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Pseudallicins A-D, Four Complex Ovalicin Derivatives from Pseudallescheria boydii SNB-CN85

The isolation and complete structural elucidation of four complex ovalicin analogs, named pseudallicins A-D, from the fungus Pseudallescheria boydii strain SNB-CN85 are described. Based on structural similarities and information from the literature, a joint biosynthetic pathway for the pseudallicins is proposed.

As part of our investigation into the secondary metabolites produced by termite-born microbes, we examined the Pseudallescheria boydii strain SNB-CN85 isolated from the neotropical termite Termes cf. hispaniolae. This strain is closely related to SNB-CN73, another fungus isolated from Nasutitermes corniger. SNB-CN73 was shown to produce tyroscherin and N-methyl-tyroscherin, two antimicrobial metabolites which could explain the occurrence of Pseudallescheria strains in termites. 1 We subjected the SNB-CN85 ethyl acetate extract to thorough chemical investigation. It was determined that the extract contained tyroscherin, similar to SNB-CN73, in the same relative and absolute configuration. [1][2][3] It was observed that SNB-CN85 also contained ovalicin (1), 4 as well as several new ovalicin analogs, including 5-hydroxy-8-acetoxy-transbergamotene (2), ovalicin pseudo-dimers pseudallicins A (3) and B (4), and ovalicin-tyroscherin conjugates pseudallicins C (5) and D (6) (Figure 1). Compound 2 is an acetylated analog of fungal metabolite 5,8-dihydroxy-trans-bergamotene. 5,6 It was converted into 5,8-dihydroxy-trans-bergamotene for comparison of analytical data. Details are provided in supporting information. In this study, we present the structural elucidation of compounds 3-6, and biosynthetic consideration regarding the novel ovalicin derivatives. Pseudallicin A (3) and B (4) have the molecular formula C34H50O9, as deduced from the HR-ESI + -MS pseudomolecular ion at m/z 603.3541 for 3 and m/z 603.3554 for 4 (calcd. 603.3528), requiring ten degrees of unsaturation. Upon analy- sis of the NMR data of compounds 3 and 4 (Table 1), one subunit of this compound was identified as an ovalicin moiety.

Comparison of 13 C NMR chemical shifts with ovalicin is provided in supporting information (Tables S2-S3). The chemical shifts of carbons C-6' and C-14' at C 76.5 and 70.2, respectively, indicate that the ovalicin oxirane ring was opened. The ovalicine moiety is linked to an acyl group as evidenced by the H-14'/C-1 correlation in HMBC (Figure 2). Within the acyl subunit, three spin systems were detected in the COSY experiment (Figure 2, bold bonds). These systems include a 4 J coupling between H-5a and H-11a. The connection of these systems with quaternary carbons was achieved by the detailed analysis of the HMBC spectrum. For example, the correlations H- Again, it was evident that 5 and 6 are diastereoisomers. The main difference in 13 C chemical shift is on C-19 (Figure 3). It was possible to differentiate compounds 5 and 6 by comparative analysis of NOESY experiments (Figure 4).

The absolute stereochemistry at C-7 was defined as R based on biosynthetic considerations (Scheme 1). The long-range Wcoupling H-6b/H-10b in COSY indicated that these two protons are equatorial. H-7 NOE with H-6b and H-18b indicated that H-7 should be equatorial in both 5 and 6, with the 6methyl-3-oxohept-5-en-2-yl side chain in the axial position. This finding was confirmed by the NOE correlation H-11/H-9a. This correlation also indicates that H-11 is directed towards the cyclohexane ring in both 5 and 6 with carbons 7 and 11 in an anti staggered conformation. In 5, H-19 correlated with the equatorial proton H-6b, while H-19 correlated with H-18b in 6. Taken together, these correlations established the C-11 configuration as R in compound 5 and S in 6. Finally, the absolute configuration of C-5 is S in both compounds as proven by the NOE correlations of H-4 with H-6a and H-10a. Herein the compounds 5 and 6 are named pseudallicins C and D. The occurrence of these compounds in the same extract, as well as precedent literature on the biosynthesis of ovalicin, allowed for the proposal of a biosynthetic scheme for the pseudallicins. It has been demonstrated previously that the biosynthesis of ovalicin by the fungus Pseudeurotium ovalis involves stepwise 1,3-migration of the eight-carbon side chain of a bisabolyl cation generated by cyclization of farnesyl diphosphate. [7][8][9] In P. ovalis, the cyclisation is mediated by a bergamotene synthetase. 10 Additionally, an analogous -transbergamotene synthase has been characterized in Aspergillus fumigatus. 11 In A. fumigatus, the fragmentation of the bergamotene four-membered ring occurs via the formation of a 5hydroxy-bergamotene intermediate, which undergoes oxidative cleavage of a carbon-carbon single bond mediated by a cytochrome P450 (7, Scheme 1). 6 Interestingly, bergamotene analogs have been isolated in ovalicin-producing fungi, including in SNB-CN85. 6,[12][13] The Grob fragmentation product 8 appears to be a close analog of the corresponding subunits in compounds 3-6. It can be postulated that the additional threecarbon chain is incorporated via an aldolisation with a phosphoenolpyruvate. Because carbon 9 in The carboxylate 12 can incorporate ovalicin by nucleophilic substitution on the epoxide to form compounds 3 and 4. For compound 13, the formation of the lactone ring will generate a very electrophilic ketone that will react, probably spontaneously, with tyroscherin to yield 5 and 6.

On the one hand, this biosynthetic scheme is fully consistent with experimental evidence, i.e., the presence of 5-hydroxy-8-Scheme 1. Probable biosynthetic pathway to the pseudallicins acetoxy-trans-bergamotene (2) and the occurrence of pseudallicins in the form of two couples of diastereoisomers. On the other hand, this scheme sheds light on the respective subunits' relative configurations.

In conclusion, compounds 3-6 are the first known dimers/conjugates of ovalicin. Also, Pseudallescheria strains are frequently associated with insects 14 and can clearly be considered a rich source of novel and complex natural products. In our field work, six strains were isolated from different termite nests and will be investigated further. New developments will be reported in due course.
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 211 Figure 2. 1 H-1 H COSY and selected HMBC correlations of compounds 3 (left) and 5 (right) partial structures.
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 3 Figure 3. Absolute values of13 C chemical shift difference between compounds 3 and 4 (up), and 5 and 6 (down). both diastereoisomers 3 and 4. Indeed, compounds 3 and 4 are evidently closely related to each other, with very small variations in carbon chemical shifts (Figure3). The main differences are on carbons C-13 and C-19, indicating that 3 and 4 are certainly diastereoisomers at C-9. This finding was confirmed by NOE correlations H-13/H-6a and H-19/H11a in 3 and H-13/H11a and H-19/H-6a in 4. The stereogenic center C-2 was characterized by conversion of compound 4 into the (S)and (R)-Mosher esters (see supporting information). The chemical shift differences observed on protons H-3a and H-3b in COSY established the R configuration of C-2. Based on the differences in13 C chemical shifts in this region (Figure3), it is reasonable to postulate that C-2 is also R in compound 3. The stereocenter C-8 is defined by the proposed biosynthesis (Scheme 1), thereby allowing for the assignment of compounds 3 and 4. These ovalicin analogs isolated from Pseudallescheria boydii have been given the trivial names pseudallicins A and B. Pseudallicin C (5) and D (6) have the molecular formula C39H57NO5, as deduced from the HR-ESI + -MS pseudomolecular ion at m/z 620.4313 for 5 and m/z 620.4315 for 6 (calcd. 620.4310), requiring twelve degrees of unsaturation. The examination of the NMR data allowed for the identification of a tyroscherin moiety. Comparison of the13 C NMR spectra of tyroscherin with those of 5 and 6 is provided in supporting information (TablesS4-S5). The tyroscherin is linked to the other part of the molecule by the nitrogen, as evidenced by the long-range 1 H-1 H coupling H-4/NMe and the HMBC correlation NMe/C-3 (and also NMe/C-4 in 6, Figure2). In addition to those involving the tyroscherin moiety, two spin systems were detected in the COSY experiment. The spiro carbon C-5 was established by the correlations H-4/C-5 and H-10b/C-5, and also H-4/C-10 in 6. The correlations of H-19 with C-7, C-11 and C-12 defined the sequence C-7/C-11/C-12. Again, it was evident that 5 and 6 are diastereoisomers. The main difference in13 C chemical shift is on C-19 (Figure3). It was possible to differentiate compounds 5 and 6 by comparative analysis of NOESY experiments (Figure4). The absolute stereochemistry at C-7 was defined as R based on biosynthetic considerations (Scheme 1). The long-range Wcoupling H-6b/H-10b in COSY indicated that these two protons are equatorial. H-7 NOE with H-6b and H-18b indicated
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 4 Figure 4. Selected NOE correlations in compounds 5 and 6.

3 and 4 (carbon 11 in 5 - 6 )

 456 is epimerized in the process and because an intermediate carbocation would account for the formation of all four compounds, the epoxide in 9 presumably opens to form a carbocation, which subsequently follows one of two paths. It can either be trapped by the hydroxyl group in C-4 to form the bicyclic core of 3 and 4 (Path A), or it can deprotonate to yield an enol and eventually a ketone in C-12, as in compounds 5 and 6 (Path B). Compound 11 will then undergo a reduction of the carbonyl in C-2 and a -elimination of the alcohol in C-10.

Table 1 . 1 H and 13 C NMR Data for Compounds 3-6 in CD3OD

 1 

	3		4	5		6
	no.	C H (J in Hz)	C H (J in Hz)	no.	C H (J in Hz)	C H (J in Hz)
	1 175.4	175.7	2 170.2	170.0
	2	69.9 4.40, dd (8.4, 4.0)	69.9 4.39, dd (8.8, 4.2)	3 138.8	138.7
	3	44.6 a: 2.21, dd (14.4, 4.0)	45.5 a: 2.26, dd (14.2, 4.2)	4 121.1 5.49, s	121.8 5.33, s
		b: 2.00, dd (14.4, 8.4)	b: 2.01, dd (14.2, 8.8)	5 84.4	84.2
	4	84.4	84.3	6 38.9 a: 1.70, dd (14.5, 5.5)	40.4 1.72, dd (14.9, 5.9)
	5	37.8 a: 1.78, m	36.3 a: 1.92, m		b: 1.65, ddd (14.5, 4.1, 1.9)	1.29, m
		b: 1.61, m	b: 1.64, ddd (12.6, 10.7, 6.8)	7 45.2 2.52, brdt (10.6, 4.7)	45.9 2.50, brdd (11.4, 5.6)
	6	29.4 a: 2.47, m	29.4 a: 2.57, m	8	n.d.	147.8
		b: 2.16, m	b: 2.36, m	9 30.1 a: 2.45, brtd (12.9, 4.5)	29.0 a: 2.26, brtd (13.5, 4.3)
	7 150.0	149.0		b: 2.11, brdt (13.8, 4.5)	b: 2.10, m
	8	55.7 2.70, brd (5.0)	55.1 2.59, brd (4.3)	10 38.9 a: 1.45, ddd (13.3, 11.9, 4.7) 38.7 a: 1.46, m
	9	86.4	86.5		b: 1.29, m	b: 1.21, m
	11	43.4 a: 2.46, ddd (11.8, 5.0, 2.7) 43.9 a: 2.16, ddd (11.3, 4.3, 2.5)	11 47.7 3.23, dq (10.6, 6.8)	46.5 3.27, dq (11.3, 7.0)
		b: 1.685, m	b: 1.59, brd (11.3)	12 215.5	216.3
	12 109.1 a: 4.65, t (2.4)	110.7 a: 4.75, t (2.4)	13 43.5 3.07-3.14, m	44.0 a: 3.33, dd (18.7, 7.6)
		b: 4.62, t (2.1)	b: 4.78, t (2.0)			b: 3.24, dd (18.7, 7.3)
	13 134.6 5.67, d (15.4)	138.9 5.57, d (15.0)	14 116.7 5.21, tsept (7.2, 1.4)	116.9 5.26, tsept (7.8, 1.4)
	14 126.0 6.49, dd (15.4, 10.9)	126.2 6.49, dd (15.0, 10.9)	15 136.7	136.4
	15 126.3 5.73, brd (10.9)	125.9 5.81, dqq (10.9, 1.4, 0.8)	16 18.0 1.61, brs	18.1 1.58, brd (0.8)
	16 135.2	135.5	17 25.8 1.73, brs	25.8 1.72, brq (1.2)
	17	18.5 1.745, s	18.8 1.79, brs	18 111.0 a: 4.72, brt (1.5)	111.6 a: 4.83, brt (2.0)
	18	26.2 1.752, s	26.2 1.77, brs		b: 4.55, brd (2.0)	b: 4.74, brd (2.4)
	19	29.8 1.29, s	23.1 1.26, s	19 15.3 0.96, d (6.8)	17.3 0.90, d (7.0)
	1'	82.8	82.8	1' 34.8 a: 3.09, dd (13.1, 3.4)	34.7 a: 3.09, dd (14.2, 3.4)
	2'	86.1 4.69, brs	86.2 4.68, brs		b: 2.65, dd (13.1, 11.7)	b: 2.63, dd (14.2, 11.6)
	3' 211.2	211.0	2' 62.5 4.76, ddd (11.7, 8.2, 3.4)	62.4 4.77, ddd (11.7, 8.4, 3.6)
	4'	36.6 a: 2.76, brtd (13.5, 7.4)	36.6 a: 2.74, brtd (13.5, 7.2)	3' 73.2 3.68, brtd (8.5, 3.1)	73.1 3.66, brtd (8.4, 3.0)
		b: 2.24, m	b: 2.21, m	4' 35.9 a: 1.66, m	35.8 a: 1.65, m
	5'	32.7 24, m
	6'	76.5	76.7		b: 2.09, m	b: 2.09, m
	7'	62.5	62.5			
						2)
	9'	28.3 a: 2.39, m	28.3 a: 2.39, m	8' 35.8 2.16, m	35.6 2.17, m
		b: 2.27, m	b: 2.25, m	9' 45.6 a: 1.24, ddd (13.3, 9.9, 4.6)	45.4 a: 1.25, ddd (13.4, 9.5, 4.3)
	10' 119.7 5.28, t hept (7.6, 1.5)	119.7 5.27, t hept (7.4, 1.4)		b: 1.00, ddd (13.3, 9.2, 5.0)	b: 1.00, ddd (13.4, 9.0, 5.0)
	11' 136.2	136.2	10' 33.0 1.35, m	33.0 1.35, m
	12'	18.3 1.684, brs	18.2 1.68, brd (1.0)	11' 31.2 a: 1.28, m	31.0 a: 1.28, m
	13'	26.1 1.735, brs	26.1 1.72, brq (1.1)		b: 1.14, dquint (13.3, 7.4)	b: 1.14, dquint (13.4, 7.2)
	14'	70.2 a: 4.27, brd (10.9)	70.1 a: 4.26, brd (10.9)	12' 11.5 0.85, t (7.4)	11.5 0.85, t (7.5)
		b: 4.16, d (10.9)	b: 4.19, d (10.9)	13' 22.4 0.94, d (6.7)	22.3 0.95, d (6.7)
	15'	16.3 1.55, s	16.3 1.55, s	14' 19.2 0.83, d (6.5)	19.2 0.84, d (6.6)
	16'	59.7 3.49, s	59.7 3.49, s	1" 131.4	131.4
				2"/6" 131.2 6.98, brd (8.5)	131.1 6.96, brd (8.5)
				3"/5" 115.8 6.61, brd (8.5)	115.7 6.60, brd (8.5)
				4" 156.4	156.5
				MeN 33.0 2.62, s	32.9 2.58, s

a: 2.13, td (13.7, 5.0) 32.7 a: 2.11, td (13.6, 5.1) b: 1.49, dtd (14.1, 9.1, 5.1) b: 1.47, dtd (14.1, 9.2, 5.1) b: 2.06, m b: 2.04, ddd (13.6, 7.3, 3.3) 5' 29.5 a: 2.24, m 29.5 a: 2.6' 129.4 5.41, brdt (15.3, 6.8) 129.3 5.39, brdt (15.2, 6.8) 8' 58.2 2.97, t (6.5) 58.2 2.97, t (6.5) 7' 137.7 5.24, ddt (15.3, 8.3, 1.2) 137.7 5.24, ddt (15.2, 8.3, 1.
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