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Abstract

Selective access to a targeted isomer is often critical in the synthesis of biologically active 

molecules. Whereas small-molecule reagents and catalysts often act with anticipated site- and 

stereoselectivity, this predictability does not extend to enzymes. Further, the lack of access to 

catalysts that provide complementary selectivity creates a challenge in the application of 

biocatalysis in synthesis. Here, we report an approach for accessing biocatalysts with 

complementary selectivity that is orthogonal to protein engineering. Through the use of a sequence 

similarity network (SSN), a number of sequences were selected and the corresponding biocatalysts 

were evaluated for reactivity and selectivity. With a number of biocatalysts identified that operate 

with complementary site- and stereoselectivity, these catalysts were employed in the 

stereodivergent, chemoenzymatic synthesis of azaphilone natural products. Specifically, the first 

syntheses of trichoflectin, deflectin-1a, and lunatoic acid A were achieved. In addition, 

chemoenzymatic syntheses of these azaphilones supplied enantioenriched material for 

reassignment of the absolute configuration of trichoflectin and deflectin-1a based on optical 

rotation, CD spectra, and X-ray crystallography.
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INTRODUCTION

Biocatalytic approaches can provide numerous advantages in synthesis. These include high 

levels of selectivity, mild reaction conditions, and opportunities for cascade reactions that 

enable the rapid construction of complex molecules.1 These attractive qualities have drawn 

the attention of the synthetic community, sparking growth in the application of biocatalysis 

in the synthesis of bioactive compounds.2–7 When a particular biological activity motivates 

the synthesis of a target molecule, the ability to access individual isomers of the final 

compound is critical.8 Traditional chemical strategies for selective synthesis can provide 

tools to arrive at a predicted selectivity outcome. For example, the desired enantiomer can be 

accessed by employing chiral ligands that can be obtained from commercial sources or 

synthesized as either enantiomer.9, 10 This strategy is not currently applicable to biocatalytic 

approaches, as methods for generation of mirror-image proteins are in the early stages of 

development.11, 12 Protein engineering is commonly employed to address this problem 

(Figure 1A); however, there is no unified approach for enabling access to diverse selectivity 

outcomes biocatalytically. Here, we seek to address this drawback by employing an 

alternative approach to identifying panels of catalysts which deliver complementary 

selectivity outcomes in a synthetically valuable transformation.

Previously, we demonstrated the utility of select biocatalysts for site- and stereoselective 

oxidative dearomatization of resorcinol compounds.13 The flavin-dependent enzymes used 

in this study provide distinct advantages over small-molecule reagents and catalysts for 

asymmetric dearomatization, as these biocatalysts are perfectly site-selective and avoid 

overoxidation that leads to undesired byproducts.13–15 However, the set of biocatalysts 

reported previously hydroxylate to afford products with only the R-configuration at C3 (see 

(R)-12, Figure 1B) limiting the potential applications of this method. To access the 

enantiomeric set of products, we considered two approaches: protein engineering to achieve 

a switch in stereoselectivity or use of a natural enzyme with complementary selectivity.

Over the last decade, there has been exponential growth in the number of annotated protein 

sequences available, due in part to the continuing decrease in the price of sequencing.16 This 

sequencing revolution coupled with improved bioinformatic tools for predicting enzyme 
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class and function provides an alternative to protein engineering campaigns, making it 

increasingly possible to identify a natural enzyme that can perform a given biocatalytic 

reaction with the desired selectivity (Figure 1A). Based on the number of natural products 

that could biosynthetically arise through enantioselective hydroxylative dearomatization, we 

anticipated it would be possible to identify enzymes capable of providing the 

complementary stereoisomer to the flavin-dependent monooxygenases TropB and AzaH 

employed in our previous study (Figure 1B).13 Once stereocomplementary catalysts have 

been identified, we envision that this suite of biocatalysts will enable the stereodivergent, 

chemoenzymatic synthesis of high-value molecules.

To showcase this strategy, we targeted the azaphilone family of natural products. These 

compounds are characterized by an oxygenated pyranoquinone bicyclic core bearing a single 

tetrasubstituted carbon (Figure 1B).17 Isolated from fungal sources, this large family of 

natural products is known to contain a diverse array of structural features that impart a wide 

range of biological properties including anticancer,18–20 antiviral,21 and anti-inflammatory 

activities.20, 22 For example, luteusin A (6) and rubrorotiorin (8) were found to inhibit the 

binding of the HIV surface glycoprotein gp120 to the human CD4 protein, making these 

natural products potential starting points for the development of therapeutic agents against 

the virus.21 In addition, monascin (7), a tricyclic azaphilone natural product, has been shown 

to down-regulate steatohepatitis in a mouse model, indicating that these secondary 

metabolites have potential as therapeutics for non-alcoholic fatty liver disease.23 As 

illustrated in Figure 1B, azaphilone natural products can contain either the R- or S-

configuration at the C7-position. Several cases of epimeric azaphilones are known, in which 

each C7-epimer is produced by a distinct fungal source.24, 25 The pharmaceutical potential 

of these molecules has been demonstrated through initial in vitro and cell-based assays of 

isolated natural products;26–28 however, to gain a more comprehensive understanding of the 

therapeutic potential of these molecules, the challenge of constructing the densely 

functionalized core and C7-configuration for exploration of this stereocenter’s impact on 

biological activity must be addressed.24, 25, 29

Existing approaches toward azaphilones rely either on the cyclization of linear precursors30 

or, more commonly, the oxidative dearomatization of highly substituted resorcinol 

intermediates.31–33 This biomimetic, dearomative strategy has proven valuable as it allows 

for the installation of structural complexity through well-established arene functionalization 

methods prior to the generation of the bicyclic core. Established approaches for oxidative 

dearomatization of azaphilone precursors have employed oxidants such as hypervalent 

iodide reagents33–35 or Pb(OAc)4.31 Racemic syntheses of azaphilones have been reported 

using these reagents; however, achieving high levels of enantioselectivity can be a challenge. 

Enantioenriched azaphilones have been accessed using Porco and coworkers’ copperoxo (−)-

sparteine dearomatization strategy,36 achieving the total synthesis of (−)-mitorubrin with 

97% ee,37 as well as that of (+)-sclerotiorin and (+)-8-O-methylsclerotiorinamine from a 

common precursor obtained in 98% ee.29 This method requires superstoichiometric 

quantities of both the oxidant and chiral ligand. To date, there has yet to be a report of a 

highly enantioselective, catalytic oxidative dearomatization using a small- molecule catalyst. 

Furthermore, the application of asymmetric oxidative dearomatization to the synthesis of 

Pyser et al. Page 3

J Am Chem Soc. Author manuscript; available in PMC 2020 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



tricyclic members of the azaphilone family, such as rubropunctatin (4) and rubrotiorin (8), 

has yet to be reported. As such, the absolute configuration of many of these natural products, 

which are typically assigned by analogy, has yet to be confirmed.34, 38

RESULTS AND DISCUSSION

To survey the selectivity of flavin-dependent monooxygenases related by sequence, we 

constructed a sequence similarity network (SSN) of flavin-dependent monooxygenases 

(Figure 2A).39–41 SSNs are visual representations of the relatedness of protein sequences, 

which cluster based on similarity thresholds. This approach can enable the rapid and logical 

investigation of proteins likely to demonstrate similar reactivity and/or selectivity, 

dramatically reducing the time and search space required during screening, considerations 

critical to improving the compatibility of biocatalytic approaches and traditional synthetic 

strategies. The protein family (Pfam01494) of flavin-dependent monooxygenases includes 

over 45,000 enzymes, which are included in the full SSN (Supporting Information Figure 

S4). This data set was truncated by limiting the search to edges possessing an alignment 

score greater than 110, which returned 1,211 sequences (Figure 2A). We noted that the 

enzymes we had previously investigated, AzaH, TropB, and SorbC, were each located in 

distinct groups or “clusters” within the network, and that a fourth tight clustering of 

sequences formed between the TropB and SorbC clusters containing an enzyme associated 

with asperfuranone biosynthesis, AfoD.42–44 Previous in vivo studies44 and bioinformatic 

analysis43 indicated that AfoD is responsible for oxidative dearomatization of an 

asperfuranone precursor with the same site-selectivity as TropB and AzaH;43 however, the 

absolute configuration of asperfuranone suggests that AfoD carries out this transformation 

with the opposite facial selectivity.42

We hypothesized that sequences with high similarity to tropB, azaH, afoD and sorbC would 

encode for enzymes that possess the ability to carry out oxidative dearomatization reactions, 

and further questioned if trends in site- and stereoselectivity could be predicted based on 

sequence. To test this hypothesis, seven sequences were selected based on proximity to 

either TropB, AzaH, AfoD or SorbC in the SSN (labeled FDMO1–7 in Figure 2A). 

Synthetic genes corresponding to the four known enzymes and FDMO1–7 were transformed 

into E. coli BL21(DE3) cells. Under standard expression conditions, nine proteins were 

successfully obtained, whereas FDMO1 and FDMO3 proved insoluble under these 

conditions (Figure 2B). The reactivity of the nine soluble enzymes was evaluated with two 

substrates, S9 and S14. Gratifyingly, all nine enzymes showed activity with one of the two 

model substrates, eight of which displayed sufficiently high activity for product isolation 

from preparative-scale reactions (Figure 2B). A single product was obtained from each 

biocatalytic reaction and a strong trend in site-selectivity was clear from this data: FDMO7, 

the enzyme most similar to SorbC, afforded C5-hydroxylated product (see 16), whereas the 

remaining enzymes more similar to TropB, AzaH and AfoD delivered C3-hydroxylated 

products (see 15). However, the trend between location on the SSN (Figure 2A) and 

stereoselectivity was not apparent. Increasing the alignment score from 110 to 150 produced 

an SSN that provided greater insight to the relationships between sequences in this family 

(see Supporting Information Figure S5 for full SSN). Notably, previously clustered 

sequences associated with divergent selectivity, such as AfoD and FDMO5, now clearly 
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separated into distinct clusters (see Figure 2C). Analysis of sequence alignments between 

each of these clusters revealed conserved residues at positons 118 and 237 (AfoD 

numbering). In general, catalysts that generate products with the R-configuration possess a 

tyrosine at position 237 and an aromatic residue such as phenyalanine or tryptophan at 

position 118. In contrast, these conserved residues switch positions in biocatalysts that 

afford products with the S-configuration. We previously demonstrated that a two point 

coordination of the phenolate substrate by Tyr237 and an arginine residue is critical for 

positioning the substrate within the active site in the R-selective enzyme, TropB.45 To probe 

the role of Tyr118 in the stereoselectivity provided by AfoD, the AfoD Y118F variant was 

generated. AfoD Y118F was reacted with resorcinol S9 to afford dearomatized product in 

53:47 (S:R) e.r. (Supporting Information Figure S16). This data provides additional evidence 

for the importance of this tyrosine residue in controlling stereoselectivity in these 

biocatalytic reactions and supports the consideration of this sequence feature in choosing 

biocatalysts for a specific synthetic application. Obtaining additional structure and function 

data on these proteins will aid in demystifying the elements that contribute to the precise 

stereocontrol exhibited by these catalysts. Beyond the importance of Tyr position in the 

active site, it is clear that other mechanisms for stereocontrol have evolved in this class of 

enzymes. For example, catalysts AzaH and SorbC break from this Tyr control mechanism, 

and in the case of SorbC, we have proposed an alternative mechanism for control of 

substrate position in the active site.47

Ultimately, this survey of sequence space surrounding known enzymes provides a greater 

understanding of the sequence features that can predict site- and stereoselectivity and has 

increased the number of biocatalysts vetted for this transformation. With catalysts capable of 

delivering enantiomeric products in hand, we chose to pursue an enantiodivergent synthetic 

strategy with AzaH and AfoD based on the robust expression and reactivity of these 

enzymes, in addition to the excellent stereoselectivity of each catalyst. Under reaction 

conditions to dearomatize model substrate S9 using AzaH and AfoD, enantiomeric bicycles 

(R)- and (S)-S10 were accessed in >99% ee and 98% ee, respectively (Supporting 

Information Figure S16).

With access to either enantiomer of azaphilone S10, we sought to complete the 

stereodivergent syntheses of two biologically active azaphilone natural products. To identify 

a common intermediate that would provide versatility in accessing an array of azaphilone 

natural products (Figure 1B), a number of aromatic substrates were synthesized and 

subjected to oxidative dearomatization with stereo-complementary biocatalysts. We 

hypothesized that the orcinaldehyde motif and homobenzylic ketone group would be critical 

for substrate recognition. In addition, we desired a functional handle to enable late-stage 

functionalization of the eastern portion of the azaphilone scaffold. Interestingly, the AzaH 

native substrate was not converted by AfoD (Table 1, entry 1). We hypothesize that the β-

hydroxy group prevents the substrate from engaging in productive binding interactions and 

leads to the lack of activity of AfoD as the native substrate of AfoD features a hydrophobic 

group at this position.43 This is supported by the activity of the saturated ketone substrate 

with AfoD (entry 2), which does not contain this polar functional group.
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Promisingly, two alkynyl substrates that are intermediates in the synthesis of the ketone 

substrates are accepted by AzaH (entries 3 and 4); however, neither alkyne substrate was 

converted by AfoD. The α-methoxy ketone substrate (entry 5) was initially pursued as a 

promising intermediate as the dicarbonyl was fully converted by AzaH, but gave low 

conversions with AfoD. A simple methyl ketone derivative (entry 6) demonstrated activity 

with both enzymes as well; however, its low activity with AfoD ultimately disqualified it as 

the common substrate. The enone substrate depicted in entry 7 was efficiently dearomatized 

by both AfoD and AzaH in 83% and 95% conversion, respectively. The high conversions 

observed for this compound with both enzymes and the synthetic handle afforded by the 

double bond made it an ideal candidate for the common intermediate in our envisioned 

divergent synthesis of azaphilone natural products.

Angular azaphilone, trichoflectin (17), was the first natural product target chosen as a model 

for route development that would enable the synthesis of more complex tricyclic 

azaphilones. First isolated by Sterner in 1998, trichoflectin exhibits moderate antimicrobial 

activity as well as the ability to inhibit DHN-melanin biosynthesis in certain fungal species.
27 Despite interest in the biological activity of this compound, no total synthesis of 

trichoflectin has been reported to date. Our proposed retrosynthesis is described in Figure 

3A. We envisioned constructing the butenolide ring of trichoflectin through an 

intramolecular Knoevenagel condensation following acylation of bicycle 18.34, 38 To obtain 

the reported (−)-trichoflectin, the C7-stereocenter would be set by stereoselective oxidative 

dearomatization of enone 19 with AzaH.

The synthesis of trichoflectin was initiated through a five-step route to enone 19 (see 

Supporting Information). Dearomatization of 19 with 0.2 mol % AzaH afforded azaphilone 

scaffold (R)-18 in 96% yield and >99% ee (Figure 3B). Next, acylation of (R)-18 with the 

acylketene generated in situ from precursor 20 followed by Knoevenagel condensation 

provided (S)-trichoflectin ((S)-17) in 99% yield. This level of selectivity was not expected as 

Franck and coworkers reported the isolation of both angular and linear tricycles when 

constructing the butenolide ring of a similar azaphilone scaffold, proposing the distribution 

of these products is controlled by the steric properties of the acyl group.38 However, in our 

system, the desired angular tricycle was produced exclusively. We attribute this to a 

difference in electronic properties of the extended π-system and have observed through 

attempts to reduce the C8-ketone that this position is more electrophilic than the C6-ketone.

Unexpectedly, the sign of the optical rotation of our synthetic (S)-17 was opposite to that 

which is reported for the natural product (measured +34.1, reported −121).27 To rule out the 

possibility of stereocenter inversion during the construction of the butenolide ring or that the 

enzyme performed the dearomatization on this particular substrate with unanticipated facial 

selectivity, a CD spectrum was calculated and compared to the measured spectrum of 

synthetic (S)-17. As depicted in Figure 3C, the calculated CD spectrum for (R)-trichoflectin 

is equal and opposite to the measured spectrum from (S)-trichoflectin, initially suggesting 

that the C7-stereocenter had been installed as anticipated. Ultimately, an X-ray crystal 

structure was obtained of the AzaH-produced tricycle, unambiguously confirming the C7-

configuration of (+)-trichoflectin as S (Figure 3B). Based on this data, we suspected that the 

natural product was misassigned. A 1976 report, which has been the basis for assignment of 
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absolute configuration in the case of trichoflectin and many other azaphilone natural 

products, suggests that the optical rotation of these compounds is controlled solely by the 

C7-stereocenter.48 However, we have found that the electronic properties of the azaphilone 

core, as well as the presence of other stereocenters in the compound, can have a significant 

impact on the optical rotation based on computational modeling (see Supporting Information 

Part X). To confirm the configuration of the natural product as R rather than S as assigned 

upon isolation, the enantiomeric tricycle was synthesized from the AfoD generated product 

(S)-18 (Figure 3B). The optical rotation of (R)-17 was measured as −47.4, agreeing in sign 

with the characterization of the isolated natural product. Therefore, it is proposed that the 

structure of the natural product be revised to the R-configuration.

This revision prompted a careful inspection of the absolute configuration of structurally 

related angular tricycles. An azaphilone series called the deflectins, which are reported to 

possess inhibitory activity of bacteria and erythrocytes as well as cytotoxicity towards 

carcinoma cells, share the same tricyclic core as trichoflectin (Figure 3D).49 Upon isolation, 

the absolute C7-configuration was assigned solely by optical rotation, as was done in the 

case of 17.27 Comparison of the calculated CD spectrum of deflectin-1a to that of 

trichoflectin showed a good correlation (see Supporting Information Figures S14 and S18), 

indicating that these compounds should exhibit similar optical properties. The deflectins are 

reported to possess the R-configuration at C7 and a corresponding optical rotation in the 

positive direction. This assignment disagrees with the data collected for the trichoflectin 

enantiomers. Thus, it was deemed likely that this series was also assigned incorrectly.

To answer the question surrounding the absolute configuration of these molecules, we 

sought to complete the total synthesis of (S)-deflectin-1a (24, Figure 3D). As this compound 

contains a methyl group in place of the 1,2-disubstituted double bond found in trichoflectin, 

methyl ketone 21 was dearomatized with AzaH to produce bicycle 22 in 95% yield and 

>99% ee. Although AfoD also accepts 21 as a substrate (Table 1, entry 6), AzaH was used 

due to higher turnover and isolated yield in this reaction. Acylation and subsequent 

Knoevenagel condensation with the acylketene derived from precursor 23 furnished the 

desired butenolide to deliver (S)-deflectin-1a in 87% yield. The spectral data for 24 matched 

all available reported values. A measured optical rotation of +88.4 for this S-enantiomer 

confirms the need for structural revision of the natural product from the R-configuration to S 
at C7.

With both trichoflectin and deflectin-1a in hand, we set out to construct the natural product 

lunatoic acid A (25), which was reported to possess the opposite configuration at C7 to the 

newly established configuration of natural trichoflectin and deflectin-1a. Isolated by 

Marumo, this natural product exhibited interesting antibacterial properties, as well as the 

ability to act as an antifungal agent by inducing chlamydospore-like cells in certain fungi.
26, 50 As depicted by the retrosynthesis in Figure 4A, we envisioned accessing the carboxylic 

acid moiety of 25 through a cross metathesis with the C9,10 double bond of intermediate 

26.37 We anticipated that the chiral aliphatic ester of 26 could be constructed through an 

acylation of the C7-hydroxyl group of (R)-18, which would be accessed through 

dearomatization of common intermediate 19 with AzaH.
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Having established a robust method for biocatalytic dearomatization of enone 19, the first 

challenge we encountered en route to lunatoic acid A was the acylation of tertiary alcohol 

18. While the acylation had proceeded smoothly with the ketene en route to trichoflectin and 

deflectin-1a, our attempts at acylation of 18 using acyl chlorides or symmetric anhydrides 

consistently failed to produce chiral ester 26, affording only starting material or under more 

forcing conditions, complete decomposition of 18. Ultimately, we discovered that 

Yamaguchi esterification with 27 (Figure 4B) did afford the desired product, although after 

optimization of reaction conditions, a maximum 50% yield was obtained.51 Mixed 

anhydride 27 was generated in situ from the corresponding carboxylic acid, prepared as 

previously reported.52 The carboxylic acid moiety present in lunatoic acid A was appended 

as the masked methyl ester through olefin metathesis with methyl acrylate and Grubbs 2nd 

generation catalyst in 48% yield.53 Our attempts to perform the metathesis prior to 

esterification resulted in decomposition of the starting material, indicating that protection of 

the C7-hydroxyl group increases the stability of the compound to the reaction conditions. 

The expected mass of lunatoic acid A was observed by TOF-MS upon saponification of 

methyl ester 28 using LiOH; however, sufficient quantities of the pure compound for NMR 

studies could not be obtained. This observed instability parallels the nature of the free acid 

from culture extracts. These extracts were methylated to obtain lunatoic acid A methyl ester 

(28), which was fully characterized in lieu of the free acid.26 All spectral data from the fully 

synthetic 28 match with reported literature values, including an agreement in the sign of the 

optical rotation and Cotton effects from the reported CD, indicating in this case that the 

original assignment of R at C7 is accurate.26

CONCLUSIONS

A set of complementary biocatalysts for oxidative dearomatization have been identified and 

applied to the enantiodivergent, chemoenzymatic synthesis of azaphilone natural products. 

Comparison of sequences related to characterized enzymes involved in natural product 

biosynthesis, has provided an expanded set of biocatalysts for this transformation and insight 

on the sequence features that govern site- and stereoselectivity. A focused substrate library 

was created to identify a suitable common intermediate for dearomatization by both AzaH 

and AfoD. These enzymes were then used to construct both enantiomers of scaffold 18 to 

access the desired natural products containing either the R-or S-configuration at C7. The 

AzaH-produced scaffold (R)-18 was initially used to access the natural product trichoflectin 

((S)-17); however, it was discovered that this tricycle contained the opposite stereocenter 

from the natural product based on its optical rotation, CD spectral data, and X-ray crystal 

structure. Synthesis of the opposite enantiomer of trichoflectin ((R)-18) was achieved using 

the dearomatized scaffold accessed through AfoD, with an optical rotation that led to the 

reassignment of the C7-stereocenter of trichoflectin to S from the original literature report of 

R. This prompted the construction of related tricycle deflectin-1a (24) using analogous 

substrates, which allowed for the reassignment of its C7-stereocenter. Lunatoic acid A (25) 

was then constructed from (R)-18 and its structure confirmed through CD spectra and 

optical rotation. We anticipate these methods will enable the rapid construction of libraries 

of natural and unnatural azaphilones. By utilizing modern tools in bioinformatics, we have 
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rapidly identified homologs with desired properties, an orthogonal approach to protein 

engineering.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A) Approaches to enabling biocatalytic stereodiversity. B) Biologically active azaphilone 

natural products feature both the R- and S-configuration at the C7 stereocenter.17,21,23 

Biocatalytic oxidative dearomatization gives access to either enantiomer via AzaH or AfoD 

mediated oxidation.
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Figure 2. 
A) Sequence similarity network (SSN) of FAD-dependent monooxygenases (Pfam01494) 

using a sequence alignment score of 110. B) Results of expression, activity with model 

substrate S9 or S14**, site- and stereoselectivity of enzymes chosen from the SSN in panel 

A. *FDMO4 demonstrated <10% conversion by UPLC with substrate S9. C) Selected 

clusters from a more stringent SSN generated with an alignment score of 150 and 

corresponding analysis of the multisequence alignment of each cluster.
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Figure 3. 
A) Retrosynthetic analysis of the natural product trichoflectin (17). B) Total synthesis of (S)- 

and (R)-trichoflectin. C) Calculated and measured CD data for (S)- and (R)-trichoflectin. D) 

Total synthesis of (S)-deflectin-1a (24). E) Calculated and measured CD data for (S)- and 

(R)-deflectin-1a. *NADPH recycling system: G6P (2 equiv), NADP(+) (0.4 equiv), G6PDH 

(1 U/mL).
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Figure 4. 
A) Retrosynthetic analysis of azaphilone natural product lunatoic acid A (25). B) Total 

synthesis of lunatoic acid A (25). C) Calculated and measured CD data for lunatoic acid A 

methyl ester* (28). *NADPH recycling system: G6P (2 equiv), NADP(+) (0.4 equiv), 

G6PDH (1 U/mL)
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Table 1.

Substrates screened for conversion by AfoD (0.8 mol %) and AzaH (0.8 mol %). *NADPH recycling system: 

G6P (2 equiv), NADP(+) (0.4 equiv), G6PDH (1 U/mL).

Entry R AfoD % conv. AzaH % conv.

1 0% 73%

2 24% 64%

3 0% 48%

4 0% >99%

5 19% >99%

6 19% 94%

7 83% 95%
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