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1. Abstract

cis-Diene diol obtained from the microbial oxidatiohlwomobenzene was used as a substrate
for the chemoenzymatic acetylation and epoxidatvdh lipases. The model studies showed that the
regiochemistry of the acetylation is solvent-demerid The chemoenzymatic epoxidation followed
the expected regiochemistry when compared to teenadal epoxidation witim-CPBA, but with the
unexpected formation of bromoconduritol-C, an int@ot intermediate whose electrochemical
reduction led to the synthesis of (-)-conduritolEXperimental and spectral data are provided for al

new compounds.
Keywords:enzymatic dihydroxylation, lipases, acetylationpx@dation, narciclasine, conduritol C
2. Introduction

For more than 30 years, areos-dihydrodiols obtained from the whole-cell fermdita of
aromatics byE. coli IM109 (pDTG601A) have been used as building blocks in natural produ
synthesis. The enantiopure diols have been comvette morphine derivatives, cyclitols,
sesquiterpenes, the cytotoxdmaryllidaceaealkaloids, and other complex natural proddcthis
biooxidation process has proven to be scalableedicent within green chemistry metrics, and it
represents a good example of how biocatalysis eantitized as a potentially sustainable tool in

organic synthesis.

Biocatalysis relies on the use of whole microorgars or isolated enzymes and the tendency of
enzymes to control the environment of the reactiather than the reaction itself to provide
outstanding enantio-, stereo- and regioselectsvitie fewer steps than traditional chemical
strategies. By investigating and adding unconventional meth¢els). biocatalysis, preparative
electrochemistry} to previously known synthetic routes unexpecteslits can be attained and

shorter synthetic routes can be achieved.

With this reasoning we considered sequential hisfiarmations applied to one of the

ubiquitously usedis-diols, namely bromocyclohexadienediblwhich is obtained in high yields (>9



g/L) from the dihydroxylation of bromobenzefg Scheme 1. This compound was submitted as a
substrate for investigation of lipase-catalyzedtyagon under mild conditions using Amano PS
lipase immobilized in diatomite and for chemoenzima&poxidation usingCandida antarctica
lipase (CAL). (Scheme 1) Each of these studiesigeavvaluable results and added new options to

the repertoire of reactions that could be appleetheé homochiral diols such &s
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Scheme 1. Chemoenzymatic reactions investigated in this work

In this work we report the results of chemoenzymatetylation of diols in organic media and a
short synthesis of (-)-conduritol C by a chemoenatyen cascade followed by electrochemical
reduction of a vinyl bromide. The synthesis of ol was subjected to efficiency metric
evaluation® in comparison to previous chemical syntheses. lif@se-catalyzed acetylation was

also extended to acetylation of the cytotoxic reltproduct narciclasine.

3. Resultsand discussion

a) Lipase—catalyzed acetylation of 2

Br . Br
lipases
OH vinyl acetate Ri
oH MTBE R,
35°C, 150 rpm
2 3a R =0OAc; R, = OH

3b R1 = OH; R2 = OAc
3¢ Ry = OAc; R, = OAc

Scheme 2. Acetylation of bromodio(2) catalyzed by AmanoPS immobilized in diatomite.

Screening of lipasesinitial conditions similar to a previously reportedetylation methodolody
were used. Three out of nine lipases showed pramectivity toward the acetylation &f Lipases
from Pseudomonas fluorescef@manoPF, 20,000 U/gBurkholderia cepacigAmanolM, 500 U/qg)



and immobilized in diatomite (AmanoPS-d, 500 U)e other lipases that were tested are listed in

Supporting Information Section I, Part A.

Effect of mass of catalyst and equivalents of adgnor. The influence of the amount of lipase was

evaluated with an initial fixed value at 10 mg/mithwvariation in the number of equivalents of acyl

donor. The best results are shown in Table 1 (Ftaild and complete results see Supporting
Information Section I, Part B). AmanolM and Amane®8ave similar activities with the same fixed

load of active enzyme, while the activity for Am#&tois approximately 40-fold higher. For the

tested lipases, there was an increase in the dwemraversion when two equivalents (1.0 mmol) of
vinyl acetate were used, but the selectivity betwgzeand3b was still low.

Table 1. Analysis of varying amount of acyl donor in chemmog@natic acetylation. Reaction
conditions:2 (0.5 mmol), vinyl acetate (0.5 — 1.0 mmol), lip4$60 mg), Methyl tert-butyl ether
(MTBE) (10 mL), 24h, 35 °C, 150 rpm. Conversionued calculated witftH-NMR
Vinyl acetate  Overall

Entry Lipase (mmol) Conversion 3a 3b 3c
AmanolM 05 22%  64% 36% -

2 1.0 90%  49% 46% 5%
3 aranopE 05 380%  69% 31% -
4 1.0 51%  75% 25% -
05 32%  58% 42% -

g /AmanoPS-d 1.0 90%  49% 46% 5%

A uniform trend among the results presented in &dblas not observed. For the second
round of experiments the volume of the reactionturex was lowered from 10 mL dért-butyl
methyl ether (MTBE) to 5 mL with variable equivalemf vinyl acetate. The main results are shown
in Table 2. (For details and complete results sgg8rting Information Section I, Part B)

Table 2. Analysis of varying amount of acyl donor in chempgmatic acetylation. Reaction

conditions:2 (0.5 mmol), vinyl acetate (0.5 — 1.5 mmol), lip4$60 mg), Methyl tert-butyl ether
(MTBE) (5 mL), 24h, 35 °C, 150 rpm. Conversion \edicalculated withH-NMR

Entry Lipase V'Qﬁr?]%%ate Overall converson 3a 3b 3c
7 AmanolM 1.0 >95% 48% 32% 20%
8 1.5 >95% 49% 33% 18%

AmanoPE 1.0 76% 73% 27% -
10 1.5 78% 74% 26% -
11 AmanoPS-d 1.0 >95% 39% 21% 40%
12 1.5 >95% 49% 32% 19%

When the volume of the reaction mixture is decrdasbile keeping the same relative
concentration of the substrate, acyl donor andsépa AmanolM and AmanoPS-d showed full

overall conversion. AmanolM is less selective aegklsensitive to variation of the concentration of



vinyl acetate, while AmanoPF had the best seldgtitowards formation oR, but without total

consumption of starting material. AmanoPS-d wasciet! for further studies.

By using more concentrated organic media we obdetive formation of diacetatéc and
complete consumption of starting material. To itigede the source of formation of diacetatethe
concentrated crude product from entry 12 was mdiby column chromatography and two mixtures
of 3aand3b (1:1) were resubmitted in the shaker with condgidrom entry 9. The first flask was
removed from the shaker after 24 h, and a mixtdr&a0(55%), 3b (14%) and3c (30%) was
observed througfH-NMR. The second flask was removed after 48 h, taedmixture containe@a
(41%), 3b (12%) and3c (46%). The monoacetatéh appears to be the main substrate for the

formation of diacetat8c.

Effect of solvent.To better understand the effect of biocompatibititya few organic solvents in the
acetylation reaction, two solvents and a mixturealvents were selected with different logarithm of
the partition coefficient (log).® Acetonitrile (MeCN) (logP = -0.33), MTBE (logP = 1.24), and a
4:1 mixture ofn-hexane (logP = 3.5) tetrahydrofuran (THF) (lo§ = 0.46) were selected. An
increase in selectivity was observed toward thenédion of 3a when MTBE was switched for
MeCN, but with a decrease in the overall conversidhe solvent systenm-hexane:THF 4:1
presented low selectivity in the acetylatioradnd is highly dependent on the concentration flvi
acetate. Because of the observed trend, both Me@# MTBE were selected for further

investigations. (For details and complete res@es Supporting Information Section I, Part C)

Because of the intramolecular acyl migration froR2 @ C-3, it is not possible to puriia
and3b by column chromatography. The crude product coirtgia mixture of starting material and

products3a and3b was treated with TBSCI and compouddas isolated as the major product.

Br Br Br Br
Ry TBSCI, im. OH OAc OH
—_— + +
R, DMF OTBS OTBS OAc
0°C to rt
2: R, = OH:; R, = OH 5 6 3b

3a: Ry =0Ac; R, =0OH
3b: R1 = OH; R2 = OAc

Scheme 3. TBS protection of a mixture & 3a and3b.
An acyl migration study was performed by filteriagpd concentrating the crude product

obtained from the chemoenzymatic acetylation in Me@hd submitting it with a fresh load of

solvent. After a period of 24h, acyl migration wasserved as there was a 11% conversion fsam



to 3b. However, further acyl migration studies usingdarole or other suitable bases were not

performed.

Effect of temperatureTemperature can often be a key factor in reactianalyzed by enzymésTo
evaluate the effect of temperature in the acetytatif bromodiene dia?, reactions were performed
using T =20 °C and T =45 °C. (For details and plate results see Supporting Information Section
l, Part D)

Effect of co-solvents For the subsequent application of narciclasine asulastrate for the
chemoenzymatic acetylation, DMSO (IBg= -1.3) and dimethylformamide (DMF) (Idg= -0.829)
were evaluated as co-solvents in the model studiese these solvents are capable of solubilizing
narciclasine. Using the two standard MTBE/MeCN ¢tods, no conversion to any desired product
was obtained with DMSO as a co-solvent. Howeveeral conversions of 31%34 (71%) and3b
(29%)) and 37% 3a (78%) and3b (22%)) with MTBE:DMF (4:1) and MeCN:DMF (4:1)
respectively were observed.

b) Lipase-catalyzed acetylation of narciclasine.

The reaction conditions for the acetylation of ndasine were kept similar to the previous
study, but with longer reaction time of 72h. Affmrrification, we observed different selectivity tha
that in the model study regarding the solvents. Témction in MTBE:DMF was selective in
acylating the C-2 position of narciclasine and éramounts of acylated C-3 and C-4 products were
also detected. (Scheme 4) The reaction with MeCND$/less selective towards acetylation of the
C-2 position because it was observed the formatbnC-3/C-4 monoacetate derivatives of
narciclasine. The observed selectivity could bateel to the allylic nature of the C-2 position,
similar to both allylic alcohols present in the rebdtudy with bromodiene diol. No acetylation
occurred at the phenolic alcohol at C-7 positiaespmably because of the strong H-bond with the

neighboring amide.

AmPS-d
vinyl acetate

solvent
35°C, 72 h
150 rpm
(17%)

Scheme 4. Chemoenzymatic acetylation of narciclasine. Reaatonditions? (0.16 mmol), vinyl
acetate (1.0 - 1.5 mmol), AmanoPS-d (100 mg), MTBEE (4:1) / MeCN:DMF (4:1) (5 mL), 72h,
35 °C, 150 rpm.



c) Epoxidation of bromodienediol 2

Diol 2 was tested as a potential substrate for a chemoaic epoxidation.
Chemoenzymatic epoxidations catalyzed by lipase&@own to promote the generation of a peracid
in situthrough a cascade reaction, minimizing hazardiss of handling peracids in stoichiometric
ratios® Following a previously reported epoxidation methiody,** a few parameters were tested in
a similar way to the acetylation study.

Candida antarcticdipase (CAL) and lipase-B (CALB) were selected the epoxidations
and the initial tests showed that the organic sulvend temperature are key parameters for
improving the conversion values. (For details awdnglete results see Supporting Information
Section II, Part A). Surprisingly, theynepoxide9 was not observed in the crude product fHa
NMR) after full consumption of starting materialnca upon purification of the crude product,
compound 4 was obtained in 13% vyield, the remaining mass re@abeing unidentified

decomposition products. (Scheme 5)

Br CAL,UHP Br Br
©:OH octanoic acid OH OH
MTBE, 35 °C, 24 h X
OH 150 rpm 0 OH HO OH
L i OH
2 9 4

Scheme 5. Formation of tetract during chemoenzymatic epoxidationf

Protection of diol2 yielded acetonidelO, which was further used as substrate for the
chemoenzymatic epoxidation using the previouslyoreg conditions. A 35% conversion was
observed for thanti-epoxidell, formedas a result of the steric hindrance of the acetomdiety.
(Scheme 6) Epoxid&l is stable and was purified by column chromatogyaptihout the opening

observed in theynisomer.

Br CAL, UHP Br
1) octanoic acid ©:O><
O>< MTBE, 35°C,24h 2 o)
O\
10 1

150 rpm

Scheme 6. Chemoenzymatic epoxidation B and formation ofinti-epoxidell

The diacetate3c obtained from the chemoenzymatic acetylationlofvas used in two
different approaches to the synthesis of epoxiBgsusing standard methods withCPBA, a 2:1

mixture ofanti- andsyn-epoxidesl2a and12b was obtained, with compourd@b quickly degrading.



When the chemoenzymatic epoxidatiorBofwas performed, 19% conversion was observed2ar
while no conversion was observed fii#h. The rest of the mass balance was recoveredngfarti

material. (Scheme 7). (For details and completalt®see Supporting Information Section Il, Part
A).

m-CPBA
Br DCM, rt Br Br
OAc 12a:12b=2:1 OAc OAc
+
OAc CAL o OAc OAc
octanoic acid, UHP O
3c 12a 12b
MTBE, 35 °C, 150 rpm
12a only

Scheme 7. Comparison between chemical and chemoenzymatxidgiomn of3c
d) Electrochemical reduction of 4.

A methodology for preparative electrochemistry veaspted from a procedure previously
published"? replacing the mercury pool with a glassy carbattebde in a “greener” manner and
alternating the polarity of the electrodes to redtitze adsorption on the surface of the electrodes.
The constant voltage electrolysis of bromo-condufit4 resulted in a 54% yield of (-)-conduritol C
13. (Scheme 8)

id 29V
OH 0.1 M nBuNBF, Q:OH
THF, t, 4h
HO OH 400 1o HO OH
OH (54%) OH
4 13

Scheme 8. Preparative electrochemical reductiorof

4. Conclusions

The chemoenzymatic acetylation and epoxidation vperformed under mild conditions. The
organic medium had the greatest influence on cenwes and selectivity. For the acetylation
reactions the regioselectivity was initially coresield to be influenced only by the lipase, but iswa
later shown that some migration of the acetyl gsoagcurred in solution and/or during purification
by chromatography. For the epoxidation of the fie#, the release of water in the catalytic cascade
reaction performed by the lipase is sufficient torpote opening of the epoxide and formation of the

bromo conduritol, but in low yield. The same effestnot observed when the diol moiety is



protected, and the reaction follows the stereockiyiexpected from standard chemical
epoxidations. The overall yield starting from bratieme diol is 7%, but there is opportunity to
improve the yield of the chemoenzymatic epoxidatesthe standard conditions can be reevaluated
and enhanced. Regardless, an old methodology fepapative electrochemistry of conduritol
derivatives was adapted for bromo-conduritol C apdated for greener standards. We believe that
this route represents a potentially efficient sgsth of a valuable building block. The E-factor for
this preparation cannot be contextualized as theseno alternate routes from the same starting

material.

5. Experimental section
5.1. General

Analytical thin-layer chromatography was performesing silica gel 604, plates. IR
spectra were recorded as neat sampliés'H-NMR spectra were recorded at ambient temperature
using Bruker Avance AV 300 (300 MHz) or Bruker AzanAV 600 (600 MHz) spectrometer. All
13C-NMR spectra were recorded at ambient temperatsirey Bruker Avance AV 300 (75 MHz) or
Bruker Avance AV 600 (150 MHz) spectrometer. Data r@eported as (s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet, br = broad)upding constants in Hz, integration. Specific ratat
measurements are given in deg’gm.dm®. Mass spectra and high-resolution mass spectra wer
performed by the analytical division at Brock Unsity. Electrochemical reactions and cyclic
voltammetry experiments were carried out in an IKlactraSyn 2.0. CV curves were recorded using
a three-electrode scheme: The working electrodeav@V glassy carbon electrode and a platinum
electrode served as counter electrode. Ag/AgClusasl as the reference electrode with a 3 M NaCl
as reference electrolyte. The preparative electnwesiry was performed using a three-electrode
scheme: The working electrode was a glassy carlemtrede (d = 3 mm) and a platinum electrode
served as counter electrode. Ag/AgCIl was used egdference electrode with a 3 M NaCl as

reference electrolyte.
5.2. Chemoenzymatic acetylation

In a typical chemoenzymatic acetylation reactiomigture of bromodiene did (95 mg, 0.5
mmol), vinyl acetate (0.15 mL, 1.5 mmol) and AmaS8ed (100 mg) in methyl tert-butyl ether (5
mL), or acetonitrile (5 mL) was stirred at 150 rpah 35 °C, for 24 h. The crude mixture was filtered
to remove the catalyst and concentratedacuoto afford a mixture of3a and3b (and3c when

specified) as a yellow oil.

5.2.1. (1S,6S)-2-bromo-6-hydroxycyclohexa-2,4-dien-1-gtate(3a)



'H NMR (300 MHz, CDCY): dppm 6.51 (ddJ = 5.5, 1.1 Hz, 1H), 5.93 — 5.86 (m, 2H), 5.59
(d,J = 6.7 Hz, 1H), 4.68 (dil = 6.7, 2.0 Hz, 1H) , 2.16 (s, 3H).

5.2.2. (1S,6S)-5-bromo-6-hydroxycyclohexa-2,4-dien-1-gtate(3b)
'H NMR (300 MHz, CDCY): §ppm 6.39 (dd,J = 5.2, 0.9 Hz, 1H), 5.94 — 5.80 (m, 2H), 5.48
(ddd,J =6.2, 3.0, 0.9 Hz, 1H), 4.43 (@= 6.2 Hz, 1H), 2.11 (s, 3H).

5.2.3. (1S,2S)-3-bromocyclohexa-3,5-diene-1,2-diyl didegt)

Diene diol2 (2.0 g, 0.01 mol) was solubilized in dichlorometbg15 mL) and cooled to 0
°C. Triethylamine (4 mL, 0.03 mmol), 4-dimethylamapyridine (DMAP, cat. amount, 3 crystals)
was added to the solution, followed by dropwiseitamidl of acetic anhydride (3 mL, 0.03 mmol).
After 1 h, the reaction mixture was quenched withHEQ; (15 mL) and extracted with
dichloromethane (3x15 mL). The organic phases wenebined and dried over Mg3QJiltered and
concentratedh vacuo The residue was purified by column chromatograpiyleactivated silica gel
(10%) (hexanes:EtOAc (6:1)) to yield diacetateas a yellow oil (1.8 g, 65 %).

3c: [0]3'=-71.78 (c 1.0, MeCN);'"H NMR (300 MHz, CDC}) dppm 6.55 (dd,J = 5.7, 0.6 Hz, 1H),
5.97 (dddJ = 9.5, 5.8, 1.6 Hz, 1H), 5.84 (ddt= 9.6, 2.4, 0.7 Hz, 1H), 5.73 — 5.70 (m, 2H), 241
3H), 2.06 (s, 3H)°C NMR (75 MHz, CDC}) dppm 170.21, 170.12, 129.56, 125.63, 124.98, 120.32,
70.03, 69.04, 20.89, 20.80; IRax 1739, 1369, 1208, 1068, 1015, 734, 596.

5.3. TBS-protection
5.3.1. (1S,6S)-2-bromo-6-((tert-butyldimethylsilyl)oxy)oyexa-2,4-dien-1-of5)**

Imidazole (200 mg, 2.9 mmol) and TBSCI (450 mg, B1ol) were added to a magnetically stirred
cold (0 °C) solution of dio2 (500 mg, 2.6 mmol) in DMF (10 mL) maintained underatmosphere
of nitrogen. After 16 h the reaction mixture wakigid with E;O (20 mL) and washed with brine
(3x15 mL). The combined organic extracts were ftieed with MgSQ, filtered and concentrated
vacuoto give a pale-yellow oil. The crude product wasifeed by flash column chromatography on
deactivated silica gel (10%) (hexane:EtOAc (6:14:1)) to yield5 (363 mg, 45%).

5:[a]3'=44.60 (c 0.5, MeCN);'H NMR (300 MHz, CDC}) 6,pm 6.37 (ddJ = 4.1, 2.5 Hz, 1H), 5.78
(d,J = 3.7 Hz, 2H), 4.57 (d] = 6.3 Hz, 1H), 4.14 (ddl = 6.2, 4.6 Hz, 1H), 2.77 (d,= 4.7 Hz, 1H),
0.92 (s, 9H), 0.13 (s, 6H$*C NMR (75 MHz, CDC}) dppm 129.65, 127.10, 125.64, 123.57, 77.186,
72.80, 70.75, 26.04, 25.90, 18.30, -4.40, -4IRLymnac 3548, 2952, 2856, 1571, 1470, 1389, 1253,
1059, 834, 776, 676, 647 SrHRM S (El) Calcd for GoH»1BrO,Si(M*): 304.0494, found 304.0492;
LRMS (ESI) found 322 [M+NH]*, 327 [M+Na], 342.9 [M+K]".



5.3.2. (1S,6S)-2-bromo-6-((tert-butyldimethylsilyl)oxylohexa-2,4-dien-1-yl acetafé)

A similar procedure was repeated using a crudeuraxbf2, 3a and3b (285 mg) from a
chemoenzymatic acetylation solubilized in DMF (1Q)mThe solution was cooled to 0 °C and
imidazole (200 mg, 2.9 mmol) and TBSCI (400 mg, 2uol) were added. After 16 h the reaction
mixture was diluted with E© (20 mL) and washed with brine (3x15 mL). The combd organic
extracts were then dried with Mg®Jiltered and concentratad vacuoto give a pale-yellow oil.
The crude product was purified by flash column amtography on deactivated silica gel (10%)
(hexane:EtOAc (10:% 4:1)) to yield6 (125 mg).

6:[#]2'=-7816 (c 1.0, MeCN);"H NMR (300 MHz, CDC}) dppm 6.49 (dd,J = 4.1, 2.5 Hz, 1H),
5.82 (d,J = 3.3 Hz, 2H), 5.56 (d] = 6.8 Hz, 1H), 4.68 (d] = 6.8 Hz, 1H), 2.10 (s, 3H), 0.89 (s, 9H),
0.12 (s, 3H), 0.09 (s, 3HYC NMR (75 MHz, CDC}) dppm 170.17, 131.78, 129.89, 122.46, 120.31,
72.17, 70.01, 25.84, 20.96, 18.29, -4.88, -5|6Rymax 2927, 2855, 1736, 1740, 1222, 1119, 1097,
827, 784, 667 cilf HRMS (El) Calcd for G4H,3BrOsSi(M*): 346.0600, found 346.0594:RM S
(ESI) found 364 [M+NH]", 369 [M+Na], 385 [M+K]"

5.4.(2S,3S,4S,4aR)-3,4,7-trihydroxy-6-0xo-2,3,4,4aeahydro-[1,3]dioxolo[4,5-
jlphenanthridin-2-yl acetat¢g) **

Two reaction mixtures were prepared wit(b0 mg, 0.16 mmol) each, the first with 0.10 mL
(2.0 mmol) of vinyl acetate and 5 mL of MTBE:DMF:1%# and the second with 0.15 mL of vinyl
acetate and 5 mL of MeCN:DMF (4:1). Both had 100ah¢{jpase as the biocatalyst. Both reactions
were stirred at 150 rpm, at 35 °C, for 72 h. Thecten mixtures were combined and concentrated
by rotary evaporation and its crude product wasdfipdr by flash column chromatography on
deactivated silica gel (10%) (DCM:MeOH (50:2 30:1)) to obtain the title compour& (20 mg,

17%) as a pale-yellow solid.

8: Rf = 0.21 (DCM:MeOH 10:1)rH NMR (300 MHz, DMSO#s) dppm 13.17 (s, 1H), 8.01 (s, 1H),
6.86 (s, 1H), 6.10 (dd, J = 4.2, 2.5 Hz, 1H), @8] = 1.2 Hz, 2H), 5.48 (d] = 4.1 Hz, 1H), 5.33
(d,J = 5.4 Hz, 1H), 5.17 (dddl = 4.4, 2.9, 1.3 Hz, 1H), 4.22 (d,= 8.2 Hz, 1H), 3.78 — 3.65 (m,
2H), 2.00 (s, 3H);C NMR (75 MHz, DMSOds) dppm 169.68, 168.92, 152.43, 144.88, 133.97,
133.32, 131.25, 119.32, 105.78, 102.27, 96.19,07560.25, 69.14, 52.76, 20.83. The spectral data

were matched and are in agreement with the litezatata:*

5.5. Epoxidation

10



In a typical chemoenzymatic epoxidation reactiomiature of substrate2( 3c or 10 (0.5
mmol)), urea-hydrogen peroxide (UHP) (94 mg, 1.0at)poctanoic acid (80 uL, 0.5 mmol) and
Candida antarctica lipas€CAL) (10 mg) in methyl tert-butyl ether (5 mL) wasirred at 150 rpm, at
35 °C, for 24 h. The crude mixture was filtered femoval of the catalyst and concentratestacuo
and further analyzed By4-NMR.

5.5.1. (1R,2S,3S,4S)-5-bromocyclohex-5-ene-1,2,3,4-tet4}0l

The crude mixture of 6 batches was combined atetdill for removal of the catalyst, and the
flasks were washed with MeOH to remove productdiess and combined with the MTBE filtrate
and concentratedh vacuo The obtained white crude product was adsorb@di% deactivated silica
gel and purified by flash column chromatographyQ&t:Hex:MeOH 8:1:1) to yield tetrol as a
white solid4 (88 mg, 13%).

4: [@]%=-64.53 (c 0.5, MeOH); it’ [a]2°=-50 (c 0.01, MeOH)H NMR (600 MHz, MeOD) 6.09

— 6.06 (M, 1H), 4.24 (df] = 6.5, 2.4 Hz, 1H), 4.20 — 4.17 (m, 1H), 4.06 (& 3.7, 2.0 Hz, 1H),
3.61 (dd,J =6.8, 1.9 Hz, 1H).%3C NMR (151 MHz, MeOD) 133.04, 127.66, 75.47, 73.10, 72.84,
71.53.;LRMS (ESI+/-) Calcd for GHgBrO4M]": 223.9684, found 242 [M+NA", 246.9 [M+Na],
262.9 [M+K]". The spectral data were matched and are in agreemit@ the literature dat&.

5.5.2. (3aS,7aS)-4-bromo-2,2-dimethyl-3a,7a-dihydroberifb[8]dioxole (10)*°

Diol 1 (2 g, 0.01 mol) was suspended in DCM (10 mL), 2ifsdiDMP (5 mL, 0.04 mol) was
added followed by the addition of a catalytic amoafip-TSA. The reaction mixture was left stirring
for 4 h at room temperature and the consumptiorstafting material was checked with TLC
(hexane:EtOAc (4:1)). The reaction was quenchedh WiaHCQ and extracted with DCM. The
combined organic phases were dried with Mg@@d concentrated on the rotary evaporator. The
residue was adsorbed on deactivated silica gel \1@%d purified by column chromatography
(hexane:EtOAc (8:1)) to affortd as a colorless oil (1.43 g, 59%). This compounidkdy dimerizes
and must be used immediately. Otherwise, it is s&8y to keep it stored in solution in the fredzer
13 °C).

10: [a]2'= 77.08 (c 1.5, MeCNJH NMR (300 MHz, CDC}) § 6.34 (d,J = 6.1 Hz, 1H), 5.97 (d] =
9.5 Hz, 1H), 5.87 (dd] = 9.6, 6.0 Hz, 1H), 4.72 (d,= 1.7 Hz, 2H), 1.44 (s, 2H), 1.43 (s, 3fC
NMR (75 MHz, CDC}) 6 125.90, 124.77, 124.53, 124.22, 106.34, 76.060/26.84, 25.08. The
spectral data were matched and are in agreementhvetiterature date.
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55.3. (3aS,5aR,6aR,6bS)-4-bromo-2,2-dimethyl-3a,5a,6a,6b
tetrahydrooxireno[2',3":3,4]benzo[1,2-d][1,3]dioxe(11)*’

75 mg (0.43 mmol) of recrystallized-CPBA was added to a cold solution 18f (100 mg,
0.43 mmol) in DCM (5 mL) and left stirring overnighTLC showed the presence of starting
material, so another 35 mg a+CPBA was added to the cold reaction mixture. Afseh, the
reaction was quenched with NaHg@xtracted with DCM and the combined organic phagere
dried with MgSQ and concentrated. The residue was purified by ftadumn chromatography with
deactivated silica gel (10%) (hexane:EtOAc (8:t)yield 11 as a colorless oil (80 mg, 75%).

11: [@]3'=95.6 (c 0.7, MeCN);H NMR (300 MHz, CDCY) § 6.47 (dd,J = 4.4, 1.1 Hz, 1H), 4.86
(ddd,J = 6.8, 1.8, 1.1 Hz, 1H), 4.41 (ddi= 6.8, 0.9 Hz, 1H), 3.58 (dd,= 3.7, 1.9 Hz, 1H), 3.34 —
3.30 (m, 1H), 1.45 (s, 3H), 1.43 (s, 3HJC NMR (75 MHz, CDC}) § 130.01, 126.61, 111.54,
74.24, 72.74, 49.59, 48.42, 27.63, 26.12. The spledata were matched and are in agreement with

the literature datd’

5.5.4. (1R,2S,3S,6R)-4-bromo-7-oxabicyclo[4.1.0]hept-4-2/3diyl diacetatd12a)

80 mg (0.46 mmol) of recrystallized-CPBA was added to a cold solution of diacetite
(114 mg, 0.46 mmol) in DCM (5 mL) and left stirrimyernight. The reaction was quenched with
NaHCG;, extracted with DCM and the combined organic phasere dried with MgS©and
concentrated. The residue was purified by flaslimol chromatography with deactivated silica gel
(10%) (hexane:EtOAc (8:1)) to yieltPa as an opaque ofR8 mg, 21%) and2b as a yellow solid
(14 mg, 10%). Compountlb is unstable and quickly decomposes even whenikepe freezer (-
15 °C).

12a: [0]3'=112.8 (c 0.6, MeCN}H NMR (300 MHz, CDC}) § 6.55 (ddJ = 4.3, 2.5 Hz, 1H), 5.79

(ddd,J = 4.9, 3.0, 0.5 Hz, 1H), 5.49 (d#i= 4.9, 2.5 Hz, 1H), 3.48 (3,= 3.5 Hz, 1H), 3.37 (] = 3.8

Hz, 1H), 2.07 (s, 3H), 2.06 (s, 3tHC NMR (75 MHz, CDC}) & 170.14, 169.31, 127.34, 125.82,

66.86, 66.27, 50.87, 48.33, 20.83, 2088 vmax 1742, 1371, 1210, 1069, 1047, 896, 597, 552, 471

cm™.
5.5.5. (1S,2S,3S,6S)-4-bromo-7-oxabicyclo[4.1.0]hept-42&8ediyl diacetatg12b)

12b: [0]2'=-230.4 (c 0.6, MeCN)*H NMR (300 MHz, CDC4) § 6.65 (dJ = 4.4 Hz, 1H), 5.82 (dd,

J=5.5, 2.0 Hz, 1H), 5.42 (dd,= 5.5, 1.2 Hz, 1H), 3.59 — 3.54 (m, 1H), 3.46)(t 4.4 Hz, 1H),

2.15 (s, 3H), 2.08 (s, 3H}>*C NMR (75 MHz, CDC}) & 170.75, 169.97, 131.45, 123.59, 70.30,

68.90, 53.34, 48.20, 20.88, 20.TR. vnax 1743, 1368, 1229, 1206, 1051, 897, 728, 552,003
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5.6. Preparative electrochemistry

5.6.1. (1R,2R,3S,4R)-cyclohex-5-ene-1,2,3,4-ttt8) [(-)-conduritol C]*>*®

A 0.1 M solution of the charge carrieBusNBF, (TBATFB) in 10mL of THF was added to
the IKA ElectraSyn vial. The solution was purgedhaan argon stream for 10min. Compouh0
mg, 0.17 mmol) was added in the vial and the vias$ wiosed with the three-electrode scheme. The
CV was done to obtain the reduction potential (A2)%nd the CV electrode was changed to the
glassy carbon electrode. The mixture was electealyaith constant voltage for 4 h with the polarity
being alternated every 5 min. Upon completion @f thaction, the solvent was evaporated, and the
resulting green solid was adsorbed in 10% deaetivailica gel and purified by flash column
chromatography (EtOAc to remove most of the chax@eier and EtOAc:MeOH 8:1) to yield (-)-
conduritol C13 (14 mg, 54%) as a white solid.

13: [0]2!=-141.13 (c 0.2, MeOH)*; Iit? [a]2’=-205 (c 0.2, MeOH);H NMR (300 MHz, MeOD)3
5.65 (dt,J = 10.3, 2.0 Hz, 1H), 5.56 (ddd= 10.2, 3.5, 1.8 Hz, 1H), 4.27 (d#i= 4.5, 2.3 Hz, 1H),
4.26 — 4.20 (m, 1H), 4.02 (d1,= 3.5, 1.8 Hz, 1H), 3.53 (dd,= 7.4, 2.0 Hz, 1H)**C NMR (75
MHz, MeOD) 6 130.84, 130.11, 76.20, 74.05, 70.65, 69*%mall amounts of charge carrier still
present in the sample. The spectral data were mdi@hd are in agreement with the literature tata.
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Highlights:

« arene cis-dihydrodiols obtained from whole-cell fermentation were submitted to lipase-
catalyzed acetylations;

« The acetylation model was applied to the cytotoxic natural product narciclasing;

e (-)-conduritol C was obtained via a chemoenzymatic epoxidation cascade followed by
electrochemical reduction.
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