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ABSTRACT: The structure of petrichorin C1 (4) converted from petrichorin C (3) was determined by using NMR and x-ray. The 
chemical stability of petrichorins A and C (1 and 3) was investigated by NMR, X-ray and calculations. 

In our recent efforts to discover unique biologically active 
compounds from underexploited rare actinomycetes, we identi-
fied three piperazyl cyclopeptides petrichorins A-C (1-3) (Fig. 1) 
from Lentzea flaviverrucosa DSM 44664.1 These compounds, es-
pecially petrichorin A (1), showed potent anti-proliferative activ-
ity with IC50 values at the nanomolar level. Petrichorin A (1) is an 
unsymmetrical heterodimer, and petrichorin B (2) is a symmet-
rical homodimer, while petrichorin C (3) is a hexaminoacid mon-
omer comprising one half of 1. 

 

 
Fig. 1. Structures of compounds 1-4 

 

 

Fig. 2. X-ray structure of compound 4.  

 
During our analysis of compound 32 (about 5 milligram in 0.5 

mL of acetone-d6 with 2 drops of DMSO-d6), we observed an ob-
vious change of the 1H NMR spectrum after overweekend NMR 
experiments. We found that compound 3 was almost completely 
converted to a new compound (4) when NMR tubes were stored 
at 4°C. Both 1D and 2D (COSY, TOCSY, HSQC, HMBC, and 
NOESY) NMR data (Table S1, Fig. S1-6) of the sample were col-
lected, and the structure of compound 4 was readily determined. 
Suitable crystals (0.15 × 0.06 × 0.04 m) for an X-ray crystallo-
graphic study were also obtained from aqueous methanol at room 
temperature after repeated recrystallization. The final structure 
and the absolute configuration of 4 were then unambiguously 
confirmed by single-crystal X-ray diffraction with Flack(x)= -
0.01(2), and Hooft(y) = 0.071(16)3 (Fig. 2, Fig. S7, Fig. S8, and 
Tables S2-S4).  

Because the mechanism behind the apparent conversion of 3 
to 4 was not immediately clear to us, we decided to explore this 
phenomenon further. By comparing these two compounds, we 
hypothesized (Fig. 3) that an acid-catalyzed elimination (C8a-C1 
bond cleavage) of 3 is followed by the nucleophilic attack of the 
amide nitrogen in the Ala moiety to C8a to yield 4. To shed light 
into this proposed mechanism, we carried out DFT calculations 
of 3, 3a, and 4 at the ωB97XD/6-31G* level, including the effect 
of the solvent (acetone) using SMD,4 as implemented in Gaussian 
09.5 The ωB97XD functional was developed by Head-Gordon 
and co-workers, using a version of Grimme’s D2 dispersion 
model, and was successfully employed in recent theoretical stud-
ies.6 After exhaustive exploration of the conformational land-
scape with MMFF we found hundreds of conformations of each 
target structure. Given the size of the system under study, we nar-
rowed down the conformational size following a workflow in-
cluding geometry optimizations at increasingly larger levels to 
filter out duplicates and high-energy shapes (see SI). As shown in 
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(CuKα radiation, λ=1.54178 Å), and equipped with an Oxford Cry-
osystems nitrogen flow apparatus.  The collection method involved 
1.0° scans in ω at -30°, -55°, -80°, 30°, 55°, 80°, and 115° in 2θ.  
Data integration down to 0.84 Å resolution was carried out using 
SAINT V8.37 Å with reflection spot size optimization.  Absorption 
corrections were made with the program SADABS. The structure 
was solved by the Intrinsic Phasing methods and refined by least-
squares methods again F2 using SHELXT-2014 and SHELXL-
2014 with OLEX 2 interface. Crystallographic refinement details 
have been delineated within crystallographic information file 
(*.cif). Deposition Number 2005096 (compound 4) contains the 
supplementary crystallographic data for this paper.  These data are 
provided free of charge by the joint Cambridge Crystallographic 
Data Centre and Fachinformationszentrum Karlsruhe Access 
Structures service www.ccdc.cam.ac.uk/structures.  . 
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