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Abstract. A simple and general protocol was developed for 
selective conversion of amides into amines. Amides were 
converted into amide acetals and imido esters by O-
alkylation and then hydrogenated without isolation into 
amines under very mild reaction conditions over standard 
hydrogenation catalysts. Triethyloxonium tertafluoroborate, 
methyl trifluoromethanesulfonate, dimethyl sulfate and ethyl 
chloroformate were validated as alkylating agent.  

The synthetic utility of this approach was demonstrated by 
the selective carbonyl reduction of peptide groups. 
Carbonyl reduction of peptide group proceeds 
chemoselective without racemization of the neighboring 
chiral center. 

Keywords: Amide; Amine; Hydrogenation; Heterogeneous 
catalysis.  

 

Introduction 

The reduction of amides using complex 
aluminohydrides is one of the most frequently used 
methods for production of amides and often is a key 
step in the synthesis of natural products and 
pharmaceutical ingredients.[1, 2] Despite the progress 
made in recent years by using sodium borohydride[3] 
and silanes[4] as reducing agents catalytic 
hydrogenation remains one of the major challenges[5], 
as demonstrated in numerous publications over the 
last years. Significant improvements were achieved in 
recent years by employing bimetallic and 
homogeneous catalysts.[6] Nevertheless, the 
development of milder and more selective methods 
using commercially available heterogeneous catalysts 
is of significant interest for the fine chemical and 
pharmaceutical industries. In this respect, activation 
of amide is a promising strategy.[6d, 6f, 7] Recently, 
Huang reported the reductive alkylation of tert-
amides by in situ amide activation with Tf2O, 
alkylation with a Grignard reagent and reduction, 
particularly, with hydrogen. [8].  

Very recently, we have demonstrated that 
hydrogenolysis of the amide acetals and imido esters 
proceed at very mild conditions over commercially 
available hydrogenation catalysts.[9] Also briefly 
showed that in situ generated acetals by O-alkylation 
with (Et3O)BF4 could be smoothly transformed into 
amines over 5% Pt/C. Herein we present this strategy 
as a general method for reduction of secondary and 
tertiary amides by O-alkylation and hydrogenating 
them directly to amines without needing the extensive 

isolating procedures. The primary amides were 
deliberately omitted, because primary amides could 
be straightforwardly converted into nitriles, which 
can be easily hydrogenated to primary amines.[5] 
Special attention was focused on reduction of peptide 
bond in amino acids presenting an alternative method 
for the synthesis of pseudopeptides containing CH2-N 
amide bond surrogate. These types of 
pseudodipeptides were previously prepared from 
dipeptides by selective reduction of dipeptides using 
BH3-THF complex[10] and phenylsilane[11]. The 
compounds with a reduced peptide bond represents 
an area of increased interest and have found 
importance as enzyme inhibitors, antagonists and 
potential agents for gene delivery.[12]  

Scheme 1. Hydrogenation of amides vs. O-

alkylation and hydrogenation. 

Results and Discussion 

Several efficient protocols for the conversion of 
tertiary amides into amide acetals and secondary and 
primary amides into imido esters are well known.[13, 

14] Among them, O-alkylation of acid amides using 
common alkylation agents are the most attractive due 
to the simple alkylation procedure and high yields. 
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Trialkylsilyl and alkyl perfluoroalkanesulfonates[15] 
and trialkyloxonium salts[16] have comparable 
alkylation power and produce imidate salts from a 
broad range of amides under smooth conditions. 
Dialkyl sulfates O-alkylate amides in an equilibrium 
reaction give imidate salts.[17] The position of 
equilibrium depends upon the nature of the 
substituents - bulky and electron-withdrawing groups 
shift equilibrium towards the starting compounds. 
The alkylation at room temperature is slow and is 
accelerated at higher temperatures, the heating over 
80 °C often led to the formation of unwanted side 
products. Primary and secondary amides react with 
alkyl chloroformates with the loss of CO2 and 
formation of imidate hydrochlorides.[18]   

For the reduction of non-functionalized amides (1, 
3 and 5) alkylation reactions were performed with 
Et3OBF4 as it was successfully used in the initial 
experiments described in the preliminary report.[9] 
Using sodium ethoxyde to liberate amide acetal 
hydrogenation over Pt and Pd on charcoal provided 
desired amines in good yields (Table 1). In the initial 
experiments disappointing low yields were obtained 
applying the same conditions for the amides 7 and 9 
bearing phosphonate and ester groups. Potassium 
carbonate instead of the sodium alkoxide is a useful 
alternative for generation of free amide acetals “in 
situ” under milder conditions. The hydrogenation of 
the ethoxymethaniminium salts in the presence of 
K2CO3 provided the desired amines 8 and 10 in 
satisfied to good yields.  

Methyl triflate is a useful and mild O-methylating 
agent for secondary and tertiary amides.[15c-e] As a 
model for secondary amides N-propylpropionamide 
11 and acetanilides 13 and 15 were chosen. In initial 
tests the hydrogenation of the O-methyl salts in the 
presence of NaOMe and K2CO3 were disappointingly 
poor (10-40%). Several experiments varying the 
different Pt, Pd, Ru and Rh catalysts failed to 
improve the situation. The improvement was realized 
by the hydrogenation of salts without any base. The 
yield for N-ethyl-4-cloroaniline 16 was lower and 
noticeable amounts of 4-chloroaniline were detected 
in the reaction mixture. The reason for that could be 
an enhanced lability of the C-N bond of the 4-
chloroanilide acetal in alcohol at slightly acidic 
conditions.[15c]  

In order to show applicability of the alternative 
alkylating agents, we have revealed dimethyl sulfate 
and ClCOOEt as appropriate alkylating agents by 
reduction of lactams to cyclic amines. N-methyl 
pyrrolidine 18 and N-methylazepane 20 and were 
isolated in fair yields in hydrogenation of liberated 
amide acetals (using NaOMe) after O-methylation 
with dimethyl sulfate.  

The reaction of ethyl chloroformate with δ-
valerolactam 21 and ε-caprolactam 23 without 
solvents at 60°C yield the O-ethylvalerolactim 
hydrochloride[18d] and O-ethylcaprolactim 
hydrochloride[18b], respectively. Dissolving of the 
obtained solid imidate hydrochlorides in ethanol and 
hydrogenation without using any base provided 

cyclic amines with inferior (>90%) yields. By 
contrast, hydrogenation in the presence of K2CO3 
delivered piperidine 22 in a lower yield (80%).  

To show the potential of this method, the reduction 
of the peptide groups at lactams 25, 27, 29 as 
models[19] for macrocyclic peptidomimitics[20] and 
dipeptides 31 and 33 was studied. Amino lactones 26, 
28 and 30 were isolated in good yields after 
alkylation with Et3OBF4 and hydrogenation over Pt/C. 
Relatively high values of optical rotation indicates 
little or no racemization of the neighboring chiral 
center. Two equivalents of Et3OBF4 are necessary for 
alkylation of dipeptides 31 and 33. The second 
equivalent of trialkyloxnium-fluorobaorates reacts 
with Boc-group releasing the isobutene with the 
formation of ethoxycarbonyl-group.[16a] Required 
pseudodipeptides 32 and 34 could be isolated in 70% 
and 61% yield, respectively. None of the 
diastereomeric by-products were detected by GC-MS 
analysis of reaction mixtures in both cases. Reduction 
of the carbonyl of peptide groups proceeds with high 
chemoselectity without affecting the neighboring 
chiral center.  

Conclusion 

In conclusion, a simple and general protocol was 
developed for selective conversion of amides into 
amines. A variety of amides bearing light reducible 
functional groups were reduced into amines in 
practical to quantitative yields. The hydrogenations 
were performed at mild conditions over commercially 
available hydrogenation catalysts. Carbonyl reduction 
of peptide group proceeds chemoselective without 
racemization of the neighboring chiral center.  

Experimental Section 

In view of the moisture sensitive nature of the amide 
acetals, all the synthetic reactions were performed under 
moisture free conditions. Powder catalysts from Evonik[9] 
were dried at 80°C in vacuum for 4 h. Solvents and 
dimethyl sulfate were dried over fresh activated molecular 
sieves 3A. Large quantities of triethyloxonium 
tetrafluoroborate[21] were prepared by standard method and 
stored in refrigerator. Methyl triflate was prepared as 
described[22] and raw material was distilled off at reduced 
pressure(400 - 200 mbar) using efficient condenser. The 
pure methyl triflate (bp 98-99°C) was obtained by 
redistillation at atmospheric pressure using 25 cm Vigreux 
column.  N-Propylpropionamide,[23] N,N-dimethylundec-
10-enamide,[24] diethyl N,N-dimethyl-3-
(diethylphosphono)propionamide,[25] 4-methyl-
morpholindione-2,3,[26] N,N,N’,N’-
tetramethylsuccinyldiamide,[27] (2S)-pyrrolo[1,2-
c][1,4]azaoxacyclotridecen-7-dione-3,13, (2S)-pyrrolo[1,2-
c][1,4]azaoxacyclotetradecen-8-dione-3,14 and  (2S)-
pyrrolo[1,2-c][1,4]azaoxacyclohexadecen-6-dione-3,16,[19] 
N-[(tert-buthoxy)carbonyl]-L-alanyl-L-proline methyl 
ester[28] and N-[(tert-buthoxy)carbonyl]-L-phenylalanyl-L-
proline methyl ester[29] were prepared according literature 
procedures. All other amides were purchased from 
commercial suppliers and used without further purification.  
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Table 1. Isolated Yields in the Reduction of Amides.a  

Amide  Amine  Alkylating agent Base Catalyst Timeb h Yield, % 

 
1  2 (Et3O)BF4 EtONa 5% Pt/C 0.2 78 

 

3  4 (Et3O)BF4 EtONa 5% Pd/C 8 62 

 
5  6 (Et3O)BF4 EtONa 

5% Pd/C 0.2 77 

5% Pt/C 0.2 79 

 

7 
 

8 (Et3O)BF4 K2CO3 5% Pd/C 3 58 

 

9 

 

10 (Et3O)BF4 K2CO3 5% PtC 12 90 

H
N

O  
11 

H
N  12 CF3SO2OMe - 5% Pt/C 0.5 96 

H
N

O  
13 

H
N

 
14 CF3SO2OMe - 5% Pt/C 1 94 

 
15 

 

16 CF3SO2OMe - 5% Pt/C 0.2 62 

 
17 

 
18 (MeO)2SO2 MeONa 

5% Pd/C 1 65 

5% Pt/C 0.5 55 

 
19 

 
20 (MeO)2SO2 MeONa 

5% Pd/C 0.2 58 

5% Pt/C 0.2 50 

 
21 

 
22 ClCOOEt 

K2CO3 5% Pt/C 0.1 80 

- 5% Pt/C 1 91 

NH

O

 
23 

NH 
24 ClCOOEt - 5% Pt/C 2 95 

 

25 

 

26 (Et3O)BF4 K2CO3 5% Pt/C 14c 75 

 

27 

 

28 (Et3O)BF4 K2CO3 5% Pt/C 14c 80 

 

29 

 

30 (Et3O)BF4 K2CO3 5% Pt/C 14c 59 

 

31 

 

32 (Et3O)BF4 K2CO3 5% Pt/C 14c 70 

 

33 

 

34 (Et3O)BF4 K2CO3 5% Pt/C 14c 61 

[a] Conditions according to general procedures. [b] Time required for completeness of hydrogen uptake. [c] Stirred 

overnight under 40 bar hydrogen pressure.    
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General Procedures for the Alkylation of Amides.  

A. To the cooled in ice bath solution of amide (25 mmol) 
in dry CH2Cl2 (25 mL) triethyloxonium tetrafluoroborate 
(5.32 g, 28 mmol) was added at once and obtained solution 
was allowed to warm to ambient temperature, stirred over 
night and concentrated in vacuum. The residue was 
dissolved in dry ethanol and obtained solution used in the 
hydrogenation step.  

B To the cooled in ice bath solution of amide (25 mmol) in 
dry CH2Cl2 (10 mL) methyl triflate (5.1 g, 31 mmol) was 
added drop wise, then warmed to ambient temperature, 
stirred for 4 h and concentrated in vacuum. The residue 
was dissolved in dry methanol and obtained solution used 
in the hydrogenation step.  

C: Amide (25 mmol) and dimethyl sulfate (2.6 mL, 27 
mmol) were heated under Argon at 80°C for 3 h, dissolved 
in dry methanol and obtained solution used in the 
hydrogenation step.  

D: Amide (25 mmol) and ethyl chlorofomate (8 mL, 84 
mmol) were heated at 60°C until CO2 evolution cased 
(typically 4 h) and concentrated in vacuum. The residue 
was dissolved in dry ethanol and obtained solution used in 
the hydrogenation step.  

 

General Procedure for Hydrogenation.  

A 100 mL autoclave was charged with (0.5 mmol) of dried 
powder catalyst and where appropriate also 1.73 g of 
K2CO3 or 12.5 ml of 2 M ethanolic solution of EtONa, 
purged with nitrogen twice, a solution of iminium salt in 
alcohol was transferred via capillary tubing into autoclave 
and purged twice with hydrogen. The autoclave was 
pressurized with hydrogen to 40 bar and stirred at constant 
pressure until no hydrogen consumption was observed. 
Autoclave was depressurized, reaction mixture filtered 
through celite, solids washed with alcohol and combined 
filtrates concentrated on rotary evaporator. Residue was 
dissolved in chilled 1M hydrochloric acid (25 mL) and 
washed twice with diethyl ether. Diethyl ether extracts 
were discarded. Aqueous layer was made basic with NaOH 
solution and extracted with diethyl ether. Combined 
organic layers were dried over K2CO3 and concentrated on 
rotary evaporator. The crude product was purified by 
vacuum distillation or chromatography on silica gel.  

 

E: General Procedure for Reduction of Peptide Group.  

Amide (10 mmol) was alkylated according to general 
procedure A following by hydrogenation in 20 mL of 
EtOH over 0.78 g of dry 5% Pt/C and K2CO3 (0.69 g) at 40 
bar over nigh (14 h). Autoclave was depressurized, 
reaction mixture filtered through celite, solids washed with 
alcohol and combined filtrates concentrated on rotary 
evaporator. Residue was treated with cold 2N NaOH 
solution (10 ml) and extracted with diethyl ether. 
Combined organic layers were dried over K2CO3 and 
concentrated on rotary evaporator. The crude product was 
purified by chromatography on silica gel.  

N,N-Diisopropylbenzylamine 2. According to general 
procedure A, the reaction of N,N-diisopropylbenzamide 1 
(5.13 g, 25 mmol) and triethyloxonium tetrafluoroborate 
(5.32 g, 28 mmol), following by hydrogenation with 5% 
Pt/C (1.95 g, 2 mol%) and 12.5 ml of 2 M ethanolic 
solution of EtONa in 25 ml of EtOH, work up and 
distillation (bp 72°C/2 mbar) afforded 2 in 78% (3.73 g) 
yield. Spectroscopic properties of 2 matched those 
previously described.[30]  

N,N,N’,N’-Teramethyl-1,4-butanediamine 4. According to 
general procedure A, the reaction of N,N,N’,N’-
tetramethylsuccinyldiamide 3 (4.31 g, 25 mmol) and 
triethyloxonium tetrafluoroborate (10.8 g, 57 mmol), 
following by hydrogenation with 5% Pd/C (2.12 g, 4 
mol%) and 25 ml of 2 M ethanolic solution of EtONa in 40 
ml of EtOH, work up and distillation (bp 75°C/40 mbar) 
afforded 4 in 62% (2.24 g) yield. Spectroscopic properties 
of 4 matched those previously described.[31]   

N,N-dimethylundec-10-enamine 6. According to general 
procedure A, the reaction of N,N-dimethylundec-10-
enamide 5 (5.28 g, 25 mmol) and triethyloxonium 
tetrafluoroborate (5.32 g, 28 mmol), following by 
hydrogenation with 5% Pd/C (1.06 g, 2 mol%) and 12.5 ml 
of 2 M ethanolic solution of EtONa in 25 ml of EtOH, 
work up and distillation (bp 52-54°C/0.18 mbar) afforded 
6 in 77% (3.80 g) yield. Spectroscopic properties of 6 
matched those previously described.[32]   

Diethyl 3-(N,N-dimethylamino)propylphosphonate 8. 
According to general procedure A, N,N-dimethyl-3-
(diethylphosphono)propionamide 7 (5.28 g, 25 mmol) was 
alkylated with triethyloxonium tetrafluoroborate (5.32 g, 
28 mmol) and hydrogenated over 5% Pd/C (1.06 g, 2 
mol%) and K2CO3 (1.73 g) in 25 ml of EtOH. Aqueous 
solution was extracted 6 times with ethyl acetate, 
combined organic layers were dried and evaporated. 
Distillation in vacuum (bp = 72-73°C/0.08 mbar) afforded 
8 in 58% (3.85 g) yield. 1H NMR (CDCl3) δ 4.08 – 3.97 (m, 
4H), 2.25 (t, J = 6.7, 2H), 2.15 (s, 6H), 1.74 – 1.65 (m, 4H), 
1.25 (t, J = 7.1, 6H). 13C NMR (CDCl3) δ 61.40 (d, J = 6.5), 
59.81 (d, J = 17.9), 45.27 (s), 23.79 (s), 22.85 (s), 20.61 (d, 
J = 4.7), 16.44 (d, J = 6.0). MS (EI) m/z 213 (M+), 208, 
150, 125, 97, 84, 72, 58. 1H NMR spectrum of 8 matched 
that previously described.[33]   

4-Methyl-2-morpholinone 10. According to general 
procedure A, the reaction of 4-methyl-morpholindione-2,3 
9 (3.23 g, 25 mmol) and triethyloxonium tetrafluoroborate 
(5.32 g, 28 mmol), following by hydrogenation over 5% 
Pd/C (1.06 g, 2 mol%) and K2CO3 (1.73 g) in 25 ml of 
EtOH, work up and distillation (bp 70°C/3 mbar) afforded 
10 in 90% (2.59 g) yield. Spectroscopic properties of 10 
matched those previously described.[34]  

Dipropylamine 12. According to general procedure B, the 
reaction of N-propylpropionamide 11 (2.88 g, 25 mmol) 
and methyl triflate (5.1 g, 31 mmol), following by 
hydrogenation over 5% Pt/C (1.95 g, 2 mol%), work up 
and distillation (bp 105-106°C) afforded 12 in 96% (2.43 
g) yield. Spectroscopic properties of 12 matched those 
previously described.[35]   

N-Ethylaniline 14. According to general procedure B, the 
reaction of acetanilide 13 (3.38 g, 25 mmol) and methyl 
triflate (5.1 g, 31 mmol), following by hydrogenation over 
5% Pt/C (1.95 g, 2 mol%) in MeOH (25 ml), work up and 
distillation (bp 81°C/10 mbar) afforded 6 in 94% (2.85 g) 
yield. Spectroscopic properties of 14 matched those 
previously described.[36]    

N-Ethyl-4-chloroaniline 16. According to general 
procedure B, the reaction of 4’-chloroacetanilide 15 (4.24 
g, 25 mmol) and methyl triflate (5.1 g, 31 mmol), 
following by hydrogenation over 5% Pt/C (1.95 g, 2 
mol%) in MeOH (25 ml), work up and distillation (bp 
68°C/0.5 mbar) afforded 16 in 62% (2.41 g) yield. 
Spectroscopic properties of 16 matched those previously 
described.[37]    

N-Methylpyrrolidine 18. According to general procedure C, 
N-methylpyrrolidone 17 (2.48 g, 25 mmol) was alkylated 
with dimethyl sulfate (2.6 mL, 27 mmol) and hydrogenated 
in 25 ml of MeOH over 5% Pd/C (1.06 g, 2 mol%) in 
presence 12.5 ml of 2 M methanolic solution of MeONa, 
combined filtrates after removing of Pt/C were treated with 
1M hydrochloric acid (25 mL) and MeOH evaporated in 
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vacuum. Aqueous residue was washed twice with diethyl 
ether. Diethyl ether extracts were discarded. Aqueous layer 
was made basic with NaOH solution and extracted with 
diethyl ether. Combined organic layers were dried over 
K2CO3 and treated with 2M HCl in diethyl ether. 
Precipitated product was filtered, washed with diethyl 
ether and dried affording 18∙HCl in 65% (1.98 g) yield. 1H 
NMR (CDCl3) δ 12.12 (s, 1H), δ 3.68 (td, J = 10.5, 5.4 Hz, 
2H), 2.90 – 2.85 (m, 2H), 2.84 (d, J = 5.0 Hz, 3H), 2.19 – 
2.03 (m, 4H). 13C δ 55.22, 40.79, 23.67. Hydrochloride 
was treated with 25% sodium hydroxide solution, 
separated organic layer was distilled over K2CO3, 
obtaining 18. Spectroscopic properties of 18 matched those 
previously described.[38]    

N-Methylazepane 20. According to general procedure C, 
the reaction of N-methylcaprolactam 19 (3.18 g, 25 mmol) 
and dimethyl sulfate (2.6 mL, 27 mmol), following by 
hydrogenation with 5% Pd/C (1.06 g, 2 mol%) and 12.5 ml 
of 2 M methanolic solution of MeONa in 25 ml of MeOH, 
work up and distillation (bp 86-87°C/190 mbar) afforded 
20 in 55% (1.56 g) yield. Spectroscopic properties of 20 
matched those previously described.[3g]  

Piperidine 22. Piperodone-2 21 (2.5 g, 25 mmol) was 
alkylated according to general procedure D with ethyl 
chlorofomate (8 mL, 84 mmol) and hydrogenated in 25 ml 
of EtOH over 5% Pd/C (0.98 g, 1 mol%), combined 
filtrates after removing of Pt/C were treated with 1M 
hydrochloric acid (25 mL) and EtOH evaporated in 
vacuum. Aqueous residue was washed twice with diethyl 
ether. Diethyl ether extracts were discarded. Aqueous layer 
was made basic with NaOH solution and extracted with 
diethyl ether. Combined organic layers were dried over 
K2CO3 and treated with 2M HCl (12.5 mL) in diethyl ether. 
Precipitated product was filtered, washed with diethyl 
ether and dried affording 22∙HCl in 91% (2.77 g) yield. 
Spectroscopic properties of 22 matched those previously 
described.[39]  

Hexamethyleneimine 24. According to general procedure C, 
the reaction of ε-caprolacatam 23 (2.83 g, 25 mmol) and 
ethyl chlorofomate (8 mL, 84 mmol), following by 
hydrogenation over 5% Pt/C (1.95 g, 2 mol%) in EtOH (25 
ml), work up and distillation afforded 24 (bp 68°C/95 
mbar) in 95% (2.36 g) yield. Spectroscopic properties of 
24 matched those previously described.[40]    

(2S)-Pyrrolo[1,2-c][1,4]azaoxacyclotridecanone-3 26. 
According to general procedure E, the reaction of (2S)-
pyrrolo[1,2-c][1,4]azaoxacyclotridecen-7-dione-3,13 25 
(251 mg, 1 mmol) and triethyloxonium tetrafluoroborate 
(0.21 g, 1.1 mmol), following by hydrogenation over 5% 
Pt/C (78 mg) and K2CO3 (138 mg) in 5 ml of EtOH, after 
work up and silica gel chromatography using EA/hexane 
(1:5) as eluent afforded 26 (Rf 0.36) as colorless syrup in 
75% (182 mg) yield. 1H NMR (CDCl3) δ 4.17 (ddd, J = 
10.7, 7.1, 3.4 Hz, 1H), 4.07 (ddd, J = 10.9, 7.6, 3.3 Hz, 1H), 
3.24 – 3.18 (m, 1H), 3.15 (t, J = 6.9 Hz, 1H), 2.86 (dt, J = 
12.0, 7.4 Hz, 1H), 2.37 (dt, J = 11.7, 5.7 Hz, 1H), 2.24 (dd, 
J = 16.3, 8.4 Hz, 1H), 1.98–1.83 (m, 3H), 1.77–1.11 (m, 
15H). 13C NMR δ 174.94, 66.86, 64.32, 54.57, 54.26, 
28.96, 27.04, 26.85, 25.35, 25.05, 25.02, 24.10, 23.79, 
23.29; MS (EI) m/z 239 (M+), 195, 152, 110, 83; HRMS 
(EI) calc. for C14H25NO2: 239.18798, found 239.18790; 
αD

22= -27.2 (c 0.86, CHCl3).  

(2S)-Pyrrolo[1,2-c][1,4]azaoxacyclotetradecanone-3 28. 
According to general procedure E, the reaction of (2S)-
pyrrolo[1,2-c][1,4]azaoxacyclotetradecen-8-dione-3,14 27 
(1.33 g, 5 mmol) and triethyloxonium tetrafluoroborate 
(1.14 g, 6 mmol), following by hydrogenation over 5% 
Pt/C (390 mg) and K2CO3 (345 mg) in 10 ml of EtOH, 
after work up and silica gel chromatography using 
EA/hexane (1:5) as eluent afforded 28 (Rf 0.31) as 
colorless syrup in 80% (1.02 g) yield. 1H NMR (CDCl3) δ 
4.20–4.08 (m, 2H), 3.15 (td, J = 8.4, 2.9 Hz, 1H), 3.06 (dd, 
J = 8.2, 6.6 Hz, 1H), 2.83–2.73 (m, 1H), 2.22–2.11 (m, 

2H), 2.05–1.07 (m, 21H), 13C NMR δ 174.52, 66.93, 63.97, 
53.37, 53.37, 28.95, 27.94, 25.77, 25.70, 25.04, 24.72, 
24.02, 23.98, 23.17, 22.84; MS (EI) m/z 253 (M+), 209, 
166, 110, 83; HRMS (EI) calc. for C15H27NO2: 253.20363, 
found 253.20346; αD

22= -35.2 (c 1.01, CHCl3).  

(2S)-Pyrrolo[1,2-c][1,4]azaoxacyclohexadecanone-3 30. 
According to general procedure E, the reaction of (2S)-
pyrrolo[1,2-c][1,4]azaoxacyclohexadecen-6-dione-3,16 25 
(1.47 g, 5 mmol) and triethyloxonium tetrafluoroborate 
(1.15 g, 6 mmol), following by hydrogenation over 5% 
Pt/C (390 mg) and K2CO3 (345 mg) in 10 ml of EtOH, 
after work up and silica gel chromatography using 
EA/hexane (1:5) as eluent afforded 26 (Rf 0.29) as 
colorless syrup in 59% (0.83 g) yield. 1H NMR (CDCl3) δ 
4.22 (ddd, J = 10.9, J = 7.1, J = 4.9, 1H), 4.00 (ddd, J = 
10.8, J = 6.1, J = 4.7, 1H), 3.13 (dd, J = 8.5, J = 5.4, 1H), 
3.09 (td, J = 8.3, J = 3.5, 1H), 2.61 (ddd, J = 11.6, J = 10.0, 
J = 6.0, 1H), 2.37 (ddd, J = 11.5, J = 9.8, J = 5.3, 1H), 2.32 
(q, J = 8.0, 1H), 1.98-2.05 (m, 1H), 1.84-1.91 (m, 2H), 
1.71-1.77 (m, 1H), 1.57-1.62 (m, 2H), 1.18-1.48 (m, 18H); 
13C δ 174.72, 66.06, 64.40, 54.92, 53.55, 29.28, 28.58, 
27.22, 26.75, 26.64, 26.55, 26.12, 25.79, 25.64, 25.53, 
25.05, 23.18; MS (EI) m/z 281 (M+), 237, 194, 110, 83; 
MS ESI-TOF C17H32NO2 (M+H)+ calc. 282.24276 found 
282.24266. αD

23= -39.0 (c 1.04, CHCl3).  

1-[(2S)-2-[(ethoxycarbonyl)amino]propyl]-L-proline 
methyl ester 32.  
According to general procedure E, the reaction of N-Boc-
L-Ala-L-Pro-OMe 31 (3 g, 10 mmol) and triethyloxonium 
tetrafluoroborate (3.80 g, 20 mmol), following by 
hydrogenation over 5% Pt/C (0.78 g) and K2CO3 (0.69 g) 
in 20 ml of EtOH, after work up and silica gel 
chromatography using EA/hexane (1:1) as eluent afforded 
32 (Rf 0.25) as colorless syrup in 65% (1.68 g) yield. 1H 
NMR (CDCl3) δ 5.19 (br. s, 1H), 3.99-4.07 (m, 2H), 3.63 
(s, 3H), 3.60 (q, J=6.4, 1H), 3.23 (dd, J = 8.6, J = 5.1, 1H), 
3.09 (ddd, J = 8.3, J = 8.2, J = 3.9, 1H), 2.60 (dd, J = 12.4, 
J = 6.0, 1H), 2.50 (dd, J = 11.7, J = 5.9, 1H), 2.47 (dt, J = 
8.9, J = 7.5, 1H), 2.00-2.05 (m, 1H), 1.81-1.86 (m, 2H), 
1.72-1.78 (m,1H), 1.17 (t, J = 7.1, 3H), 1.13 (d, J = 6.6, 
3H); 13C δ 174.80, 156.28, 66.50, 60.38, 60.20, 54.44, 
51.69, 46.41, 29.39, 23.83, 19.48, 14.64. MS (EI) m/z 258 
(M+), 226, 199, 142, 114; MS ESI-TOF C12H22N2O4 
(M+H)+ calc. 259.16523 found 259.16499. αD

22 -57.9 (c = 
1.0, CHCl3)  

1-[(2S)-2-[(ethoxycarbonyl)amino]-3-phenylpropyl]-L-
proline methyl ester 34  

According to general procedure E, the reaction of N-Boc-
L-Phe-L-Pro-OMe 33 (3.87 g, 10 mmol) and 
triethyloxonium tetrafluoroborate (3.80 g, 20 mmol), 
following by hydrogenation over 5% Pt/C (0.78 g) and 
K2CO3 (0.69 g) in 20 ml of EtOH, after work up and silica 
gel chromatography using EA/hexane (1:1) as eluent 
afforded 34 (Rf 0.40) as colorless syrup in 1.84 g (55%) 
yield. 1H NMR (CDCl3) δ 7.20 (t, J = 7.6, 2H), 7.12 (t, J = 
7.8, 3H), 5.46 (br. s, 1H), 4.07 (dq, J = 10.6, J = 7.2, 1H), 
4.02 (dq, J = 10.6, J = 7.1, 1H), 3.75 (br. m, 1H), 3.61 (s, 
3H), 3.18 (br. m, 1H), 3.07 (br. m, 1H), 3.03 (td, J = 7.9, J 
= 3.4, 1H),2.58 (dd, J = 13.5, J = 7.8, 1H), 2.52 (t, J = 11.3, 
1H), 2.40 (dd, J = 12.1, J = 3.85, 1H), 2.21 (br. m, 1H), 
1.98-2.04 (m, 1H), 1.98-2.04 (m, 1H), 1.66-1.72 (m, 2H), 
1.18 (t, J = 7.2, 3H); 13C δ 174.71, 156.84, 138.20, 129.48, 
128.29, 126.25, 65.51, 60.54, 56.79, 53.04, 51.81, 51.44, 
39.48 , 29.21, 23.43, 14.69; MS (EI) m/z 334 (M+), 302, 
275, 142, 114; MS ESI-TOF C18H26N2O4 (M+H)+ calc. 
335.19653 found 335.19616; αD

22 -53.7 (c = 1.0, CHCl3).  
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