When the reaction was carried out under open amilasi
selectivity was observed, but the yields decreadedoasly,
especially for Buchner product (Table 1, entry 1Bjfferent
solvents were screened. High chemoselectivity wasir@utan
refluxing dioxane, but with low total yield (Table &ntry 15).
Low chemoselectivies and total yields were obserma@fluxing
THF and DCM (Table 1, entries 16 and 17). The redotlicated
that toluene was good choice of solvent. Differemeratures
were further tested in toluene (Table 1, entrie2D3. Compared
with the reaction in refluxing toluene, yields dexsed but
chemoselectivities increased at @) 80°C, and 60°C. Finally,
the reaction was attempted in refluxing toluene withzatalyst.
Low yield and chemoselectivity were obtained (Tab)eentry
21). Thus, the optimal conditions (5 mol % Cu@2H,0, toluene,
reflux) were ascertained, the best yield of 100% amatierate
chemoselectivity of 75:25 were achieved (Table lyyed3).
Although the chemoselectivity was not high, the highgeld of
Buchner product was obtained due to the highestytietal.

Table 1 Optimization of copper catalysts and reaction ctowk

o o 9 of  EO,C_ Ph

5 mol% Cul, °
EtOMNan — Bn—N * ;[N
N, No, solvent, reflux o *Bn
()
2a 3a 4a

Entry Catalyst Solvent  Time (h) 3a(%)° 4a(%)"
1 Cu(acag) DCE overnight 27 14
2 Cu(acag) Toluene overnight 35 44
3 CuBr Toluene 4 42 57
4 Cul Toluene 4 39 55
5 CucCl Toluene 4 41 58
6 Cu(OAc)-H,O Toluene 4 45 54
7 CuSQ-5H,0 Toluene 4 41 59
8 Cu(NQ),-3H,0 Toluene 4 39 60
9 CuBp, Toluene 4 49 50
10 Cu(OTf) Toluene 4 5 30
11 CuOTf-1/2@Hs Toluene 4 50 29
12 CuC}-2H,0 Toluene 4 72 28
13 CuCh-2H,0 Toluene 4 75 25
14  CuCh-2H,0 Toluene 4 65 21
15 CuC}-2H,0 Dioxane 4 74 7



16 CuC}:-2H,0 THF 4 11 3
17 CuC}-2H,0 DCM 4 26 3
18 CuCl-2H,0 Toluene 4 66 7
19 CuCl-2H,0 Toluene 4 35 5
20° CuCl-2H,0 Toluene 4 5 1
21 - Toluene 4 37 15

® Unless otherwise noted, all reactions were perforamed.4 mmol
scale in 5 mL of the solvent under nitrogen atmesphDiazo
compounda was dissolved in 5 mL of solvent and added
dropwise. The reaction was monitored by TLC until steating
material was completely consumédields were determined BiA
NMR with 4-iodonitrobenzene as an internal standaiazo
compound2a was added in one portichln open air, diazo
compounda was added in one portiohConducted at 10%C.
Conducted at 88C. ® Conducted at 6€C.

After successful optimization of the reaction coiadis, we
subsequently investigated the substrate scopeeTresslits were
summarized in Table 2. Ethyl 2-diazo-3-dibenzylaorss

oxopropanoate2@) generated the desired product ethyl 2-benzyl

3-0x0-1,2,3,3a-tetrahydrocycloheptgyrrole-3a-carboxylate
(3@ in 75% vyield with the corresponding aliphatic T4
insertion produci-lactam4a in 25% vyield (Table 2, entry 1).
Two substituted 2-diazo-3-dibenzylamino-3-oxoprogas 2b
and 2c were also screened. Ethyl
methylphenyl)methyllamino-2-diazo-3-oxopropanoa2é) (gave
rise to two different Bchner product8ba and3bb in the same
yield of 30% with the corresponding aliphatic 1,44Cnsertion
product g-lactams 4ba and 4bb (Table 2, entry 2). Ethyl 3-
benzyl[(4-chlorophenyl)methyl]amino-2-diazo-3-oxopanoate
(20) afforded two different Bchner products in yields of 28%
and 35%, respectively, with the correspondirigctams4ca and
4cb (Table 2, entry 3). The ®hner reaction slightly favored on

3-benzyl[(4-

3

the electron-richer benzyl group as previously regab
However, two different aliphatic 1,4-C-H insertion puatl -
lactams4ba and4bb, 4ca and4cb in these two reactions cannot
be separated due to their similar polarity and ergp A series of
3-alkyl(benzyl)amino-2-diazo-3-oxopropanoate2d-p  were
further evaluated. For less bulky 3-benzyl(methgfiyl)amino-
2-diazo-3-oxopropanoated and 2e, besides Bchner products
3d and3eandp-lactams4d and4e, another class of aliphatic 1,4-
C-H insertion producp-lactams5d and5e was obtained (Table
2, entries 4 and 5). While, for more bulky 3-
benzyl(isopropylert-butyl)amino-2-diazo-3-oxopropanoate&f
and2g, both Buchner product8f and3g andg-lactamsAf and4g
were obtained, respectively, without other aliphatig-C-H
insertion productB-lactam 5d and aliphatic 1,5-C-H insertion
producty-lactams (Table 2, entries 6 and 7). Ethyl 3-betestt
butyl)amino-2-diazo-3-oxopropanoates 2h-I  with  para-
substituents on the benzyl group generated botichBer
products 3h-I and g-lactams 4h-1, with Buchner products as
major products in most cases (Table 2, entries2B 3itert-
Butyl[(3-chlorophenyl)methyl]amino-2-diazo-3-oxopanoate

2m afforded two different regiomeric8hner product8ma and
3mb in a total yield of 25% with a ratio of 64:36 andeth
correspondingf-lactam4m in 64% vyield (Table 2, entry 13).
However, 3tert-butyl[(2-chlorophenyl)methyllJamino-2-diazo-3-
oxopropanoat@n gave rise to Bchner producBn only in 61%
yield (Table 2, entry 14). rt-Butyl[(3,5-
dimethylphenyl)methyllamino-2-diazo-3-oxopropanoate 20
produced both aliphatic 1,4-C-H insertion prodgtactam5o in
34% vyield and aromatic 1,6-C-H insertion prodéctin 66%
yield (Table 2, entry 15). However, 3tert-butyl[(2,4-
dimethoxyphenyl)methyllJamino-2-diazo-3-oxopropamredp did
not give Buichner produc8p nor any insertion products (Table 2,
entry 16).

Table 2 Reaction of 2-diazo-3-ethoxy-3-oxopropanamidesmder the catalysis of Cuc2H,0

0O o0 0 of 7 R
Eto)kﬂ)LN/w 5 mol% CuCl,2H,0 oSl L re ¢ EOCL =
N N,, Toluene, reflux, 4h  R'-N
2 Y/ j/:N\
T o, R
2 =R 3 (Z)
Yield (%)
Entry R R® 3 4 5 6
1 CH,Ph H 3a(75) 4a(25)
_ 3ba (30) 4ba+4bb
2 CH,Ph 4-Me 0 (30) (14)
) 3ca(28) 4ca+4ch
3 CH,Ph 4-Cl 3ch (36) (33)
4 Me H 3d (15) 4d (21) 5d (52)
5 "Pr H 3e(33) 4e (15) 5e (3)
6 'Pr H 3f (24) 4f (11)
7 ‘Bu H 39 (20) 49 (64)
8 ‘Bu 4-F 3h (58) 4h (42)
9 ‘Bu 4-Cl 3i (67) 4i (27)
10 ‘Bu 4-Br 3j (41) 4j (46)
11 ‘Bu 4-Me  3k(52) 4k (47)
12 ‘Bu 4-OMe 31(34) 4] (35)
t 3ma+3mb
13 Bu 3-Cl (64:36)(25) 4m (64)
14 ‘Bu 2-Cl 3n (61) 4n (0)
15 ‘Bu 3,5- 3a0(0) 40 (34) 60 (66)




4 Tetrahedron

(Me),
16  ‘Bu 24-  35(0) 4p (0)
(OMe),
o oF o of Q9 o o of
3ba §j§7 3bb 3ca 3ch
0 oF
Bu!—N
cl
3ma

Structures in Table 2

The results indicate that substrates with less bdlalkyl conditions improved the Buchner products in thectieas of 2-
groups undergo not only benzylic aliphatic 1,4-Cradertion, but  diazo-3-ethoxy-3-oxopropanamides.
also aliphatic 1,4-C-H insertion on the less staitlyl groups, . .
such as methyl and propyl groups, besides theeatb®uchner 4 Experimental Section
reaction, because both conformations A and B existthie
reaction mixture. However, substrates with bulkalkyl groups,
for example, isopropyl anekrt-butyl groups, exist predominantly
in conformation B, resulting in only occurrencetb& benzylic
1,4-C-H insertion besides the desired Buchner meadtFigure
1). No aliphatic 1,5-C-H insertion was observed uraialysis
of the copper catalyst.

General Information:

Melting points (m.p.) were determined on a Yanaco 50B-
melting point apparatus and are uncorrectetand *C NMR
spectra were recorded on a Bruker 400 NMR spectroraet00
MHz and 100 MHz, respectively, in CDCWith TMS as an
internal standard and chemical shifts were repairtedpm. IR
spectra were taken on a Nicolet AVATAR 330 FT-IR

L,Cu LZC” spectrometer. HRMS spectra were performed on a Bruker
o LC/MSD TOF mass spectrometer.
~_ Bu ; -
For reactions conducted under anhydrous conditions

glassware was dried in oven at 105 °C prior to use the
reactions were carried out under a nitrogen atmasplSolvents
were refluxed with drying reagents and freshly dedilprior to
use. Dichloromethane (DCM) and 1,2-dichloroethane (PCE
Figure 1. Reactive conformations in reaction mixture. were dried over calcium hydride. Toluene was reflukedhe
presence of sodium wire with diphenyl ketone as alicator.
Reagents used were obtained from commercial suppéed
used without purification. All reactions were followbg thin-
The copper-catalyzed reactions of ethyl 3. layer chromatography (TLC) where practical, usinkicaigel

GF,s, fluorescent treated silica gel plates, which wesiaiized
alkyl(arylmethyl)amino-2-diazo-3-oxopropanoates davbeen 254
investigated. They generate generally bot hunder UV light (254 nm). Column chromatography was

formed on silica gel zcx Il (26800 mesh) with petroleum
cyclohepta]pyrrolones (Buchner products) afidactams (1,4- per o
insertion products), showing obvious-substituent-controlled ether (PE, 60C-90°C) and ethyl acetate (EA) as the eluent.

chemoselectivity between the intramolecular Buchrezction 4.1, General Procedure for the reductive amination

and aliphatic 1,4-C-H insertion. The less bulky-alkyl ) )

substituents generally predominant the aliphatict-C-H A primary amine (20 mmol) and aldehyde (20 mmol) were
insertion, while the more steri-alkyl substituents generally dissolved in MeOH (50 mL) and the resulting solutimas
prefer the Buchner reaction. Compared with rhodiund a Stirred for 3 hours at room temperature, then NaBF90 g, 24

ruthenium-catalyzed conditions, the current copgalyzed Mmol) was added portionwise. After 1 hour, the sofutwas
added water (50 mL) and extracted with DCM (30 mL) &wic

3. Conclusion



The combined organic layer was dried over anhydieasO,
and then evaporated under reduced pressure. The product
was used in the next step without further purifigatio

4.2. General Procedure for the synthesis of ethyl -3
(benzylamino)-3-oxopropanoates using EDC/DMAP as
condensation reagents

To a mixture of 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDZ88 g,
15 mmol), 4-dimethylaminopyridine (DMAP, 0.183 g, hibnol)
and the corresponding secondary amine (7.5 mmd)GM (20
mL) was added ethyl hydrogen malonate (1.3 mL, 1lotrithe
reaction mixture was stirred sufficiently at ambi¢etnperature
until amines were disappeared. Then the reactiortuneixwas
diluted with DCM and washed with brine X20 mL). The
organic layer was dried over anhydrous,$@,, filtered, and
concentrated. The
chromatography (petroleum ether/EtOAc, v/v 10:1)fford pure
amidel.

4.2.1. Ethyl 3-(dibenzylamino)-3-oxopropanodia)

Yellow oil. 47% vyield."H NMR (400 MHz, CDC}) § 7.44 —
7.05 (m, 10H, ArH), 4.63 (s, 2H, G 4.44 (s, 2H, Ch), 4.20
(9,3 =7.1 Hz, 2H, CH), 3.54 (s, 2H, Ch), 1.27 (t,J = 7.1 Hz,
3H, CHy). **C NMR (101 MHz, CDGC)) 5 167.5, 166.7, 136.6,
135.7, 128.9, 128.5, 128.1, 127.8, 127.4, 126.%,60.5, 48.2,

41.3, 14.0. IR (DCMy (cm®): 1738 (C=0), 1652 (C=0). HRMS

(ESI) calcd. for GHNO;" [M+H]" m/z 312.1594, found
312.1592.

4.2.2. Ethyl 3-(benzyl(4-methylbenzyl)amino)-3-oxpprmate
(1b)

Yellow oil. 83% yield. Major isomer (52%)H NMR (400

MHz, CDCE) § 7.37 — 7.23 (m, 4H, ArH), 7.18 — 7.09 (m, 4H

ArH), 7.02 (d,J = 7.8 Hz, 1H, ArH), 4.60 (s, 2H, GH 4.37 (s,
2H, CHy), 4.18 (g,J = 7.1 Hz, 2H, CH), 3.52 (s, 2H, Ch), 2.31
(s, 3H, CH), 1.25 (t,J = 7.2 Hz, 3H, CH). Major isomer (48%):

'H NMR (400 MHz, CDCJ) 5 7.37 — 7.23 (m, 4H, ArH), 7.18 —

7.09 (m, 4H, ArH), 7.02 (dJ = 7.8 Hz, 1H, ArH), 4.57 (s, 2H,
CH,), 4.40 (s, 2H, Ch), 4.18 (q,J = 7.2 Hz, 2H, CH), 3.50 (s,
2H, CH,), 2.33 (s, 3H, Ch), 1.26 (t,J = 7.1 Hz, 3H, CH). *C

NMR (101 MHz, CDCJ) $ 167.5, 167.4, 166.62, 166.59, 137.4,

137.0, 136.7, 135.8, 133.5, 132.6, 129.6, 129.8B.912128.5,
128.1, 128.0, 127.7, 127.3, 126.3, 61.4, 50.23.§048.0, 47.8,
41.3, 21.0, 20.9, 14.0. IR (DCM) (cm-1): 1738 (C=0), 1651
(C=0). HRMS (ESI) calcd. for £gH,,NO;" [M+H]" m/z

326.1751, found 326.1741.

4.2.3. Ethyl 3-(benzyl(4-chlorobenzyl)amino)-3-oxigamoate
(1c)

Colorless 0il.99% yield."H NMR (400 MHz, CDCJ) Major

isomer (65%)3 7.38 — 7.25 (m, 5H, ArH), 7.22 — 7.11 (m, 3H,

ArH), 7.07 (d,J = 8.0 Hz, 1H, ArH), 4.55 (s, 2H, GH 4.41 (s,
2H, CH,), 4.18 (q,J = 7.1 Hz, 2H, CH), 3.52 (s, 2H, Ch), 1.26
(t, J= 7.1 Hz, 3H, CH). Minor isomer (35%)5 7.38 — 7.25 (m,
5H, ArH), 7.22 — 7.11 (m, 3H, ArH), 7.07 (d,= 8.0 Hz, 1H,
ArH), 4.58 (s, 2H, CH), 4.38 (s, 2H, CH), 4.18 (q,J = 7.1 Hz,
2H, CH,), 3.50 (s, 2H, Ch), 1.26 (t,J = 7.1 Hz, 3H, CH). *C

NMR (101 MHz, CDC)) § 167.4, 167.3, 166.8, 166.6, 139.6,

136.6, 136.3, 135.4, 135.1, 134.2, 133.6, 133.3.412129.1,
129.0, 128.9, 128.63, 128.55, 128.5, 128.4, 1288,0, 127.9,
127.8, 127.7, 127.5, 127.4, 126.3, 64.1, 61.5,,68046, 50.4,
49.9, 48.2, 48.1, 47.6, 41.22, 41.16, 14.0. IR (DGM):m'l):

1738 (C=0), 1651 (C=0). HRMS (ESI) calcd. foj€,,CINO;"

[M+H] " m/z346.1204, found 346.1207.

residue was purified by silica ge

5
4.2 .4. Ethyl 3-(benzyl(methyl)amino)-3-oxopropandacth

Yellow oil. 59% yield.'H NMR (400 MHz, CDCJ) Major
isomer (62%):3 7.45 — 7.10 (m, 5H, ArH), 4.62 (s, 2H, @H
4.22 (q,d = 7.2 Hz, 2H, CH), 3.53 (s, 2H, Ch), 2.92 (s, 3H,
CHs), 1.28 (t,J = 7.2 Hz, 3H, CH). Minor isomer (38%)5 7.45
—7.10 (m, 5H, ArH), 4.54 (s, 2H, GH 4.18 (q,J = 7.2 Hz, 2H,
CH,), 3.49 (s, 2H, Ch), 2.97 (s, 3H, CH), 1.25 (t,J = 7.2 Hz,
3H, CHy). °C NMR (101 MHz, CDG)) 5 167.6, 167.5, 166.4,
166.2, 136.7, 135.9, 128.9, 128.6, 127.9, 127.9,.412126.3,
61.4, 53.9, 50.9, 41.6, 41.2, 35.3, 34.0, 14.10.1R (DCM) v
(cm™: 1736 (C=0), 1654 (C=0). HRMS (ESI) calcd. for
CaH1gNO;" [M+H] " m/z236.1281, found 236.1277.

4.2.5. Ethyl 3-(benzyl(propyl)amino)-3-oxopropanodis)

Yellow oil. 79% vyield.'H NMR (400 MHz, CDCJ) Major
isomer (56%):5 7.48 — 7.09 (m, 5H, ArH), 4.64 (s, 2H, @H
4.23 (q,d = 7.2 Hz, 2H, CH), 3.53 (s, 2H, Ch), 3.14 (t,J= 7.6
Hz, 2H, CH), 1.67 — 1.52 (m, 2H, Ci{ 1.30 (t,J = 6.0 Hz, 3H,
CH,), 0.89 (t,J = 7.3 Hz, 3H, CH). Minor isomer (44%) 7.48

—7.09 (m, 5H, ArH), 4.54 (s, 2H, GH 4.17 (q.J = 7.2 Hz, 2H,

CH,), 3.43 (s, 2H, Ch), 3.36 (t,J = 7.6 Hz, 2H, CH), 1.67 —
1.52 (m, 2H, CH), 1.26 (t,J = 5.9 Hz, 3H, CH), 0.88 (t,J = 7.4
Hz, 3H, CH). °C NMR (101 MHz, CDCJ)) & 167.7, 167.6,
166.4, 166.1, 137.1, 136.3, 128.9, 128.5, 127.9,6,2127.2,
126.2, 61.4, 61.3, 51.6, 49.2, 48.1, 47.9, 41.5]1,421.5, 20.5,
14.04, 14.01, 11.2, 11.1. IR (DCM)(cm™): 1736 (C=0), 1655
(C=0). HRMS (ESI) calcd. for H,,NO;" [M+H]" m/z
264.1594, found 264.1597.

4.2.6. Ethyl 3-(benzyl(isopropyl)amino)-3-oxopropateo(lf)

Colorless oil. 53% yield'H NMR (400 MHz, CDCJ) Major
isomer (55%):6 7.41 — 7.14 (m, 5H, ArH), 4.86 (hem,= 6.8
Hz, 1H, CH), 4.48 (s, 2H, Cii 4.17 (q,d = 7.2 Hz, 2H, CH),

"3.30 (s, 2H, CH), 1.26 (t,J = 7.2 Hz, 3H, CH), 1.14 (t,J = 7.3

Hz, 6H, 2CH). Minor isomer (45%)5 7.41 — 7.14 (m, 5H, ArH),
4.57 (s, 2H, Ch), 4.24 (g, = 7.2 Hz, 2H, CH), 4.07 (hept) =

6.7 Hz, 1H, CH), 3.60 (s, 2H, GH 1.32 (t,J = 7.2 Hz, 3H,
CHsy), 1.14 (t,J = 7.3 Hz, 6H, 2CH. *C NMR (101 MHz,
CDCl,) & 167.8, 167.7, 167.0, 166.0, 138.9, 137.8, 12&8,2]

127.3, 126.7, 126.5, 125.7, 61.4, 61.2, 49.9, 48641, 43.8,
42.0, 41.8, 21.3, 20.0, 14.04, 13.97. IR (DCMjcm™): 1738

(C=0), 1645 (C=0). HRMS (ESI) calcd. for,,NO;" [M+H]*

m/z264.1594, found 264.1592.

4.2.7. Ethyl 3-(benzyl(tert-butyl)amino)-3-oxopropate (g)."*

Colorless oil. 76% yield:*H NMR (400 MHz, CDC)) § 7.37
(t, J = 7.5 Hz, 2H, ArH), 7.31 — 7.18 (m, 3H, ArH), 4.59 (i,2
CH,), 4.18 (q,J = 7.1 Hz, 2H, CH), 3.37 (s, 2H, Ch), 1.45 (s,
9H, 3CHy), 1.27 (t,J = 7.1 Hz, 3H, CH). C NMR (101 MHz,
CDCly) & 168.1, 167.7, 138.6, 128.9, 127.2, 125.5, 61.24,58

49.2, 43.9, 28.6, 14.1.

4.2.8. Ethyl
oxopropanoatelh).

White solid, m.p. 78-81C. 46% yield.*H NMR (400 MHz,
CDCl) § 7.41 — 7.17 (m, 2H, ArH), 7.16 — 6.94 (m, 2H, ArH),

3-(tert-butyl(4-fluorobenzyl)amino)-3-

459 (s, 2H, CH), 4.18 (q,J = 7.2 Hz, 2H, CH), 3.37 (s, 2H,

CH,), 1.45 (s, 9H, 3CH), 1.27 (t,J = 7.2 Hz, 3H, CH. “C
NMR (101 MHz, CDC}) 5 167.8, 167.4, 161.7 (d,= 245.6 Hz),
134.2 (d,J = 3.1 Hz), 126.9 (dJ = 8.0 Hz), 115.6 (dJ = 21.6
Hz), 61.1, 58.2, 48.4, 43.7, 28.4, 13.9. IR (DCMm"): 1742
(C=0), 1658 (C=0). HRMS (ESI) calcd. for &,FNO,"
[M+H]* m/z296.1656, found 296.1664.



4.2.9. Ethyl
oxopropanoatelf)

White solid, m.p. 73—-78C. 56% yield."H NMR (400 MHz,
CDCl) § 7.35 (d,J = 8.2 Hz, 2H, ArH), 7.18 (d] = 8.1 Hz, 2H,
ArH), 4.56 (s, 2H, Ch), 4.18 (q,J = 7.1 Hz, 2H, Ch), 3.34 (s,
2H, CHy), 1.44 (s, 9H, 3CH), 1.27 (t,J = 7.1 Hz, 3H, CH). °C
NMR (101 MHz, CDC}) & 167.9, 167.6, 137.2, 133.0, 129.1,
126.9, 61.3, 58.4, 48.6, 43.9, 28.6, 14.1. IR (DCM)cm):
1735 (C=0), 1648 (C=0). HRMS (ESI) calcd. forgd,:CINO;"
[M+H] " m/z312.1361, found 312.1358.

4.2.10. Ethyl
oxopropanoatel(])

White solid, m.p. 7980 °C. 71% vyield'H NMR (400 MHz,
CDCly) 6 7.50 (d,J = 8.5 Hz, 2H, ArH), 7.12 (d] = 8.5 Hz, 2H,
ArH), 4.54 (s, 2H, Ch), 4.18 (q,J = 7.1 Hz, 2H, Ch), 3.34 (s,
2H, CH,), 1.44 (s, 9H, 3CH), 1.27 (t,J = 7.1 Hz, 3H, CH.“C
NMR (101 MHz, CDC}) & 168.0, 167.6, 137.8, 132.1, 127.3,
121.1, 61.4, 58.5, 48.7, 43.9, 28.6, 14.1. IR (DGNYm'"): 1741
(C=0), 1655 (C=0). HRMS (ESI) calcd. for,@,:BrNO;"
[M+H] " m/z356.0856, found 356.0858.

4.2.11. Ethyl
oxopropanoatelk)

Yellow oil. 63% vyield."H NMR (400 MHz, CDC}) 6 7.18 (d,
J=8.0 Hz, 2H, ArH), 7.11 (d] = 8.0 Hz, 2H, ArH), 4.55 (s, 2H,
CH,), 4.17 (q,J = 7.2 Hz, 2H, Ch), 3.37 (s, 2H, Ch), 2.35 (s,
3H, CH;), 1.45 (s, 9H, 3CH), 1.27 (t,J = 7.2 Hz, 3H, CH). **C
NMR (101 MHz, CDCJ) & 168.2, 167.7, 136.9, 135.6, 129.6,
125.4, 61.2, 58.3, 49.0, 44.0, 29.1, 28.6, 21.01.1R (DCM) v
(cm™: 1742 (C=0), 1652 (C=0). HRMS (ESI) calcd. for
CiH26NO;" [M+H]* m/z292.1907, found 292.1910.

4212,  Ethyl
oxopropanoatel()*®

Colorless oil. 39% yieldH NMR (400 MHz, CDCJ) § 7.14
(d,J=8.7 Hz, 2H, ArH), 6.97 — 6.78 (m, 2H, ArH), 4.53 (s, 2H,
CH,), 4.18 (gqJ = 7.1 Hz, 2H, CH), 3.81 (s, 3H, Ch), 3.38 (s,
2H, CH,), 1.44 (s, 9H, 3CH), 1.27 (t,J = 7.1 Hz, 3H, CH). ©°C
NMR (101 MHz, CDC}) 6 168.2, 167.7, 158.8, 130.5, 126.6,
114.3, 61.2, 58.3, 55.3, 48.6, 43.9, 28.6, IRI(DCM) v (cm'):
1742 (C=0), 1659 (C=0). HRMS (ESI) calcd. forid,NO,"
[M+H] " m/z308.1856, found 308.1859.

4.2.13. Ethyl 3-(tert-butyl (3-chlorobenzyl)amino)-3-
oxopropanoate (1m)

Colorless oil. 65% yield'H NMR (400 MHz, CDCJ) & 7.40 —
7.18 (m, 3H, ArH), 7.13 (dJ = 7.4 Hz, 1H, ArH), 4.58 (s, 2H,
CH,), 4.17 (9,d = 7.1 Hz, 2H, CH), 3.34 (s, 2H, Ch), 1.44 (s,
9H, 3CHy), 1.26 (t,J = 7.1 Hz, 3H, Ch). *C NMR (101 MHz,
CDCly) & 167.8, 167.5, 140.9, 134.8, 130.1, 127.4, 12528,5,
61.2, 58.3, 48.6, 43.8, 28.5, 13.9. IR (DCM)(cm™): 1736
(C=0), 1655 (C=0). HRMS (ESI) calcd. for,&,:CINO;"
[M+H] " m/z312.1361, found 312.1362.

4.2.14. Ethyl
oxopropanoateln)

Colorless oil. 76% yield'H NMR (400 MHz, CDC}) 6 7.51 —
7.30 (m, 3H, ArH), 7.28 — 7.07 (m, 1H, ArH), 4.61 (s, ZH,),
4.18 (q,J = 7.1 Hz, 2H, CH), 3.30 (s, 2H, Ch), 1.46 (s, 9H,
3CH,), 1.27 (t,J = 7.1 Hz, 3H, CH. *C NMR (101 MHz,

3-(tert-butyl(4-chlorobenzyl)amino)-3-

3-(tert-butyl(2-chlorobenzyl)amino)-3-

3-((4-bromobenzyl)(tert-butyl)amino)-3-

3-(tert-butyl(4-methylbenzyl)amino)-3-

3-(tert-butyl(4-methoxybenzyl)amino)-3-

Tetrahedron

(C=0), 1660 (C=0). HRMS (ESI) calcd. for;&,sCINO;"
[M+H] " m/z312.1361, found 312.1362.

4.2.15. Ethyl 3-(tert-butyl(3,5-dimethylbenzyl)amif3e)
oxopropanoatel)

Colorless oil. 64% yieldH NMR (400 MHz, CDCJ) § 7.02 —
6.68 (M, 4H, ArH), 4.51 (s, 2H, GH 4.18 (q,J = 7.1 Hz, 2H,
CH,), 3.37 (s, 2H, Ch), 2.31 (s, 6H, 2CH), 1.45 (s, 9H, 3C¥H),
1.27 (t,J = 7.1 Hz, 3H, CH). ®C NMR (101 MHz, CDC)) &
168.2, 167.7, 138.6, 138.5, 128.8, 128.5, 126.3,2151.2, 58.3,
49.1, 44.0, 28.9, 28.6, 21.3, 14IR (DCM) v (cm™): 1742
(C=0), 1654 (C=0). HRMS (ESI) calcd. ford8,sNO;" [M+H]*
m/z306.2064, found 306.2059.

4.2.16. Ethyl 3-(tert-butyl(2,4-dimethoxybenzyl)anigo
oxopropanoatel(p)

White solid, m.p. 93-96 °@0% yield.'"H NMR (400 MHz,
CDCly) 5 7.12 (d,J = 8.4 Hz, 1H, ArH), 6.50 (dd] = 8.4, 2.3 Hz,
1H, ArH), 6.45 (dJ = 2.3 Hz, 1H, ArH), 4.44 (s, 2H, GH 4.18
(9,J = 7.2 Hz, 2H, CH), 3.81 (s, 6H, 2CH), 3.33 (s, 2H, CH),
1.44 (s, 9H, 3Ch), 1.26 (t,J = 7.1 Hz, 3H, CH). °C NMR (101
MHz, CDCL) & 168.3, 168.0, 160.1, 156.9, 126.9, 119.0, 103.9,
98.5, 61.1, 58.1, 55.4, 55.2, 44.2, 43.8, 28.41.1R (DCM) v
(cm'): 1740 (C=0), 1654 (C=0). HRMS (ESI) calcd. for
C1gH26NOs" [M+H]* m/z338.1962, found 338.1963.

4.3. General Procedure for the synthesis of ethyl -3
(benzylamino)-2-diazo-3oxopropanoates 2

To a solution ofL (5 mmol) in dry DCM (20 mL) was added
p-ABSA (1.32 g, 5.5 mmol) and DBU (5.5 mmol, 0.82 mi.)0a
°C. The resulting mixture was stirred for 18 hoursrabm
temperature. Filtrated to remove the solid. Thevesdl was
removed under reduced pressure and the residue wifisg by
silica gel column chromatography to afford the poreduct2.

4.3.1. Ethyl 2-diazo-3-(dibenzylamino)-3-oxoproparc@a).”

Yellow oil. 76% yield."H NMR (400 MHz, CDCJ) ¢ 7.38—
7.12 (m, 10H, ArH), 4.51 (s, 4H, 2GH4.25 (qJ = 7.2 Hz, 2H,
CH,), 1.28 (t,J = 7.2 Hz, 3H, CH). *C NMR (101 MHz, CDCJ)
5162.4,162.3, 136.2, 128.6, 127.7, 127.5, 66.8,&D0.3, 14.3.

4.3.2. Ethyl
oxopropanoateZb)

Yellow oil. 95% yield."H NMR (400 MHz, CDC}) & 7.34 —
7.24 (m, 3H, ArH), 7.18 — 7.11 (m, 4H, ArH), 7.04 (t= 8.0
Hz, 2H, ArH), 4.49 (s, 2H, CH, 4.45 (s, 2H, Ch), 4.24 (q,J =
7.1 Hz, 2H, CH), 2.33 (s, 3H, CH), 1.27 (t,J = 7.1 Hz, 3H,
CH,). **C NMR (101 MHz, CDG)) 5 162.4, 162.2, 137.2, 136.3,
133.1, 129.3, 128.6, 127.8, 127.7, 127.5, 66.84,680.1, 21.1,
14.3. IR (DCM)v (cm): 2127 (C=N=N), 1709 (C=0), 1626
(C=0). HRMS (ESI) calcd. for £H,,N;O5" [M+H]" m/z
352.1656, found 352.1647.

4.3.3. Ethyl
oxopropanoateZc)

Yellow oil. 93% yield."H NMR (400 MHz, CDCJ) & 7.35 —
7.28 (m, 5H, ArH), 7.18 — 7.10 (m, 4H, ArH), 4.48 (s, ZH,),
4.46 (s, 2H, Ch), 4.26 (9, = 7.1 Hz, 2H, CH), 1.28 (1,J = 7.2
Hz, 3H, CH). °C NMR (101 MHz, CDG)) & 162.5, 162.3,
136.0, 134.8, 133.4, 129.2, 128.8, 128.7, 127.8,7,57.0, 61.6,
50.7, 49.7, 14.4. IR (DCMy (cm'): 2130 (C=N=N), 1709

3-(benzyl(4-methylbenzyl)amino)-2-didzo-

3-(benzyl(4-chlorobenzyl)amino)-2-di&zo

CDCl) ¢ = 167.9, 167.9, 135.9, 131.8, 129.7, 128.5, 127.3(C=0), 1626 (C=0). HRMS (ESI) calcd. for;d8;sCIN;O5"

127.0, 61.3, 58.4, 47.2, 43.8, 28.4, 14.1. IR (DGNY*): 1742

[M+H] " m/z372.1109, found 372.1114.



4.3.4. Ethyl 3-(benzyl(methyl)amino)-2-diazo-3-ox@armate
(2d)

Yellow oil. 93% vyield."H NMR (400 MHz, CDCJ) § 7.49 —
7.13 (m, 5H, ArH), 4.60 (s, 2H, GH 4.26 (q,J = 7.1 Hz, 2H,
CH,), 2.91 (s, 3H, CH), 1.29 (t,J = 7.1 Hz, 3H, CH). **C NMR

(101 MHz, CDC}) 6 162.3, 162.1, 136.4, 128.6, 127.8, 127.5,

66.5, 61.4, 52.9, 36.0, 14.4. IR (DCM)cmi*): 2125 (C=N=N),
1709 (C=0), 1626 (C=0). HRMS (ESI) calcd. for@N:O5"
[M+H] * m/z262.1186, found 262.1182.

4.3.5. Ethyl 3-(benzyl(propyl)amino)-2-diazo-3-oxmpanoate
(2¢)

Yellow oil. 84% yield."H NMR (400 MHz, CDCJ) & 7.74 —
7.05 (m, 5H, ArH), 4.61 (s, 2H, GH 4.26 (q,J = 7.1 Hz, 2H,
CH,), 3.25 (t,J = 7.4 Hz, 2H, CH), 1.63 — 1.54 (m, 2H, CH
1.29 (t,J = 7.1 Hz, 3H, CH), 0.86 (t,J = 7.4 Hz, 3H, CH)."C
NMR (101 MHz, CDCJ) & 162.5, 161.9, 136.7, 128.6, 127.49,
127.47, 66.4, 61.4, 50.7, 48.9, 20.7, 14.4, 1RI(OCM) v (cm
): 2124 (C=N=N), 1708 (C=0), 1625 (C=0). HRMS (ESI)
caled. for GsHpoN3O5" [M+H]" m/z290.1499, found 290.1502.

4.3.6. Ethyl
oxopropanoateZf)

Yellow oil. 98% vyield."H NMR (400 MHz, CDCJ)  7.40 —
6.83 (M, 5H, ArH), 4.54 (s, 2H, GH 4.36 — 4.07 (m, 3H, CH &
CH,), 1.30 (t,J = 7.1 Hz, 3H, CH), 1.23 (d,J = 6.7 Hz, 6H,
2CH,). ®C NMR (101 MHz, CDG) & 162.6, 161.7, 138.3,
128.4, 126.9, 126.7, 66.8, 61.3, 50.9, 45.9, 21404. IR (DCM)

v (cm'): 2121 (C=N=N), 1707 (C=0), 1623 (C=0). HRMS
(ESI) calcd. for GHN3Os" [M+H]" m/z 290.1499, found
290.1498.

4317, Ethyl
oxopropanoatedg).'**

Yellow crystals, m.p. 95-96 °C. 72% vyieltH NMR (400
MHz, CDCL) 6 7.40 — 7.14 (m, 5H, ArH), 4.62 (s, 2H, QH
4.23 (q,J = 7.2 Hz, 2H, CH), 1.39 (s, 9H, 3CH), 1.28 (1, = 7.2
Hz, 3H, CH). ®C NMR (101 MHz, CDCJ)) ¢ 163.3, 162.6,
139.6, 128.7, 127.3, 126.8, 61.3, 58.9, 51.6, 2818}

4.3.8. Ethyl 3-(tert-butyl(4-fluorobenzyl)amino)-&zo-3-
oxopropanoatezZh)

Yellow crystals, m.p. 90-958C. 90% vyield.'"H NMR (400
MHz, CDC}L) 6 7.17 (dd,J = 8.4, 5.3 Hz, 2H, ArH), 7.02 (8, =
8.6 Hz, 2H, ArH), 4.58 (s, 2H, GH 4.24 (q,J = 7.1 Hz, 2H,
CH,), 1.38 (s, 9H, 3CH, 1.29 (t,J = 7.1 Hz, 3H, CH. “C
NMR (101 MHz, CDC}) 5 163.3, 162.4, 162.0 (d,= 246.0 Hz),
135.3 (d,J = 3.2 Hz), 128.4 (dJ = 8.0 Hz), 115.5 (dJ = 21.5
Hz), 61.3, 58.9, 50.9, 28.8, 14.4. IR (DCM)(cm"): 2125

3-(benzyl(tert-butyl)amino)-2-diazo-3-

(C=N=N), 1707 (C=0), 1654 (C=0). HRMS (ESI) calcd. for

CieH21FN;O5" [M+H] " m/z322.1567, found 322.1571.

4.3.9. Ethyl 3-[tert-butyl(4-chlorobenzyl)amino]-2ado-3-
oxopropanoated).*?

Yellow crystals, m.p. 54-58C. 99% yield."H NMR (400
MHz, CDCL) ¢ 7.30 (d,J = 8.4 Hz, 2H, ArH), 7.14 (d) = 8.4
Hz, 2H, ArH), 4.58 (s, 2H, C§), 4.23 (q,J = 7.2 Hz, 2H, Ch),
1.38 (s, 9H, 3CH), 1.29 (t,J = 7.2 Hz, 3H, CH).*C NMR (101

3-(benzyl(isopropyl)amino)-2-diazo-3-

7
Hz, 2H, ArH), 4.56 (s, 2H, CB), 4.23 (q,J = 7.1 Hz, 2H, CH),
1.37 (s, 9H, 3CH), 1.28 (t,J = 7.1 Hz, 3H, CH.*C NMR (101
MHz, CDCk) 6 163.4, 162.4, 138.8, 131.7, 128.5, 121.1, 61.3,
59.0, 51.0, 28.8, 14.4. IR (DCM)(cm): 2124 (C=N=N), 1707
(C=0), 1654 (C=0). HRMS (ESI) calcd. for;d,,BrNsO;"
[M+H] " m/z382.0761, found 382.0764.

4.3.11. Ethyl 3-[tert-butyl(4-methylbenzyl)amino]-&zb-3-
oxopropanoateZk)

Yellow crystals, m.p. 73-76C. 76% vyield."H NMR (400
MHz, CDCk) ¢ 7.13 (d,J = 8.0 Hz, 2H, ArH), 7.08 (dJ = 8.0
Hz, 2H, ArH), 4.58 (s, 2H, CH), 4.23 (q,J = 7.2 Hz, 2H, CH),
2.33 (s, 3H, Ch), 1.38 (s, 9H, 3C}H), 1.28 (d,J = 7.2 Hz, 3H,
CH,). ®C NMR (101 MHz, CDG)) § 163.2, 162.6, 137.0, 136.5,
129.3, 126.7, 61.2, 58.8, 51.3, 28.8, 21.0, 1R40OCM) v (cm
): 2123 (C=N=N), 1709 (C=0), 1629 (C=0). HRMS (ESI)
calcd. for G;H,N3;05" [M+H] " m/z318.1812, found 318.1811.

4.3.12. Ethyl 3-[tert-butyl(4-methoxybenzyl)aminogliazo-3-
oxopropanoated).*

Yellow oil. 95% yield."H NMR (400 MHz, CDC}) § 7.11 (d,
J = 8.7 Hz, 2H, ArH), 6.95 — 6.76 (m, 2H, ArH), 4.55 (s, 2H,
CH,), 4.23 (q,J = 7.1 Hz, 2H, Ch), 3.80 (s, 3H, CH), 1.37 (s,
9H, 3CHy), 1.29 (t,J = 7.1 Hz, 3H, CH.*C NMR (101 MHz,
CDCly) & 163.2, 162.6, 158.8, 131.4, 128.0, 114.0, 68.12,61
58.8, 55.3, 51.1, 28.7, 14.4.

4.3.13. Ethyl 3-(tert-butyl(3-chlorobenzyl)amino}i2zo-3-
oxopropanoateZm)

Yellow crystals, m.p. 63-67C. 73% yield.'"H NMR (400
MHz, CDCk) & 7.31 — 7.22 (m, 2H, ArH), 7.19 (s, 1H, ArH),
7.10 (d,J = 7.1 Hz, 1H, ArH), 4.59 (s, 2H, GH 4.23 (qJ=7.2
Hz, 2H, CH), 1.39 (s, 9H, 3C}}, 1.29 (t,J = 7.2 Hz, 3H, CH).
*C NMR (101 MHz, CDGJ) § 163.3, 162.4, 141.8, 134.6, 129.9,
127.5, 126.9, 124.9, 61.3, 59.1, 51.1, 28.8, 1IR4(DCM) v
(cm™): 2125 (C=N=N), 1708 (C=0), 1630 (C=0). HRMS (ESI)
calcd. for GgH,,CIN;O5" [M+H]" m/z338.1266, found 338.1258.

4.3.14. Ethyl 3-[tert-butyl(2-chlorobenzyl)amino]ekazo-3-
oxopropanoaten)

Yellow oil. 66% vyield."H NMR (400 MHz, CDC}) ¢ 7.38 —
7.17 (m, 4H, ArH), 4.75 (s, 2H, GH 4.23 (q,J = 7.2 Hz, 2H,
CH,), 1.41 (s, 9H, 3CH}, 1.28 (t,J = 7.0 Hz, 3H, CH). *C NMR
(101 MHz, CDCJ) 5 163.6, 162.6, 136.8, 132.2, 129.9, 128.6,
128.4, 126.8, 61.3, 59.1, 49.0, 28.7, 14.4. IR (DGMpm):
2124 (C=N=N), 1708 (C=0), 1631 (C=0). HRMS (ESI) calcd.
for C,gH,,CIN;O;" [M+H]* m/z338.1266, found 338.1267.

4.3.15. Ethyl 3-(tert-butyl(3,5-dimethylbenzyl)ami@eldiazo-3-
oxopropanoateZp)

Yellow crystals, m.p. 176-18C. 78% yield."H NMR (400
MHz, CDCL) 5 6.89 (s, 1H, ArH), 6.79 (s, 2H, ArH), 4.55 (s, 2H,
CH,), 4.23 (q,J = 7.1 Hz, 2H, CH), 2.29 (s, 6H, 2CH), 1.40 (s,
9H, 3CH), 1.28 (t,J = 7.1 Hz, 3H, CH). *C NMR (101 MHz,
CDCly) & 163.1, 162.6, 139.5, 138.2, 128.8, 124.4, 67.92,61
58.9, 51.5, 28.8, 21.3, 14.4. IR (DCM)cm): 2122 (C=N=N),
1709 (C=0), 1630 (C=0). HRMS (ESI) calcd. forgkNsO;"
[M+H] " m/z332.1969, found 332.1971.

MHz, CDCk) & 163.4, 162.4, 138.2, 133.1, 128.8, 128.2, 61.34.3.16. Ethyl 3-(tert-butyl(2,4-dimethoxybenzyl)amiddaliazo-

59.0, 51.0, 28.8, 14.4.

4.3.10. Ethyl 3-[(4-bromobenzyl)(tert-butyl)aminojdazo-3-
oxopropanoated])

Yellow crystals, m.p. 54-57C. 94% vyield."H NMR (400
MHz, CDCk) & 7.46 (d,J = 8.4 Hz, 2H, ArH), 7.08 (d] = 8.4

3-oxopropanoate2p)

Yellow crystals, m.p. 54-58C. 91% vyield.'"H NMR (400
MHz, CDCk) & 7.09 — 7.03 (m, 1H, ArH), 6.47 — 6.41 (m, 2H,
ArH), 4.53 (s, 2H, Ch), 4.24 (9,J = 7.1 Hz, 2H, CH), 3.80 (s,
3H, CH), 3.77 (s, 3H, CH), 1.33 (s, 9H, 3CH), 1.29 (tJ=7.1
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Hz, 3H, CH). ®C NMR (101 MHz, CDG) & 163.7, 162.9,
160.4, 158.9, 129.9, 119.3, 103.8, 98.6, 61.1,,58515, 55.3,
48.3, 28.4, 14.4. IR (DCMy (cm™): 2120 (C=N=N), 1708
(C=O), 1632 (C:O) HRMS (ESI) calcd. f0r1£26N305+
[M+H]* m/z364.1867, found 364.1880.

4.4. General Procedure for the reaction of ethyl 3-
alkyl(arylmethyl)amino-2-diazo-3-oxopropanoates 2 uoder
the catalysis of CuC}- 2H,0

A two-necked flask charged with 5 mol% Cuy@H,0 (3.4 mg,
0.02 mmol) was added dry toluene (5 mL) undgeranosphere
and then the solution was heated to reflux. A sohutaf
diazoamidoacetat@ (0.4 mmol) in 5 mL of dry toluene was
added. Upon addition, the solution was refluxed foother 4
hours. Then the internal standard 4-iodonitrobeazeas added.
The solvent was removed under reduced pressuréhamesidue
was purified by preparative TLC to afford the prodi&and4.

4.4.1. Ethyl 2-benzyl-3-oxo0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatga).”

Colorless crystals, m.p. 97-100 °éH4 NMR (400 MHz,

CDCl) § 7.34 — 6.22 (m, 5H, ArH), 6.54 — 6.32 (m, 3H, 3CH),

6.23 (d,J = 5.2 Hz, 1H, CH), 5.65 (d} = 9.4 Hz, 1H, CH), 4.79
(d, J = 14.9 Hz, 1H in Ch), 4.44 (d,J = 14.8 Hz, 1H in CH),
4.27 (d,J = 15.0 Hz, 1H in Ch), 4.15 — 4.00 (m, 2H, CH{ 4.00
(d, J = 15.0 Hz, 1H in Ch), 1.15 (t,J = 7.1 Hz, 3H, CH). °C
NMR (101 MHz, CDC)) § 171.0, 167.7, 135.5, 130.4, 129.8,
128.7, 128.3, 128.1, 127.9, 127.8, 122.4, 120.5/,689.9, 50.2,
46.7, 14.0.

4.4.2.Ethyl trans-1-benzyl-4-phenylazetidin-2-one-3-canjdate
(4a) 7d,14

Colorless oil.'H NMR (400 MHz, CDCJ) § 7.37 — 7.18 (m,
10H, ArH), 4.87 (dJ = 15.2 Hz, 1H in Ch), 4.70 (s, 1H, CH),
4.24 (qJ = 7.2 Hz, 2H, CH), 3.91 (s, 1H, CH), 3.83 (d,= 15.3
Hz, 1H in CH), 1.29 (t,J = 7.2 Hz, 3H, CH). *C NMR (101

MHz, CDCk) 6 166.7, 162.4, 135.9, 134.6, 129.1, 129.0, 128.7

128.2,127.8, 126.7, 63.4, 61.8, 57.0, 44.8, 14.1.

4.4.3. Ethyl 2-benzyl-6-methyl-3-o0x0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatgbhg)

Yellow oil. *H NMR (400 MHz, CDC}) & 7.40 — 7.09 (m, 5H,
ArH), 6.21 (d,J = 6.2 Hz, 2H, 2CH), 5.65 — 5.59 (m, 2H, 2CH),
4.78 (d,J = 14.9 Hz, 1H in Ck), 4.73 (d,J = 14.7 Hz, 1H in
CH,), 4.24 (d,J = 14.9 Hz, 1H in Ck), 4.15 — 3.93 (m, 3H, CH
& 1H in CH,), 2.02 (s, 3H, CH), 1.14 (t,J = 7.1 Hz, 3H, CH).
*C NMR (101 MHz, CDGJ)) § 171.1, 168.0, 139.1, 137.5, 135.5,
132.4, 131.3, 130.5, 129.8, 128.7, 128.3, 128.00.9225.3,
122.3, 120.4, 61.6, 59.9, 50.1, 46.6, 24.4, TRYOCM) v (cm
%: v = 1747 (C=0), 1698 (C=0). HRMS (ESI) calcd. for
CooH2oNO5" [M+H]* m/z324.1594, found 324.1599.

4.4.4, Ethyl 2-(4-chlorobenzyl)-3-oxo-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatghp)

Yellow oil. '"H NMR (400 MHz, CDC}) 6 7.40 — 7.09 (m, 4H,
ArH), 6.51 — 6.37 (m, 3H, 3CH), 6.28 @@= 10.1 Hz, 1H, CH),
6.10 (d,J = 6.5 Hz, 1H, CH), 4.42 (d] = 9.4 Hz, 1H in CH),
4.38 (d,J = 9.2 Hz, 1H in CH), 4.24 (d,J = 14.9 Hz, 1H in
CH,),4.15 — 3.93 (m, 3H, Cand 1H in CH), 2.33 (s, 3H, CH,
1.14 (t,J = 7.1 Hz, 3H, CH). **C NMR (101 MHz, CDCJ) &
170.9, 168.0, 137.5, 135.5, 132.4, 129.8, 129.8.212127.9,
127.7, 121.3, 120.2, 61.5, 59.4, 50.0, 46.4, 2130. IR (DCM)

v (cm™): v = 1747 (C=0), 1698 (C=0). HRMS (ESI) calcd. for
CoH2NO;" [M+H]* m/z324.1594, found 324.1599.

Tetrahedron

4.4.5. Ethyl trans-1-benzyl-4-(4-methylphenyl)azetidin-2-@&
carboxylate 4ba) and ethyl trans-1-(4-methylbenzyl)-4-
phenylazetidin-2-one-3-carboxylaiéhb)

4ba and4bb cannot be separated due to similar polarity and
property. Yellow oil."H NMR (400 MHz, CDCJ) § 7.38 — 7.28
(m, 6H, ArH), 7.19 — 7.04 (m, 12H, ArH), 4.86 @= 15.2 Hz,
1H in CH,), 4.84 (dJ = 15.2 Hz, 1H in CH),4.68 (d,J = 2.3 Hz,
1H, CH), 4.66 (d,) = 2.3 Hz, 1H, CH), 4.23 (m, 4H, 2GH3.91
—3.87 (M, 2H, 1H in Ck& 1H in CH,), 3.79 (dJ = 15.2 Hz, 1H
in CH,), 3.76 (dJ = 15.1 Hz, 1H in CH), 2.36 (s, 3H, Ck), 2.33
(s, 3H, CH), 1.29 (t,J = 7.1 Hz, 6H, 2ChH. **C NMR (101
MHz, CDCk) 4 166.9, 166.8, 162.5, 162.3, 139.0, 137.5, 136.1,
134.8, 132.9, 131.6, 129.8, 129.4, 129.1, 129.8.8,2128.24,
128.21, 127.8, 126.8, 126.7, 63.5, 63.4, 61.7776156.9, 44.7,
445, 21.2, 21.1, 14.1. IR (DCM) (cm"): 1764 (C=0), 1732
(C=0). HRMS (ESI) calcd. for £gH,,NO;" [M+H]" m/z
324.1594, found 324.1595.

4.4.6. Ethyl 2-benzyl-6-chloro-3-ox0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylat8og)

White solid, m.p. 149-151C. 'H NMR (400 MHz, CDC)) &
7.37 —7.23 (m, 5H, ArH), 6.61 (d,= 6.9 Hz, 1H, CH), 6.44 (dd,
J =10.3, 1.5 Hz, 1H, CH), 6.13 (ddd,= 6.8, 2.0, 2.0 Hz, 1H,
CH), 5.68 (dJ = 10.3 Hz, 1H, CH), 4.78 (d,= 14.9 Hz, 1H in
CH,), 4.43 (d,J = 14.8 Hz, 1H in Cl), 4.25 (d,J = 15.1 Hz, 1H
in CH,), 4.18 (dg,J = 10.7, 7.1 Hz, 1H in C}), 4.05 (dg,J =
10.7, 7.1 Hz, 1H in C}), 3.97 (d,J = 15.1 Hz, 1H in CH), 1.18
(t, J = 7.1 Hz, 3H, CH). ®C NMR (101 MHz, CDCJ) § 170.3,
167.4, 135.3, 135.2, 131.0, 129.9, 128.8, 128.07,912126.9,
123.8, 119.0, 62.2, 59.7, 50.1, 46.8, 13.9. IR (DGMEm):
1743 (C=0), 1693 (C=0). HRMS (ESI) calcd. fofd,CINO;"
[M+H] " m/z344.1048, found 344.1050.

4.4.7. Ethyl 2-(4-chlorobenzyl)-3-oxo0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatdch)

Yellow oil. '"H NMR (400 MHz, CDC}) 4 7.32 (d,J = 8.4 Hz,
2H, ArH), 7.21 (d,J = 8.4 Hz, 2H, ArH), 6.53 — 6.40 (m, 3H,
3CH), 6.24 (dJ = 5.7 Hz, 1H, CH), 5.63 (d] = 9.8 Hz, 1H,
CH), 4.77 (dJ = 15.0 Hz, 1H in Ck), 4.38 (d,J = 15.0 Hz, 1H
in CH,), 4.26 (ddJ = 14.9, 2.2 Hz, 1H in C}), 4.14 — 3.92 (m,
3H, CH, & 1H in CHy), 1.15 (t,J = 7.1 Hz, 3H, CH).*C NMR
(101 MHz, CDCJ) & 171.2, 167.7, 134.1, 133.7, 130.1, 130.0,
129.3, 129.0, 128.4, 128.2, 122.3, 120.7, 61.83,580.2, 46.1,
14.0. IR (DCM)v (cm™): 1747 (C=0), 1698 (C=0). HRMS (ESI)
calcd. for GoH;sCINO;" [M+H]* m/z344.1048, found 344.1050.

4.4.8. Ethyl trans-1-benzyl-4-(4-chlorophenyl)azetidini2ee3-
carboxylate 4ca) and ethyl trans-1-(4-chlorobenzyl)-4-
phenylazetidin-2-one-3-carboxylatécl)

4ca and 4cb cannot be separated from the copper-catalyzed

reaction mixture. They cannot be separated eaddr atfd were
obtained from the RKOAc),-catalyzed reaction for verifying
their structures. 63% yield. Yellow oil. Major (71%H NMR
(400 MHz, CDC}) 6 7.39 — 7.23 (m, 7H, ArH), 7.11 (d,= 8.4
Hz, 2H, ArH), 4.80 (dJ = 15.3 Hz, 1H, 1H in C}), 4.69 (d,J =
2.4 Hz, 2H, CH), 4.24 (qd,= 7.1, 2.1 Hz, 1H, C}), 3.92 (dJ =
2.3 Hz, 1H, CH), 3.82 (d] = 15.4 Hz, 1H, 1H in C}}, 1.30 (t,J

= 7.1 Hz, 3H, CH). Minor (29%):'H NMR (400 MHz, CDCJ) &
7.39 - 7.23 (m, 7H, ArH), 7.11 (d,= 8.4 Hz, 2H, ArH), 4.78 (d,
J=14.8 Hz, 1H, 1H in C}), 4.69 (d,J = 2.4 Hz, 2H, CH), 4.24
(qd,J=7.1, 2.1 Hz, 1H, C}}, 3.87 (dJ = 2.2 Hz, 1H, CH), 3.83
(d,J =15.3 Hz, 1H, 1H in C}), 1.30 (t,J = 7.1 Hz, 3H, CH).
*C NMR (101 MHz, CDGJ) § 166.7, 166.5, 162.3, 162.1, 135.7,
134.5, 133.7, 133.2, 129.8, 129.5, 129.3, 129.29,00, 128.9,



128.79, 128.76, 128.2, 127.91, 127.86, 126.7, 6B5}, 61.85,
61.82, 57.1, 56.3, 50.1, 46.8, 44.9, 44.1, 14.19.1R (DCM) v
(cm): 1765 (C=0), 1731 (C=0). HRMS (ESI) calcd. for
CiH1,CINO;" [M+H] " m/z344.1048, found 344.1056.

4.4.9. Ethyl 2-methyl-3-oxo0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatad)

Yellow oil. '*H NMR (400 MHz, CDCJ) & 6.49 — 6.39 (m, 3H,
3CH), 6.31 (s, 1H, CH), 5.60 (d,= 9.7 Hz, 1H, CH), 4.40 (d
=15.0 Hz, 1H in CH), 4.12 (dJ = 14.9 Hz, 1H in Ch), 4.05 (q,
J=7.1Hz, 2H, Ch), 3.00 (s, 3H, Ch), 1.14 (t,J = 7.1 Hz, 3H,
CH,).®C NMR (101 MHz, CDGCJ) § 171.7, 168.1, 130.7, 129.8,
1285, 127.7, 122.7, 120.4, 61.8, 52.8, 30.0, 2940. IR
(DCM) v (cm™): 1708 (C=0), 1650 (C=0). HRMS (ESI) calcd.
for C;aH1gNO;" [M+H] " m/z234.1125, found 234.1122.

4.410.  Ethyl
carboxylate 4d).*®

Yellow oil. *H NMR (400 MHz, CDCJ) & 7.46 — 7.33 (m, 5H,
ArH), 4.82 (d,J = 2.2 Hz, 1H, CH), 4.27 (g] = 7.2 Hz, 1H in
CH,), 4.26 (q,J = 7.2 Hz, 1H in CH), 3.89 (d,J = 2.2 Hz, 1H,
CH), 3.45 (s, 3H, Ch), 1.27 (tJ = 7.2 Hz, 3H, Ch).

4.4.11.Ethyl 1-benzyl-2-oxoazetidine-3-carboxylabe)(

Colorless oil.'H NMR (400 MHz, CDCJ) § 7.42 — 7.29 (m,
5H, ArH), 4.49 (dJ = 15.2 Hz, 1H in Ch), 4.42 (dJ = 15.2 Hz,
1H in CH,), 4.27 (qd,J = 7.2, 1.7 Hz, 2H, Ch), 4.05 (dd,J =
5.3, 2.6 Hz, 1H, CH), 3.49 (dd,= 5.7, 2.6 Hz, 1H in CH), 3.29
(t, J = 5.5 Hz, 1H in CH), 1.33 (t,J = 7.1 Hz, 3H, CH. °C
NMR (101 MHz, CDC)) 6 167.4, 162.3, 134.8, 128.9, 128.1,
127.9, 61.7, 54.1, 46.3, 41.7, 14.1. IR (DCMXCm'l): 1762
(C=0), 1721 (C=0). HRMS (ESI) calcd. for£,NO;" [M+H]*
m/z234.1125, found 234.1129.

4.4.12. Ethyl 2-propyl-3-oxo-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatde]

Yellow oil. *H NMR (400 MHz, CDCJ) § 6.49 — 6.40 (m, 3H,
3CH), 6.31 (dJ = 4.1 Hz, 1H, CH), 5.60 (d] = 9.6 Hz, 1H,
CH), 4.41 (ddJ = 14.9, 2.3 Hz, 1H in C}), 4.11 (ddJ = 14.9,
2.3 Hz, 1H in CH), 4.10 — 4.00 (m, 2H, CHi 3.52 (dtJ = 14.0,
7.1 Hz, 1H in CH)), 3.28 (dtJ = 14.0, 6.9 Hz, 1H in C}), 1.68 —
1.58 (m, 2H, CH), 1.14 (t,J = 7.1 Hz, 3H, Ch), 0.94 (t,J = 7.4
Hz, 3H, CH). °C NMR (101 MHz, CDCJ)) & 170.8, 167.9,
130.9, 129.8, 128.4, 127.8, 122.7, 120.4, 61.6),680.5, 44.3,
20.3, 14.0, 11.0. IR (DCMy (cm™): 1746 (C=0), 1705 (C=0).
HRMS (ESI) calcd. for GHNOs" [M+H] " m/z262.1438, found
262.1439.

4.4.13. Ethyl
carboxylate 4e)

Yellow oil. '"H NMR (400 MHz, CDCJ) § 7.45 — 7.30 (m, 5H,
ArH), 4.84 (d,J = 2.1 Hz, 1H, CH), 4.25 (qd,= 7.1, 2.5 Hz, 2H,
CH,), 3.84 (d,J = 2.0 Hz, 1H, CH), 3.44 (df,= 14.0, 7.3 Hz, 1H
in CH,), 2.84 (dt,J = 14.0, 6.7 Hz, 1H in CH. 1.56 — 1.47 (m,
2H, CHy), 1.30 (t,J = 7.1 Hz, 3H, CH), 0.92 (t,J = 7.4 Hz, 3H,
CHy). ®C NMR (101 MHz, CDGJ) § 167.0, 162.5, 136.5, 129.1,
129.0, 126.7, 63.4, 61.8, 57.3, 42.7, 20.9, 1414.1R (DCM)v
(cm): 1766 (C=0), 1731 (C=0). HRMS (ESI) calcd. for
CsHooNO;" [M+H] " m/z262.1438, found 262.1438.

4.4.14. Ethyl trans-1-benzyl-4-ethylazetidin-2-one-3-caryate
(5€)

Yellow oil. *H NMR (400 MHz, CDCJ) § 7.37 — 7.28 (m, 5H,
ArH), 4.71 (d,J = 15.4 Hz, 1H in CH), 4.23 (q,J = 7.1 Hz, 2H,
CH,), 4.13 (d,J = 15.5 Hz, 1H in Ch), 3.71 (ddd,J = 8.3, 4.3,

trans-1-methyl-4-phenylazetidin-2-one-3-

trans-1-propyl-4-phenylazetidin-2-one-3-
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2.4 Hz, 1H, CH), 3.63 (d] = 2.1 Hz, 1H, CH), 1.78 — 1.69 (m,
1H in CH,), 1.50 — 1.40 (m, 1H in CHi 1.30 (t,J = 7.1 Hz, 3H,
CH,), 0.88 (t,J = 7.4 Hz, 3H, Ch). *C NMR (101 MHz, CDG))
§167.5, 162.1, 135.2, 128.8, 128.0, 127.8, 61.6),%56.3, 44.8,
24.9, 14.1, 9.2. IR (DCMy (cm™): 1766 (C=0), 1737 (C=0).
HRMS (ESI) calcd. for GH,NOs" [M+H] ™ m/z262.1438, found
262.1434.

4.4.15. Ethyl 2-isopropyl-3-o0x0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatsf}

Yellow oil. '"H NMR (400 MHz, CDC}) § 6.47 — 6.39 (m, 3H,
3CH), 6.32 (dJ = 3.8 Hz, 1H, CH), 5.60 (d] = 10.3 Hz, 1H,
CH), 4.48 (hept) = 6.8 Hz, 1H, CH), 4.34 (dd,= 14.7, 2.4 Hz,
1H in CH,), 4.14 — 3.96 (m, 3H, 1H in GH& CH,), 1.23 (d,J =
6.8 Hz, 3H, CH), 1.19 (d,J = 6.8 Hz, 3H, CH), 1.14 (t,J= 7.1
Hz, 3H, CH). °C NMR (101 MHz, CDG) & 170.2, 167.9,
131.1, 129.7, 128.3, 127.8, 122.6, 120.5, 61.65,646.7, 43.4,
19.7, 19.5, 14.0. IR (DCMy (cm™): 1751 (C=0), 1698 (C=0).
HRMS (ESI) calcd. for GH,NOs" [M+H] " m/z262.1438, found
262.1441.

4.4.16. Ethyl
carboxylate 4f)

Yellow oil. *H NMR (400 MHz, CDCJ) 5 7.40 — 7.36 (m, 5H,
ArH), 4.84 (d,J = 2.3 Hz, 1H, CH), 4.30 — 4.17 (m, 2H, gH
3.80 (d,J = 2.3 Hz, 1H, CH), 3.77 (hepl,= 6.8 Hz, 1H, CH),
1.30 (t,J = 7.1 Hz, 3H, Ch), 1.30 (d,J = 6.8 Hz, 3H, CH), 1.04
(d, J = 6.7 Hz, 3H, CH). ®C NMR (101 MHz, CDG)) § 167.0,
162.1, 137.9, 128.4, 126.8, 126.6, 62.7, 61.7,,56537, 21.0,
20.3, 14.1. IR (DCMy (cm™): 1763 (C=0), 1729 (C=0). HRMS
(ESI) calcd. for GHyNO;" [M+H]" m/z 262.1438, found
262.1434.

4.4.17. Ethyl 2-tert-butyl-3-oxo-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatgg)

White solid, m.p. 80-83C. '"H NMR (400 MHz, CDCJ) &
6.47 — 6.39 (m, 3H, 3CH), 6.26 (ddl= 4.6, 2.4 Hz, 1H, CH),
5.60 — 5.58 (m, 1H, CH), 4.46 (ddi= 14.9, 2.3 Hz, 1H in C}),
4.24 (ddJ=14.9, 1.6 Hz, 1H in C}), 4.11 (dgJ = 10.7, 7.1 Hz,
1H in CH), 4.00 (dgJ = 10.7, 7.1 Hz, 1H in C§), 1.46 (s, 9H,
3CHs), 1.15 (t,J = 7.1 Hz, 3H, CH. *C NMR (101 MHz,
CDCl,) § 170.8, 168.1, 131.4, 129.6, 128.3, 127.7, 120,11,
61.5, 61.2, 54.7, 49.5, 27.4, 14.0. IR (DCM)(cm™): 1746
(C=0), 1722 (C=0). HRMS (ESI) calcd. ford,,NO;" [M+H]*
m/z276.1594, found 276.1600.

4.4.18. Ethyl trans-1-(tert-butyl)-4-phenylazetidin-2-one-3
carboxylate 4g).***°

Colorless crystals, m.p. 91-9%. '"H NMR (400 MHz,
CDCly) 8 7.39 — 7.32 (m, 5H, ArH), 4.85 (d= 2.3 Hz, 1H, CH),
4.27 — 4.19 (m, 2H, CH, 3.69 (d,J = 2.2 Hz, 1H, CH), 1.29 (4
= 7.6 Hz, 3H, CH), 1.27 (s, 9H, 3CH. °C NMR (101 MHz,
CDCly) 6 167.1, 162.1, 139.1, 128.9, 128.7, 126.6, 62.56,61
56.4, 55.1, 28.0, 14.1.

4.4.19. Ethyl 2-tert-butyl-6-fluoro-3-oxo-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatsh)

Yellow oil. *H NMR (400 MHz, CDCJ) § 6.39 (ddd,) = 10.9,
9.4, 1.8 Hz, 1H, CH), 6.17 — 6.14 (m, 2H, 2CH), 5.75, (tle
10.6, 5.1 Hz, 1H, CH), 4.44 (d,= 14.9 Hz, 1H in Ck), 4.19 (d,
J=15.5Hz, 1H in Ck), 4.17 — 4.10 (m, 1H in CH 4.03 (dg,J
=10.7, 7.1 Hz, 1H in CH), 1.46 (s, 9H, 3CH), 1.17 (tJ = 7.1
Hz, 3H, CH). *C NMR (101 MHz, CDGJ) 5 170.1, 167.8, 161.2
(d,J = 245.2 Hz), 128.2 (d] = 3.7 Hz), 125.6 (d) = 13.7 Hz),
122.7 (d,J = 36.6 Hz), 116.8 (d] = 11.7 Hz), 109.1 (d] = 28.1

trans-1-isopropyl-4-phenylazetidin-2-one-3-
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Hz), 61.9, 61.1, 54.9, 49.5, 27.4, 13.9. IR (DCMEm’): 1745
(C=0), 1701 (C=0). HRMS (ESI) calcd. for,#,,FNO;
[M+H] " m/z294.1500, found 294.1500.

4.4.20. Ethyl trans-1-(tert-butyl)-4-(4-fluorophenyl)azetiel-
one-3-carboxylate4h)

Yellow oil. *H NMR (400 MHz, CDCJ) 6 7.41 — 7.35 (m, 2H,
ArH), 7.07 (t,J = 8.6 Hz, 2H, ArH), 4.84 (dJ = 2.2 Hz, 1H,
CH), 4.28 — 4.17 (m, 2H, G} 3.66 (d,J = 2.3 Hz, 1H, CH),
1.30 (t,J = 7.1 Hz, 3H, CH), 1.26 (s, 9H, 3CH.*C NMR (101
MHz, CDCL) & 167.0, 162.8 (d] = 248.0 Hz), 162.0, 135.0 (d,
= 3.3 Hz), 128.3 (d) = 8.3 Hz), 116.0 (dJ = 21.8 Hz), 62.6,
61.8, 55.7, 55.2, 28.1, 14.1. IR (DCM)(cm™): 1761 (C=0),
1728 (C=0). HRMS (ESI) calcd. for;@,;,FNO;" [M+H]* m/z
294.1500, found 294.1504.

4.4.21. Ethyl 2-tert-butyl-6-chloro-3-oxo0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatai)

Yellow crystals, m.p. 77-80 °CH NMR (400 MHz, CDCJ)
8 6.61 (d,J = 6.9 Hz, 1H, CH), 6.40 (d] = 10.3 Hz, 1H, CH),
6.16 (d,J = 6.9 Hz, 1H, CH), 5.63 (d,= 10.3 Hz, 1H, CH), 4.44
(d,J = 15.1 Hz, 1H in Ch), 4.28 — 4.12 (m, 3H, CH& 1H in
CH,), 1.46 (s, 9H, 3C¥), 1.17 (t,J = 7.1 Hz, 3H, CH)."°C NMR

(101 MHz, CDC}) ¢ 170.1, 166.9, 135.0, 132.0, 129.6, 126.9

124.5, 118.6, 62.6, 61.8, 55.3, 49.4, 28.1, 1RIOCM) v (cm
H: 1700 (C=0), 1654 (C=0). HRMS (ESI) calcd.
CiH21CINO;" [M+H]* m/z310.1204, found 310.1203.

4.4.22. Ethyl trans-1-(tert-butyl)-4-(4-chlorophenyl)azetieR-
one-3-carboxylate().'®

Colorless crystals, m.p. 77-80 °¢H NMR (400 MHz,
CDCls) 4 7.36 — 7.33 (m, 4H, ArH), 4.83 (4~ 2.2 Hz, 1H, CH),
4.02 (dg,J = 10.8, 7.1 Hz, 2H, C}), 3.65 (d,J = 2.3 Hz, 1H,
CH), 1.26 (m, 12H, 4CH. **C NMR (101 MHz, CDCJ) 6 167.7,
162.0, 137.8, 134.6, 129.2, 128.0, 61.6, 55.7,,5494, 27.4,
13.9.

4.4.23. Ethyl 2-tert-butyl-6-bromo-3-oxo-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatgj)

White crystals, m.p. 94-97 °4 NMR (400 MHz, CDC)) &
6.86 (d,J = 6.8 Hz, 1H, CH), 6.53 (dd] = 10.2, 1.0 Hz, 1H,
CH), 6.12 (ddd,) = 6.8, 2.0, 2.0 Hz, 1H, CH), 5.54 @= 10.2
Hz, 1H, CH), 4.42 (dJ = 15.3 Hz, 1H in Ch), 4.27 — 4.14 (m,
2H, 2CHy), 4.03 (dg,J = 10.7, 7.1 Hz, 1H in C§), 1.47 (s, 9H,
3CH,), 1.20 (t,J = 7.1 Hz, 3H, CH. “*C NMR (101 MHz,

CDCly) 6 170.0, 167.7, 132.5, 131.4, 130.6, 124.43, 124.39,

119.3, 61.9, 61.0, 54.9, 49.4, 27.4, LIRHDCM) v (cmi’): 1767
(C=0), 1733 (C=0). HRMS (ESI) calcd. for,&,,BrNO;"
[M+H] " m/z354.0699, found 354.0702.

4.4.24. Ethyl trans-1-(tert-butyl)-4-(4-bromophenyl)azetidln
one-3-carboxylate4()

Colorless crystals, m.p. 80-82 °GH NMR (400 MHz,

CDCl) § 7.54 — 7.50 (m, 2H, ArH), 7.32 — 7.25 (m, 2H, ArH),

4.82 (d,J = 2.2 Hz, 1H, CH), 4.23 (qd,= 7.0, 2.8 Hz, 2H, C}),
3.64 (d,J = 2.2 Hz, 1H, CH), 1.270 (] = 7.0 Hz, 3H, CH),
1.266 (s, 9H, 3CH. °C NMR (101 MHz, CDCJ) & 166.9,
162.0, 138.4, 132.2, 128.3, 122.7, 62.4, 61.7,,55873, 28.0,
14.1. IR (DCM)v (cm™): 1767 (C=0), 1733 (C=0). HRMS (ESI)
calcd. for GgH,,BrNO;" [M+H]" m/z354.0699, found 354.0702.

4.4.25. Ethyl 2-tert-butyl-6-methyl-3-oxo-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatgk)

for

Tetrahedron

Colorless oil.'H NMR (400 MHz, CDCJ) & 6.24 (d,J = 10.1
Hz, 1H, CH), 6.21 (dJ = 6.5 Hz, 1H, CH), 6.13 (d} = 6.6 Hz,
1H, CH), 5.56 (dJ = 10.1 Hz, 1H, CH), 4.43 (d,= 14.8 Hz, 1H
in CH,), 4.20 (d,J = 14.7 Hz, 1H in Ch), 4.13 (dgJ = 10.7, 7.1
Hz, 1H in CH), 3.98 (dgJ = 10.8, 7.1 Hz, 1H in C}), 2.02 (s,
3H, CHy), 1.46 (s, 9H, 3CH), 1.14 (t,J = 7.1 Hz, 3H, CH."C
NMR (101 MHz, CDC}) & 171.0, 168.4, 138.9, 131.0, 129.2,
125.2, 122.1, 119.8, 61.4, 60.8, 54.7, 49.3, 2245, 14.0. IR
(DCM) v (cm™): 1762 (C=0), 1730 (C=0). HRMS (ESI) calcd.
for C;7H,,NO;" [M+H] " m/z290.1751, found 290.1751.

4.4.26. Ethyl trans-1-(tert-butyl)-4-(4-methylphenyl)azetiei-
one-3-carboxylatedk)

Colorless crystals, m.p. 106-108 °@&4 NMR (400 MHz,
CDCl;) § 7.28 (d,J = 8.1 Hz, 2H, ArH), 7.18 (d] = 7.9 Hz, 2H,
ArH), 4.81 (d,J = 2.2 Hz, 1H, CH), 4.28 — 4.16 (m, 2H, gH
3.67 (d,J = 2.2 Hz, 1H, CH), 2.36 (s, 3H, GH1.28 (t,J = 7.1
Hz, 3H, CH), 1.26 (s, 9H, 3CH. **C NMR (101 MHz, CDGJ)) &
167.2, 162.2, 138.6, 136.1, 129.6, 126.6, 62.55,686.3, 55.1,
28.1, 21.1, 14.1. IR (DCMy (cm™): 1762 (C=0), 1730 (C=0).
HRMS (ESI) calcd. for GH,,NO;" [M+H] " m/z290.1751, found
290.1751.

4.4.27. Ethyl 2-(tert-butyl)-6-methoxy-3-oxo-1,2,3,3a-

‘tetrahydrocyclohepta[c]pyrrole-3a-carboxylatél

Yellow oil. '"H NMR (400 MHz, CDCJ) § 6.27 (dd,J = 10.7,
2.1 Hz, 1H, CH), 6.13 (d] = 7.2 Hz, 1H, CH), 5.73 (d} = 10.6
Hz, 1H, CH), 5.61 (dJ = 7.1 Hz, 1H, CH), 4.42 (d}, = 14.1 Hz,
1H in CHy), 4.26 — 4.09 (m, 3H, 1H in GH& CH,), 3.60 (s, 3H,
CHs), 1.45 (s, 9H, 3CH), 1.15 (t,J = 7.1 Hz, 3H, CH)."°C NMR
(101 MHz, CDCJ) 6 171.3, 166.6, 159.4, 131.1, 129.8, 129.3,
127.9, 114.4, 61.9, 58.2, 55.3, 52.3, 43.4, 2746).1R (DCM)v
(cm™: v = 1701 (C=0), 1654 (C=0). HRMS (ESI) calcd. for
C7H,NO," [M+H]" m/z306.1700, found 306.1698.

4.4.28. Ethyl trans-1-(tert-butyl)-4-(4-methoxyphenyl)azetia-
one-3-carboxylate4()."’

Yellow oil. *H NMR (400 MHz, CDCJ) & 7.30 (d,J = 8.6 Hz,
2H, ArH), 6.90 (dJ = 8.6 Hz, 2H, ArH), 4.80 (d] = 2.0 Hz, 1H,
CH), 4.23 (qdJ = 7.2, 3.2 Hz, 2H, C}), 3.82 (s, 3H, Ch), 3.67
(d,J = 2.2 Hz, 1H, CH). 1.29 (] = 7.2 Hz, 3H, CH), 1,26 (s,
9H, 3CH). °C NMR (101 MHz, CDGCJ) § 167.2, 162.1, 159.8,
130.9, 127.9, 114.3, 62.5, 61.6, 56.0, 55.3, 5811, 14.1.

4.4.29. Ethyl 2-tert-butyl-7-chloro-3-oxo0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylaténfa)

White crystals, m.p. 83-87 °@&4 NMR (400 MHz, CDCJ) 5
6.61 (d,J = 7.0 Hz, 1H, CH), 6.39 — 6.30 (m, 2H, 2CH), 6.27 (d,
J=1.9 Hz, 1H, CH), 4.46 (dd,= 15.4, 2.5 Hz, 1H in C}), 4.23
(dd,J = 15.3, 2.0 Hz, 1H in C}), 4.15 — 4.03 (m, 2H, CH| 1.46
(s, 9H, 3CH), 1.17 (t,J = 7.1 Hz, 3H, CH. **C NMR (101
MHz, CDCL) & 170.1, 167.4, 133.5, 133.1, 128.1, 126.3, 123.3,
122.1, 61.8, 55.0, 53.4, 49.2, 27.4, 14.0. IR (DGN®M): v =
1747 (C=0), 1698 (C=0). HRMS (ESI) calcd. fofsd,;CINO;"
[M+H] " m/z310.1204, found 310.1208.

4.4.30. Ethyl 2-tert-butyl-4-chloro-3-oxo0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylatgnib)

White crystals, m.p. 83—-87 °é4 NMR (400 MHz, CDC)) &
6.61 (d,J = 7.0 Hz, 1H, CH), 6.38 (m, 2H, 2CH), 6.27 Jc5 1.9
Hz, 1H), 6.21 — 6.15 (m, 1H, CH), 5.75 (s, 1H, CH), 4dd, J =
15.4, 2.4 Hz, 1H in Ch), 4.23 (ddJ = 15.4, 1.9 Hz, 1H in C}),
4.15 — 4.03 (m, 2H, CH}, 1.45 (s, 9H, 3CH), 1.17 (tJ= 7.1, 3.0
Hz, 3H, CH). ®C NMR (101 MHz, CDCJ)) & 169.5, 167.4,



134.3, 132.3, 130.2, 129.1, 121.1, 119.6, 61.9),689.7, 49.4,
27.4, 14.0. IR (DCMy (cm): v = 1747 (C=0), 1698 (C=0).
HRMS (ESI) calcd. for GH,CINO," [M+H]" m/z 310.1204,
found 310.1208.

4.4.31. Ethyl trans-1-(tert-butyl)-4-(3-chlorophenyl)azeétiel-
one-3-carboxylatedm)

Yellow crystals, m.p. 74-77 °CH NMR (400 MHz, CDC}))
8 7.39 (s, 1H, ArH), 7.34 — 7.28 (m, 3H, ArH), 4.82 Jcs 2.3
Hz, 1H, CH), 4.27 — 4.21 (m, 2H, GH3.66 (d,J = 2.3 Hz, 1H,
CH), 1.30 (tJ = 7.2 Hz, 3H, CH), 1.28 (s, 9H, 3CH. °C NMR
(101 MHz, CDCJ) 5 166.8, 161.9, 141.5, 135.0, 130.3, 128.9,
126.8, 124.6, 62.5, 61.8, 55.7, 55.3, 28.1, 1RIOCM) v (cm
%: v = 1766 (C=0), 1731 (C=0). HRMS (ESI) calcd. for
C1¢H,:CINO;" [M+H]" m/z310.1204, found 310.1209.

4.4.32. Ethyl 2-tert-butyl-8-chloro-3-oxo0-1,2,3,3a-
tetrahydrocyclohepta[c]pyrrole-3a-carboxylats8n)

Yellow oil. *H NMR (400 MHz, CDCJ) 6 6.48 — 6.36 (m, 3H,
3CH), 5.70 (dJ = 9.9 Hz, 1H, CH), 4.33 (d] = 16.2 Hz, 1H in
CH,), 4.23 (d,J = 16.0 Hz, 1H in Ch), 4.13 (dq,J = 10.7, 7.1
Hz, 1H in CH), 4.03 (dg,J = 10.8, 7.1 Hz, 1H in C}), 1.48 (s,
9H, 3CHy), 1.16 (t,J = 7.1 Hz, 3H, CH). **C NMR (101 MHz,
CDCl) & 166.9, 162.5, 130.4, 129.6, 129.4, 127.3, 12728,8,
61.7, 55.2, 49.6, 27.9, 27.4, 14.1. IR (DCMfcm): v = 1709
(C=0), 1659 (C=0). HRMS (ESI) calcd. for;#,,CINO;"
[M+H] " m/z310.1204, found 310.1206.

4.4.33. Ethyl trans-1-(tert-butyl)-4-(3,5-dimethylphenyl)&de-
2-one-3-carboxylatedp)

Yellow oil. *H NMR (400 MHz, CDCJ) 5 7.00 — 6.96 (m, 3H,
ArH), 4.76 (d,J = 2.2 Hz, 1H, CH), 4.22 (qd,= 7.1, 4.8 Hz, 2H,
CH,), 3.67 (d,J = 2.2 Hz, 1H, CH), 2.32 (s, 6H, 2GH1.28 (t,J
= 7.1 Hz, 3H, CH), 1.28(s, 9H, 3CH. °C NMR (101 MHz,
CDCly) & 167.3, 162.2, 138.6, 134.2, 130.3, 129.1, 12433,
62.5, 61.6, 56.5, 48.7, 29.7, 28.1, 21.2, 14.1(DRM) v (cm™"):

v = 1732 (C=0), 1716 (C=0). HRMS (ESI) calcd. for
C1gH26NO;" [M+H]* m/z304.1907, found 304.1903.

4.4.34. Ethyl 2-(tert-butyl)-5,7-dimethyl-3-oxo-1,2,3,4-
tetrahydroisoquinoline-4-carboxylatéd)

Colorless oil.'"H NMR (400 MHz, CDCJ) & 6.96 (s, 1H,
ArH), 6.86 (s, 1H, ArH), 4.65 (s, 1H, CH), 4.63 (U= 15.8 Hz,
1H in CHy), 4.42 (d,J = 15.1 Hz, 1H in Ch), 4.11 (9J = 7.1 Hz,
2H, CHy), 2.37 (s, 3H, CH), 2.30 (s, 3H, Ch), 1.53 (s, 9H,
3CHy), 1.22 (t,J = 7.1 Hz, 3H, CH. **C NMR (101 MHz,
CDCl,) & 168.8, 167.2, 137.2, 135.8, 133.3, 130.3, 12724,2]
61.5, 57.9, 54.8, 47.4, 28.2, 21.0, 18.7, 14.0(DRM) v (cm’"):

v = 1735 (C=0), 1655 (C=0). HRMS (ESI) calcd. for
C1gH26NO;" [M+H]* m/z304.1907, found 304.1910.
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