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Abstract: Novel aryl-substituted alicyclic β-amino acid derivatives were synthetized through 

substrate-determined palladium-catalysed cross-coupling of aryl iodides with five- or six-

membered cycloalkene β-amino esters. The arylations were investigated with different catalysts, 

solvents, bases and aryl halides, and with some cyclohexene 2-aminocarboxylate isomers. The 

stereochemistry and the position of the ring olefinic bond of the starting 2-

aminocycloalkanecarboxylate influenced the coupling reaction, and predetermined the structure 

of the arylated product. 

 

Introduction 
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Palladium-catalysed cross-couplings are among the most common and practical methods for the 

creation of a carbon-carbon bond, and are widely used for the synthesis of a large variety of 

organic substances, bioactive compounds or natural products. These coupling reactions have 

become, almost indispensable techniques for the synthesis of a large family of pharmaceuticals. 

Besides carbon-carbon bond-forming transformations, they are important for the 

functionalization of a large number of biomolecules, including the important arylation of 

different substrates.1 

The natural and unnatural β-amino acids are an expanding area of research in synthetic organic 

and medicinal chemistry. They are elements of a series of complex pharmacons (e.g. enzyme 

inhibitors, antibiotics and antitumoural agents) or natural products.2 Due to π-π or CH-π 

interactions, a carbon-carbon π-electronic system in the framework of conformationally rigid 

amino acids or oligopeptides may have a significant role in their structural stabilization, 

influencing their secondary structures; this may be manifested in improved stability towards 

enzymes or metabolic degradation. The incorporation of such monomers into oligopeptides may 

lead to improved pharmacokinetic characteristics and tuned biological properties, and may 

therefore be of significance in drug discovery research.3 Some small molecular entities in this 

class of products, such as cispentacin or icofungipen, themselves exhibit interesting biological 

properties.2 Moreover, thanks to the pharmacological potential of their functionalized derivatives, 

such as the antifungal methylenated icofungipen (1), the antibacterial hydroxylated oryzoxymicin 

(2), or the analgetic phenyl-substituted tilidin (3) (Figure 1), this type of molecule has received 

considerable attention in recent years.2a,b, 4 
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Figure 1. Structures of some bioactive functionalized cyclic β-amino acid derivatives. 

 

The aryl- or heteroaryl-substituted amino acids may be regarded as interesting pharmacophores 

and building elements for oligopetides,3a-i while cyclic β-amino acid scaffolds linked via amides 

to aryl- or heteroaryl systems are known to exhibit interesting pharmacological properties.2a 

Moreover, the combination of an aryl or heteroaryl framework with a saturated ring system with 

multiple chiral centres has aroused increasing interest in drug development in recent years.3j-l 

Despite to the potential tremendous benefits in medicinal and drug discovery research, only a 

very few approaches to aryl-substituted cycloalkane β-amino acid derivatives have been reported 

so far. One synthetic access route to aryl-substituted cyclic β-amino acids is based on the 

intramolecular dipolar cycloaddition of a nitrone (derived from a phenyl-substituted unsaturated 

aldehyde) to an olefinic function, followed by isoxazolidine ring opening and hydroxymethyl 

group oxidation.5 The rhodium-catalysed conjugate addition of organoborons to unsaturated 

cyanoesters followed by ring closure is another method for the construction of arylated 

cycloalkane β-amino acids,6 while cerium(IV)-catalysed sequential three-component reactions of 

alkylamines, β-oxoesters and aryl ketones (chalcones) lead to polysubstituted β-amino acids with 

a phenyl substituent attached to the cyclohexane ring.7 Lithium amide conjugate addition to five- 

or six-membered phenyl-substituted α,β-unsaturated esters furnishes the corresponding phenyl-

substituted β-amino acids.8 
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Among the various palladium-coupling arylation methods, the Heck, Heck-Mizoroki, Heck-

Matsuda, and reductive Heck reactions are widely available routes for the creation of a carbon-

carbon bond for the preparation of arylated substances, pharmaceuticals or biomolecules through 

the palladium-catalysed reaction of aryl halides and olefin-containing molecules in the presence 

of a ligand and a base.1f-l, 9 

Since extremely few arylated alicyclic β-amino acids are available in this class of derivatives, and 

as a consequence of the high potential of aryl-substituted cyclic amino acids, our present aim was 

to synthetize carbocyclic β-amino acid derivatives bearing different aryl functions on the 

cycloalkane skeleton. For this purpose, palladium-catalysed arylations involving different aryl 

halides and cyclopentene or cyclohexene 2-aminocarboxylates as non-activated alkenes were 

investigated.  

 

Results and Discussion 

Our investigations of the preparation of arylated cycloalkane β-amino acid derivatives began with 

the reaction of the five-membered unsaturated derivative ethyl cis-2-tert-

butoxycarbonylaminocyclopentane carboxylate ((±)-4a)10 with iodobenzene (PhI) as aryl source 

compound, different palladium compounds, phosphine ligands and bases (Heck coupling reaction 

conditions). When stirred with PhI, palladium acetate (Pd(OAc)2), triphenylphosphine (PPh3) and 

Et3N as non-nucleophilic amine as common base at 40 °C in acetone (±)-4a afforded under 

standard Heck reaction conditions, a phenylated product in 34% isolated yield after purification 

by column chromatography. This was identified by 2D NMR and X-ray analyses as (±)-5a, with 

the phenyl ring attached at C-4 of the ring, and a C-C double bond between the ester and the 

carbamate functions (Scheme 1, Table 1, entry 1, Figure 2). 
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Scheme 1. Arylation of N-protected ethyl cis-2-aminocyclopent-3-enecarboxylates with PhI. 

 

In the continuation, instead of Et3N, some inorganic bases (K2CO3, NaOAc or NaHCO3) were 

systematically used, but after 14 h only starting material was recovered, and no arylated product. 

Silver salts such as AgOAc, Ag3PO4 or Ag2CO3 were next used as bases in the transformation 

(Table 1, entries 2-4); the reaction led to (±)-5a, the highest yield (42% after purification by 

column chromatography) being attained with Ag2CO3. The most suitable palladium catalyst in 

this reaction affording (±)-5a seemed to be Pd(OAc)2. Only traces of product were detected with 

several commercially available Pd(0) or Pd(II) catalysts such as 

bis(triphenylphosphine)palladium(II) dichloride (Pd(PPh3)2Cl2), bis(benzonitrile)palladium(II) 

chloride, bis(dibenzylideneacetone)palladium(0) (Pd(dba)2) or PdCl2. Experiments were further 

conducted by changing the solvent from acetone to MeCN, PhMe, THF, 1,4-dioxane or DMF at 

40 °C. However, the corresponding (±)-5a could be isolated only in MeCN and in a yield of only 

24% (Table 1, entry 5). No transformation was detected in the other solvents. When the 

transformation was attempted at temperatures higher than 40 °C, palladium black precipitated 

from the reaction mixture. Interestingly, when (±)-4a was stirred for 14 h under similar 

conditions (Pd(OAc)2, PPh3, Ag2CO3 and acetone) at 25 °C, the yield was slightly higher (65%, 

Table 1, entry 6), but the effect of modification of the temperature on the yield in other situations 

was insignificant. Replacement of PPh3 with bis(diphenylphosphino)ethane (dppe) did not lead to 
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any drastic modification in the yield; the target compound (±)-5a was isolated in 51% by column 

chromatography (Table 1, entry 7). During the following experiments, several other cyclopentene 

β-amino esters with different N-protecting groups were investigated in the phenylation reaction. 

On modification of the Boc group to Fmoc, Cbz or PhCO, the arylation of (±)-4b-d resulted in 

the corresponding phenyl-substituted five-membered β-amino esters ((±)-5b-d) in moderate 

yields (Table 1, entries 8-10). 

 

Table 1. Various arylation conditions applied in the preparation of N-protected ethyl β-

aminocyclopentenecarboxylates  

Entry Starting 
compound 

Catalyst 

(10 mol%) 

Ligand 

(20 mol%) 

Base 

(2.5 equiv) 

T Solvent Yield 

1 

 

Pd(OAc)2 Ph3P Et3N 40 °C acetone 34% 

2 

 

Pd(OAc)2 Ph3P AgOAc 40 °C acetone 5% 

3 

 

Pd(OAc)2 Ph3P Ag3PO4 40 °C acetone 37% 

4 

 

Pd(OAc)2 Ph3P Ag2CO3 40 °C acetone 42% 

5 

 

Pd(OAc)2 Ph3P Ag2CO3 40 °C acetonitrile 24% 

6 

 

Pd(OAc)2 Ph3P Ag2CO3 25 °C acetone 65% 

7 

 

Pd(OAc)2 dppe Ag2CO3 40 °C acetone 51% 

8 

 

Pd(OAc)2 Ph3P Ag2CO3 40 °C acetone 53% 
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9 

 

Pd(OAc)2 Ph3P Ag2CO3 40 °C acetone 50% 

10 

 

Pd(OAc)2 Ph3P Ag2CO3 40 °C acetone 36% 

 
 

 

Figure 2. Molecular structure of compound (±)-5a. Thermal ellipsoids are drawn at the 30% 

probability level. Second part of the disordered groups (methine carbon, phenyl and ethyl) is 

omitted for clarity. Selected bond distances (Å): C1–C2 = 1.351(3), C2–C3 = 1.497(3), C3–C4 = 

1.594(4), C4–C5 = 1.575(4), C5–C1 = 1.504(3). 

 

 Although a common Heck arylation proceeds by syn addition to the olefinic bond, followed by β-

elimination, to afford an α,β-unsaturated aryl-substituted product, the phenylation of ethyl cis-2-

aminocyclopent-3-enecarboxylate took place by substrate control with the assistance of the carbamate 

group to result in a somewhat unexpected compound ((±)-5). In the first step, after Pd insertion into the 

aromatic C-I bond, syn addition gives intermediate T-1 both stereo- and regioselectively. The stereo- and 

regioselectivity of this step are probably a result of the stabilizing effect of the carbamate O-atom on the 
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Pd. Next, the β-elimination process gives T-2. In turn under basic conditions, the active hydrogen at C-1 

leads to deprotonation-reprotonation and hence double bond migration (T-3 and T-4), to furnish 

compound (±)-5a, in which the phenyl ring is attached to C-4, while the olefinic bond is situated between 

the ester and the carbamate functions (C-1-C-2) (Scheme 2). Besides the above presented route, an 

alternative mechanism which relies in an addition/β-elimination/reinsertion/ β-elimination it is also 

plausible for the formation of arylated compound (±)-5a.  

 

 

Scheme 2. A possible route to the arylated ethyl cis-2-aminocyclopent-3-encarboxylate with PhI. 

 

Further experiments were carried out with aryl iodide containing an electron-withdrawing or an 

electron-donating group. Thus, the Pd-catalysed cross-coupling reactions of (±)-4a with 4-

nitroiodobenzene (electron-withdrawing) and 4-methoxyiodobenzene (electron-donating) in the 

presence of Pd(OAc)2, Ag2CO3 and PPh3 in acetone resulted in the C-4 aryl group-substituted 

five-membered β-amino ester (±)-6a or (±)-6b (31% and 39%, respectively) (Scheme 3). The 

yields in this case could be increased somewhat (42% and 56%) by changing the phosphine 

ligand from PPh3 to dppe (Scheme 3).  
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Scheme 3. Arylation of N-Boc-protected ethyl cis-2-aminocyclopent-3-enecarboxylates with p-

substituted iodobenzenes. 

 

Interestingly, in contrast with the arylation of ethyl cis-2-aminocyclopent-3-enecarboxylate ((±)-

4a), its six-membered analogue (±)-7
11 underwent phenylation under similar conditions 

(Pd(OAc)2, PPh3, Ag2CO3, acetone, 40 °C) to provide a different type of arylated product from 

that obtained in the earlier case (±)-5a. Structure elucidation by means of 2D NMR analysis 

showed that the product ((±)-8) contained an α,β-unsaturated phenyl moiety in its structure, with 

the phenyl group attached to C-4 of the six-membered cycloalkane ring (Scheme 4). With a 

similar reaction protocol, the trans counterpart of (±)-7, amino ester (±)-9,11 surprisingly gave 

phenylated compound (±)-10, containing the phenyl group at C-5, with the olefinic bond located 

between C-3 and C-4. At 25 °C, both reactions gave slightly better yields (65% and 81%, 

respectively) (Scheme 4).  
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Scheme 4. Arylation of N-Boc-protected ethyl cis- and trans-2-aminocyclohex-4-enecarboxylates 

with PhI. 

 

The substrate ethyl cis-2-aminocyclohex-3-enecarboxylate (±)-11,11 a regioisomer of (±)-7, was 

next subjected to phenylation under Heck reaction conditions. Analogously to its five-membered 

homologue (±)-4a, this allylamine afforded the corresponding six-membered arylated β-amino 

ester (±)-12 (Scheme 5), in which the phenyl ring is on C-4, and the C-C double bond is between 

the ester and carbamate functions (see also the transformation of (±)-4, Scheme 1). 

 

 

Scheme 5. Arylation of N-Boc-protected ethyl cis-2-aminocyclohex-3-enecarboxylate with PhI. 

 

For investigation of the influence of the position of the ring olefinic bond on the reaction, amino 

lactone (±)-13,12 was reacted analogously to (±)-11 with PhI in the presence of the 

Pd(OAc)2/PPh3/Ag2CO3 system in acetone. In contrast with (±)-11, no migration of the olefinic 

bond was detected during the transformation. Instead, after the syn addition and β-elimination 
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steps, the obtained was identified by COSY and HSQC analyses as (±)-14, an α,β-unsaturated 

phenyl-substituted aminolactone (Scheme 6).  

 

 

 

Scheme 6. Arylation of N-protected bicyclic aminolactones with PhI. 

 

In conclusion, the reactions illustrate a substrate-directed Pd-catalyzed arylation protocol 

providing access to novel aryl-substituted alicyclic β-amino acid derivatives. Depending on the 

structure of the starting β-aminocycloalkenecarboxylate and the position of the ring C-C double 

bond, the palladium coupling under Heck reaction conditions somewhat surprisingly afforded a 

different type of aryl-substituted cyclic β-amino acid derivatives. For the elucidation of further 

aspects of such unexpected arylations, additional experiments are currently ongoing in our 

laboratories. These novel π-electron-rich conformationally restricted β-amino acid derivatives 

may well be of interest in the synthesis of oligopeptides. 

 

Experimental 

The chemicals were purchased from Sigma-Aldrich. The NMR spectra were recorded at 400 

MHz with CDCl3 or DMSO as solvent and tetramethylsilane as internal standard. The solvents 

were used as received from the suppliers. Melting points were determined with a Kofler 

apparatus. Elemental analyses were recorded on a Perkin-Elmer CHNS-2400 Ser II Elemental 
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Analyzer. Silica gel 60 F254 has been purchased from Merck. Mass spectra were recorded on a 

Finnigan MAT 95S spectrometer. 

General procedure for the arylation of ethyl 2-aminocycloalkanecarboxylates  

To a solution of N-protected 2-aminocycloalkenecarboxylate (1 mmole), base (3 equiv.) and aryl 

iodide (1 equiv.) in solvent (10 mL), phosphine (20 mol%) and Pd(OAc)2 (10 mol%) were added. 

The solution was stirred at 25 °C or 40 °C for 14 h. The solid material was then filtered off and 

the filtrate was concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel (eluent: n-hexane-EtOAc 5:1) or crystallized from a mixture of n-

hexane-EtOAc. 

 

Ethyl 2-(tert-butoxycarbonylamino)-4-phenylcyclopent-1-enecarboxylate ((±)-5a) 

CO2Et

NHBoc

Ph

 

A white solid (n-hexane-EtOAc), mp 95-96 °C, yield: 65%. 1H NMR (CDCl3, 400 MHz): δ = 

1.31 (t, 3H, CH3, J = 7.15 Hz), 1.51 (s, 9H, t-Bu), 2.61-2.69 (m, 1H, CH2), 2.97-3.04 (m, 1H, 

CH2), 3.15-3.24 (m, 1H, CH2), 3.48-3.56 (m, 1H, CH2), 3.62-3.67 (m, 1H, H-4), 4.18-4.28 (m, 

2H, OCH2), 7.22-7.36 (m, 5H, Ar-H). 13C NMR (DMSO, 400 MHz): δ = 15.1, 28.6, 37.3, 40.6, 

41.7, 60.5, 82.0, 104.5, 127.1, 127.5, 129.3, 145.9, 151.8, 154.3, 167.6. MS: (ES, pos) m/z = 332 

(M + 1). 

 

Ethyl 2-(((9H-fluoren-9-yl)methoxy)carbonylamino)-3-phenylcyclopent-1-enecarboxylate 

((±)-5b) 
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A colourless oil, yield: 53%. 1H NMR (DMSO, 400 MHz): δ = 1.29 (t, 3H, CH3, J = 7.15 Hz), 

2.40-2.48 (m, 1H, CH2), 2.77-2.94 (m, 2H, CH2), 3.25-3.30 (m, 1H, CH2), 3.39-3.50 (m, 1H, H-

4), 4.12-4.23 (m, 2H, OCH2), 4.25-4.30 (m, 1H, ArCH), 5.52-4.59 (m, 2H, OCH2), 7.23-7.28 (m, 

3H, Ar-H), 7.30-7.37 (m, 6H, Ar-H), 7.59-7.64 (m, 2H, Ar-H), 7.77-7.86 (m, 2H, Ar-H), 9.54 

(brs, 1H, N-H). 13C NMR (DMSO, 400 MHz): δ = 15.0, 39.8, 40.4, 41.7, 47.3, 60.6, 67.6, 105.5, 

121.0, 125.6, 127.1, 127.6, 128.0, 128.6, 129.3, 141.7, 144.7, 145.9, 152.7, 153.3, 167.4. MS: 

(ES, pos) m/z = 454 (M + 1). 

 

Ethyl 2-(benzyloxycarbonylamino)-4-phenylcyclopent-1-enecarboxylate ((±)-5c) 

 

A white solid (n-hexane-EtOAc), mp 56-57 °C, yield: 50%. 1H NMR (CDCl3, 400 MHz): δ = 

1.33 (t, 3H, CH3, J = 7.15 Hz), 2.64-2.72 (m, 1H, CH2), 3.01-3.10 (m, 1H, CH2), 3.19-3.28 (m, 

1H, CH2), 3.50-3.58 (m, 1H, CH2), 3.66-3.75 (m, 1H, H-4), 4.20-4.28 (m, 2H, OCH2), 5.19 (s, 

2H, OCH2), 7.27-7.43 (m, 5H, Ar-H). 13C NMR (CDCl3, 400 MHz): δ = 14.8, 37.4, 41.1, 41.7, 

60.3, 67.7, 105.8, 126.7, 127.3, 128.7, 127.8, 128.9, 129.0, 136.2, 145.7, 153.2, 153.5, 167.8. 

MS: (ES, pos) m/z = 454 (M + 1). 

 

Ethyl 2-benzamido-4-phenylcyclopent-1-enecarboxylate ((±)-5d) 

 

A white solid (n-hexane-EtOAc), mp 90-91 °C, yield: 36%. 1H NMR (DMSO, 400 MHz): δ = 

1.26 (t, 3H, CH3, J = 7.20 Hz), 2.49-2.59 (m, 1H, CH2), 2.92-3.00 (m, 1H, CH2), 3.20-3.35 (m, 

1H, CH2), 3.52-3.60 (m, 1H, CH2), 3.70-3.75 (m, 1H, H-4), 4.17-4.25 (m, 2H, OCH2), 7.19-7.25 
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(m, 1H, Ar-H), 7.28-7.35 (m, 4H, Ar-H), 7.57-7.89 (m, 3H, Ar-H), 7.87-7.91 (m, 2H, Ar-H), 11.2 

(brs, 1H, N-H). ). 13C NMR (DMSO, 400 MHz): δ = 15.0, 37.2, 41.0, 42.3, 60.9, 107.8, 127.1, 

127.6, 128.0, 129.4, 130.0, 133.7, 133.9, 146.0, 153.9, 164.6, 167.9. 

                      

Ethyl 2-(tert-butoxycarbonylamino)-3-(4-nitrophenyl)cyclopent-1-enecarboxylate ((±)-6a) 

 

A white solid (n-hexane-EtOAc), mp 142-145 °C, yield: 74%. 1H NMR (CDCl3, 400 MHz): δ = 

1.33 ((t, 3H, CH3), 1.50 (s, 9H, t-Bu), 2.56-2.61 (m, 1H, CH2), 3.02-3.12 (m, 1H, CH2), 3.12-3.18 

(m, 1H, CH2), 3.62-3.67 (m, 1H, CH2), 3.70-3.76 (m, 1H, H-4), 4.26-4.31 (m, 2H, OCH2), 7.42-

7.49 (d, 2H, Ar-H, J = 9 Hz), 8.20-8.28 (d, 2H, Ar-H, J = 9 Hz), 9.58 (brs, 1H, N-H). 13C NMR 

(DMSO, 400 MHz): δ = 15.1, 28.6, 39.8, 40.9, 41.3, 60.6, 82.1, 104.3, 124.5, 129.0, 146.9, 151.8, 

153.9, 154.0, 167.4. 

 

Ethyl 2-(tert-butoxycarbonylamino)-4-(4-methoxyphenyl)cyclopent-1-enecarboxylate ((±)-

6b) 

 

A white solid (n-hexane-EtOAc), mp 130-132 °C, yield: 46%. 1H NMR (CDCl3, 400 MHz): δ = 

1.32 (t, 3H, CH3), 1.49 (s, 9H, t-Bu), 2.53.2.58 (m, 1H, CH2), 2.93-3.02 (m, 1H, CH2), 3.11-3.20 

(m, 1H, CH2), 3.48-3.3.52 (m, 1H, CH2), 3.60-3.67 (m, 1H, H-4), 3.79 (s, 3H, OMe), 4.18-4.24 

(m, 2H, OCH2), 6.82-6.90 (d, 2H, Ar-H, J = 9 Hz), 7.18-7.22 (d, 2H, Ar-H, J = 9 Hz), 9.60 (brs, 

Page 14 of 21RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



15 

 

1H, N-H). 13C NMR (DMSO, 400 MHz): δ = 15.1, 28.6, 37.5, 40.2, 41.9, 55.9, 60.4, 81.9, 104.5, 

114.7, 128.5, 137.8, 151.8, 154.3, 158.6, 167.6. 

 

Ethyl (1R*,2S*)-2-(tert-butoxycarbonylamino)-4-phenylcyclohex-3-enecarboxylate ((±)-8) 

 

A white solid (n-hexane-EtOAc), mp 115-118 °C, yield: 34%. 1H NMR (CDCl3, 400 MHz): δ = 

1.34 (t, 3H, CH3, J = 7.20 Hz), 1.49 (s, 9H, t-Bu), 1.83-1.95 (m, 1H, CH2), 2.25-2.36 (m, 2H, 

CH2), 2.55-2.69 (m, 1H, CH2), 2.90-3.00 (m, 1H, H-1), 4.22-4.37 (m, 2H, OCH2), 4.66 (brs, 1H, 

N-H), 4.79-4.82 (m, 1H, H-2), 7.22-7.38 (m, 6H, Ar-H and H-5). 13C NMR (CDCl3, 400 MHz): δ 

= 14.9, 29.1, 34.2, 34.6, 36.8, 43.6, 60.7, 80.5, 127.1, 127.7, 129.3, 140.8, 143.3, 148.9, 150.5, 

157.5. MS: (ES, pos) m/z = 367 (M + Na). 

 

Ethyl (1S*,2S*,5R*)-2-(tert-butoxycarbonylamino)-4-phenylcyclohex-2-enecarboxylate ((±)-

10) 

 

A white solid (n-hexane-EtOAc), mp 139-140 °C, yield 81%. 1H NMR (CDCl3, 400 MHz): δ = 

1.34 (t, 3H, CH3, J = 7.20 Hz), 1.50 (s, 9H, t-Bu), 1.85-1.93 (m, 1H, CH2), 2.35-2.41 (m, 1H, 

CH2), 2.64-2.70 (m, 1H, H-1), 3.52-3.58 (m, 1H, H-2), 4.15-4.23 (m, 2H, OCH2), 4.56-4.60 (m, 

1H, H-5), 4.65 (brs, 1H, N-H), 5.91-5.93 (m, 2H, H-2 and H-3), 7.21-7.39 (m, 5H, Ar-H). 13C 

NMR (CDCl3, 400 MHz): δ = 14.6, 28.8, 31.8, 39.4, 43.3, 48.0, 61.1, 81.5, 120.0, 127.0, 128.3, 

129.0, 129.3, 132.5, 158.5, 166.8. MS: (ESI, pos) m/z = 367 (M + Na). 
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Ethyl 2-(tert-butoxycarbonylamino)-4-phenylcyclohex-1-enecarboxylate ((±)-12) 

 

A white solid (n-hexane-EtOAc), mp 70-75 °C, yield 62%. 1H NMR (CDCl3, 400 MHz): δ = 1.34 

(t, 3H, CH3, J = 7.20 Hz), 1.48 (s, 9H, t-Bu), 1.70-1.76 (m, 1H, CH2), 1.97-2.03 (m, 1H, CH2), 

2.38-2.46 (m, 1H, CH2), 2.58-2.67 (m, 1H, CH2), 2.79-2.95 (m, 1H, CH2), 3.37-3.44 (m, 1H, H-

4), 4.20-4.28 (m, 2H, OCH2), 7.19-7.37 (m, 5H, Ar-H), 10.9 (brs, 1H, N-H). 13C NMR (CDCl3, 

400 MHz): δ = 14.7, 25.1, 28.6, 29.4, 35.8, 40.0, 60.5, 80.8, 102.5, 126.8, 127.3, 128.9, 145.8, 

151.9, 152.7, 170.2.  

 

Benzyl (1R*,2S*,5S*)-7-oxo-4-phenyl-6-oxabicylo[3.2.1]oct-3-ene-2-ylcarbamate ((±)-14a) 

 

A white solid (n-hexane-EtOAc), mp 160-162 °C, yield 43%. 1H NMR (CDCl3, 400 MHz): δ = 

2.19-2.21 (m, 2H, CH2), 3.27-3.29 (m, 1H, H-1), 3.89-3.91 (m, 1H, H-2), 4.72-4.74 (m, 1H, H-5), 

5.15-5.24 (m, 2H, OCH2), 5.87 (brs, 1H, N-H), 6.37-6.38 (m, 1H, H-3), 7.27-7.43 (m, 5H, Ar-H). 

13C NMR (CDCl3, 400 MHz): δ = 28.9, 42.0, 46.4, 67.7, 81.5, 127.9, 128.8, 128.9, 129.1, 129.3, 

129.4, 132.5, 133.0, 152.0, 155.4.  

 

tert-Butyl (1R*,2S*,5S*)-7-oxo-4-phenyl-6-oxabicyclo[3.2.1]oct-3-ene-2-ylcarbamate ((±)-

14b) 
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A white solid (n-hexane-EtOAc), mp 177-179 °C, yield 62%. 1H NMR (DMSO, 400 MHz): δ = 

1. 51 (s, 9H, t-Bu), 1.92-1.99 (m, 1H, CH2), 2.14-2.22 (m, 1H, CH2), 3.30-3.38 (m, 1H, H-1), 

3.70-3.77 (m, 1H, H-2), 4.59-4.66 (m, 1H, H-5), 7.30-7.41 (m, 5H, Ar-H), 8.92-8.99 (brs, 1H, N-

H). 13C NMR (DMSO, 400 MHz): δ = 28.5, 28.9, 41.1, 46.0, 80.2, 81.1, 105.8, 127.9, 129.5, 

134.6, 140.8, 153.5, 175.9.  

 

Crystal structure determination for (±)-5 

Data collection was performed at 123K by ∏ and ω rotation scans using a Nonius Kappa CCD 

diffractometer with graphite monochromatized Mo Kα radiation (λ = 0.71073 A). Collected data 

was processed with the Denzo-SMN software.13 The structure was solved by direct methods with 

SHELXS and full-matrix, least-squares refinement on F2 was performed with SHELXL from 

SHELX-2013 package using Olex2 software suite.14, 15 The CH hydrogen atoms (except the 

disordered CH2 hydrogens on C8 which were treated similarly to NH hydrogen, see below) were 

included at fixed distances from their host atoms with the fixed displacement parameters. The NH 

hydrogen atom was located from the Fourier difference maps and refined isotropically with the 

fixed displacement parameter and restrained (0.87 Å) N–H bond length. The figure was drawn 

using Diamond 3 program.16 

Methine carbon (C4) and the phenyl group attached to it are disordered over two positions by 

symmetry operation (mirror plane) hence the occupation ratio of the two distinct parts is 1:1. In 

addition, ethyl group attached to carboxylate functionality is similarly disordered. The general 

planar structure (reinforced with strong intramolecular NH···O hydrogen bond) containing only 

few bendable groups generates voids in the crystal lattice which (with the lack of solvent of 

crystallization) most likely causes the observed disorders.  
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The deposition number CCDC 1038709 contains the supplementary crystallographic data for this 

paper. These data can be obtained free of charge from The Cambridge Crystallographic Data 

Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

Crystal Data for C19H25NO4 (M =331.40 g/mol): orthorhombic, space group Pnma (no. 62), a = 

14.778(3) Å, b = 6.9181(14) Å, c = 17.853(4) Å, V = 1825.2(6) Å3, Z = 4, T = 123 K, µ(MoKα) 

= 0.084 mm-1, Dcalc = 1.206 g/cm3, 3465 reflections measured (5.332° ≤ 2Θ ≤ 51.994°), 1951 

unique (Rint = 0.0224, Rsigma = 0.0232) which were used in all calculations. The final R1 was 

0.0549 (I > 2σ(I)) and wR2 was 0.1478 (all data). 
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