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Efforts Towards The Total Synthesis Of 
Aureobasidin L  

 
Rani Maharani 

 
Abstract: Aureobasidin L (AbL) 2 was synthesised using a strategy applied for the synthesis of analog [2S,3S-Hmp]-AbL 1, through a combination of 
solution-, and solid-phase peptide synthesis. It was assumed that the synthesis of the natural AbL 2 will be more straightforward than the synthesis of the 
analog 2. However, some issues were found during the synthesis. Due to these issues, a small amount of AbL 2 was obtained. The AbL 2 was 
characterized by ESI-MS analysis and a comparison of 

1
H-NMR spectrum between AbL 2 and [2S,3S-Hmp]-AbL 1. 

 
Index Terms: aureobasidin L, [2S,3S-Hmp]-AbL, solid-phase peptide synthesis.   

———————————————————— 

 

1 INTRODUCTION 
Aureobasidins (Abs) are cyclodepsipeptides, isolated from the 
black yeast, Aureobasidium pullulans R106.[1] Abs are 
important cyclic depsipeptides due to their antifungal 
properties and potential medicinal application. However, these 
compounds are difficult to obtain either by isolation or 
chemical synthesis. To date, only the total synthesis of 
aureobasidin A, Sch 57697 and its epimer have been 
reported.[2-4] The total synthesis of AbA was first reported in 
1996 by Kurome et al. using a solution-phase method.[2]  
Similar strategies were employed by Jao et al. and Schmidt et 
al.,[3, 4] but neither gave a better overall yield of the final 
product. It seems that access to this cyclic depsinonapeptide 
is difficult and this may be why there are a limited number of 
reports on the total synthesis of aureobasidins and their 
analogues. Recently, a combination of solution- and solid-
phase methods of peptide synthesis has been used to 
synthesise the novel aureobasidin analogue of [2S,3S-Hmp]-
aureobasidin L.[5]  The methods applied in the synthesis of 
[2S,3S-Hmp]-aureobasidin L 1 should be applicable to the total 
synthesis of other aureobasidin analogues, such as 
aureobasidin L (AbL) 2 due to the structural similarity of these 

compounds (Figure 1).  
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Figure 1 Structures of [2S,3S-Hmp]-AbL 1 and AbL 2. 

 

 
 
 
 
 
 
 
 
 
 
 
 

In the synthesis of [2S,3S-Hmp]-aureobasidin L 1, it was found 
that the cyclisation step resulted in a low yield of the final 
product. It was hypothesised that the difficulty found in the 
cyclisation step may be caused in part by the stereochemistry 
of 2-hydroxy-3-methylpentanoic acid (2S,3S), which is different 
from the natural product, which has a 2R,3R-configuration. It 
was proposed that the unnatural stereochemistry of the 
hydroxy acid may have influenced the ability of the two ends to 
come together for cyclisation. It was hoped that by 
synthesising the natural product AbL 2, the cyclisation issue 
found in the earlier synthesis might be overcome. 2R-Hydroxy-
3R-methylpentanoic acid (D-Hmp) is the only new residue 
required for the synthesis of AbL 2. This residue would need to 
be prepared from expensive D-isoleucine (D-Ile) 4. The 
synthesis of  D-Hmp from D-Ile 4 took advantage of the same 
protocol as employed for the L-Hmp synthesis.[5] Once this 
residue was prepared, the conjugation between D-Hmp and 
Fmoc-L-MeVal took place. The resulting depsidipeptide was 
then ready for solid-phase depsinonapeptide synthesis. The 
strategy used for the synthesis of [2S,3S-Hmp]-AbL 1 was 
then applied for the synthesis of AbL 2. 

  

2 METHODOLOGY 
 

2.1 Synthesis of Depsidipeptide (7) 
 
(2R)-Acetyloxy-(3R)-methylpentanoic acid (5) 
 
D-Isoleucine 4 (2.50 g, 19.0 mmol) was dissolved in glacial 
acetic acid (57 mL). The stirred solution was cooled 
occasionally to keep the solution at room temperature. Sodium 
nitrite (2.60 g, 38.0 mmol) was added in several portions over 
1 h. Once the addition was complete, the solution was stirred 
for 24 h. The reaction mixture was then evaporated and the 
crude residue was dissolved in ether. The ethereal solution 
was washed with water several times and then extracted with 
saturated sodium bicarbonate solution. The combined 
aqueous extracts were acidified by 2N hydrochloric acid and 
then extracted with ether. The organic layer was dried and 
evaporated to give 5 (2.13 g, 64%) as a colourless oil: [α]D

20
 = 

+35.0, c = 1 in dichloromethane; 
1
H-NMR (300 MHz, CDCl3) δH 

(ppm) ) δH (ppm) 4.92 (1H, d, J = 4.8 Hz, CH3COOCHCOOH),  
2.12 (3H, s, CH3COO), 2.05-1.92 (1H, m, CH3CHCH2), 1.56-
1.45 (1H, m, CH3CHHCH), 1.39-1.23 (1H, m, CH3CHHCH), 
0.98 (3H, d, J = 6.9 Hz, CH3CH), 0.91 (3H, t, J = 7.5 Hz, 
CH3CH2); 

13
C-NMR (75 MHz, CDCl3) δC (ppm) 175.1, 170.5, 

74.2, 36.1, 24.1, 20.1, 14.9, 11.3. 
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t-Butyl-(2R)-hydroxy-(3R)-methylpentanoate (6) 
To a solution of 5 (2.11 g, 12.1 mmol) in tert-butanol (8 mL) 
was added di-tert-butyldicarbonate (3.17 g, 14.5 mmol) and 4-
dimethylaminopyridine (178 mg, 1.45 mmol). The solution was 
stirred under nitrogen at room temperature over 4 h with the 
progress of the reaction monitored by TLC. The reaction 
mixture was evaporated and the resulting crude was dissolved 
in ethyl acetate. The ethyl acetate solution was washed with 
saturated sodium bicarbonate solution, dried and evaporated. 
The crude was purified by silica gel column chromatography 
(hexane:ethyl acetate = 9.5:0.5) to give pure t-butyl-(2R)-
acetyloxy-(3R)-methylpentanoate (2.15 g, 77%) as a 
colourless oil: [α]D

20
 = +25.0, c = 1 in dichloromethane; HR-MS 

(ESI) m/z Calcd. for C12H22O4 requires [M+Na] 253.1416 
Found 253.1406; 

1
H-NMR (500 MHz, CDCl3) δH (ppm) 4.78 

(1H, s, CH3COOCHCOO), 2.13 (3H, s, CH3COO), 1.97-1.91 
(1H, m, CH3CHCH2), 1.56-1.44 (1H, m, CH3CHHCH), 1.45 
(9H, s, (CH3)3C), 1.34-1.28 (1H, m, CH3CHHCH), 0.98 (3H, d, 
J = 5.0 Hz, CH3CH), 0.93 (3H, t, J = 10.0 Hz, CH3CH2); 

13
C-

NMR (125 MHz, CDCl3) δC (ppm) 170.2, 168.2, 81.3, 76.2, 
36.1, 27.5, 24.2, 20.1, 14.8, 11.1. Compound t-butyl-(2R)-
acetyloxy-(3R)-methylpentanoate (2.00 g, 8.69 mmol) was 
dissolved in methanol (32 mL) and potassium carbonate (340 
mg, 2.46 mmol) added. The solution was stirred for 2 h with 
the reaction monitored by TLC.  The reaction mixture was 
evaporated and the resulting crude was partitioned between 
water and ether. The organic layer was dried and evaporated 
to give 6 (1.25 g, 68%) as a colourless oil: [α]D

20
 = +20.0, c = 1 

in dichloromethane; 
1
H-NMR (300 MHz, CDCl3) δH (ppm) 3.93 

(1H, d, J = 3.6 Hz, HOCHCOO), 1.79-1.67 (1H, m, 
CH3CHCH2), 1.47 (9H, s, (CH3)3C), 1.42-1.29 (1H, m, 
CH3CHHCH), 1.28-1.14 (1H, m, CH3CHHCH), 0.95 (3H, d, J = 
6.9 Hz, CH3CH), 0.88 (3H, t, J = 7.5 Hz, CH3CH2); 

13
C-NMR 

(75 MHz, CDCl3) δC (ppm) 173.8, 81.9, 74.4, 38.8, 27.7, 23.5, 
14.9, 11.5. 
 
2R,3R)-2-{(R)-2-[(N-Fluorenylmethyloxycarbonyl)-2-
aminomethyl-3-methylbutanoyl]oxy}-3-methylpentanoic 
acid (7) 
To a solution of Fmoc-N-methylvaline (2.13 g, 6.04 mmol) in 
dry tetrahydrofuran (12 mL) was added 6 (1.21 g, 6.64 mmol) 
and 4-dimethylaminopyridine (240 mg, 1.96 mmol). Once the 
reaction mixture cooled to 0 

o
C, N,N’-dicyclohexylcarbodiimide 

(1.37 g, 6.64 mmol) was added to the reaction mixture. The 
reaction was stirred for 1 h at 0 

o
C and then for 24 h at room 

temperature.  The reaction mixture was evaporated and 
dissolved in ethyl acetate with insoluble material being 
removed by filtration. The ethyl acetate solution was washed 
successively with 10% citric acid solution, saturated sodium 
chloride solution, saturated sodium bicarbonate solution and 
saturated sodium chloride solution. The solution was then 
dried (MgSO4), filtered, and evaporated to obtain a residue. 
The residue was then purified by silica gel column 
chromatography (hexane:ethyl acetate = 9.5:0.5) to give t-Bu-
protected depsidipeptide (1.14 mg, 36%) as a colourless oil: 
[α]D

20
 = -50.0, c = 1 in dichloromethane; HR-MS (ESI) m/z 

Calcd. for C31H41NO6 requires [M+Na] 546.2832 Found 
546.2821; 

1
H-NMR (300 MHz, CDCl3) δH (ppm) (rotamers) 

7.75 (2H, d, J = 7.2 Hz, ArH), 7.58 (2H, d, J = 7.2 Hz, ArH), 
7.38 (2H, t, J = 7.2 Hz, ArH), 7.29 (2H, t, J = 7.2 Hz, ArH), 
4.87-4.82 (1H, m, OCHCOOH), 4.74-4.55 (1H, m, NCHCO), 
4.46-4.40 (2H, m, CHCH2O), 4.26-4.20 (1H, m, ArCHAr), 4.26- 
4.20 (1H, m, NCHCO), 2.87 (3H, s, NCH3), 2.74 (3H, s, NCH3), 

2.30-2.12 (1H, m, CH3CHCH3), 1.98-1.88 (1H, m, CH3CHCH2), 
1.43 (9H, s, C(CH3)3), 1.52-1.35 (1H, m, CHCHHCH3), 1.32-
1.15 (1H, m, CHCHHCH3), 1.09-0.76 (12H, m, 3 x CH3CH; 
CH3CH2); 

13
C-NMR (75 MHz, CDCl3) δH (ppm) (rotamers) 

170.2, 169.8, 167.8, 167.6, 156.6, 155.9, 143.8, 143.6, 141.0, 
127.3, 126.7, 124.8, 124.7, 124.6, 119.6, 81.6, 81.5, 77.1, 
67.4, 67.3, 63.8, 63.4, 46.9, 36.1, 30.1, 30.0, 27.6, 27.1, 24.3, 
19.4, 19.5, 18.5, 18.4, 15.0, 11.2. To a solution of t-Bu-
protected depsidipeptide (1.14 g, 2.18 mmol) in 
dichloromethane (10 mL) was added trifluoroacetic acid (10 
mL). The reaction mixture was stirred for 5 h resulting in 7 
(970 mg, 95%) as a colourless oil: [α]D

20
 = -45.0, c = 2 in 

dichloromethane; Yellow solid: m.p. 132-134 
o
C; HR-MS (ESI) 

m/z Calcd. for C27H33NO6 requires [M+H]
+
 468.2386 Found 

468.2383; 
1
H-NMR (300 MHz, CDCl3) δ (ppm) 7.69 (2H, d, J = 

7.5 Hz, ArH), 7.51 (2H, d, J = 7.2 Hz, ArH), 7.32 (2H, t, J = 7.5 
Hz, ArH), 7.22 (2H, t, J = 7.2 Hz, ArH), 4.78 (1H, d, J = 3.9 Hz, 
OCHCOOH), 4.41-4.28 (2H, m, CHCH2O), 4.22 (1H, d, J = 
10.2 Hz, NCHCO), 4.15 (1H, t, J = 6.6 Hz, ArCHAr), 2.88 (3H, 
s, NCH3), 2.20-2.07 (1H, m, CH3CHCH3), 1.90-1.79 (1H, m, 
CH3CHCH2), 1.52-1.32 (1H, m, CHCHHCH3), 1.16-1.01 (1H, 
m, CHCHHCH3), 0.79-0.66 (9H, m, 3 x CH3CH), 0.93-0.83 
(3H, m, CH3CH2); 

13
C-NMR (75 MHz, CDCl3) δ (ppm) 

(rotamers) 174.6, 171.3, 157.3, 143.6, 143.3, 140.9, 127.2, 
126.7, 124.7, 119.5, 80.3, 67.5, 67.3, 64.5, 46.7, 36.4, 30.8, 
27.2, 24.4, 19.4, 19.1, 15.3, 11.3.  
 

2.2 Synthesis of aureobasidin L linear peptide 
Solid-phase synthesis of linear peptide of aureobasidin L was 
carried out using the same protocol described in Maharani et 
al. (2014).[5]  
 
Resin loading 
To the 2-chlorotrityl resin (1.80 g, 2.00 mmol) was added dry 
dichloromethane (10 mL) and a solution of Fmoc-L-proline 
(843 mg, 2.50 mmol) that was previously treated with dry 
dichloromethane (10 mL) and N,N-diisopropylethyl amine 
(1.71 mL, 10.0 mmol). The mixture was shaken for 3-4 h. 
Methanol (3 mL) was then added and the mixture was shaken 
for another 10 min. The latter step was undertaken in two 
cycles. The resin was then filtered and washed successively 
with dichloromethane, dimethylformamide and 
dichloromethane. The resin was dried in vacuo for 30 min to 
obtain dry Fmoc-propyl resin (57%). Dry Fmoc-propyl resin 
(0.49 mmol) was employed in the synthesis of [2S,3S-Hmp]-
aureobasidin L. 
 
Fmoc deprotection  
 
1. Piperidine in dry dimethylformamide 
Fmoc-peptidyl resin was shaken with 20% dry piperidine in dry 
dimethylformamide (10 mL) for 30 min. Then, the resin was 
filtered and washed with dichloromethane, dimethylformamide 
and dichloromethane, successively. The exposed primary 
amine was tested by the addition of a TNBS test solution while 
N-methylated secondary amine was tested by adding chloranil 
test solution into the resin beads. 
 
2. Piperidine:DBU in dry dimethylformamide 
Fmoc-depsipeptidyl resin was shaken with dry piperidine:1,8-
diazabicycloundec-7-ene:dry dimethylformamide (2:2:96, 10 
mL) for 10 or 20 min. The resin was then filtered and washed 
with dichloromethane, dimethylformamide and 
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dichloromethane successively. The exposed primary amine 
was tested by the addition of a TNBS test solution while N-
methylated secondary amine was tested for by adding 
chloranil test solution to a sample of the resin beads.  
 
BTC-mediated coupling 
The dry depsipeptidyl resin was swollen with dry N,N-
diisopropylethyl amine: tetrahydrofuran (1:1, 5 mL). In a 
separate vessel, Fmoc-amino acid (5.00 eq), BTC (1.65 eq) 
and dry tetrahydrofuran (10 mL) were mixed to give a clear 
solution. Later, sym-collidine (14.0 eq) was added to that 
solution and gave a white suspension. The suspension was 
stirred for 1 min before it was added to the swollen resin. The 
resin was shaken for 3-24 h. The resin was then filtered and 
washed with dichloromethane, dimethylformamide and 
dichloromethane, successively. To a small portion of dry resin 
beads was added a TNBS test solution for non-N-methylated 
amino acid confirmation or a chloranil test solution for N-
methylated amino acid confirmation. 
 
HATU/HOAt-mediated coupling 
To the dry depsipeptidyl resin (493 μmol) having been swollen 
by dry dichloromethane:dry dimethylformamide (1:1, 5 mL) 
was added Fmoc-amino acid (1.64 mmol) that was previously 
treated with 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (624 mg, 1.64 
mmol), 1-hydroxy-7-azabenzotriazole (223 mg, 1.64 mmol), 
and N,N-diisopropylethyl amine (1.74 mL, 4.93 mmol) in dry 
dichloromethane:dimethylformamide (1:1). The resin was 
shaken for 3-24 h. The resin was then filtered and washed with 
dichloromethane, dimethylformamide and dichloromethane, 
successively. To a small portion of dry resin beads was added 
a TNBS test solution for non-N-methylated amino acid 
confirmation or a chloranil test solution for N-methylated amino 
acid confirmation.  
 
Cleavage of linear depsinonapeptide from chlorotrityl 
resin 
To the nonadepsipeptidyl-trichlorotrityl resin (0.49 mmol) was 
added a cleavage cocktail of trifluoroacetic acid:dry 
dichloromethane (1:19, 5 mL). The yellow resin turned bright 
red. It was shaken for 1 h and then filtered. The resin was 
washed with further cleavage cocktail (5 mL x 2) and dry 
dichloromethane (5 mL x 2). The combined organic layers 
were evaporated and the resulting residue was dissolved in 
acetonitrile:water (1:1, 5 mL). The solution was freeze-dried to 
obtain a brown solid (415 mg). The crude solution (20 µl,1 
mg/1mL in 50% acetonitrile in water) was subjected to 
analytical RP-HPLC on Apollo 5μ, C18 column (250 mm × 4.6 
mm), 20%-90% acetonitrile in water over 30 min, flow rate 1 
mL/min, 40 

o
C, and monitored at 240 nm. There were one 

major and three minor peaks in the crude where one of the 
three minor peaks was the desired linear peptide. The 
purification was undertaken on a semi-preparative RP-HPLC 
on Apollo 5μ, C18 column (250 mm × 10 mm), 30%-70% 
acetonitrile in water over 60 min, flow rate 3 mL/min, and 
monitored at 240 nm. The impure linear depsinonapeptide 
(13.0 mg) was obtained that was deemed ready for cyclisation. 
White solid. ESI-MS m/z [M+H]

+
 1089.7 [M+Na]

+
1111.7).  

 

2.3 Aureobasidin L (2) 
Fmoc-N-methylvaline and Fmoc-N-methylphenylalanine were 
prepared using commercially available Fmoc amino acid via 

oxazolidinone intermediate.[5] The same preparation has been 
described in the synthesis of [2S,3S-Hmp]-AbL 1.[5] 
 

3 RESULTS AND DISCUSSION 
The protocol employed for the synthesis of [2S,3S-Hmp]-AbL 1 
was applied to the total synthesis of aureobasidin L (AbL) 2. 
The attachments of the first four residues were undertaken in a 
similar manner to the previous method as explained in 
Maharani et al. (2014).[5] Fmoc-L-proline was the first amino 
acid attached onto chlorotrityl resin. The capping of any 
remaining unreacted resin was carried out using methanol. 
This step was followed by the attachment of the next three 
residues, Fmoc-L-MePhe, Fmoc-L-phenylalanine and Fmoc-L-
MeVal. In the previous synthesis, the couplings of those 
residues were best performed either by HBTU/HOBt, 
HATU/HOAt or BTC/collidine system. In the current synthesis, 
the coupling reagent of choice was HATU/HOAt. All Fmoc 
deprotections were carried out using 20% piperidine in DMF 
and the coupling efficiency in each step was evaluated by ESI-
MS analysis and a 2,4,6-trinitrobenzenesulfonic acid (TNBS) 
or a chloranil test. These steps resulted in deprotected 
tetrapeptide 3 that was confirmed by a positive result of the 
TNBS test (blue beads) and a molecular mass ion of m/z 
537.3, representing [M+H]

+
 of the corresponding tetrapeptide, 

cleaved from the resin 3, in ESI-MS. A strategy to attach the 
hydroxy acid as its depsidipeptide in Maharani et al. (2014) 
was followed in present synthesis (Scheme 2). The synthesis 
of depsidipeptide 7 was started from the commercially 
available D-Ile 4. The diazotisation of the D-Ile 4 followed by t-
butyl protection resulted in D-Hmp-t-Bu 6. A DCC/DMAP-
based coupling between D-Hmp-t-Bu 6 and Fmoc-L-MeVal 
gave the desired depsidipeptide 7. 
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Scheme 1 Synthesis of AbL 2, (a) (1) Fmoc-L-proline, DIPEA, 
CH2Cl2 (2) MeOH (b) 20% piperidine in DMF (c) Fmoc-L-N-
methylphenylalanine, HATU/HOAt, DIPEA, CH2Cl2:DMF (1:1) 
(d) Fmoc-L-phenylalanine, HATU/HOAt, DIPEA, CH2Cl2:DMF 
(1:1) (e) Fmoc-L-N-methylvaline, HATU/HOAt, DIPEA, 
CH2Cl2:DMF (1:1) (f) Fmoc-L-MeVal-D-Hmp-OH 7, BTC / 
collidine, DIPEA, THF (g) piperidine:DBU:DMF (2:2:96) (h) 
Fmoc-L-leucine, DIPEA, (1) BTC/collidine in THF (2) 
HATU/HOAt in CH2Cl2:DMF (1:1) (i) 10% DBU in DMF (j) 
Fmoc-L-N-methylvaline, BTC/collidine, DIPEA, THF (g) 
piperidine:DBU:DMF (2:2:96) (k) Fmoc-L-valine, DIPEA, (1) 
BTC/collidine in THF (2) HATU/HOAt in CH2Cl2:DMF (1:1) (g) 
piperidine:DBU:DMF (2:2:96)  (l) (1) TFA:CH2Cl2 (1:19) over 15 
minutes, concentrated and lyophylized (2) HATU, DIPEA, 
CH2Cl2, 24 h. 
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Scheme 2 Preparation of depsidipeptide 7. (a) acetic acid, 
NaNO2 (b) t-butanol, (Boc)2O, DMAP (c) K2CO3 in MeOH (d) 
THF, DMAP, DCC, 0 

o
C (e) TFA:CH2Cl2 (1:1). 

 
BTC/collidine was the coupling reagent chosen for the 
attachment of the D-depsidipeptide 7 onto the tetrapeptide 3 
(Scheme 1). This coupling system was chosen as it had been 
used previously to attach the L-depsidipeptide using a single-
coupling protocol.[5] The chloranil test showed a negative 
result with beads giving a yellow color. Coupling was also 
supported by the correct molecular mass of m/z 1008.5 being 
observed by ESI-MS, corresponding to [M+Na]

+
 of the 

depsihexapeptide. In the previous synthesis with the L-
depsidipeptide, a two-cycle 20% piperidine treatment was 
applied to remove Fmoc completely from the Fmoc-
depsihexapeptidyl resin.[5] Instead, a cocktail of 
piperidine:DBU:DMF (2:2:96) was added to the Fmoc-
depsihexapeptidyl resin as a single step. The Fmoc-free 
depsihexapeptidyl resin 8 was washed with dichloromethane, 
DMF and dichloromethane again then dried. The seventh 
residue, Fmoc-L-leucine, was coupled to the 
depsihexapeptidyl resin 8 via subsequent BTC/collidine and 
HATU/HOAt couplings (Scheme 1). This combination was 
found to be the best of those tried in the synthesis of [2S,3S-
Hmp]-AbL 1. Unfortunately, as observed previously, complete 
coupling did not occur. The ESI-MS spectrum showed 
molecular mass ions of m/z 1121.6 and 764.5, representing 
[M+Na] of the Fmoc-depsiheptapeptide and [M+H]

+
 of the 

uncoupled hexamer, respectively. Deprotection of the Fmoc-
depsiheptapeptidyl resin using piperidine:DBU:DMF (2:2:96) 
was also still problematic due to the formation of 
diketopiperazine along with the deprotected depsipeptide 9. 
The Fmoc-removing reagent was replaced by 10% DBU for 10 
minutes (Scheme 1) as Coin et al. had successfully used this 
reagent to avoid diketopiperazine formation.[6] Unfortunately, 
the undesired pentamer was still detected in the ESI-MS 
spectrum ([M+H]

+
 m/z 673.5). Since it had been found that the 

pentapeptide on resin was unreactive, no effort was made to 
cap the hydroxyl group of the pentamer. BTC/collidine was 
employed as the coupling reagent for attachment of the eighth 
N-methylated residue to the heptamer 9, as was used for the 
synthesis of [2S,3S-Hmp]-AbL 1 (Scheme 1). The reaction 
product was confirmed by a negative result of the chloranil test 
as well as the presence of a molecular mass ion of m/z 
1234.7, corresponding to the [M+Na]

+
 of the Fmoc-protected 

octamer, cleaved from the resin. As predicted, the unbound 
pentamer was still present on the resin as observed by ESI-
MS. The Fmoc group of the octamer was removed using a 
cocktail of piperidine:DBU:DMF (2:2:96) to give 10 (Scheme 
1). A few beads of washed and dried resin were treated with a 
chloranil solution with a positive result showing the presence 

of secondary amines on resin (blue beads), which was also 
supported with the presence of a molecular mass ion of m/z 
990.6, attributed to the [M+H]

+
 of the depsioctapeptide 10 in 

the ESI-MS spectrum. The last residue, Fmoc-L-valine, was 
added in a two-cycle coupling using BTC/collidine and 
HATU/HOAt coupling reagents. These combinations were 
adapted from the previous synthesis. The coupling resulted in 
the desired Fmoc-protected depsinonapeptide together with 
some impurities including the unreactive pentapeptide. Fmoc 
removal from depsipeptide took advantage of 
piperidine:DBU:DMF (2:2:96) giving the unprotected 
depsinonapeptidyl resin 11 that was ready to be cleaved from 
the resin by the addition of TFA:dichloromethane (1:19) 
cocktail (Scheme 1). The resin was shaken for 15 minutes 
resulting in a depsipeptide solution, then washed several times 
with the same cocktail. The combined depsipeptide solutions 
were diluted with an excess of dichloromethane and then 
concentrated. This step was conducted to remove TFA as 
much as possible from the crude. The resulting crude solid 
was lyophilized from a suspension of acetonitrile:water (1:1) 
resulting in 415 mg of dry crude depsipeptide. The crude 
depsipeptide was subjected to the same analytical RP-HPLC 
conditions as employed for the analysis of the L-analogue 
(acetonitrile:water in the presence of 0.1% TFA, 20-90% over 
20 min).[5] The analytical RP-HPLC profile of the L-analogue 
showed three main peaks in the spectrum. The D-analogue 
spectrum only had two peaks (Figure 2). The first peak at 
retention time 16.9 minutes indicated by ESI-MS that it 
contained the desired linear depsinonapeptide with a 
molecular mass ion [M+H]

+
 m/z 1089.9, although the major ion 

present had a molecular mass of m/z 536.  
 

 
Figure 2 Analytical RP-HPLC spectrum of D-Hmp-linear 

depsinonapeptide crude (acetonitrile:water in a presence of 
0.1% TFA, 20-90% over 20 min). 

 
The RP-HPLC conditions were modified to 20-90% over 30 
min of acetonitrile:water in the presence of 0.1% TFA. This 
resulted in a better separation where the spectrum showed 
four peaks containing one major product and three minor 
products (Figure 3). Unfortunately, the desired linear 
depsipeptide was one of the three minor peaks with a retention 
time of 23.4 minutes. ESI-MS analysis of the major compound 
resulted in a molecular ion of m/z 536 while the other two 
minor peaks at 21.7 and 22.5 minutes represented fragments 
with molecular masses at m/z 651 and 928.7, respectively.  

16
.9

20
 

17
.1

38
 

18
.0

29
 

21
.3

64
 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 6, ISSUE 03, MARCH 2017  ISSN 2277-8616 

68 
IJSTR©2017 
www.ijstr.org 

 
 

Figure 3 Analytical RP-HPLC spectrum of D-Hmp-linear 
depsinonapeptide crude (acetonitrile:water in a presence of 

0.1% TFA, 20-90% over 30 min). 
 
The molecular mass at m/z 536 could be either the 
tetrapeptide, Pro-MePhe-Phe-MeVal 12 or Hmp-MeVal-Phe-
MePhe 13 (Figure 4). The Hmp-MeVal-Phe-MePhe 13 
fragment was a molecular ion peak observed by Ikai et al.[7] 
resulting from the MS fragmentation of the AbA hydrolysate. As 
a result, it was thought that the fragment of m/z 536 peak 
might be a fragment resulting from acid hydrolysis by TFA 
during the cleavage from the resin. The 536 peak was not 
observed following the cleavage of the L-analogue from the 
resin. It might be that the natural linear depsipeptide was not 
as stable to TFA as the L-analogue. The resin cleavage using 
TFA:dichloromethane (1:19) over 15 minutes might be too 
acidic for the D-precursor. A lower concentration of TFA and/or 
a shorter period of exposure to the resin might overcome this 
issue. 
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Figure 4 Structures of Pro-MePhe-Phe-MeVal 12 and Hmp-

MeVal-Phe-MePhe 13. 
 
The molecular ion at m/z 651, which had also been observed 
following the linear L-precursor, was thought likely to be the 
unreactive pentapeptide, which was the side product during 
the Fmoc removal of the heptamer. The purification of the 
crude D-Hmp-depsinonapeptide (415 mg) was found to be 
much more difficult than the purification of the crude L-Hmp-
depsinonapeptide (872 g). The crude D-Hmp-
depsinonapeptide was less soluble in 30% acetonitrile than the 
L-analogue. This might have been due to the presence of the 
significant impurities in the crude. The sample was dissolved 
in 30% acetonitrile but at more dilute concentration (1.53 x 10-
3 M compared to 4.59 x 10-3 M). Due to this greatly diluted 
solution, multiple injections of the sample onto the semi-
preparative RP-HPLC column were inevitable. Two attempts 
were undertaken to determine the best conditions for the 
separation of the crude depsipeptide by semi-preparative RP-
HPLC. The first attempt was carried out in a system eluted by 
30-80% acetonitrile over 90 minutes. However, purification 
resulted in only one compound, at retention time 17.8 minutes 
(m/z 673), separating well. The desired compound (m/z 1089.7 
at retention time 21.0 minutes) was obtained as a mixture with 

other impurities, particularly with peaks at retention times 17.7 
minutes (m/z 673) and 18.7 minutes (m/z  536) in ratios of 1:3 
(Fraction X), 2:1 (Fraction Y) and also 1:1 (Fraction Z) (Figure 
5). In an attempt to improve the separation, the RP-HPLC 
conditions were modified to 20-70% acetonitrile over 90 
minutes. A similar result was obtained. The peaks at 17.8 
minutes and 18.7 minutes were easily separated resulting in 
pure products while the desired linear precursor was hardly 
separated.  

 

 

 

 
Figure 5 Analytical RP-HPLC spectra of fraction X, Y and Z 
containing the desired D-Hmp-linear depsipeptide resulting 

from semi-preparative RP-HPLC (30-80% acetonitrile over 90 
minutes) (Analytical RP-HPLC conditions: 20-90% acetonitrile 

in water with 0.1% TFA, over 30 min). 
 
These two attempts of semi-preparative RP-HPLC resulted in 
a combined amount of 27 mg of impure D-Hmp-
depsinonapeptide (Figure 6). The low recovery of 6.5% 
(calculated from the crude) was possibly caused by several 
factors. Sample preparation for semi-preparative RP-HPLC 
was difficult as the crude depsipeptide barely dissolved in the 
eluent system (30% acetonitrile) due to its hydrophobicity and 
impurity, so that it was dissolved in the eluent system but at a 
low concentration. Consequently, multiple injections were 
carried out to load the depsipeptide, however precipitation 
occurred during loading regardless. This required RP-HPLC to 
be halted and the column to be washed. Loss of material was 
inevitable. An improved technique for the purification of this 
crude peptide may be obtained by normal phase semi-
preparative or preparative HPLC. 
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Figure 6 Analytical RP-HPLC spectrum of the combined 
fractions of the impure D-Hmp-depsinonapeptide 

(acetonitrile:water with 0.1% TFA, 20-90% over 30 min). 
 

Due to the small amount of the impure D-Hmp-
depsinonapeptide in hand, further efforts to purify this mixture 
were not made. The profile of this material by analytical RP-
HPLC is shown in Figure 6. The desired compound is the peak 
with a retention time at 22.2 minutes, as determined by ESI-
MS. A preliminary cyclisation was undertaken on 13 mg of the 
impure D-Hmp-depsinonapeptide. PyBrop was employed as 
the cyclisation reagent since it was known to have 
successfully cyclised AbA and also [2S,3S-Hmp]-AbL 1. 
Unexpectedly, there was no trace of the cyclic product 
observed in the the ESI-MS spectrum. Another attempt was 
made as the same sample using the HATU coupling reagent 
(Scheme 3), since it had also been shown to effectively cyclise 
the L-Hmp-depsinonapeptide giving the cyclic [2S,3S-Hmp]-
AbL 1. Fortunately, the molecular ion corresponding to the 
cyclic product at m/z 1071.7 was observed by ESI-MS. 
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Scheme 3 Cyclisation of impure D-Hmp-depsinonapeptide, (a) 

HATU, DIPEA, CH2Cl2, 24 h. 
 
Cyclisation of the remaining 14 mg of impure D-Hmp-
depsinonapeptide  was conducted using the HATU coupling 
reagent. The reaction was complete in 24 hours, as monitored 
by analytical RP-HPLC showing the disappearance of the 
linear depsipeptide peak at a retention time of 22.2 minutes 
and the appearance of nonpolar products between 30.0-33.0 
minutes, containing the molecular ion of the desired cyclised 
product 2 at m/z 1071.7 (M+H)

+
 by ESI-MS. The large peak 

with retention time of 1.89 minutes in the RP-HPLC spectra is 
HATU. The impurity with the molecular ion peak of m/z 536 at 
retention time 20.3 minutes was not involved in the cyclisation, 

it remained in the reaction mixture as observed in the 
analytical RP-HPLC spectrum and was confirmed by ESI-MS.  

 

 
Figure 7 Analytical RP-HPLC spectrum of the cyclisation of 

the impure D-Hmp-depsinonapeptide (acetonitrile:water with of 
0.1% TFA, 20-90% over 30 min). 

 
Purification of the cyclic crude product involved the use of a 
normal phase silica gel column eluting with 5% 2-propanol/n-
hexane, since this was found to be an effective technique for 
the purification of the highly hydrophobic [2S,3S-Hmp]-AbL 1. 
Fractions were combined on the basis of similar Rf values and 
ESI-MS analysis. Unfortunately, the purification of AbL 2 did 
not proceed as hoped. The desired compound was found to 
have a similar Rf value as the impurities present in the crude, 
making separation difficult. Normal-phase purification using 
silica gel preparative TLC was then attempted, but this 
technique was also unable to separate the desired cyclic 
product from the impurities. It appeared that RP-HPLC might 
be the best option for the current purification, albeit that some 
loss of the cyclic depsipeptide was observed in the purification 
of [2S,3S-Hmp]-AbL 1.  As observed by analytical RP-HPLC 
using the conditions of 80% acetonitrile:water (Figure 8), the 
AbL 2 is well separated. However, there was a limited amount 
of the material (approximately 1 mg). 

 

 
Figure 8 Analytical RP-HPLC spectrum of AbL 2 (80 % 

acetonitrile:water with 0.1% TFA over 30 min). 
 
The AbL 2 was characterised by ESI-MS showing a correct 
molecular mass of  m/z 1071.7 [M+H]

+
 and m/z 1093.6 [M+Na] 

(Figure 9). The fragmentation profile of m/z 1071.7 (Figure 10) 
was similar to the one displayed by [2S,3S-Hmp]-AbL 1. 
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Figure 9 ESI-MS Analysis of AbL 2. 
 

 
 

Figure 10 Fragmentation of m/z 1071.7. 
 
The AbL 2 was also characterised by 

1
H-NMR (Figure 11). The 

signals of secondary amide NH, aromatic CH, α- and also 
aliphatic protons of the side chains were observed in the 
expected regions of the NMR spectrum. 

 

9 8 7 6 5 4 3 2 1 ppm 
 

Figure 11 
1
H-NMR spectrum of impure AbL 2. 

 

The comparison of 
1
H-NMR spectrum of this compound with 

the [2S,3S-Hmp]-AbL 1 spectrum indicated they showed great 
similarity, as seen in Figure 12. It appeared that the N-methyl 
signals were distributed differently. Overall, the 

1
H-NMR profile 

of AbL 2 seemed to be consistent with the [2S,3S-Hmp]-AbL 1 
even though some proton signals were shifted to either more 
upfield or more downfield chemical shifts. Impure linear 
precursor (13 mg, 0.012 mmol) was dissolved in dry 
dichloromethane (44 mL, 0.27 mM). To the clear solution was 
added 2-(7-aza-1H- benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (23.2 mg, 61 µmol) 
and N,N-diisopropylethylamine (23.24 µl, 0.013 mmol). The 
solution was stirred under nitrogen for 2 d and concentrated in 
vacuo at room temperature. The resulting crude was purified 
by silica gel column chromatography (hexane:2-propanol = 
9.5:0.5) to obtain the cyclic product 2 (approximately 1 mg, 
8%) as a white solid: ESI-MS m/z [M+Na]

+
 1093.6.  
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Figure 12 A comparison of the 
1
H-NMR spectra of AbL 2 and 

[2S,3S-Hmp]-AbL 1. 
 

4 CONCLUSION 
AbL 2 was synthesised by adapting the strategies applied for 
the total synthesis of [2S,3S-Hmp]-AbL 1 using a combination 
of solution- and solid-phase protocols. Unfortunately, only a 
small amount of AbL 2 resulted (approximately 1 mg, 8% 
yield).  
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