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General

All reactions were carried out under ambient atmosphere at room temperature. Unless
otherwise noted, all commercially available compounds were used as provided without any
further purification. Solvents for chromatography were laboratory grade. Analytical thin-layer
chromatography (TLC) was performed on Merck silica gel aluminum plates with F-254
indicator, visualized by irradiation with UV light. Column chromatography was performed
using silica gel Merck 60 (particle size 0.040-0.063 mm). All functionalized alkanes were
visualized using p-anisaldehyde staining solution (5 mL glacial sulfuric acid, 1.5 mL glacial
acetic acid and 3.7 mL p-anisaldehyde in 135 mL absolute EtOH).

'H-NMR and **C-NMR were recorded on a Bruker DRX400 (400 MHz), Bruker DRX500
(500 MHz) and Bruker DRX600 (600 MHz) spectrometer in CDClI; as solvent. Spectra were
calibrated relative to solvent’s residual proton and carbon chemical shift: CDCl; (6 = 7.26
ppm for *H-NMR and § = 77.16 ppm for *C NMR). Diastereomers are defined in the
following manner: * denotes major- and ~ minor diastereomer signals. Data are reported in the
following order: chemical shift (d) in ppm; multiplicities are indicated br. s. (broadened
singlet), s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet); coupling constants (J) are
given in Hertz (Hz). Low resolution mass spectra (MS-EI, 70 eV) were collected using a GC-
MS (GC system 7890A equipped with 5975C detector) produced by Agilent Technologies
(column: HP-5MS, 30 m x 0.250 mm x 0.25 um). High resolution mass spectra were recorded
on a LTQ Orbitrap mass spectrometer coupled to an Accela HPLC System (HPLC column:
Hypersyl GOLD, 50 mm x 1 mm, 1.9 um). Fourier transform infrared spectroscopy (FT-IR)
spectra were obtained with a Bruker Tensor 27 spectrometer (ATR, neat) and are reported in
terms of frequency of absorption (cm-'). Reported yields of products correspond to isolated

compounds after column chromatography.

Safety-concerns: We have not experienced any explosions while conducting our
experiments; however, much care should be taken when working with azides as they are
potentially explosive compounds. The reaction proceeds exothermically upon addition of
azides. Therefore, water bath cooling has to be applied to the reaction, when performing

scales above 0.3 mmol.
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Screening of reaction conditions

Table S1. Solvent screening®

1. PhI(OAG),, |5, NaNj

O AcO5H, solvent, rt, 24 h C[OH
2. LiOH, MeOH, rt OH

Entry  Solvent Yield® (%) d.r.
1 AcOH 72 5.3:1
2 formic acid 32 7:1
3 HFIP 18 151
4 w/o 17 4.3:1
5 CH3CN 16 1.5:1
6 CHCl, 20 1.5:1

# Reaction conditions: 1. Phl1(OAc), (0.6 mmol, 1 equiv), AcO,H (10 mmol, 16.5 equiv), cyclohexane (7.5
mmol, 12.5 equiv), I, (0.5 mmol, 0.8 equiv), NaN3 (1.5 mmol, 2.5 equiv), solvent (0.1 M), rt, 24 h; 2. LiOH
(1.25 mmol, 2 equiv), MeOH (0.2 M), rt. ® Yields are given for isolated products after column chromatography. ©
d.r. according to *H-NMR.

Table S2. Loading of peracetic acid®

1. PhI(OAGC),, 15, NaN3,

O AcOH, AcOH, 1t, 24 h CEOH
2. LiOH, MeOH, rt OH

Entry AcOzH (equiv)  Yield® (%) d.rf
1 25 11 5.3:1
2 20 53 5.3:1
3 16.5 72 5.3:1
4 12.5 77 5.3:1
5 8 48 5.3:11
6 4 n.d.’ -

# Reaction conditions: 1. Phl1(OAc), (0.6 mmol, 1 equiv), AcO,H (see table), cyclohexane (7.5 mmol, 12.5
equiv), 1, (0.5 mmol, 0.8 equiv), NaN; (1.5 mmol, 2.5 equiv), AcOH (0.1 M), rt, 24 h; 2. LiOH (1.25 mmol, 2
equiv), MeOH (0.2 M), rt. ® Yields are given for isolated products after column chromatography. © d.r. according
to *H-NMR. ¢ n.d. = not detected.

S3



Table S3. Oxidant screening®

1. Phl(OAC)Z, |2, NaN3,

O oxidant, ACOH, rt, 24 h (IOH
2. LIOH, MeOH, rt OH

Entry Oxidant Yield® (%) d.r.°
1 AcO,H 7 5.1:1
2 H,0, (30% in H,0) n.d. -
3 TBHP (70% in H,0) n.d. -
4 DTBP n.d. -
5 perboronate n.d. -
6 sodium persulfate traces -

? Reaction conditions: 1. PhI(OAc), (0.6 mmol, 1 equiv), oxidant (7.5 mmol, 12.5 equiv), cyclohexane (7.5
mmol, 12.5 equiv), I, (0.5 mmol, 0.8 equiv), NaN; (1.5 mmol, 2.5 equiv), AcOH (0.1 M), rt, 24 h; 2. LiOH (1.25
mmol, 2 equiv), MeOH (0.2 M), rt. ® Yields are given for isolated products after column chromatography. ° d.r.
according to *H-NMR. ¢ n.d. = not detected.

Table S4. lodine sources?

1. PhI(OACc),, I-source, NaN3

O AcO,H, AcOH, rt, 24 h X CEOH
2. LiOH, MeOH, rt OH

Entry lodine source  Yield” (%) d.r.f
1 I, 77 5.3:1
2 Kl 5 n.c.’
3 NIS 5 n.c.

# Reaction conditions: 1. PhI(OAc), (0.6 mmol, 1 equiv), AcO,H (7.5 mmol, 12.5 equiv), cyclohexane (7.5
mmol, 12.5 equiv), iodine source (0.5 mmol, 0.8 equiv), NaN3 (1.5 mmol, 2.5 equiv), AcOH (0.1 M), rt, 24 h; 2.
LiOH (1.25 mmol, 2 equiv), MeOH (0.2 M), rt. ° Yields are given for isolated products after column

chromatography. © d.r. according to *H-NMR. ¢ n.c. = not calculated.
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Table S5. Arl / Arl(111) screening®

1. Arl, 1, NaN3,

O AcO,H, AcOH, rt, 24 h (IOH

2. LiOH, MeOH, rt OH

Entry Arl Yield® (%) d.r.°
QAC

1 @—, 72 531
OAc
OCOCFs

2 @q 53 51
OCOCF,4

5 F©—| 79 6251
|
6 /@\ 58 41
|
7 ©( 53 5:1
|

8 @_{3“ 8 10:1
@]

10 I I 52 5:1

11 93 451

@)

# Reaction conditions: 1. I-aryl (0.6 mmol, 1 equiv), AcO,H (7.5 mmol, 12.5 equiv), cyclohexane (7.5 mmol,
12.5 equiv), 1, (0.5 mmol, 0.8 equiv), NaNz (1.5 mmol, 2.5 equiv), AcOH (0.1 M), rt, 24 h; 2. LiOH (1.25 mmol,
2 equiv), MeOH (0.2 M), rt. ° Yields are given for isolated products after column chromatography. © d.r.
according to *H-NMR.



Table S6. Loading of 1-iodo-4-methylbenzene®
1. 4—MeCGH4I, |2, NaN3
O AcO,H, AcOH, rt, 24 h C[OH
2. LiOH, MeOH, rt OH

Entry 4-MeCgHsl (mmol) Yield® (mmol)  d.r.°

1 0.9 0.72 6:1

2 0.6 0.6 6.5:1
3 0.3 0.27 6.1:1
4 0.15 0.14 6.25:1

# Reaction conditions: 1. 1-iodo-4-methylbenzene (see table), AcO,H (7.5 mmol, 12.5 equiv), cyclohexane (7.5
mmol, 12.5 equiv), I, (0.5 mmol, 0.8 equiv), NaN; (1.5 mmol, 2.5 equiv), AcOH (0.1 M), rt, 24 h; 2. LiOH
(1.25 mmol, 2 equiv), MeOH (0.2 M), rt. ° Yields are given for isolated products after column chromatography. ©
d.r. according to "H-NMR.

Table S7. Loading of 1,2

1. 4-MeCgHyl, 15, NaN;

O AcO,H, AcOH, rt, 24 h (:[OH
2. LiOH, MeOH, rt oH

Entry I, (equiv) Yield® (%) d.r’
1 2 58 6:1
2 15 72 6:1
3 1 98 6.5:1
4 0.8 99 6.25:1
5 0.6 89 6.25:1

% Reaction conditions: 1. 1-iodo-4-methylbenzene (0.6 mmol, 1 equiv), AcO,H (7.5 mmol, 12.5 equiv),
cyclohexane (7.5 mmol, 12.5 equiv), |, (see table), NaNs (1.5 mmol, 2.5 equiv), AcOH (0.1 M), rt, 24 h; 2. LiOH
(1.25 mmol, 2 equiv), MeOH (0.2 M), rt. ® Yields are given for isolated products after column chromatography. ©
d.r. according to "H-NMR.
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Table S8. Screening of azides®

1. 4-MeCgHyl, I, Azide
O AcO,H, AcOH, rt, 24 h (IOH
2. LiOH, MeOH, rt, 24 h OH

Entry  Azide (equiv)  Yield’ (%) d.r.°

1 NaN3 (5) 81 6.3:1
2 NaNs3 (3) 99 6.5:1
3 NaN3 (2.5) 99 6.5:1
4 NaNj3 (1.5) 95 6:1
5 TMSN3 (2.5) 56 6:1

6  (PhO),PON;(2.5) 16 n.c.
% Reaction conditions: 1. 1-iodo-4-methylbenzene (0.6 mmol, 1 equiv), AcO,H (7.5 mmol, 12.5 equiv),
cyclohexane (7.5 mmol, 12.5 equiv), I, (0.5 mmol, 0.8 equiv), NaN; (see table), AcOH (0.1 M), rt, 24 h; 2. LiOH
(1.25 mmol, 2 equiv), MeOH (0.2 M), rt. ® Yields are given for isolated products after column chromatography. ©

d.r. according to *H-NMR. % n.c. = not calculated.

Table S9. Loading of alkane®

1. 4-MeCGH4I, |2, NaN3

O AcO,H, AcOH, rt, 24 h (IOH
2. LiOH, MeOH, rt, 24 h OH

Entry Alkane (equiv)  Yield® (%) d.r.
1 16.5 98 6:1
2 12.5 99 6.25:1
3 8.5 99 6.5:1
4 6.25 86 6:1
5 1 8 n.c.’

 Reaction conditions: 1. 1-iodo-4-methylbenzene (0.6 mmol, 1 equiv), AcO,H (7.5 mmol, 12.5 equiv),
cyclohexane (see table), I, (0.5 mmol, 0.8 equiv), NaN3 (1.5 mmol, 2.5 equiv), AcOH (0.1 M), rt, 24 h; 2. LiOH
(1.25 mmol, 2 equiv), MeOH (0.2 M), rt. ° Yields are given for isolated products after column chromatography. ©

d.r. according to *H-NMR. “ n.c. = not calculated.
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General procedures

Procedure A

To a solution of 4-iodotoluene (65 mg, 0.3 mmol, 1 equiv) in glacial acetic acid (1.4 mL),
peracetic acid (704 pL of 39% solution in acetic acid, 3.75 mmol, 12.5 equiv), alkane (2.55
mmol, 8.5 equiv) and iodine (61 mg, 0.24 mmol, 0.8 equiv) were added. When iodine was
dissolved (usually within 10 — 15 minutes), NaN3 (49 mg, 0.75 mmol, 2.5 equiv) was added
portionwise over a time period of 15 minutes. The reaction was vigorously stirred for 24
hours at room temperature. After completion, the reaction was diluted with dichloromethane,
neutralized with 1 M NaOH solution (25 mL) and washed with saturated Na,SO3 solution (10
mL). The aqueous phase was extracted two times with dichloromethane (2x20 mL) and the
combined organic layers were dried over Na,SO4 and concentrated under reduced pressure.
The crude mixture was dissolved in 3 mL MeOH, whereupon LiOH (14.5 mg, 0.6 mmol, 2
equiv) was added and the reaction was stirred at room temperature. After completion, HCI
(1.25 M) in MeOH (0.5 mL) was added and MeOH was removed under reduced pressure.
Column chromatography purification on silica provided the pure products (eluent:
dichloromethane : MeOH).
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Procedure B

To a solution of 4-iodotoluene (200 mg, 0.9 mmol, 1 equiv) in glacial acetic acid (4.2 mL),
peracetic acid (2.1 mL of 39% solution in acetic acid, 11.25 mmol, 12.5 equiv), alkane (7.65
mmol, 8.5 equiv) and iodine (183 mg, 0.72 mmol, 0.8 equiv) were added. When iodine was
dissolved (usually within 10 — 15 minutes), NaN3 (2.5 equiv or 3.5 equiv; see manuscript,
table 2) was added portionwise over a time period of 15 minutes under water bath cooling.
Afterwards, the reaction was vigorously stirred for 24 hours at room temperature. After
completion, the reaction was diluted with dichloromethane, neutralized with 1 M NaOH
solution (75 mL) and washed with saturated Na,SOj3 solution (30 mL). The aqueous phase
was extracted two times with dichloromethane (2x50 mL) and the combined organic layers
were dried over Na,SO4 and concentrated under reduced pressure. The crude reaction mixture
was dissolved in MeOH (9 mL) whereupon LiOH (44 mg, 1.8 mmol, 2 equiv) was added and
the reaction was stirred at room temperature. Afterwards, the reaction mixture was quenched
with HCI (1.25 M) in MeOH (3 mL) and MeOH was removed under reduced pressure. The
crude reaction mixture was purified by column chromatography (eluent: petroleum ether :
EtOAc). The obtained diols were dissolved in dichloromethane/pyridine (5 mL, 1:1) and 4-
(dimethylamino)-pyridine (5.5 mg, 5 mol%, 0.05 mmol) was added. Benzoyl chloride (261
pL, 2.25 mmol, 2.5 equiv) was added dropwise at 0°C to the reaction mixture and the reaction
was stirred for 12 h at room temperature. The excess of benzoyl chloride was quenched by
adding 25% NH,4OH solution (1 mL) and the crude reaction was diluted with dichloromethane
and washed with saturated NaHCO3 solution (15 mL). The agueous phase was extracted two
times with dichloromethane (2x25 mL) and dried over Na,SO4. Column chromatography

(eluent: petroleum ether : EtOAC) provided the products.

S9



Physical data of products

OH
<IOAc
Synthesis of 2-hydroxycyclohexyl acetate (5)
To a solution of Phl(OAc), (193 mg, 0.6 mmol, 1 equiv) in glacial acetic acid (2.8 mL)
peracetic acid (1.875 mL 39% solution in acetic acid, 10 mmol, 16.5 equiv), cyclohexane (810
pL, 7.5 mmol, 12.5 equiv) and iodine (127 mg, 0.5 mmol, 0.8 equiv) were added. After 15
minutes, NaN3 (98 mg, 1.5 mmol, 2.5 equiv) was added portion wise over a time period of 15
minutes. Then the reaction was vigorously stirred for 24 hours at room temperature.
Afterwards, the reaction was diluted with dichloromethane, slowly neutralized with NaOH
solution (1 M, 50 mL) and washed with saturated Na,SO3 solution (20 mL). The agqueous
phase was extracted two times with dichloromethane (2x40 mL) and the combined organic
layers were dried over Na,SO, and concentrated under reduced pressure. Column
chromatography provided the pure product (eluent: petroleum ether : EtOAc). The product
was obtained as colorless oil (69 mg, 0.43 mmol, 73%). Rf = 0.41 (cyclohexane : EtOAc =
1:1). d.r. = 4.3:1. *H NMR (500 MHz, CDCls, * denotes major-, ~ minor diastereomer signals)
8 4.91% (dd, J = 8.0, 2.7 Hz, 1H), 457" (dd, J = 10.1, 4.7 Hz, 1H), 3.88" (dd, J = 6.8, 3.2 Hz,
1H), 3.62 — 3.47" (m, 1H), 2.09% (s, 2H), 2.08" (s, 3H), 1.84" (m, 4H), 1.81 — 1.72" (m, 4H),
1.62° (m, 4H), 1.42 — 1.21% ppm (m, 4H). 3C NMR (126 MHz, CDCls) & 170.90, 78.43,
74.39%, 72,95, 69.29%, 33.23", 30.48", 30.13", 27.00%, 24.04", 23.93", 22.22", 21.44% 21.08"
ppm. The spectral data are matching with reported.* FT-IR: v = 3436, 2937, 2863, 2360, 1716,
1237 cm™. HR-MS: calc. for [M+H]" CgH1505: 159.10157 found 159.10186.
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OH

Synthesis of cis-cyclohexane-1,2-diol (6)

Prepared according to the general procedure A. The product was obtained as white crystalline
solid (34.5 mg, 0.3 mmol, 99%). R¢ = 0.34 (cyclohexane : EtOAc = 1:1). d.r. = 6.5:1. *H
NMR (400 MHz, CDCI3) ¢ 3.78 (dd, J = 5.7, 2.5 Hz, 1H), 1.91 (br. s, 2H), 1.82 — 1.69 (m,
2H), 1.69 — 1.49 (m, 4H), 1.40 — 1.21 ppm (m, 2H). **C NMR (101 MHz, CDCI3) ¢ 70.77,

30.06, 21.55 ppm. The spectral data are matching with reported.! FT-IR: v = 3392, 3260,
2929, 2851 cm™. HR-MS: calc. for [M+H]" CgH130,: 117.0966 found 117.09025.

OH

Synthesis of cis-cyclopentane-1,2-diol (8)

Prepared according to the general procedure A. The product was obtained as colorless solid
(26.5 mg, 0.26 mmol, 86%). Rs = 0.38 (cyclohexane : EtOAc = 1:1) d.r. = 6.3:1. 'H NMR
(500 MHz, CDCl3) 6 4.02 (g, J = 4.4 Hz, 2H), 2.77 (br. s, 2H), 1.96 — 1.76 (m, 3H), 1.75 —
1.38 ppm (m, 3H). *C NMR (126 MHz, CDCls) 6 74.05, 31.19, 19.89 ppm. The spectral data
are matching with reported.? FT-IR: v = 3348, 2963 cm™. HR-MS: calc. for [M+H]" CsH1:05:
103.07536 found 103.07518.
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OH

Synthesis of cycloheptane-cis-1,2-diol (10)

Prepared according to the general procedure A. The product was obtained as white crystalline
solid (33 mg, 0.26 mmol, 85%). Rs = 0.29 (cyclohexane : EtOAc = 1:1). d.r. = 20:1. *H NMR
(400 MHz, CDCl3) 6 3.86 (dd, J = 4.0, 1.4 Hz, 2H), 2.18 (br. s, 2H), 1.74 (m, 7H), 1.56 - 1.30
ppm (m, 3H). *C NMR (101 MHz, CDCls) & 73.93, 31.11, 28.00, 22.00 ppm. The spectral

data are matching with reported.” FT-IR: v = 3333, 2920, 2858 cm™ .HR-MS: calc. for
[M+H]" C7H;50,: 131.10666 found 131.10593.

OH
@
Synthesis of cyclooctane-cis-1,2-diol (12)
Prepared according to the general procedure A. The product was obtained as colorless solid
(16 mg, 0.11 mmol, 37%). R¢ = 0.17 (cyclohexane : EtOAc = 1:1). d.r. > 20:1. *H NMR (500
MHz, CDCls) 6 3.93 — 3.83 (m, 2H), 2.09 — 1.36 ppm (m, 14H). **C NMR (126 MHz, CDCl3)

5 71.75, 33.47, 30.58, 22.45 ppm. The spectral data are matching with reported.® FT-IR: v =
3316, 2924, 2857 cm™. HR-MS: calc. for [M+H]* CgH170,: 145.12231 found 145.12177.
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Dioxygenation of methylcyclohexane (13)
Prepared according to the general procedure B using 3.5 equiv of NaNjs. Column

chromatography (eluent: petroleum ether : EtOAc) provided the products in the following

order:
OBz
+
OBz
OB
z OBz
3-Methylcyclohexane- 4-Methylcyclohexane-

1,2-diyl dibenzoate (14c) 1,2-diyl dibenzoate (14d)

Inseparable mixture of regio- and diastereomers. The products were obtained as colorless oil
(66 mg, 0.2 mmol, 22%). R¢ = 0.88 (cyclohexane : EtOAC = 1:1).

ﬁjOBz +
2-Hydroxy-2-methyl- (1-Hydroxycyclohexyl)-
cyclohexyl benzoate (14a) methyl benzoate (14b)
major minor

d.r. = 3.5:1
Regioisomeric ratio (r.r.) > 20:1

The products were obtained as colorless oil (143 mg, 0.61 mmol, 68%). R = 0.69
(cyclohexane : EtOAc = 1:1). r.r. > 20(14a):1(14b). d.r. = 3.5:1. *H NMR (400 MHz, CDCls,*
denotes major-,  minor diastereomer signals) § 8.13 — 7.94 (m, 2H), 7.55 (t, J = 6.8, 4.1, Hz,
1H), 7.50 — 7.30 (m, 2H), 4.96 (dd, J = 8.9, 4.1 Hz, 1H, 14a*), 4.92 (dd, J = 8.5, 5.8 Hz, 1H,
14a"), 4.23 (s, 2H, 14b), 2.02 (br. s, 1H), 1.90 — 1.79 (m, 2H), 1.79 — 1.54 (m, 2H), 1.44 (m,
2H), 1.31 (s, 3H, 14a"), 1.24 ppm (s, 3H, 14a"). 3C NMR (101 MHz, CDCls,* denotes major-
, " minor diastereomer signals) ¢ 166.37 (14a"), 166.01 (14a”), 133.11 (14a"), 133.05 (14a ),
130.58 (14a "), 130.43 (14a ™), 129.69 (14a’), 129.67 (14a ™), 128.50 (14a ™), 128.45 (14a)),
78.87 (14a"), 78.37 (14a"), 77.16 (14a’), 72.05 (14a"), 71.08, 38.13, 37.58, 28.32, 27.32,
27.00, 23.59, 22.89, 22.51, 21.69, 21.29 ppm. FT-IR: v = 3500, 2935, 2862, 1699, 1268, 1108
cm™®. HR-MS (14a): calc. for [M+H]" C14H1903: 235.13287 found 235.13245.
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Dioxygenation of methylcyclopentane (15)
Prepared according to the general procedure B using 3.5 equiv of NaNjs. Column

chromatography (eluent: petroleum ether : EtOAc) provided the products in the following

order:
OBz +
BzO
OBz OBz
3-Methylcyclopentane- 4-Methylcyclopentane-

1,2-diyl dibenzoate (16c) 1,2-diyl dibenzoate (16d)

Inseparable mixture of regio- and diastereomers. The products were obtained as colorless oil
(54 mg, 0.17 mmol, 18.5%). Rt = 0.86 (cyclohexane : EtOAc = 1:1).

OBz
? OH OH
+
OBz
2-Hydroxy-2-methyl- (1-Hydroxycyclopentyl)-
cyclopentyl benzoate (16a) methyl benzoate (16b)
major minor

d.r. =5:1
Regioisomeric ratio (r.r.) = 18.5:1

The products were obtained as pale yellow oil (145 mg, 0.66 mmol, 73%). Rf = 0.65
(cyclohexane : EtOAC = 1:1). r.r. = 18.5(16a):1(16b). d.r. = 5:1. *H NMR (500 MHz, CDCls,*
denotes major-, ~ minor diastereomer signals) ¢ 8.09 — 7.96 (m, 2H), 7.56 (m, 1H), 7.44 (t, J =
7.7 Hz, 2H), 5.15 — 5.07 (m, 1H, 16a*), 4.99 (t, J = 6.8 Hz, 1H, 16a"), 4.33 (s, 2H, 16b), 2.28
— 159 (m, 3H), 1.33 (s, 3H, 16a"), 1.31 ppm (s, 3H, 16a*). **C NMR (126 MHz, CDCls, *
denotes major-, ~ minor diastereomer signals) 6 166.93 (16a°), 166.78 (16b), 166.33 (16a"),
133.23, 130.17, 129.67, 128.52, 84.19 (16a), 81.26 (16d), 81.00 (16a"), 80.37 (16a), 78.60
(16a"), 71.37 (16a), 38.68, 37.38, 36.81 (16a"), 30.46, 28.77 (16a"), 25.42 (16a"), 24.16,
23.25, 20.62, 19.36 (16a") ppm. FT-IR: v = 3512, 2965, 1713, 1269, 1109 cm™. HR-MS
(16a): calc. for [M+H]" C13H1705: 221.11722 found 221.11723.
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OBz

OH
OH
OBz |
2-hydroxy-2,5-dimethyl (1-hydroxy-4-methylcyclohexyl)
cyclohexyl benzoate (18a) methyl benzoate (18b)
major minor
d.r.=12:1

Regioisomeric ratio (r.r.) > 20:1

Dioxygenation of 1,4-dimethylcyclohexane (17)

Prepared according to the general procedure B using 3.5 equiv of NaNs3. The product was
obtained as colorless solid (191 mg, 0.77 mmol, 86%). Rf = 0.71 (cyclohexane : EtOAc =
1:1). r.r. > 20(18a):1(18b). d.r. = 12:1. *H NMR (500 MHz, CDCls, # denotes major-, * minor
diastereomer signals) 6 8.11 — 7.98 (m, 2H), 7.63 — 7.50 (m, 1H7.45 (t, J = 7.7 Hz, 2H), 5.01
(m, 1H, 18a*), 4.92 (dd, J = 11.3, 4.6 Hz, 1H, 18a"), 4.19 (s, 2H, 18b), 1.87 — 1.81 (m, 2H),
1.63 — 1.30 (m, 5H), 1.24 (s, 3H, , 18a*), 1.23 (s, 3H, 18a"), 0.93 (s, 3H). *C NMR (126
MHz, CDCl3 * denotes major diastereomer signals) & 166.76, 165.99, 165.75 (18a"), 133.20
(18a"), 133.11, 133.01, 130.61, 130.35, 130.17, 129.68 (18a"), 129.63, 128.55 (18a"), 128.47,
78.35 (18a"), 76.15, 70.54 (18a"), 70.21, 63.31, 41.39, 37.46 (18a"), 35.39 (18a"), 34.69, 31.32
(18a"), 30.65, 30.07, 29.69, 29.59, 29.42 (18a"), 27.49 (18a"), 27.14, 26.23, 21.98 (18a"),
21.78,19.37. FT-IR: v = 3520, 2929, 2862, 1696, 1600, 1452, 1266, 1110 cm™. HR-MS: calc.
for [M+H]" Cy5H2103: 249.14852 found 249.14911.
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OBz OBz

OBz OBz
Hexane-2,3-diyl Hexane-3,4-diyl Hexane-1,2-diyl
dibenzoate (20a) dibenzoate (20b) dibenzoate (20c)
major minor minor
d.r. = 3:1 dr.=2:1

Regioisomeric ratio (r.r.) = 6.5:1.5:1

Dioxygenation of n-hexane (19)

Prepared according to the general procedure B using 2.5 equiv of NaNs. Column
chromatography (eluent: petroleum ether:EtOAc) provided the pure products. The product
was obtained as colorless oil (200 mg, 0.61 mmol, 68%). Rs = 0.88 (cyclohexane : EtOAc =
1:1). r.r. = 6.5(20a):1.5(20b):1(20c). *H NMR (500 MHz, CDCl; * denotes major-, ~ minor
diastereomer signals) ¢ 8.14 — 7.91 (m, 4H), 7.62 — 7.48 (m, 2H), 7.50 — 7.35 (m, 4H), 5.51
(m, 2H, 20a*), 5.45 (dt, J = 9.1, 3.9 Hz, 2H, 20a"), 5.42 — 5.33 (m, 2H, 20b%), 5.26 — 5.09 (m,
2H, 20b"), 4.52 (ddd, J = 18.6, 11.9, 5.1 Hz, 2H, 20c), 4.52 (ddd, J = 18.6, 11.9, 5.1 Hz, 1H,
20c), 4.27 — 4.18 (m, 1H), 2.12 — 1.96 (m, 4H, 20c), 1.89 — 1.65 (m, 2H), 1.45 (d, J = 6.5 Hz,
3H, 20a"), 1.40 (d, J = 6.5 Hz, 3H, 20a"), 1.40 — 1.24 (m, 2H), 1.05 — 0.88 ppm (m, CHs, 20a,
b, c). *C NMR (126 MHz, CDCls) & 166.32, 166.02, 133.09, 133.07, 133.06, 133.03, 130.35,
130.25, 129.78, 129.76, 129.75, 128.51, 128.48, 128.46, 128.44, 77.16, 76.91, 76.00, 75.63,
75.39, 75.12, 72.35, 71.95, 71.61, 33.00, 32.46, 27.46, 24.23, 23.31, 22.66, 18.92, 18.64,
16.75, 15.25, 14.07, 14.05, 10.08, 9.82, 9.70 ppm. FT-IR: v = 3064, 2961, 2875, 1715, 1260,
1095 cm™.
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D

OBz
heptane-2,3-diyl
dibenzoate (22a)

major
d.r. = 2:1

OBz

Dae

OBz
heptane-3,4-diyl
dibenzoate (22b)

minor
d.r. =2.5:1

OBz

820 I~

heptane-1,2-diyl
dibenzoate (22c)
minor

Regioisomeric ratio (r.r.) = 5.5:2:1

Dioxygenation of n-hepante (21)

Prepared according to the general procedure B using 2.5 equiv of NaNs. Column
chromatography (eluent: petroleum ether:EtOAc) provided products. The products were
obtained as colorless oil (224 mg, 0.66 mmol, 73%). Rs = 0.87 (cyclohexane : EtOAc = 1:1).
rr. = 5.5(22a):2(22b):1(22c). 'H NMR (500 MHz, CDCl; * denotes major-, = minor
diastereomer signals) ¢ 8.14 — 7.91 (m, 4H), 7.62 — 7.49 (m, 2H), 7.50 — 7.35 (m, 4H), 5.54 —
5.48 (m, 2H, 22b"), 5.43 (ddd, J = 10.5, 7.2, 2.8 Hz, 2H, 22b"), 5.41 — 5.36 (m, 2H, 22a"),
5.36 — 5.30 (m, 2H, 22a’), 4.52 (ddd, J = 18.6, 11.9, 5.0 Hz, 2H, 22c), 4.23 (ddd, J = 18.6,
11.9, 5.0 Hz, 1H, 22c), 1.90 — 1.59 (m, 2H), 1.44 (d, J = 6.2 Hz, 3H, 22a*), 1.40 (d, J = 6.2
Hz, 3H, 22a"), 1.39 — 1.24 (m, 4H), 1.02 — 0.96 (t, J = 7.2 Hz, 3H, 22b"), 0.94 (t, J = 3.7 Hz,
3H, 22b"), 0.93 — 0.86 ppm (m, 3H). *C NMR (126 MHz, CDCls) 6 166.33, 166.29, 166.16,
166.03, 133.09, 133.07, 133.06, 130.47, 130.36, 130.26, 129.80, 129.79, 129.76, 129.74,
128.52, 128.49, 128.46, 128.44, 77.16, 76.91, 76.04, 75.65, 75.36, 74.14, 71.94, 71.57, 33.27,
30.57, 30.10, 27.76, 27.45, 24.26, 22.66, 18.69, 16.76, 15.20, 14.06, 14.04, 14.02, 9.83 ppm.
FT-IR: v = 2958, 2931, 2872, 1716, 1261, 1095 cm™.
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3-hydroxy-3-methylpentan 2-ethyl-2-hydroxybutyl
-2-yl benzgate (24a) benzoa.te (24b)

major minor

Regioisomeric ratio (r.r.) = 7.7:1
Dioxygenation of 3-methylpentane (23)
Prepared according to the general procedure B using 3.5 equiv of NaN3. The products were
obtained as colorless oil (110 mg, 0.49 mmol, 55%). R = 0.7 (cyclohexane : EtOAc = 1:1).
r.r. = 7.7(24a):1(24b), d.r. = 1.3:1. '"H NMR (500 MHz, CDCls, * denotes major-, ~ minor
diastereomer signals) ¢ 8.12 — 7.97 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.7 Hz, 2H),
5.11 (dd, J = 12.5, 6.4 Hz, 1H), 4.25 (s, 2H, 22b), 1.91 (br. s, 1H), 1.71 — 1.52 (m, 2H), 1.34
(d, 6.8 Hz, 3H, 24a"), 1.32 (d, 6.6 Hz, 3H, 24a’), 1.23 (s, 3H, 24a"), 1.22 (s, 3H, 24a’), 1.01 —
0.91 ppm (m, 3H). **C NMR (126 MHz, CDCl;, * denotes major-, ~ minor diastereomer
signals, ~ denotes minor regioisomer signals) & *C NMR (126 MHz, CDCls, * denotes major-,
" minor diastereomer signals) & 166.73 (24b), 166.21 (24a"), 166.08 (24a’), 133.25 (24b),
133.14, 130.46 (24b), 130.04, 129.71 (24b), 129.67, 128.54 (24b), 128.52, 76.50, 76.15,
74.43, 74.16, 74.05, 69.39, 31.71, 30.48, 28.76, 22.75, 21.69, 14.98, 14.59, 7.84, 7.77, 7.76
ppm. FT-IR: v = 3496, 2974, 2941, 2882, 1699, 1269 cm™. HR-MS (24a): calc. for [M+H]"
C13H1903: 223.13287 found 223.13241.
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2-hydroxy-2,4,4-trimethyl- 2-hydroxy-2,4,4-trimethyl-
pentyl benzoate (26a) pentan-3-yl benzoate (26b)
major minor

Regioisomeric ratio (r.r.) = 8:1

Dioxygenation of 2,2,4-Trimethylpentane (25)

Prepared according to the general procedure B using 3.5 equiv of NaNs. The products were
obtained as colorless oil (45 mg, 0.18 mmol, 20%). R = 0.72 (cyclohexane : EtOAc = 1:1).
r.r. = 8(26a):1(26b). *H NMR (500 MHz, CDCls) ¢ 8.13 — 7.97 (m, 2H), 7.58 (d, J = 7.4 Hz,
1H), 7.47 (t, J = 7.7 Hz, 2H), 4.23 (dd, J = 38.5, 11.0 Hz, 2H), 3.49 (s, 1H, 26b), 1.63 (q, J =
14.8 Hz, 2H), 1.39 (s, 2H), 1.27 (m, 2H), 1.10 (s, 9H). **C NMR (126 MHz, CDCl3) ¢ 166.66,
133.32, 130.08, 129.74, 128.62, 73.43, 72.78, 51.18, 31.68, 31.36, 26.16. FT-IR: v = 3489,
2953, 2360, 2105, 1718, 1270, 1111 cm™. HR-MS (24a): calc. for [M+H]" CisH230s:
251.16417 found 251.16373.

S19



@)

EtO) h

Synthesis of ethyl 4-iodocyclohexane-1-carboxylate (27)

Prepared according to reference 5. To a stirring solution of ethyl 4-hydroxycyclohexane-1-
carboxylate (344 mg, 2 mmol, 1 equiv) in dichloromethane (8 mL) triphenylphosphine (788
mg, 1.5 mmol, 1.5 equiv), imidazole (204 mg, 1.5 mmol, 1.5 equiv) and iodine (762 mg, 1.5
mmol, 1.5 equiv) were successively added and the reaction was stirred for 3 h at rt.
Afterwards, the reaction was diluted with DCM (20 mL) and quenched with saturated Na,SO3
solution (10 mL). The aqueous phase was extracted two times with dichloromethane (2x20
mL), the combined organic layers were dried over MgSO, and concentrated under reduced
pressure. Column chromatography provided the pure product (eluent: petroleum ether). The
product was obtained as colorless oil (276 mg, 0.98 mmol, 49%). R¢ = 0.55 (cyclohexane :
EtOAc = 10:1). d.r. = 2.5:1. 'H NMR (500 MHz, CD,Cl,” denotes major-, = minor
diastereomer signals) & 4.68" (s, 1H), 4.17* (td, J = 7.6, 3.8 Hz, 1H), 4.09 (m, 2H), 2.43 —
2.31 (m, 1H), 2.14 — 1.70 (m, 6H), 1.53 (2H), 1.28 — 1.18 (m, 3H). *C NMR (126 MHz,
CD.Cl,) 6 175.15, 60.83, 42.01, 39.53, 36.44, 33.98, 31.26, 26.73, 14.57, 14.52.
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Synthesis of 4-(ethoxycarbonyl)cyclohexane-1,2-diyl diacetate (28)
To a stirring solution of 4-MeCgHyl (66.7 mg, 0.3 mmol, 0.6 equiv) and AcO,H (704 uL of a
39% solution in AcOH, 3.75 mmol, 7.35 equiv) in glacial acetic acid (1.8 mL) ethyl 4-
iodocyclohexane-1-carboxylate (254 mg, 0.5 mmol, 1 equiv) was added portionwise over a
time period of 15 minutes under waterbath cooling. After that time, the reaction was stirred
for 24 h at rt. The reaction was diluted with DCM (20 mL) and slowly neutralized with 1 M
NaOH (10 mL). The aqueous phase was extracted two times with dichloromethane (2x20
mL), the combined organic layers were dried over MgSO, and concentrated under reduced
pressure. The crude reaction was dissolved in DCM-Py (1:1, 3 mL) and 4-(dimethylamino)-
pyridine (2.75 mg, 5 mol%, 0.025 mmol) was added. Ac,0 (144 uL, 1.5 mmol, 3 equiv) was
added dropwise at 0 °C and the reaction was stirred at rt for 24 h. Column chromatography
(eluent: petroleum ether : EtOACc) provided the pure products. The reaction was diluted with
DCM (20 mL) and washed with 1 M HCI solution. The aqueous phase was extracted two
times with dichloromethane (2x20 mL), the combined organic layers were dried over MgSQO,
and concentrated under reduced pressure. Column chromatography (eluent: petroleum ether :
EtOAc) provided the pure product. The product was obtained as colorless oil (119 mg, 0.44
mmol, 86%). R; = 0.78 (cyclohexane : EtOAc = 1:1). cis (major) : trans (minor) = 2.5:1. 'H
NMR (600 MHz, CDCls, * denotes major-, ~ minor diastereomer signals) & 5.34 — 5.27* (m,
1H), 5.24 — 5.17* (m, 1H), 5.00" (dd, J = 9.1, 5.6 Hz, 1H), 4.88 — 4.79" (m, 3H), 4.13 (m, 2H),
2.69 — 2.22 (m, 1H), 2.20 — 1.94 (m, 7H), 1.75 (m, 4H), 1.30 — 1.18 (m, 3H). *C NMR (151
MHz, CDCls) & 174.98, 174.90, 174.34, 173.92, 170.73, 170.68, 170.64, 170.58, 170.46,
170.32, 170.04, 73.44, 72.98, 71.55, 71.44, 69.96, 69.50, 68.85, 68.81, 61.05, 60.96, 60.95,
60.83, 43.73, 43.02, 41.11, 40.93, 37.98, 37.54, 33.14, 32.69, 31.42, 30.17, 30.10, 29.41,
29.33, 28.67, 27.89, 26.71, 26.41, 25.86, 25.51, 23.72, 22.74, 21.46, 21.45, 21.43, 21.40,
21.37,21.33, 14.54, 14.52, 14.49. FT-IR: v = 2955, 1729, 1444, 1367, 1227, 1107, 1028 cm™.
HR-MS: calc. for [M+H]" Cy13H,106: 273.13326 found 273.13333.
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Synthesis of 3a-iodo-5a-cholestane (29)

Prepared according to reference 5. To a stirring solution of 5a-cholestane-33-ol (389 mg, 1
mmol, 1 equiv) in dichloromethane (4 mL) triphenylphosphine (394 mg, 1.5 mmol, 1.5
equiv), imidazole (102 mg, 1.5 mmol, 1.5 equiv) and iodine (381 mg, 1.5 mmol, 1.5 equiv)
were successively added and the reaction was stirred for 3 h at rt. Afterwards, the reaction
was diluted with DCM (20 mL) and quenched with saturated Na,SOj3 solution (10 mL). The
aqueous phase was extracted two times with dichloromethane (2x20 mL), the combined
organic layers were dried over MgSO, and concentrated under reduced pressure. Column
chromatography provided the pure product (eluent: petroleum ether). The product was
obtained as pale yellow solid (339 mg, 0.68 mmol, 68%). Rs = 0.9 (cyclohexane : EtOAc =
10:1). d.r. > 20:1. *H NMR (500 MHz, CDCl3)  4.95 (s, 1H), 2.02 — 1.75 (m, 3H), 1.66 (m,
4H), 1.49 (m, 6H), 1.28 (m, 8H), 1.18 — 0.92 (m, 9H), 0.90 (d, J = 6.6 Hz, 3H), 0.86 (dd, J =
6.6, 2.5 Hz, 6H), 0.82 (m, 1H), 0.79 (s, 3H), 0.64 ppm (s, 3H). *C NMR (126 MHz, CDCl3) &
56.54, 56.35, 53.88, 42.69, 42.13, 40.05, 39.63, 38.88, 38.59, 36.66, 36.28, 35.97, 35.53,
34.47, 32.85, 31.90, 28.39, 28.15, 27.89, 24.30, 24.00, 22.99, 22.72, 20.91, 18.79, 13.53,
12.21 ppm.
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Dioxygenation of 3a-iodo-5a-cholestane (29)

To a stirring solution of 4-MeCgHyl (66.7 mg, 0.3 mmol, 0.6 equiv) and AcO,H (704 uL of a
39% solution in AcOH, 3.75 mmol, 7.35 equiv) in glacial acetic acid (1.8 mL) 3a-iodo-5a-
cholestane (254 mg, 0.5 mmol, 1 equiv) was added portionwise over a time period of 15
minutes under waterbath cooling. After that time, the reaction was stirred for 24 h at rt. The
reaction was diluted with DCM (20 mL) and slowly neutralized with 1 M NaOH (10 mL).
The agqueous phase was extracted two times with dichloromethane (2x20 mL), the combined
organic layers were dried over MgSQO, and concentrated under reduced pressure. The crude
mixture was dissolved in 5 mL MeOH, whereupon LiOH (24 mg, 1 mmol, 2 equiv) was
added and the reaction was stirred at room temperature. After completion, HCI (1.25 M) in
MeOH (0.85 mL) was added and MeOH was removed under reduced pressure. Column
chromatography (eluent: petroleum ether : EtOAc) provided the pure products in the

following order:

cholestane-2p,3p-diol (30)
cis : trans = 5:1

The product was obtained as white solid (52 mg, 0.13 mmol, 25%). R; = 0.38 (cyclohexane : EtOAC
= 1:1). cis (2B,3P) : trans (2a,3B) = 5:1. GC-MS: calculated exact mass: 404.36 found 404.4.
'H NMR (500 MHz, CDCls, * denotes major-, ~ minor diastereomer signals) & 4.01% (d, J = 2.8
Hz, 1H), 3.73* (m, 1H), 3.62" (dt, J = 11.3, 4.1 Hz, 1H), 3.58 — 3.50* (m, 1H), 2.35 (br. s,
2H), 2.00 (dd, J = 43.9, 15.0 Hz, 2H), 1.85 — 1.42 (m, 7H), 1.43 — 0.91 (m, 27H), 0.92 — 0.77
(m, 12H), 0.64 (s, 3H), 0.61 — 0.51 ppm (m, 1H). *C NMR (126 MHz, CDCls) § 74.92, 72.54,
72.45, 70.32, 56.66, 56.51, 56.36, 56.33, 55.32, 48.90, 45.44, 43.26, 42.73, 42.69, 40.14,
40.00, 39.62, 36.98, 36.27, 35.91, 35.58, 35.50, 35.35, 34.93, 32.56, 32.51, 32.08, 29.85,
28.46, 28.37, 28.14, 26.01, 25.98, 24.34, 24.30, 23.95, 22.97, 22.70, 21.41, 20.70, 18.77,
14.79, 14.69, 14.29, 12.22, 12.19 ppm. The spectral data are matching with reported.® FT-IR:
v = 3387, 2926, 2865, 2359, 1711, 1457, 1382, 1078, 1051 cm™.
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cholestane-3p,5p-diol (31)
cis : trans = 8.5:1

The product was obtained as white solid (28 mg, 0.07 mmol, 15%). R = 0.24 (cyclohexane :
EtOAc = 1:1). cis (3B,4P): trans (30,4B) = 8.5:1. GC-MS: calculated exact mass: 404.36
found 404.4. '"H NMR (500 MHz, CDCls, * denotes major-, ~ minor diastereomer signals) &
3.42% (d, J = 1.9 Hz, 1H), 3.37" (d, J = 2.4 Hz, 1H), 3.26* (m, 1H), 3.12* (m, 1H), 1.58 (m,
1H), 1.35 (m, 4H), 1.23 — 0.79 (m, 15H), 0.79 — 0.39 (m, 22H), 0.27 ppm (s, 4H). *C NMR
(126 MHz, CDCls, * denotes major-, - minor diastereomer signals) & 74.89%, 70.47%, 69.46*,
69.35", 56.16, 56.04, 55.77, 54.81, 54.72, 43.32, 42.07, 42.00, 39.61, 39.48, 39.23, 38.97,
38.32, 35.63, 35.33, 35.05, 34.45, 31.96, 31.53, 31.36, 30.71, 27.75, 27.67, 27.44, 24.84,
23.55, 23.24, 21.91, 21.65, 20.29, 19.67, 17.84, 13.37, 13.25, 11.27, 11.22 ppm. Assigned
according to reported spectra.®’ FT-IR: v = 3378, 2926, 2865, 2359, 1711, 1456, 1382, 1078,
1050 cm™,
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Control experiments
All control experiments were performed according to the optimized conditions described in

the manuscript (table 2).

A) To prove the requirement of used reagents

a. without Arl
NaN3, |2
O AcO,H OH
AcOH, rt, 24 h @OAC
1 5, not detected
b. without NaN3
4-M906H4|
() e (O
AcOH, rt, 24 h OAC
1 5, not detected
c. without I,
4-MeC6H4|
O NaN3, AcO,H (IOH
AcOH, rt, 24 h OAc
1 5, not detected

B) To prove iodocyclohexane as intermediate in the course of reaction
1. 4-M606H4|, |2, NaN3
ACOZH, AcOH, rt, 24 h (IOH
2. LiOH, MeOH, rt OH
(1.6 eq) 5 (98%)
(d.r.=6:1)

C) To prove the outcome of the relative stereochemistry to be independent of epoxidation
and ring opening:
1. AcO,H,
@ AcOH, rt, 24 h O:OH (IOH
> +
2. LiOH, MeOH, rt OH OH
3 (1.6 eq) 32 (65%) 4, not detected
(d.r. > 20:1)
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Reaction profile of the 1,2-dihydroxylation of cyclohexane

©+ o
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(1 mmol,
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Fig. 1: Reaction profile of the 1,2-dioxygenation of cyclohexane over the course of 2.5 h.

0.12

0.10 -------
g.. ...........

= 0.08 ol

=, .

s &

B 006 4

E ]

g ¢

= H

g 004 ¢

(%]

0.02

L. Tr R

[
0.00 ‘HOWW\..;
0 10

® iodocyclohexane

20 30 40
time/h

2-iodocyclohexyl acetate @ 2-hydroxycyclohexyl acetate

Fig. 2: Reaction profile of the 1,2-dioxygenation of cyclohexane over the course of 48 h.
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Kinetic isotope effect
KIE Scheme:

4-MeCgHyl (1 equiv)

I, (0.8 equiv)
D D D D NaNj; (2.5 equiv) D D D OH
AcO,H (12.5 equiv) OH
+ D D + D D
ACOH (0.1 M), rt OAc S
D D _ D Ac
1 (4.25 equiv) DD knlkp=T7.4 5 DD
d12'1 (425 eqUIV) d10'5
a) Full Spectrum b) Zoom
supcence TIC: BE-260.K1_m1.Didatams Aoupgance Tic Elistﬂ‘-Dwm ms
I GC-MS trace
600000 GC-MS trace 00000 \l‘
|
s00000 <0000 I‘ ‘
400000 a00000 | \‘
|
|
200000 200000 "‘
I
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Porgge - Signal: BE-260-K1_m 1 DIFID1A ch Abungance S £ 501 IO FBTAS
. 128407 217
GC-FID trace / GC-FID trace
tes07 rer ‘
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e000000 / ‘
/
so00000 oo | |
4000000 4z 4000000: / | 4202
| {l
R /’/ ——_
Tme- 300 350 400 450 b0 550 6D 650 700 750 800 850 b0 950 1000 1050 1100 1150 1200 Time> 358 400 4 02 404 4.06 4.08 410 4 12 4.1 415 4 15 420 4.22 4 24 4 35 4.2 4.50 452 4 34 4,55 4 52 440 42 4,64 246 44 450 452

Fig. 3: GC-MS-FID spectrometry for the determination of the kinetic isotope effect for the synthesis of 2-
hydroxycyclohexyl acetate (5) using cyclohexane (1) and dj,-cyclohexane (dq»-1). a) Full spectrum of the GC-
MS-FID measurement. b) Zoom of the product distribution of 2-hydroxycyclohexyl acetate (5; t = 4.217) and

dio-2-hydroxycyclohexyl acetate (dqo-5; t = 4.242).

Note: The Kinetic isotope effect was determined using the GC-FID trace. The peak with

retention time 4.217 was identified as 2-hydroxycyclohexyl acetate (5) and the peak with

retention time 4.242 was identified as dio-2-hydroxycyclohexyl acetate (dio-5). The ratio of

the peak integrals (AUC) in the FID trace allowed the calculation of the kinetic isotope effect

according to the following equation:

Ku/ko = AUCs (t = 4.217)/AUCu10.5 (t = 4.242) = (1.58*10%)/(2.14*107) = 7.4
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KIE Scheme:

p A/ oH b A" oH
OH i OH
00 e O
OAG DD 02 MeOH, t, 2 h oK DD oa
C
5 DD kulkp = 8.5 6 DD
d1o-5 d1o-6
I
0 S _%#ﬁﬁ/##

T T T T T T T T T T T T T T T T T T T 1
11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

55 50
f1 (ppm)

Note: The value of ky/kg was calculated from the *H NMR spectra above which should be the
mixture of compound 6 and dy0-6 (the KIE scheme). The sum of the integral of 6 and dy0-6 at
chemical shift 2.63 was integrated as 2.00 (both 6 and d;o-6 keep the same hydroxyl groups).
In total, compound 6 contained 2 hydrogen atoms at chemical shift 3.76 — 3.75 (cis) and 3.34
— 3.32 (trans), while d10-6 has no H atoms. The amount of 6 could be defined as 0.895 (1.79/2
= 0.895), on the other hand, the sum of 6 and do-6 is 1.00, so the amount of 6 is 0.105 (1.00-
0.895 = 0.105). As a result, ky/kp =0.895/0.105 = 8.5.
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Copies of *H and *C NMR spectra

: :OH
OAc
5

'H NMR spectrum of isomeric mixture of 2-hydroxycyclohexyl acetate (5).
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'H NMR spectrum of cis-cyclohexane-1,2-diol (6).
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3C NMR spectrum of cis-cyclohexane-1,2-diol (6).
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'H NMR spectrum of cis-cyclopentane-1,2-diol (8).
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10
'H NMR spectrum of cis-cycloheptane-1,2- diol (10).
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3C NMR spectrum of cis-cycloheptane-1,2- diol (10).
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'H NMR spectrum of cis-cyclooctane-1,2-diol (12).
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3C NMR spectrum of cis-cyclooctane-1,2-diol (12).
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14a 14b

Regioisomeric ratio (r.r.) > 20:1

'H NMR spectrum of isomeric mixture of (1-hydroxycyclohexyl)methyl benzoate (14a) and

(1S,2R)-2-hydroxy-2-methylcyclohexyl benzoate (14b).
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3C NMR spectrum of isomeric mixture of (1-hydroxycyclohexyl)methyl benzoate (14a) and

(1S,2R)-2-hydroxy-2-methylcyclohexyl benzoate (14b).

BLONAN= BN ONNMNN DD
NNNNNNNNNNNNNNN

_~166.37
-166.01

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

S34



S &

16a 16b
Regioisomeric ratio (r.r.) = 18.5:1

'H NMR spectrum of isomeric mixture of (1-hydroxycyclopentyl)methyl benzoate (16a) and
2-hydroxy-2-methylcyclopentyl benzoate (16b).
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3C NMR spectrum of isomeric mixture of (1-hydroxycyclopentyl)methyl benzoate (16a) and
2-hydroxy-2-methylcyclopentyl benzoate (16b).
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18a 18b
Regioisomeric ratio (r.r.) > 20:1

'H NMR spectrum of isomeric mixture of 2-hydroxy-2,5-dimethylcyclohexyl benzoate (18a)
with (1-hydroxy-4-methylcyclohexyl)methyl benzoate compound (18b).
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3C NMR spectrum of isomeric mixture of 2-hydroxy-2,5-dimethylcyclohexyl benzoate (18a)
with (1-hydroxy-4-methylcyclohexyl)methyl benzoate compound (18b).
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20a 20b 20c
Regioisomeric ratio (r.r.) = 6.5:1.5:1

'H NMR spectrum of isomeric mixture of hexane-2,3-diyl dibenzoate (20a), hexane-3,4-diyl
dibenzoate (20b) and hexane-1,2-diyl dibenzoate (20c).
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3C NMR spectrum of isomeric mixture of hexane-2,3-diyl dibenzoate (20a), hexane-3,4-diyl
dibenzoate (20b) and hexane-1,2-diyl dibenzoate (20c).
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22a 22b 22¢c
Regioisomeric ratio (r.r.) = 5.5:2:1

'H NMR spectrum of isomeric mixture of heptane-2,3-diyl dibenzoate (22a) with heptane-

3,4-diyl dibenzoate (22b) and heptane-1,2-diyl dibenzoate (22c).

£5% £

ﬁﬁﬁﬁﬁﬁ

0.05=
2.82{
1
6
9
0
4
1

T
110 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)

3C NMR spectrum of isomeric mixture of heptane-2,3-diyl dibenzoate (22a) with heptane-

3,4-diyl dibenzoate (22b) and heptane-1,2-diyl dibenzoate (22c).
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24a 24b

Regioisomeric ratio (r.r.) = 7.7:1

'H NMR spectrum of isomeric mixture of 3-hydroxy-3-methylpentan-2-yl benzoate (24a)

with 2-ethyl-2-hydroxybutyl benzoate (24b).
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13C NMR spectrum of isomeric mixture of 3-hydroxy-3-methylpentan-2-yl benzoate (24a)

with 2-ethyl-2-hydroxybutyl benzoate (24b).
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26a 26b
Regioisomeric ratio (r.r.) = 8:1

'H NMR spectrum of isomeric mixture of 2-hydroxy-2,4,4-trimethylpentan-3-yl benzoate
(26a) with 2-hydroxy-2,4,4-trimethylpentyl benzoate (26b).
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3C NMR spectrum of isomeric mixture of 2-hydroxy-2,4,4-trimethylpentan-3-yl benzoate
(26a) with 2-hydroxy-2,4,4-trimethylpentyl benzoate (26b).

166.66
130.08
129.74

— 77.16 Chloroform-d
51.18

13332
\-128.62
7343
<7278
_31.68
3136
—26.16

VA

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10 0
1 (ppm

S40



EtO
27

'H NMR spectrum of ethyl 4-iodocyclohexane-1-carboxylate (27).
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3C NMR spectrum of ethyl 4-iodocyclohexane-1-carboxylate (27).
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OAc

OAc
'H NMR spectrum of 4-(ethoxycarbonyl)cyclohexane-1,2-diyl diacetate (28).
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'H NMR spectrum of 3o-iodo-5 a-cholestane (29).
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30

'H NMR spectrum of spectrum of cholestane-2,3B-diol (30).
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13C NMR spectrum of cholestane-2p,3p-diol (30).
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'H NMR spectrum of cholestane-38,4p-diol (31).
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32

'H NMR spectrum of cyclohexane-1,2-trans-diol (32).
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13C NMR spectrum of cyclohexane-1,2-trans-diol (32).
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