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1. Supporting Methods

1.1. Strains and general techniques for DNA manipulation. 
For the construction of a disruption cassette and confirmation of the modified genotype, the genomic DNA isolated from Chaetomium globosum, CGKW14 or their transformants1 was analyzed by PCR. Genomic DNA from those strains was prepared using the CTAB isolation buffer at pH 8.0 (20 g/L CTAB, 1.4 M sodium chloride and 20 mM EDTA). The gene-specific primers are listed in Table S1. PCR was performed using KOD Plus Neo (TOYOBO Co., Ltd.). Sequences of PCR products were confirmed through DNA sequencing (Macrogen Japan Corporation). Escherichia coli XL1-Blue (Stratagene) was used for plasmid propagation. DNA restriction enzymes were used as recommended by the manufacturer (Fermentas).

1.2. In silico analysis of genome sequence. 
Protein sequences obtained by translating the caz genes in silico were used for BLASTP2 query analyses performed against the NCBI GenBank database (http://www.ncbi.nlm.nih.gov) and the Broad Institute database (http://www.broadinstitute.org).

1.3. Spectroscopic analyses. 
NMR spectra were obtained with a JEOL JNM-ECA 500 MHz spectrometer (1H 500 MHz, 13C 125 MHz) and a Bruker BioSpin AVANCE 400 MHz spectrometer (1H 400 MHz, 13C 100 MHz). 1H NMR chemical shifts are reported in parts/million (ppm) using the proton resonance of residual solvent as reference: CDCl3  7.26 and CD3OD  3.31.3 13C NMR chemical shifts are reported relative to CDCl3  77.16 and CD3OD  49.0.3 Mass spectra were recorded with a Thermo SCIENTIFIC ACCELA Exactive liquid chromatography mass spectrometer by using both positive and negative ESI. LC–MS was conducted with a Thermo SCIENTIFIC ACCELA Exactive liquid chromatography mass spectrometer by using positive electrospray ionization. Samples were separated for analysis on an ACQUITY UPLC 1.8 µm, 2.1 x 50 mm C18 reversed-phase column (Waters) using a linear gradient of 5–100% (v/v) MeCN in H2O supplemented with 0.05% (v/v) formic acid at a flow rate of 0.5 mL/min. Optical rotations were measured on a JASCO P-2200 digital polarimeter. Infrared spectra were collected by an attenuated total reflectance with a JASCO FT/IR-4100.

1.4. Preparation of the deletion strains. 
Deletion of a target gene in C. globosum was carried out by homologous recombination using the C. globosum strain CGKW14 whose random nonhomologous recombination activity has been disabled by the disruption of CgligD and CgpyrG.4 A disruption cassette comprised of selection markers hph, a hygromycin B phosphotransferase gene that confers hygromycin resistance, flanked on both sides by a 1,000–1,500-base pair fragment that is homologous to the site of recombination in the C. globosum genome was introduced to CGKW14 to replace the target gene with the selection marker. Disruption of the target gene was confirmed by amplifying the disrupted segment from the genomic DNA by PCR. 

1.5. Transformation and cultivation for production of secondary metabolites. 
The C. globosum strain chosen to be used for a transformation was initially cultured on oatmeal agar plates at 30 °C for 14 days. Approximately 1106 to 4106 of sexual spores, or ascospores, collected from a single plate were used to inoculate 200 mL of MYG medium (10 g/L malt extract, 4 g/L glucose and 4 g/L yeast extract) containing 20 mM uridine and 0.18 mM uracil, which was shaken for additional 16 h at 30 °C. Grown cells were collected by centrifugation and washed with 1.0 M sorbitol. The cells were incubated with 4 mL of 1.0 M sorbitol containing 50 mg/mL lysing enzyme (Sigma-Aldrich) and 1,500 units of -glucuronidase at room temperature for 3 h. The resulting protoplasts were filtered and subsequently centrifuged at 1,500  g for 5 min at room temperature. The collected protoplasts were washed with 1.0 M sorbitol and centrifuged to remove the wash solution. The cells were suspended in 200 µL of STC buffer at pH 8.0 (1.0 M sorbitol, 10 mM calcium chloride and 10 mM Tris-HCl). Then 40 µL of PEG solution at pH 8.0 (400 mg/mL polyethylene glycol 8,000, 50 mM calcium chloride and 10 mM Tris-HCl) was added to the protoplast suspension. The mixture was subsequently combined with 4 µg of the DNA fragment with which the cells were to be transformed. The mixture was incubated on ice for 20 min to allow the transformation to proceed. After incubation on ice, 1 mL of the PEG solution was added to the reaction mixture, and the mixture was incubated at room temperature for additional 5 min. To select for hygromycin resistance, the DNA–protoplast mixture was plated initially on an MYG–sorbitol agar medium (MYG medium with 15 g/L agar and 1.0 M sorbitol) without marker antibiotics. After incubating the plate at 30 °C for 5 h, the cells were overlaid with an MYG–sorbitol agar medium supplemented with 200 µg/mL hygromycin B to perform the selection. After 3 days of incubation at 30 C, grown colonies were transferred onto MYG containing hygromycin B agar medium and were incubated for several days at 30 C. The resultant cells were transferred onto oatmeal agar plates and incubated for 3 days at 30 °C. The grown mycelia were used to inoculate 20 mL of MYG liquid medium at 30 °C for 5 days shaken at 180 rpm.

1.6. Compounds purification and structural characterization. 
To purify 1 (Figure 1) for structural analysis, cazI/CGKW14 was cultured in 12  1 L of MYG medium at 30 °C for 5 days. After 5 days of incubation, the culture was centrifuged to separate the supernatant from the cells. Subsequently, 12 liters of the supernatant was extracted with ethyl acetate (2  12 liters). The ethyl acetate extract was concentrated in vacuo to give an oily residue, which was then fractionated by silica gel flash column chromatography with MeOH/CHCl3 (0/100100/0). The sample was further purified by a reversed-phase HPLC (Nacalai Tesque Inc., COSMOSIL 5C18 MS-II, 20  250 mm) using an isocratic elution system of 40 % MeCN (v/v) in H2O with 0.05% (v/v) TFA at a flow rate of 8.0 mL/min. Then, the fraction was further purified by a reversed-phase HPLC (Nacalai Tesque Inc., AR-II, 10  250 mm) using an isocratic elution system of 40 % MeCN (v/v) in H2O with 0.05% (v/v) TFA at a flow rate of 4.0 mL/min to afford 1 (1.0 mg/L). To purify 2 (Figure 1) for structural analysis, cazL/CGKW14 was cultured in 12  1 L of MYG medium at 30 °C for 5 days. Chlorinated compound 2 isolated in this study was purified using essentially the same experimental procedure as described above. A yield of 1.5 mg/L of 2 was achieved from the culture. Other biosynthetic products isolated in this study were also purified using essentially the same experimental procedure, and their chemical structures were confirmed by HRESIMS and NMR.

1.7. Construction of disruption cassette and deletion strain from CGKW14.
A deletion strain of C. globosum was prepared using a disruption cassette for each of the target gene that would replace the target gene on the C. globosum genome with a selection marker (the hph gene) via homologous recombination. The homologous 1,000–1,500-base pair fragments are prepared by PCR carried out using KOD Plus Neo DNA polymerase as recommended by the manufacturer. The 5'-side-flanking fragment and the 3'-side-flanking fragment are named KO1 and KO2, respectively, as shown in Figure S1. The following primer sets were used to prepare the required flanking homologous regions and selectable markers for each of the target genes:

	Target gene
	Primer set for KO1
	Primer set for hph
	Primer set for KO2

	cazI
	cazI_KO_p1
cazI_KO_p2
	cazI_KO_p3
cazI_KO_p4
	cazI_KO_p5
cazI_KO_p6

	cazL
	cazL_KO_p1
cazL_KO_p2
	cazL_KO_p3
cazL_KO_p4
	cazL_KO_p5
cazL_KO_p6

	cazP
	cazP_KO_p1
cazP_KO_p2
	cazP_KO_p3
cazP_KO_p4
	cazP_KO_p5
cazP_KO_p6

	cazO
	cazO_KO_p1
cazO_KO_p2
	cazO_KO_p3
cazO_KO_p4
	cazO_KO_p5
cazO_KO_p6




[image: ]
Figure S1. Strategy for the construction of a disruption cassette designed to insert an hph gene into each of the targeted genes. KO1: 1,500-bp 5'-side-flanking fragment homologous to one side of the recombination site in the CGKW14 genome; KO2: 1,500-bp 3'-side-flanking fragment homologous to the other side of the recombination site in the CGKW14 genome.

	The hph gene used in the disruption cassette was amplified from pKW32026 by PCR using the primer set of hph_Fw/hph_Rv (Table S1). Amplified DNA fragments were visualized by agarose gel electrophoresis with ethidium bromide using UV (365 nm) transilluminator and purified with QIAquick Gel Extraction Kit (QIAGEN). Three purified fragments (KO1, KO2 and the selectable marker), each at 50 to 150 ng in a total volume of 45 µL, were mixed with the delivery vector pRS4268 (2 µg) pre-digested with Sac I (10 units) and Kpn I (10 units). The mixture was incubated at 37 °C for 30 min. and used to transform Saccharomyces cerevisiae BY4741. These four DNA fragments were joined in situ by the endogenous homologous recombination activity of S. cerevisiae through the 25-bp homologous sequences present at the ends of those DNA fragments. The desired transformants were selected for the presence of the selection marker URA3 on a uracil-deficient plate. The resulting plasmid carrying the selection marker gene flanked by two 1,500 bp homologous regions was recovered from the yeast transformant and transferred to E. coli. The plasmid was amplified in E. coli for subsequent characterization by restriction enzyme digestion and DNA sequencing to confirm its identity. The disruption cassette was amplified from the plasmid by PCR, and the amplified cassette was transformed into CGKW14. Transformants whose target gene was replaced by hph were selected on MYG agar plates supplemented with 20 mM uridine, 0.18 mM uracil and 200 µg/mL hygromycin B. 

1.8. Confirmation of targeted deletion for cazI, L, P and O genes by PCR.
To verify that the cassette was inserted into the target gene, the genomic DNA isolated from the transformants was analyzed by PCR. One primer that anneals to the selection marker and another primer that anneals at the 3' side of the KO2 region were designed. With these primer sets, no product will be produced from the unaltered wild type genomic DNA. However, a PCR product will be formed from the genomic DNA of a strain containing the desired gene deletion. Combination of the results from those two separate PCR reactions (Figure S3) ensured us that we had the targeted gene replaced by our desired selection marker. Following are the primer sets used with each of the deletion strains. The sequence of those primers is given in Table S1. 

	Deletion strain	PCR fragment	Forward primer	Reverse primer
	cazI	WT (wild-type)	cazI_KO_p5	cazI_KO_p7
	cazI	cazI_KO_p5	cazI_KO_p7
	cazL	WT	cazL_KO_p5	cazL_KO_p7
	cazL 	cazL_KO_p5	cazL_KO_p7
	cazP	WT	cazP_KO_p5	cazP_KO_p7
	cazP 	cazP_KO_p5	cazP_KO_p7
	cazO	WT	cazO_KO_p5	cazO_KO_p7
	cazO 	cazO_KO_p5	cazO_KO_p7
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Figure S2. The strategy for detecting desired deletion strains by PCR. The target gene is replaced by the selectable marker, hph. Primer number 5: left border of the marker region; Primer number 7: right border of the marker region. 

[image: ]

Figure S3. PCR analysis for confirming the deletion of cazI, L, P and O using the genomic DNA of each deletion strain as a template. WT, the genomic DNA of the wild-type (i.e., unmodified) strain as a template. Expected DNA size is shown above the pictures.

1.9. Construction of pKW19211 and pKW19212 for expression of cazI and cazP in E. coli.
For expression of cazI in E. coli, the cazI gene was amplified from cDNA that was synthesized from mRNA isolated from C. globosum with a primer set CazI_pET21c_Fw/CazI_pET21c_Rv (Table S1). Isolation of mRNA and synthesizing cDNA from C. globosum were performed following essentially the same procedure described in our previous report.5 The expression vector pET21c (EMD Millipore Corporation) was linearized by restriction digestion with Nde I (10 units) and Xho I (10 units) and used as the receiver of the gene fragment. These DNA fragments were then simultaneously joined together by using the GeneArt Seamless Cloning and Assembly kit (Thermo Fisher Scientific). The resulting plasmid was named pKW19211 (Figure S4). This vector allowed production of CazI having a C-terminal His6-tag. The plasmid carrying a correct copy of cazI was isolated from the E. coli transformants. The plasmid was amplified for restriction analysis and later sequenced to confirm the identity of the cloned gene. 
	For expression of cazP in E. coli, cazP gene was amplified from cDNA that was synthesized from mRNA isolated from C. globosum with a primer set CazP_pET21c_Fw/CazP_pET21c_Rv (Table S1). The gene was cloned into pET21c using the same procedure used for preparing pKW19211. The resulting plasmid was named pKW19212 (Figure S4). This vector allowed production of CazP having a C-terminal His6-tag. The plasmid carrying a correct copy of cazP was isolated from the E. coli transformants. The plasmid was amplified for restriction analysis and later sequenced to confirm the identity of the cloned gene. 

[image: ]
Figure S4. Maps of plasmid pKW19211 and pKW19212.

1.10.	Construction of pKW19098 and pKW19105 for expression of cazL and cazO in S. cerevisiae.
For expression of cazL in S. cerevisiae, cazL gene was amplified from cDNA that was synthesized from mRNA isolated from C. globosum with a primer set 19098-Fw1/19098-Rv1 (Table S1). RNA extraction and cDNA synthesis were performed as described above. The vector pKW18105,7 was linearized by restriction digestion with Sma I (10 units). These DNA fragments were then simultaneously introduced into S. cerevisiae BY4741 to combine them into an intact plasmid in situ by the endogenous homologous recombination activity of S. cerevisiae. The resulting plasmid was amplified in E. coli for restriction digestion analysis and later sequenced to confirm its identity. This plasmid was named pKW19098 (Figure S5). 
	For expression of cazO in S. cerevisiae, cazO gene was amplified from cDNA that was synthesized from mRNA isolated from C. globosum with a primer set pKW19105-Fw1/ pKW19105-Rv1 (Table S1). RNA extraction and cDNA synthesis were performed as described above. The vector pKW18105,7 was linearized by restriction digestion with Sma I (10 units). These DNA fragments were then simultaneously introduced into S. cerevisiae BY4741 to combine them into an intact plasmid in situ by the endogenous homologous recombination activity of S. cerevisiae. The resulting plasmid was amplified in E. coli for restriction digestion analysis and later sequenced to confirm its identity. This plasmid was named pKW19105 (Figure S5).
[image: ]
Figure S5. Maps of plasmid pKW19098 and pKW19105.

1.11. Protein production and isolation of CazI and CazP. 
Overexpression and subsequent protein purification of CazI and CazP was performed as follows: E. coli BL21 (DE3) harboring the plasmid pKW19211 or pKW19212 was grown overnight in 20 mL of LB (lysogeny broth) with 50 µg/mL kanamycin at 37 C. Three liters of fresh LB with 50 µg/mL kanamycin was inoculated with 5 mL of the overnight culture and incubated at 37 C until the optical density at 600 nm reached 0.6. Then expression of each gene was induced with 100 µM isopropylthio--D-galactoside at 18 C. Incubation was continued for another 12 h, after which cells were harvested by centrifugation at 2,500  g. All subsequent procedures were performed at 4 C or on ice. Harvested cells were resuspended in disruption buffer (50 mM sodium phosphate buffer (pH 7.8), 300 mM NaCl). Cells were disrupted by French press (Ohtake Works, Co. Ltd.), and the lysate was clarified by centrifugation at 10,000  g. The supernatant and the pellet were recovered as soluble and insoluble fractions, respectively. The soluble fraction containing the protein of interest was applied to 3 mL of Ni-NTA Sepharose resin (GE Healthcare Life Sciences) previously equilibrated in the binding buffer, which is the disruption buffer supplemented with 20 mM imidazole. The column was washed with the binding buffer, then proteins were eluted with 10 mL of binding buffer supplemented with 250 mM of imidazole. Fractions containing proteins having the target molecular weight were pooled and dialyzed against 50 mM sodium phosphate buffer (pH 7.8), 50 mM NaCl, 1 mM MgCl2. Protein concentration was estimated using the Bio-Rad protein assay kit (Bio-Rad Laboratories) with bovine immunoglobulin G as a standard. Enriched protein samples were analyzed by SDS–PAGE using Tris-HCl gel stained with Coomassie Brilliant Blue R-250 staining solution (Figure S6). The protein sample was concentrated using a centrifugal filtration device (5 kDa molecular weight cutoff; Amicon Ultra centrifugal unit, EMD Millipore Corp.), and was flash frozen in liquid nitrogen and stored at –80 C until use for in vitro assays.
[image: ]
Figure S6. SDS–PAGE analysis of CazI and CazP enriched by nickel affinity chromatography. Lane M: molecular weight marker; lane 1: CazI (63 kDa) or CazP (38 kDa).

1.12. Protein production and isolation of CazL and CazO.
S. cerevisiae SCKW5 strain7 was transformed with pKW19098 carrying cazL or pKW190105 carrying cazO (Figure S5). Selected cells were grown in 2 mL of SC medium prepared using YNB with ammonium sulfate with DO supplement (Clontech Laboratories, Inc./TAKARA Bio Inc.) without uracil at 30 °C for 24 h with 180 r.p.m. The culture was transferred into 100 mL of fresh SC medium without L-histidine and the culture was incubated at 30 °C for 24 h. YPD medium (500 mL) was inoculated with the culture (100 mL) and incubated at 30 °C for 48 h. The cells were harvested by centrifugation at 2,500  g. All subsequent procedures were performed at 4˚C or on ice. Harvested cells were resuspended in disruption buffer (50 mM sodium phosphate buffer (pH 7.8), 300 mM NaCl). Cells were disrupted by French press (Ohtake Works, Co. Ltd.), and the lysate was clarified by centrifugation at 10,000  g. The supernatant and the pellet were recovered as soluble and insoluble fractions, respectively. The soluble fraction containing the protein of interest was applied to 3 mL of Ni-NTA Sepharose resin (GE Healthcare Life Sciences) previously equilibrated in the binding buffer, which is the disruption buffer supplemented with 20 mM imidazole. The column was washed with the binding buffer, then proteins were eluted with 10 mL of binding buffer supplemented with 250 mM of imidazole. Fractions containing proteins having the target molecular weight were pooled and dialyzed against 50 mM sodium phosphate buffer (pH 7.8), 50 mM NaCl, 1 mM MgCl2. Protein concentration was estimated using the Bio-Rad protein assay kit (Bio-Rad Laboratories) with bovine immunoglobulin G as a standard. Enriched protein CazL was analyzed by SDS–PAGE using Tris-HCl gel stained with Coomassie Brilliant Blue R-250 staining solution (Figure S7). Enriched protein CazO was analyzed by SDS–PAGE using Tris-HCl gel and visualized by Western blotting (Figure S8). A standard Western blotting analysis was carried out on a PVDF membrane transferred from the gel with the chemiluminescent system (Life Technologies Corporation) using an alkaline phosphatase-based detection method to identify the presence of our target enzyme. Anti-FLAG mouse antibody (Sigma-Aldrich) was used for visualization of CazO, which contained a FLAG tag at the N terminus. The samples of CazL and CazO were concentrated using a centrifugal filtration device (5 kDa molecular weight cutoff Amicon Ultra centrifugal unit, EMD Millipore Corp.), and was flash frozen in liquid nitrogen and stored at –80 C until use for in vitro assays.

[image: ]
Figure S7. SDS–PAGE analysis of CazL enriched by nickel affinity chromatography. Lane M: molecular weight marker; lane 1: total cell extracts; lane 2: CazL (51 kDa).

[image: ]
Figure S8. Western blotting analysis of CazO enriched by nickel affinity chromatography. Lane M: molecular weight marker; lane 1: cell extracts of the culture of S. cerevisiae SCKW5 strain harboring an empty vector pKW1810 as a negative control; lane 2: CazO (53 kDa).

1.13. In vitro assay of CazL for elucidating the biosynthesis of 5.
The recombinant CazL at 80 nM was added to the assay mixture (50 mL) containing 40 µM of 1, 0.2 mM NADPH, 10 µM FAD in 100 mM sodium phosphate buffer at pH 7.4. The mixture was incubated at 30 °C for 1 h. The reaction mixture including the product 5 was extracted with ethyl acetate (2  50 mL). The ethyl acetate extract was concentrated in vacuo to give an oily residue, which was purified by a reversed-phase HPLC (Nacalai Tesque Inc., COSMOSIL 5C18 MS-II, 10  250 mm) using an isocratic elution system of 40 % MeCN (v/v) in H2O with 0.05% (v/v) TFA at a flow rate of 4.0 mL/min to afford 5 (0.4 mg). The chemical structure was confirmed by HRESIMS and NMR (Table S6 and Figures S24–S28).

1.14. In vitro CazI assay.
The assay mixture (100 µL) containing 30 µM of the recombinant CazI, 60 µM of 1, 2.0 mM NADPH, 10 µM FAD, 50 mM NaCl, 10 µM E. coli flavin reductase SsuE9,10 in 20 mM HEPES at pH 7.4 was incubated at room temperature for 16 h. The reaction was terminated by extraction with ethyl acetate (100 µL). The extract was dried in vacuo. The dried residue was dissolved in N,N-dimethylformamide (50 µL), and the resulting solution was subjected to LC–MS analysis. The LC–MS analysis was performed with a Thermo SCIENTIFIC Exactive liquid chromatography mass spectrometer using both positive and negative electrospray ionization. Samples were analyzed using an ACQUITY UPLC 1.8 m, 2.1  50 mm C18 reversed-phase column (Waters) and separated on a linear gradient of 5–100% (v/v) MeCN in H2O supplemented with 0.05% (v/v) formic acid at a flow rate of 200 µL/min. The results of the assay are given in Figure 2a in the main text. 

1.15. In vitro CazL assay.
The assay mixture (100 µL) containing 80 nM of the recombinant CazL, 100 µM of the desired substrate 1 or 2, 0.2 mM NADPH in 200 mM sodium phosphate at pH 7.4 was incubated at 30 °C for 30 min. The reaction was terminated by extraction with ethyl acetate (100 µL). The extract was dried in vacuo. The dried residue was dissolved in N,N-dimethylformamide (50 µL), and the resulting solution was subjected to LC–MS analysis. Product analysis was performed following essentially the same procedure described above. The results of the assay are given in Figure 2b in the main text. 

1.16. In vitro CazP assay.
The assay mixture (100 µL) containing 80 nM of the recombinant CazP, 100 µM of the desired substrate 4 or 10, 1.0 mM NADPH and 20 mM HEPES at pH 7.4 was incubated at 30 °C for 15 min. The reaction was terminated by extraction with ethyl acetate (100 µL). The extract was dried in vacuo. The dried residue was dissolved in N,N-dimethylformamide (50 µL), and the resulting solution was subjected to LC–MS analysis. Product analysis was performed following essentially the same procedure described above. The results of the assay are given in Figure 3a and 3b in the main text. 

1.17. In vitro CazO assay.
For in vitro CazO assay, a sample of CazO was obtained by preparing cell extract from 10 g of wet cells in 100 mL of 100 mM Tris-HCl at pH 7.4. The assay mixture (100 µL) containing the recombinant CazO preparation (20 µL), 400 µM of the desired substrate 8 and 1.0 mM NADP+ in 100 mM Tris-HCl at pH 7.4 was incubated at 30 °C for 1 h. The reaction was terminated by extraction with ethyl acetate (100 µL). The extract was dried in vacuo. The dried residue was dissolved in N,N-dimethylformamide (50 µL), and the resulting solution was subjected to LC–MS analysis. Product analysis was performed following essentially the same procedure as described above. The results of the assay are given in Figure 3d in the main text. 

Table S1. Oligonucleotide primer sequences. DNA primers were designed on the basis of sequence data obtained from the C. globosum genome sequence database. 
	Primer name                         Sequence

	cazI_KO_p1
cazI_KO_p2
cazI_KO_p3
cazI_KO_p4
cazI_KO_p5
cazI_KO_p6
cazI_KO_p7
cazL_KO_p1
cazL_KO_p2
cazL_KO_p3
cazL_KO_p4
cazL_KO_p5
cazL_KO_p6
cazL_KO_p7
cazO_KO_p1
cazO_KO_p2
cazO_KO_p3
cazO_KO_p4
cazO_KO_p5
cazO_KO_p6
cazO_KO_p7
cazP_KO_p1
cazP_KO_p2
cazP_KO_p3
cazP_KO_p4
cazP_KO_p5
cazP_KO_p6
cazP_KO_p7
CazI_pET21c_Fw
CazI_pET21c_Rv
19098-Fw1
19098-Rv1
pKW19105-Fw1
pKW19105-Rv1
CazP_pET21c_Fw
CazP_pET21c_Rv
hph_Fw
hph_Rv
	5'-CCTGTTCGCGCACATACTGGCGCAG-3'
5'-GGAACTTCTCCACCGTTCCATTAATGCCGATTGCTGTAGACTTTGC-3'
5'-CAAAGTCTACAGCAATCGGCATTAATGGAACGGTGGAGAAGTTCCCTG-3'
5'-CAACGCCCCAGCACAACAACCCTCCGCTACAGTCCTGTTGCGCCTTCCG-3'
5'-CCGGAAGGCGCAACAGGACTGTAGCGGAGGGTTGTTGTGCTGGGGCG-3'
5'-GAGTTCCGAGGCCCGATACGCAG-3'
5'-CATATCCGCTGGGCTGTTCCTCAC-3'
5'-CACAATCCGTCTATCATCACGGC-3'
5'-GAACTTCTCCACCGTTCCATTGGCTGTTGACCGAGAGTCGAG-3'
5'-CTCGACTCTCGGTCAACAGCCAATGGAACGGTGGAGAAGTTCC-3'
5'-CAGACAGAACCCTTATTGTCCGCTACAGTCCTGTTGCGCCTTC-3'
5'-GAAGGCGCAACAGGACTGTAGCGGACAATAAGGGTTCTGTCTGGTC-3'
5'-GTTGGCAGACCAGCAACGGTATC-3'
5'-CCCTATGTTGGGTATCTTGACCGC-3'
5'-CATGGACGACCTGGCCGGCC-3'
5'-GAACTTCTCCACCGTTCCATTCGTGGATCAACTGTCTGATAGAC-3'
5'-CTATCAGACAGTTGATCCACGAATGGAACGGTGGAGAAGTTCCC-3'
5'-CAACAGCACAGCCCCCAGCCGCTACAGTCCTGTTGCGCCTTC-3'
5'-GAAGGCGCAACAGGACTGTAGCGGCTGGGGGCTGTGCTGTTGG-3'
5'-CGTCACCATCCTGCAGTGCCCAG-3'
5'-CTAACTGCACAGCACCTTCAGAC-3'
5'-GGTAGAAAGGAAATTGAAATTGGGAG-3'
5'-GAACTTCTCCACCGTTCCATTTGTGAATTCGTGCTCGGTGTGTAG-3'
5'-CACACCGAGCACGAATTCACAAATGGAACGGTGGAGAAGTTCC-3'
5'-GTTTACAGCTCAGATCCTAAGCTACAGTCCTGTTGCGCCTTCC-3'
5'-GAAGGCGCAACAGGACTGTAGCTTAGGATCTGAGCTGTAAACTTTC-3'
5'-CCTCGGCCACGAAGGTCGAG-3'
5'-GTTGTACATGAGCTCGTCGATC-3'
5'-GAAGGAGATATACATATGTCTATCCCTGAGTCCTG-3'
5'-GTGGTGGTGGTGCTGCACCTGAACAACCCCCTCAG-3'
5'-AGATGACGATGACAAGCCCATGGGAGACGTTGTAAACGAACC-3'
5'-GATGGTGATGGTGATGCCCCAATTCACCCGCCCTTCGTTTC-3'
5'-GACGATGACAAGCCCATGCCGTCTTCTGGTTTTGC-3'
5'-GTGATGGTGATGCCCGTGGCGCACCGGCAACACGC-3'
5'-GAAGGAGATATACATATGGTCTCTCTAGAGCAAATCCGGTC-3'
5'-GTGGTGGTGGTGCTGCACAGAAGCCACCCCCGTGG-3'
5'-GCTACAGTCCTGTTGCGCCTTCCGG-3'
5'-AATGGAACGGTGGAGAAGTTCCCTGGC-3'




2. Supporting Results
2.1.	Chaetoviridin biosynthetic gene cluster in C. globosum.8 
[image: ]
Figure S9. The caz gene cluster found in the C. globosum genome. Predicted function of the translation product of each of the gene found in the caz gene cluster is given in Table S2.



Table S2. Deduced functions of cazI, L, O and P in the chaetoviridin biosynthetic gene cluster from C. globosum.
	Locus ID
	Gene name
	Deduced function
	Species, NCBI accession number
	Identity/
Similarity (%)

	CHGG_07641
	cazI
	FADH2-dependent halogenase
	Chaetomium chiversii,
ACM42402
	61/77

	CHGG_07644
	cazL
	Monooxygenase
	Aspergillus oryzae RIB40,
XP_001823615
	49/65

	CHGG_07649
	cazO
	Glucooligosaccharide oxidase
	Aspergillus nidulans FGSC A4,
CBF83064
	47/64

	CHGG_07650
	cazP
	Dehydrogenase
	Aspergillus kawachii IFO,
GAA86899
	49/64



Deduced function of the ORFs was determined based on the sequence similarity/identity to known proteins as determined by Protein BLAST (BLASTP) search2 against the NCBI non-redundant database.


2.2. Deletion study of the chaetoviridin biosynthetic gene cluster.

[image: ]

Figure S10. HPLC traces of metabolic extracts from the cultures of various C. globosum deletion strains to identify the genes responsible for the biosynthetic steps in the chaetoviridin biosynthesis. All deletion strains were prepared in CGKW14 by replacing the target gene with the hph selection marker via homologous recombination.4 All cultures were grown in MYG medium. HPLC traces were monitored at (a, b) 254 nm and (c, d) 388 nm. Extract of the culture of (a) the cazI strain, (b) the cazL strain, (c) the cazP strain and (d) the cazO strain was analyzed by HPLC. Extract of the culture of CGKW14 was used as a wild-type control for all strains. Compound numbering is: 4, chaetoviridin A; 6, chaetoviridin B; 7, 4'-epi-N-2-hydroxyethyl-azachaetoviridin A; 8, chaetoviridin C.4,11-13 


2.3. Kinetic analysis of CazL.
The steady-state kinetic parameters were determined for CazL using 1 or 2 as a substrate. A series of reactions (100 μL) containing 80 nM CazL, 0.2 mM NADPH and 1 at seven different concentrations ranging 10–100 μM or 2 at three different concentrations ranging 50–100 μM in 100 mM sodium phosphate (pH 7.4) were carried out at 30 °C. The reactions were carried out in triplicate. After incubating for 30 min, all of the reactions were terminated by extraction with ethyl acetate (100 µL). Each of the extracts was dried in vacuo, and the dried residue was dissolved in N,N-dimethylformamide (50 µL). The resulting solution was subjected to LC–MS analysis. The obtained data were fitted to the Michaelis–Menten equation by nonlinear regression. Km and kcat values for 1 as 73.04 ± 9.93 µM and 30.88 ± 2.30 min–1, respectively. Km and kcat values for 2 as 68.12 ± 22.10 µM and 51.58 ± 7.80 min–1, respectively. 

[image: ]
Figure S11. Michaelis–Menten kinetics for a pyranoquinone formation from substrates 1 (▲) and 2 (■) catalyzed by CazL. Each data point is a mean of triplicate measurements. The standard deviation is given in the plot as an error bar at each data point. 


2.4. Spontaneous transformation of 8 in a neutral buffer. 
[image: ]
Figure S12. Spontaneous transformation of 8 in a neutral buffer. 100 uL of 20 mM HEPES buffer (pH7.4) at room temperature containing 60 µM of 8 was incubated at room temperature for (i) 10 min and (ii) 240 min and analyzed by LC–MS following essentially the same procedure used for characterizing in vitro assays as described earlier.



[image: ]2.5. UV spectra and ESIHRMS data of the substrate 10 and the reaction products 11 and 13.
Figure S13. In vitro characterization of the dehydrogenase CazP from the chaetoviridin biosynthetic pathway for the formation of an intermediate 13 and chaetoviridin U 11. The HPLC traces of the reaction are given in Figure 3c in the main text. UV spectra of the substrate 10 (a-i) and the reaction products 11 (b-i) and 13 (c-i). ESIHRMS data of 10 (a-ii, m/z+ 399 [M+H]+), 11 (b-ii, m/z+ 401 [M+H]+) and 13 (c-ii, m/z+ 401 [M+H]+).

2.6. Chemical characterization of 1.

Table S3. NMR data of compound 114 in CDCl3. The molecular formula of 1 was established by mass data [ESI-MS: m/z 275 (M-H)–; HRESIMS: m/z 275.1294 (M-H)–, calcd. for C16H19 O4–, 275.1289,  = 0.50 mmu]; []D20: –220.0 (c 0.06, DMSO).






	Position
	H [ppm]
	
	mult. (J in Hz)
	HMBC
	C [ppm]

	1
	9.82
	1H
	s
	1,2
	192.7

	2
	
	
	
	
	113.0

	3
	
	
	
	
	161.5

	4
	
	
	
	
	111.2

	5
	
	
	
	
	164.5

	6
	6.15
	1H
	s
	3,4,9
	110.8

	7
	
	
	
	
	137.2

	8
	4.05
	2H
	s
	5,6,10
	43.6

	9
	
	
	
	
	197.4

	10
	6.2
	1H
	d (16.0)
	10,13
	127.3

	11
	6.94
	1H
	dd (16.4, 8.4)
	10,13,16
	155.6

	12
	2.28
	1H
	m
	
	38.7

	13
	1.45
	2H
	m
	13,15,16
	28.9

	14
	0.9
	3H
	t (7.2)
	13,14
	11.8

	4-Me
	2.04
	3H
	s
	2,3,4
	7.1

	12-Me
	1.09
	3H
	d (7.2)
	12,13,14
	19.0

	3-OH
	12.7
	1H
	s
	2,3
	

	5-OH
	6.5
	1H
	br
	
	


1H and 13C NMR spectra were recorded at 400 MHz and 100 MHz, respectively.




Fig. S14. 1H NMR spectrum of 1 in CDCl3 (400 MHz).

[image: ][image: ][image: Description: Kinya_McBk10.8:Users:kinya:Desktop:SI NMR Fig Modified:S14 W15.6 Cont.png]
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Fig. S15. 13C NMR spectrum of 1 in CDCl3 (100 MHz).
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Fig. S16.[image: ] 1H-1H COSY spectrum of 1 in CDCl3 (400 MHz). COSY, correlated spectroscopy.

Fig. S17. HMBC spectrum of 1 in CDCl3 (400 MHz). HMQC, heteronuclear multiple quantum coherence.
[image: ]

2.7. Chemical characterization of 2.

Table S4. NMR data of compound 2 in CDCl3. The molecular formula of 2 was established by mass data [ESI-MS: m/z 309 (M–H)–; HRESIMS: m/z 309.0901(M–H)–, calcd. for C16H18 ClO4-, 309.0899,  = 0.18 mmu]; []D20: –18.7 (c 0.01, DMSO).





	Position
	H [ppm]
	
	mult. (J in Hz)
	HMBC
	C [ppm]

	1
	9.86
	1H
	s
	3
	194.8

	2
	
	
	
	
	113.8

	3
	
	
	
	
	162.7

	4
	
	
	
	
	113.5

	5
	
	
	
	
	156.2

	6
	
	
	
	
	112.7

	7
	
	
	
	
	134

	8
	4.33
	2H
	s
	6,7,9
	39.9

	9
	
	
	
	
	193.2

	10
	6.20
	1H
	d.(16.0)
	9
	127.4

	11
	6.94
	1H
	dd.(16.4, 8.4)
	9
	155.1

	12
	2.28
	1H
	m
	
	38.6

	13
	1.45
	2H
	m
	11
	28.9

	14
	0.9
	3H
	t.(7.2)
	12,13
	11.8

	4-Me
	2.17
	3H
	s
	3,4,5
	8.2

	12-Me
	1.09
	3H
	d.(7.2)
	12,13,14
	19

	3-OH
	12.6
	1H
	s
	
	


1H and 13C NMR spectra were recorded at 400 MHz and 100 MHz, respectively.


Fig. S18. 1H NMR spectrum of 2 in CDCl3 (400 MHz).

[image: ][image: Description: Kinya_McBk10.8:Users:kinya:Desktop:SI NMR Fig Modified:S18 W15.6 Cont.png]
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Fig. S19. 13C NMR spectrum of 2 in CDCl3 (100 MHz).
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Fig. S20. 1H-1H COSY spectrum of 2 in CDCl3 (400 MHz).
[image: ]Fig. S21. HMBC spectrum of 2 in CDCl3 (400 MHz).
[image: ]
2.8. Chemical characterization of 4.

Table S5. NMR data of compound 411 in CDCl3. The molecular formula of 4 was established by mass data [ESI-MS: m/z 433 (M+H)+; HRESIMS: m/z 433.1412 (M+H)+, calcd. for C23H26 ClO6+, 433.1414,  = 0.21 mmu]; []25D: +64.6 (c 1.00, CHCl3).



	Position
	H [ppm] mult. (J in Hz)11
	H [ppm]   mult. (J in Hz) 
	C [ppm]11
	C [ppm]

	1
	8.80 s
	8.70 s
	151.5
	 151.5

	3
	
	
	157.1
	157.2

	4
	6.56 s
	6.50 s
	105.3
	105.4

	4a
	
	
	139.7
	140.0

	5
	
	
	108.9
	108.7

	6
	
	
	183.4
	183.5

	7
	
	
	87.5
	87.5

	8
	
	
	162.6
	162.3

	8a
	
	
	110.4
	110.4

	9
	6.10 d (15.7)
	6.05 d (15.7)
	119.7
	119.8

	10
	6.62 dd (15.7, 8.3)
	 6.57 dd (15.7, 7.8)
	148.0
	148.1

	11
	2.30 m
	2.24 m
	38.9
	38.9

	12
	1.45 m
	1.40 dq (6.9, 7.4)
	30.1
	29.1

	13
	0.92 t (7.4)
	 0.86 t (7.4)
	11.6
	11.7

	7-CH3
	1.70 s
	1.62 s
	26.2
	26.3

	11-CH3
	1.10 d (6.6)
	 1.04 d (6.9)
	19.2
	 19.3

	1'
	
	
	167.9
	167.9

	2'
	
	
	125.1
	125.3

	3'
	
	
	201.1
	201.3

	4'
	3.64 m
	3.57 m
	51.0
	51.0

	5'
	3.86 m
	3.78 m
	70.8
	70.8

	6'
	1.17 d (6.6)
	1.09 d (6.9)
	13.4
	13.4

	4'-CH3
	1.17 d (6.6)
	1.09 d (6.4)
	21.4
	21.3

	5'-OH
	2.28 brs
	2.40 brs
	
	





1H and 13C NMR spectra were recorded at 400 MHz and 100 MHz, respectively.

Fig. S22.  1H NMR spectrum of 4 in CDCl3 (400 MHz).
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Fig. S23. 13C NMR spectrum of 4 in CDCl3 (100 MHz).
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2.9. Chemical characterization of 5.

Table S6. NMR data of compound 5 in CDCl3. The molecular formula of 3 was established by mass data [ESI-MS: m/z 275 (M+H)+; HRESIMS: m/z 275.1278 (M+H)+, calcd. for C16H19O4+, 275.1278,  = 0.0 mmu]; []D20: –272.0 (c 0.08, CH3OH).
DQF-COSY
selected HMBC





	Position
	H [ppm]
	mult. (J in Hz) 
	HMBC
	C [ppm]

	1 
	7.90            1H
	s
	3, 4a, 8, 8a
	152.6 

	3
	
	
	
	156.2

	4
	6.13            1H
	s
	3, 4a, 5, 8a 
	108.6

	4a
	
	
	
	144.3

	5
	5.58            1H
	
	4, 7, 8a
	106.0

	6
	
	
	
	195.8

	7
	           
	
	
	83.6

	8
	
	
	
	196.3

	8a
	
	
	
	115.7

	9
	5.96             1H
	d (15.5)
	3, 4, 11
	119.7

	10
	6.48             1H
	dd (15.5, 8.0)
	3
	146.5

	11
	2.25             1H
	m
	9, 10, 11-CH3, 12 
	39.0

	12
	1.43             1H
	dq (7.5, 6.9)
	10, 11, 11-CH3, 13
	29.3

	13
	0.90             1H
	t (7.5)
	11, 12
	11.8

	7-CH3
	1.55             3H
	s
	6, 7, 8
	28.8

	11-CH3
	1.08             3H
	d (6.9)
	10, 11, 12
	19.5


1H and 13C NMR spectra were recorded at 500 MHz and 125 MHz, respectively.

Fig. S24. 1H NMR spectrum of 5 in CDCl3 (500 MHz).
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Fig. S25. 13C NMR spectrum of 5 in CDCl3 (125 MHz).
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Fig. S26. 1H-1H COSY spectrum of 5 in CDCl3 (500 MHz).
[image: ]
[image: ]Fig. S27. HMQC spectrum of 5 in CDCl3 (500 MHz). HMQC, heteronuclear multiple quantum coherence.
[image: ]Fig. S28. HMBC spectrum of 5 in CDCl3 (500 MHz).













2.10. Chemical characterization of 6.

Table S7. NMR data of compound 611 in CDCl3. The molecular formula of 6 was established by mass data [ESI-MS: m/z 435 (M+H)+; HRESIMS: m/z 435.1570 (M+H)+, calcd. for C23H28ClO6+, 435.1569,  = 0.1 mmu]; []25D: –123.62 (c 0.70, CHCl3).





	Position
	H [ppm] mult. (J in Hz)11
	H [ppm]   mult. (J in Hz) 
	C [ppm]11
	C [ppm]

	1
	7.30 s
	7.27 s
	145.7
	145.7

	3
	
	
	157.8
	157.8

	4
	6.55 s
	 6.55 s
	105.0
	105.1

	4a
	
	
	140.6
	140.5

	5
	
	
	110.1
	110.2

	6
	
	
	189.3
	189.4

	7
	
	
	83.9
	84.2

	8
	3.01 d (10.1)
	3.00 d (10.0)
	50.5
	50.7

	8a
	
	
	114.4
	114.4

	9
	6.06 d (15.7)
	6.06 d (15.6)
	120.2
	120.3

	10
	6.53 dd (15.7, 8.0)
	 6.52 dd (15.8, 8.3)
	146.9
	147.0

	11
	2.26 m
	2.26 m
	38.9
	39.1

	12
	1.43 m
	1.43 m
	29.2
	29.3

	13
	0.91 t (7.4)
	 0.91 t (7.7)
	11.7
	11.9

	7-CH3
	1.40 s
	1.40s
	23.4
	23.4

	11-CH3
	1.08 d (6.6)
	 1.08 d (6.8)
	19.4
	19.6

	1'
	
	
	170.8
	170.7

	2'
	3.07 d (10.1)
	3.07 d (10.0)
	58.3
	58.4

	3'
	
	
	104.1
	104.3

	4'
	1.91 m
	1.89 m
	45.0
	45.1

	5'
	4.32 m
	4.30 m 
	77.3
	77.4

	6'
	1.41 d (5.2)
	1.41d (6.3)
	18.7
	18.9

	4'-CH3
	1.14 d (7.2)
	1.13 d (7.0)
	8.8
	8.9

	3-OH
	3.19 brs
	3.08 brs
	
	

	5'-OH
	1.86 brs
	
	
	


1H and 13C NMR spectra were recorded at 400 MHz and 100 MHz, respectively.

Fig. S29. 1H NMR spectrum of 6 in CDCl3 (400 MHz).
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Fig. S30. 13C NMR spectrum of 6 in CDCl3 (100 MHz).
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2.11. Chemical characterization of 7.

Table S8. NMR data of compound 74 in CD3OD. The molecular formula of 7 was established by mass data [ESI-MS: m/z 476 (M+H)+; HRESIMS: m/z 476.1835 (M+H)+, calcd. for C25H31 ClNO6+, 476.1834,  = 0.1 mmu]; []25D: +1189.0 (c 0.036, CH3OH).



	Position
	H (ppm)
	
	mult. (J in Hz)
	HMBC
	C (ppm)

	1
	8.80
	1H
	s
	3, 4a, 5, 8, 8a, 1"
	143.7

	3
	
	
	
	
	151.3

	4
	7.03
	1H
	s
	3, 5, 8a, 9
	112.0

	4a
	
	
	
	
	148.5

	5
	
	
	
	
	113.5

	6
	
	
	
	
	182.4

	7
	
	
	
	
	89.9

	8
	
	
	
	
	168.4

	8a
	
	
	
	
	99.1

	9
	6.63
	1H
	d (15.6)
	4, 11
	121.6

	10
	6.48
	1H
	dd (15.6, 8.0)
	3, 11, 11-CH3, 12
	150.9

	11
	2.38 
	1H
	m
	9, 10, 11-CH3, 12, 13
	40.6

	12
	1.51
	2H
	m
	10, 11, 11-CH3, 13
	30.2

	13
	0.96 
	3H
	t (7.4)
	11, 12
	12.2

	7-CH3
	1.66
	3H
	s
	6, 7, 8
	27.0

	11-CH3
	1.14 
	3H
	d (6.8)
	10, 11, 12
	19.8

	1'
	
	
	
	
	170.3

	2'
	
	
	
	
	126.0

	3'
	
	
	
	
	202.1

	                                                 4'
	3.56
	1H
	m
	3', 4'-CH3, 5', 6'
	52.4

	5'
	3.77
	1H
	m
	4', 6'
	71.5

	6'
	1.10
	3H
	d (6.8)
	3', 4', 5'
	13.5

	4'-CH3
	1.09
	3H
	d (6.3)
	
	21.1

	5'-OH
	
	
	
	
	

	1"
	4.29
	1H
	td (14.8, 4.5)
	1
	57.9

	
	4.19
	1H
	td (14.6, 5.5)
	1, 3, 2"
	

	2"
	3.91
	2H
	d (5.5)
	
	61.2

	2"-OH
	
	
	
	
	


1H and 13C NMR spectra were recorded at 400 MHz and 100 MHz, respectively.

Fig. S31. 1H NMR spectrum of 7 in CD3OD (400 MHz).
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Fig. S32.13C NMR spectrum of 7 in CD3OD (100 MHz).

[image: Description: Kinya_McBk10.8:Users:kinya:Desktop:SI NMR Fig Modified:S32 W15.6.png]
C [ppm]

2.12. Chemical characterization of 8.

Table S9. NMR data of compound 811 in CDCl3. The molecular formula of 8 was established by mass data [ESI-MS: m/z 435 (M+H)+; HRESIMS: m/z 435.1569 (M+H)+, calcd. for C23H28ClO6+, 435.1569,  = 0.1 mmu]; []26D: –90.6 (c 0.50, CHCl3).









	Position
	H [ppm] mult. (J in Hz)11
	H [ppm]   mult. (J in Hz) 
	C [ppm]11
	C [ppm]

	1
	7.40 s
	7.42 s
	147.2
	147.1

	3
	
	
	157.8
	158.1

	4
	6.48 s
	6.47 s
	105.9
	104.9

	4a
	
	
	140.9
	141.5

	5
	
	
	110.3
	109.1

	6
	
	
	184.4
	184.6

	7
	
	
	84.5
	83.6

	8
	3.91 d (12.1)
	3.89 d (12.0)
	53.8
	53.0

	8a
	
	
	114.1
	113.7

	9
	6.03 d (15.7)
	6.02 d (15.8)
	120.9
	120.2

	10
	6.51 dd (15.7, 8.0)
	 6.51 dd (15.7, 7.8)
	146.4
	146.7

	11
	2.27 m
	2.24 m
	39.8
	38.9

	12
	1.43 m
	1.40 m
	30.2
	29.2

	13
	0.90 t (7.4)
	 0.88 t (7.5)
	12.8
	11.8

	7-CH3
	1.60 s
	1.57 s
	24.6
	23.6

	11-CH3
	1.25 d (6.3)
	1.23 d (6.2)
	20.3
	19.3

	1'
	
	
	168.9
	169.1

	2'
	4.22 d (12.1)
	4.26 d (12.2)
	59.8
	58.8

	3'
	
	
	207.1
	207.3

	4'
	3.21 m
	3.23 m
	44.1
	42.5

	5'
	3.81 m 
	3.77 m
	74.3
	72.7

	6'
	1.06 d (6.1)
	1.03 d (6.9)
	14.1
	13.1

	3-OH
	
	
	
	

	4'-CH3
	1.08 d (7.0)
	1.06 d (6.6)
	23.4
	22.2

	5'-OH
	1.31 brs
	2.35 brs
	
	


1H and 13C NMR spectra were recorded at 400 MHz and 100 MHz, respectively.

Fig. S33. 1H NMR spectrum of 8 in CDCl3 (400 MHz).
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Fig. S34. 13C NMR spectrum of 8 in CDCl3 (100 MHz).
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2.13. Chemical characterization of 10.

Table S10. NMR data of compound 1013 in CDCl3. The molecular formula of 10 was established by mass data [ESI-MS: m/z 399 (M+H)+; HRESIMS: m/z 399.1806 (M+H)+, calcd. for C23H27O6+, 399.1802,  = 0.4 mmu]; []20D: –12.1 (c 0.06, CH3OH).
[image: ]








	Position
	H [ppm] mult. (J in Hz)13
	H [ppm]   mult. (J in Hz) 
	C [ppm]13
	C [ppm]

	1
	8.77 s
	8.79 s
	152.7
	152.9

	3
	
	
	155.4
	155.5

	4
	6.01 s
	6.09 s
	107.9
	108.1

	4a
	
	
	146.6
	146.8

	5
	5.32 s
	5.34 d (1.00)
	105.7
	105.9

	6
	
	
	190.1
	190.2

	7
	
	
	87.7
	87.8

	8
	
	
	165.2
	165.6

	8a
	
	
	111.0
	111.1

	9
	5.95 d (15.9)
	5.95 d (15.7)
	119.5
	119.7

	10
	6.50 dd (15.9, 8.2)
	 6.51 dd (15.7, 7.8)
	144.3
	144.3

	11
	2.24 m
	2.25 m
	38.8
	39.0

	12
	1.42 m
	1.43 dq (7.3, 7.3)
	29.1
	29.3

	13
	0.89 t (7.2)
	 0.90 t (7.3)
	11.6
	11.8

	7-CH3
	1.67 s
	1.69 s
	26.4
	26.5

	11-CH3
	1.06 d (6.2)
	1.08 d (6.6)
	19.3
	19.5

	1'
	
	
	168.4
	168.5

	2'
	
	
	124.1
	124.1

	3'
	
	
	201.1
	201.3

	4'
	3.65 m
	3.67 dq (6.9, 6.9)
	50.8
	51.0

	5'
	3.87 dq (6.7, 6.1) 
	3.89 m
	70.7
	70.9

	6'
	1.16 d (6.7)
	1.18 d (6.9)
	21.3
	21.5

	3-OH
	
	
	
	

	4'-CH3
	1.15 d (6.7)
	1.16 d (6.4)
	13.5
	13.8

	5'-OH
	
	1.81 d (5.9)
	
	


1H and 13C NMR spectra were recorded at 400 MHz and 100 MHz, respectively.

Fig. S35. 1H NMR spectrum of 10 in CDCl3 (400 MHz).

[image: ][image: ][image: Description: Kinya_McBk10.8:Users:kinya:Desktop:SI NMR Fig Modified:S35 W15.6.png]
H [ppm]

Fig. S36. 13C NMR spectrum of 10 in CDCl3 (100 MHz).
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