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ABSTRACT

Two new tyroscherin derivatives: N-methyl-tyroscherone (2) and tyroscherin N,0O-acetonide
(3), as well as two known secondary metabolites tyroscherin (1) and pseurotin A (4), were
isolated from a solid culture of the termite-borne fungus Pseudallescheria boydii SNB-CN85.
The structures were elucidated by spectroscopic analysis and chemical modification.
Compound 3 was synthesized from tyroscherin (1) in the free amine form by heating in
deuterated acetone, followed by deuterium-proton exchange in MeOH. All compounds were
tested for their antimicrobial activities on C. albicans and S. aureus, and 2 and 3 exhibited

minimal inhibitory concentrations between 128 and 8 ug.mL™".
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The exploration of secondary metabolites involved in microbial-host interactions has
emerged as a successful strategy to identify novel chemical entities and to shed light on the
ecology and evolution of defensive association (Beemelmanns et al., 2016; Cantley and
Clardy, 2015). These associations are well described in social insects which include ants,
bees, termites and wasps, although termites are somewhat less studied than others (Carr et al.,
2012; Matsui et al., 2012; Nirma et al., 2015a, 2015b, 2013; Nowak et al., 2010; Sorres et al.,
2017; Yan et al., 2011). Indeed, termites microorganisms interactions have been explored
mainly to study trophobioses (Carr et al., 2012; Nowak et al., 2010; Yan et al., 2011). Our
previous work on Pseudallescheria boydii SNB-CN73 strain had demonstrated that this
fungus produced two antimicrobial compounds tyroscherin and N-methyl-tyroscherin along
with ovalicin and several analogs of these metabolites (Nirma et al., 2013). Interestingly, the
random isolation work of entomogenous microbes that was conducted in 2011 yielded six P.
boydii strains from three different termite nests located in somewhat distant places in French
Guiana. After our work on SNB-CN73, it was relevant to investigate other strains see

whether or not these strains also produce tyroscherin and analogs.

SNB-CNSS5 is one of these P. boydii strains. It was isolated from host Termes cf. hispaniolae,
whereas SNB-CN73 was isolated from Nasutitermes corniger. In addition to being from
different termite species, both nests were located 3 km apart from each other as the crow
flies. Technically, SNB-CN85 was isolated from a surface-sterilized worker placed in a Petri
dish containing a solid potato dextrose agar medium. It was identified by amplification and
sequencing of the nuclear ribosomal internal transcribed spacer region ITS4 and comparison
with NCBI database of sequences. The EtOAc extract of a solid culture of P. boydii SNB-

CN85 exhibited significant activity against C. albicans (MIC =8 pg.mL™). Chemical



investigation of this extract led to the isolation of tyroscherin (1) (Hayakawa Y, Yamashita T,
Mori T, Nagai K, Shin-Ya K, 2004; Katsuta et al., 2008; Nirma et al., 2013) and pseurotin A
(4) (Bloch and Tamm, 1981; Hayashi et al., 2003) along with two new tyroscherin analogs N-

methyl-tyroscherone (2) and tyroscherin N,0-acetonide (3).

HO,

NHMe

HO

Tyroscherin (1)

Pseurotin A (4) Tyroscherin acetonide (3)

Fig. 1. Structures of compounds 1-4 with configurations presented as absolute

Compound 2 TFA salt was obtained as white amorphous powder. HRESIMS analysis
indicated a molecular formula of C2,H3sNO, (m/z for 346.2749 for [M+H]"), implying 6
degrees of unsaturation, i.e., one more than for N-methyl-tyroscherin with the same number
of carbons. Preliminary inspection of the 'H and >C NMR spectra, along with the analysis of
the HSQC correlations confirmed that compound 2 was a tyroscherin analog (Table 1). The
main difference between these compounds was for 'H and °C chemical shifts in the C-2-C-4

spin system. In particular, the tyroscherin a-hydroxyl proton H-3 at o4 3.85 ppm was absent



in 2. Also, *C NMR spectrum of 2 displayed a carbonyl signal at & 207.7 ppm, and we also
observed the lack of the carbinol at &¢c 68.7 ppm in tyroscherin. In HMBC, methylene protons
in position 1 at &y 3.37 and 2.96 ppm, methylene protons in position 4 at oy 2.37 and 2.00
ppm, and the methine proton at oy 4.45 ppm all correlated with this carbonyl. Consequently,
it was clear that compound 2 had a carbonyl in position 3. The complete proton assignment of
compound 2 was deduced from the careful examination of COSY, HSQC and HMBC
correlations. However, although the overall integration of protons was correct, it was noticed
that many signals in the 'H and '*C NMR experiments were split. Attempts to separate two
different compounds by HPLC failed. Since all NMR data were almost identical, we assumed
that the position 2 in compound 2 may in fact epimerize due to the presence of the carbonyl
group at C-3, yielding a mixture of epimers. Treatment of 2 with NaOD in CD;OD at room
temperature provided N-methyl-tyroscherone-2-d (2-d) with 69% conversion (as measured by
'H NMR by integration of the residual H-2 proton signal), confirming that carbon C-2 is most
prone to epimerization. We concluded then that compound 2 was isolated in the form of a
mixture of 2R and 2§ epimers. Biosynthetic considerations would provide the configurations
of other asymmetric centres as being identical to those observed for tyroscherin (8R and

10R). Compound 2 was named N-methyl-tyroscherone from a putative oxo analog of

tyroscherin.

The molecular formula of 3 was determined to be C,4H39NO, by HRESIMS (m/z 374.3046
for [M+H]"), indicating the presence of three additional carbons compared to the molecular
formula of 1. Compound 3 was originally isolated as TFA salt, and was converted to the free
base for 1D and 2D NMR analyses. The 'H NMR spectra of compounds 1 and 3 presented

some similarities, indicating that 3 was also a tyroscherin analog (Table 1). For example,



compound 3 had para-substituted aromatic systems characteristic signals at oy 7.06 (d, J =
8.6 Hz, 2H) and o1 6.71 (d, J = 8.6 Hz, 2H). It also had the tyroscherin series methyl signals
o1 0.90 (d, J= 6.7 Hz, 3H), 0.86 (t, /= 7.3 Hz, 3H), and 0.81 (d, J = 6.5 Hz, 3H), ethylenic
protons at oy 5.31 and oy 5.10, a carbinol at oy 3.92, and a proton « to a nitrogen at oy 3.23.
On the other hand, the remarkable difference between compounds 1 and 3 in "H NMR was
the presence of 2 additional singlet signals integrating for 3H at 9y 1.33 and 1.14 in

compound 3.



Table 1

NMR spectroscopic data for N-methyl-tyroscherone (2) TFA salt (two diastereoisomers 1:1) and tyroscherin acetonide (3) at 500 MHz in

CD;0OD.

N-Methyl-tyroscherone (2)

Tyroscherin N,O-acetonide (3)

position 3, type 8y (Jin Hz) COSY HMBC* dc Sy (J in Hz) COSY HMBC*
1 34.33/34.28, CH, a:3.361/3.365,dd (13.7,5.8) 1b, 2 2,3,1’,2 34.4, CH, a: 2.83,dd (14.3, 5.6) 1b, 2 2,3,1’,2
b: 2.956/2.964, dd (13.7,9.7) 1a, 2 2,3,1’,2 b:2.57,dd (14.3,9.1) 1a,2 2,3,1’,2
2 74.2, CH 4.445/4.452,dd (9.7, 5.8) la, 1b 1,3, 1 66.8, CH 3.23,ddd (9.1,7.0,5.6) 1la, 1b,3 1
3 207.75/207.68, C 77.6,CH 3.92,ddd (10.3,7.0,3.1) 2, 4
4 44.9/44.8, CH, a:2.37, m 4b, 5a,5b 3,5,6 32.0,CH, 1.55,m 3,5a 3,6
b: 2.00, m 4a,5a,5b 3,5,6
5 26.7, CH, a:2.12, m 4a,4b,5b,6 3,4,6,7 29.5,CH, a: 2.12, m 4, 5b 4,6,7
b: 1.99, m 4a,4b, 5a, 6 3,4,6,7 b:1.93, m 4,5a,6 4,6,7
6 127.3, CH 5.17, m Sa, 5b, 7 4,5,7,8 137.7,CH5.31, m 5a, 5b, 75,8
7 139.21/139.18, CH 5.14, m 6,8 5,6,8,9,13 129.0, CH 5.10, ddt (15.3,8.4,1.4) 6,8 5
8 35.82/35.79,CH 2.11,m 7,9a,9b,13 6,7 35.7,CH 2.10,m
9 45.59/45.58, CH, a:1.21,m 8,9b, 10 7,8,10,11,13,14 45.5,CH, a: 1.21,m 9b
b:0.97,ddd (13.58.65.0) 8,9a, 10 7,8,10,11,13, 14 b:0.97, m 9a,10 7,8,10,11
10 33.3,CH 1.26, m 329,CH 1.30,m 14
11 31.3,CH, a:1.29, m 11b, 12 31.2,CH; a: 1.27, m 12
b: 1.13, m 12, 11a 9,10, 12, 14 b:1.14, m 12
12 11.81/11.79, CH; 0.85/0.86, t (7.3) 11a, 11b 10, 11 11.6, CH; 0.86,t(7.3) 11a, 11b 10, 11
13 22.32/22.29, CH; 0.898/0.899, d (6.7) 8 7,8,9 22.4, CH; 0.90,d (6.7) 8 7,8,9
14 19.44/19.41, CH; 0.804/0.806, d (6.5) 10 9,10, 11 19.3, CH; 0.81,d (6.5) 10 9,10, 11
1’ 125.43/125.40, C 130.6, C
2°/6° 131.7, CH 7.10, bd (8.7) 3’/5° 1,4°,2°/6’ 130.7, CH 7.06, d (8.6) 3’/5 1,4,2°/6°
3/5’ 117.3,CH 6.80, bd 2°/6° 1°,4°,3°/5 116.0, CH 6.71, d (8.6) 2°/6° 1°,4°,3°/5
4’ 158.7,C 156.5,C
NMe  42.6 (broad), CH; 2.90, bs 2 34.5,CH; 2.20, s 2,17
17 95.6,C
2 26.8, CH; 1.33,s 1
3 20.0, CH; 1.14,s 17,2

* HMBC correlations, optimized for 8 Hz, are from proton(s) stated to the indicated carbon.



These two additional methyls were in geminal position, both linked to C1” as witnessed
by HMBC. The correlation between the NMe and C1” as well as the C1” chemical shift
at oc 95.6 confirmed the existence of an oxazolidine ring including carbons C2, C3 and

C1”. Compound 3 was named tyroscherin N,O-acetonide. Its presence was confirmed in
the HPLC profile of the crude extract, and we therefore assumed that this compound did
not originate from an unwanted addition of tyroscherin onto acetone after extraction (no

acetone was used in the process).

NMR spectral data of 3 were recorded in CD3;OD for 12 hours. Interestingly, after this
period, we observed that both methyl signals at &y 1.33 (H2”) and 1.14 ppm (H3”) had
disappeared in '"H NMR. Deuteration had occurred in these positions yielding 3-ds, most
likely via a transient acyclic enamine resulting from the opening of the oxazolidine ring
(Scheme 1). Besides, deuteriums were exchanged back to protons in anhydrous
methanol. Also, after a long time in solution (~1 year), it was found that compound 3 had
been converted into tyroscherin, therefore confirming the absolute configuration of 3 as
28, 3R, 8R, 10R. Further confirmation was obtained by reacting tyroscherin with acetone-
de under reflux for 50 hours (Scheme 1). 3-d¢ was obtained and was converted in 3 in
methanol. The overall yield was 88%. The NMR data for 3-d¢ and 3 obtained with this
process were identical to those of natural 3 and of 3-dg obtained by deuteration of natural
3. Note that acetonides are rather uncommon in Nature (Shao et al., 2011; Yu et al.,
2016). Compound 3 was isolated without using acetone, neither for extraction, nor for
purification. Also, condensation of tyroscherin with acetone-ds did not occur at room
temperature. Fungal cultures can produce acetone (Scotter et al., 2005), which we

suppose was trapped by tyroscherin in the culture medium. We feel that compound 3



should therefore be considered as a genuine natural product although the condensation

may not have been enzyme-catalyzed.

CD;OD| M) CD;0D  DsC, CDs
3 MeN OH MeN O
CHsOH | or—/ “_R | CHOH A/ \_R
3-dg
T herin (1 41
H,O yroscherin (1) Acetone-dg, 60 °C
Scheme 1

The antimicrobial potential of compounds 1-4 was evaluated against human pathogens
Staphylococcus aureus and Candida albicans (Table 2). In accordance with the literature,
tyroscherin (1) was strongly active on both pathogens, and pseurotin A (4) was inactive
(Lu et al., 2014; Nirma et al., 2013). Interestingly, both tyroscherin analogs were
significantly active, with minimal inhibitory concentrations of 8 pg.mL™" for 2 on S.
aureus, and 16 and 8 pg.mL™" for 3 on C. albicans and S. aureus, respectively. In
addition, compounds 1-3 showed a moderate cytotoxicity towards MRCS5 cells with ICsg

in the 20-50 pg.mL" range.

Table 2. Antimicrobial activity of compounds 1-4

MIC (pg.mL™)

Molecule C. albicans’  S. aureus”
Tyroscherin (1) 16 8
N-Methyl-tyroscherone (2) 128 8
Tyroscherin N,O-acetonide (3) 16 8
Pseurotin A (4) > 128 > 128
Oxacillin - 4
Fluconazole 4 -

* Candida albicans ATCC 10213
® Staphylococcus aureus ATCC 29213

In conclusion, this article reports N-methyl-tyroscherone and tyroscherin N,0-acetonide



for the first time. These compounds were isolated along with pseurotin A and tyroscherin
from the termite-borne fungus Pseudallescheria boydii SNB-CN85. Their relative and
absolute configurations were determined by chemical modifications and comparison with
tyroscherin. Along with our previous report,(Nirma et al., 2013) this article further
demonstrates that tyroscherin-producing Pseudallescheria fungal strains can be found in
several termite nests in French Guiana. The exact occurrence of Pseudallescheria sp. and
the ability of this strain to deliver tyroscherin to its host termites are currently being

investigated.
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Appendix A. Supplementary data

Supplementary data associated with this article include experimental information, full

spectroscopic data, and NMR spectra of compounds 1-4. It can be found at http://
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