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1 Experimental section
1.1 The synthesis of anti-5

1.1.1 (¥)-syn-1,4-Bis(benzyloxy)-3-fluorobutan-2-ol ((x)-syn-3)
) EtsN-3HF or @ OH
BnO—/_\—OBn 8 O\l/z\f/z:\o

TBAF/KHF,

5
cis-2 F

()-syn-3

a) Opening with EtsN-3HF: A mixture of epoxide cis-2 (24.5 g, 86.2 mmol) and EtsN-3HF (37.5 mL, 230 mmol) were heated at 130 °C under
argon for 16 h. The reaction mixture was diluted with ice cold water (300 mL), and then quenched with NaHCO3 solution (230 mL). The mixture
was extracted with Et,O, then the combined extracts were dried over MgSO,4 and concentrated in vacuo to afford the crude product as a dark
brown oil (26.1 g, 99%).

b) Opening with TBAF/KHF,: TBAF-3H,0 (5.23 g, 16.6 mmol) and KHF, (1.72 g, 22.1 mmol) were added sequentially to cis-2 (3.14 g, 11.1
mmol) and the resulting mixture was heated at 115 °C for 22 h. The reaction mixture was allowed to cool to rt and was diluted with Et,O and
guenched with sat. NaHCOs. The organic phase was separated and the agueous phase was extracted with Et,O. The combined organic
phases were dried over MgSO, and filtered to give a brown oil. The crude was purified by column chromatography (20% ethyl
acetate/petroleum ether) to give (+)-syn-3 as a pale yellow oil (2.52 g, 75%). *H NMR (400 MHz, CDCl;) & 7.39-7.28 (10H, m, ArH), 4.73 (1H,
ddt, J =47.1, 5.5, 3.4 Hz, H-3), 4.62-4.52 (4H, m, H-5 and H-6), 4.04 (1H, dm, J = 22.3 Hz, H-2), 3.81 (1H, ddd, J = 23.1, 11.4, 3.7 Hz, H-4 or
H-4’), 3.75 (1H, ddd, J = 24.3, 11.4, 5.4 Hz, H-4 or H-4"), 3.63 (1H, ddd, J = 9.8, 5.3, 1.0 Hz, H-1 or H-1’), 3.59 (1H, ddd, J = 9.8, 6.4, 1.0 Hz, H-
1 or H-1), 2.62 (1H, dd, J = 4.7, 0.7 Hz) ppm; **C NMR (101 MHz, CDCls), & 137.7 (Ca,), 137.5 (Ca,), 128.4 (CHp,), 127.8 (CHa), 127.7 (CHa),
91.6 (d, J=176.1 Hz, C-3), 73.7 (C-5 or C-6), 73.5 (C-5 or C-6), 70.2 (d, J = 5.1 Hz, C-1), 70.1 (d, J = 19.8 Hz, C-2), 69.6 (d, J = 22.7 Hz, C-4)
ppm; *°F NMR (376 MHz, CDCl;) & -204.4 (1H, dq, J = 46.8, 23.1 Hz, F-3) ppm. Data matches literature [1].
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1.1.2 anti-1,4-Bis(benzyloxy)-2,3-difluorobutane (anti-4)

OH DAST, py ©\/ £
©w°%\%o : N
: (71%) :
F F

()-syn-3 anti-4

O

To a solution of fluorohydrin (£)-syn-3 (10.6 g, 34.8 mmol) in dry toluene (50 mL) under argon, DAST (6.2 mL, 47 mmol) was added dropwise.
After complete addition, the mixture was stirred at room temperature for 5 min, and then pyridine (7.3 mL, 90 mmol) was added. The reaction
mixture was heated at 70 °C for 16 h behind a blast shield, and was then poured into ice cold NaHCO; solution (100 mL). The mixture was
extracted with Et,O (3 x 100 mL), and the combined extracts were washed with NaHCO; solution (300 mL), brine (300 mL), dried over MgSQOs,,
and concentrated in vacuo to afford a dark oil. Purification by flash chromatography (0—8% ethyl acetate in petrol) afforded the desired product
as a yellow crystalline solid (7.57 g, 71%). *H NMR (400MHz, CDCls): 6 7.39 — 7.29 (10H, m, Ar-H), 4.95 — 4.76 (2H, m, H-1), 4.61 (4H, s, H-3),
3.88 — 3.69 (4H, m, H-2) ppm. *C NMR (101 MHz, CDCl,): 5 137.6 (Ca,), 128.4 (CHp,), 127.8 (CHa,), 127.7 (CHa,), 89.5 (2C, dd, J = 177.5,
28.6 Hz, C-1), 73.6 (2C, C-3), 68.2 (2C, m, C-2) ppm. **F NMR (377 MHz, CDCly): 8 -199.1 (2F, m, CHF). Data matches literature [1].

1.1.3 2,2-Dimethyl-1,3-dioxep-5-ene (6) [2]:
2,2-DMP, p-TSA 2

RT,3h
cis-1 47<

(72%)

To a solution of cis-but-2-ene-1,4-diol (1, 9.3 mL, 113 mmol) in DCM, p-TSA-H,O (1.08 g, 6.2 mmol) was added under argon at room
temperature followed by 2,2-dimethoxypropane (27.9 mL, 227 mmol). The reaction mixture was allowed to stir for 3 h. After the completion of
the reaction, the reaction mixture was quenched with sat. NaHCO; solution (50 mL) and extracted with DCM (2 x 50 mL). The combined
organic layers were washed with brine (25 mL), dried over MgSO, and the solvent was very slowly removed in vacuo to yield 6 as colourless oil
(10.5 g, 72%). The crude product was directly taken to the next step without purification. R; = 0.51 (EtOAc/hexane 20%); *"H NMR (400 MHz,
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CDCl,) 8 5.66 (2H, t, J = 1.6 Hz, H-1), 4.25 (4H, 2, J = 1.6 Hz, H-2), 1.43 (6H, s, H-4) ppm; **C NMR (101 MHz, CDCl; ): 8 129.5 (2C, C-1),
102.0 (1C, C-3), 61.4 (2C, C-2), 24.0 (2C, C-4) ppm. Data matches literature [3].

1.1.4 4,4-Dimethyl-3,5,8-trioxabicyclo[5.1.0]octane (7) [3]:

o
(:\ m-CPBA, Na,HPO, m
0__0O 2

0.2.0
75 DCMESR;.OZ), 18h 4 \5 5
To a solution of 6 (10.0 g, 78 mmol) in DCM (400 mL) m-CPBA (27.0 g, 156 mmol) and finely powdered Na,HPO, (12.7 g, 90 mmol) were
added under argon. The reaction mixture was stirred at room temperature for 18 h, and was then chilled to 0 °C. The precipitate was removed
by filtration through Celite, and the filtrate was washed sequentially with sat. NaHCO; (150 mL), sat. Na,S,0; (150 mL), and then brine. The
organic phase was then dried over MgSO, and concentrated in vacuo. The crude product was purified by column chromatography
(EtOAc/hexane 5% to 30%) to afford 7 as a pale yellow oil (9.6 g, 85%). R; = 0.21 (EtOAc/hexane 20%); *H NMR (400 MHz, CDCls): & 4.06-
3.96 (4H, m, H-2 and H-2%), 3.21-3.18 (2H, m, H-1), 1.38 (3H, s, H-4 or H-5), 1.32 (3H, s, H-4 or H-5) ppm; **C NMR (101 MHz, CDCls): &
102.2 (1C, C-3), 60.0 (2C, C-2), 56.4 (2C, C-1), 24.7 (1C, C-4 or C-5), 23.4 (1C, C-4 or C-5) ppm; Data matches literature [4].

1.1.5 syn-2-Fluoro-3,4-O-isopropylidene butane-1,3,4-triol (()-9):

FE OH
Q 2 1
Et3N.3HF 4 3
0._0 (62%) 0\;—(0
\\( 6% V7
7 (#)-9

Epoxide 7 (1.0 g, 6.9 mmol) and neat Et;N-3HF (3.4 mL, 20.8 mmol) were added to a flask under argon and heated at 60 °C for 24 h. The
reaction mixture was slowly added to ice cold sat. NaHCO;. The aqueous phase was extracted with Et,O, and the combined organic phases

were washed with saturated aqueous NaHCOs; solution, brine, dried over anhydrous MgSQO,, and concentrated in vacuo at room temperature to

S7



afford a yellow oil which was purified by column chromatography (2-5% acetone in DCM) to afford (+)-9 as a colourless oil (0.7 g, 62%). IR
(neat): Vmax (cm™) 3414 (br), 2988 (w), 2360 (w), 1373 (m), 1215 (m), 1056. *H NMR (400 MHz, CDCl,): & 4.52 (1H, ddt, J = 48.1, 5.6, 3.8 Hz,
H-2), 4.32 (1H, dtd, J = 20.2, 6.8, 4.3 Hz, H-3), 4.10 (1H, ddd, J = 8.4, 6.9, 1.4 Hz, H-4 or 4’), 3.93 (1H, dd, J = 8.4, 6.8 Hz, H-4 or 4’), 3.86 (2H,
m, H-1 and H-1". This multiplet simplifies to: 3.87 (1H, dd, J = 12.7, 5.5 Hz), and 3.83 (1H, dd, J = 12.6 and 3.7 Hz) upon 1% and OH
decoupling, spectra taken on 500 MHz), 2.24 (1H, dd, J = 7.0, 5.6 Hz, OH), 1.45 (3H, s, H-6 or H-7), 1.39 (3H, s, H-6 or H-7) ppm; *C NMR
(101 MHz, CDCl,): 6 110.1 (1C, C-5), 92.2 (1C,d, J=177.5Hz C-2), 74.9 (1C, d, J = 19.8 Hz, C-3), 64.9 (1C, d, J = 5.9 Hz, C-4), 62.5 (1C, d,
J =227, C-1), 26.1 (1C, C-6 or C-7), 25.4 (1C, C-6 or C-7) ppm; **F NMR (471 MHz, CDCl): 5 -202.3 (1F, m, F-2) ppm. These data
qualitatively match literature data (all H signals were described as multiplet, and no J-values described in *C spectrum) [5].

1.1.6 4-(1,2-Difluoroethyl)-2,2-dimethyl-1,3-dioxolane ((x)-10):

F OH F F
DAST, pyridine

o_ O (42%) 0.0
()9 (#)-10

To a solution of (£)-9 (0.210 g, 1.28 mmol) in dry toluene (4 mL) under argon, DAST (0.26 mL, 1.97 mmol) was added dropwise. The solution
was stirred for 5 minutes, and then dry pyridine (0.31 mL, 3.84 mmol) was added. The reaction mixture was stirred for 17 h at room
temperature, and then further DAST (0.13 mL, 0.98 mmol) was added. Stirring was continued for 3 more hours, and then the reaction mixture
was guenched by pouring into sat. NaHCO3; solution (7 mL). The mixture was extracted with Et,O (3 x 7 mL), and the combined organic layers
were washed with sat. NaHCO; (20 mL), brine (20 mL), dried over MgSQ,, and concentrated in vacuo at rt to afford a crude yellow oil (0.210 g).
The crude was purified by column chromatography (10-30% Et,O in pentane) to afford (+)-10 as a clear oil (0.090 g, 42%). IR (neat): Vmax (cm™)
2990 (W) (2939 (W) 2895 (w) 1457 (w) 1373 (m) 1218 (m) 1072 (s). *H NMR (500 MHz, CDCls): 8 4.76 — 4.53 (3H, m, H-1, H-1’, H-2), 4.30 (1H,
dtd, J = 20.5, 6.7, 4.0 Hz, H-3, simplifies to td, J = 6.6, 3.9 Hz upon fluorine decoupling), 4.11 (1H, dddd, J = 8.5, 6.9, 1.4, 0.8 Hz, H-4 or H-4’,
simplifies to dd, J = 8.6, 6.8 Hz upon fluorine decoupling), 3.96 (1H, dd, J = 8.5, 6.6 Hz, H-4 or H-41), 1.44 (3H, g appears as br d, J = 0.6 Hz,
H-6 or H-7), 1.38 (3H, g, J = 0.6 Hz, H-6 or H-7) ppm. **C NMR (101 MHz, CDCl,): 8 110.3 (1C, C-5), 90.1 (1C, dd, J = 181.2, 19.1 Hz, C-2),
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82.0 (1C, dd, J = 172.4, 24.2 Hz, C-1), 73.8 (1C, dd, J = 20.5, 7.3 Hz, C-3), 64.7 (1C, d, J = 5.9 Hz, C-4), 26.0 (1C, C-6 or 7), 25.3 (1C, C-6 or
7) ppm. {*H}*°F NMR (471 MHz, CDCl; ): & -203.0 (1F, d, J = 14.7 Hz, F-2), -232.3 (1F, d, J = 15.0 Hz, F-1) ppm. MS (ESI*, MeCN): 167.1
(M+H)".

1.1.7 ()-6-Fluoro-2,2-dimethyl-1,3-dioxepan-5-ol ((£)-8):

) HO F
m BuNH,F 3, KHF, (56%) 1(——3
2 4
0__0 or 0.0
~ TBAF, KHF, (64%) =~
6 7
7 ()-8

Reaction with BuysNH,F3/KHF,: To the mixture of 7 (0.18 g, 1.25 mmol) and Bus,NH,F; (0.56 g, 1.873 mmol), KHF, (0.20 g, 2.50 mmol) was
added at rt under argon. The reaction mixture was allowed to stir for 20 hours at 115 °C. After completion of the reaction, the reaction mixture
was quenched with sat. NaHCO; (10 mL) and extracted with DCM (20 mL). Then the organic layer was washed with brine, dried over
anhydrous MgS0O, and concentrated in vacuo. The crude obtained was purified by column chromatography (acetone/DCM 1% to 4%) to afford

fluorohydrin ()-8 as colourless oil (0.12 g, 56%).

Reaction with TBAF/KHF,: TBAF-3H,0 (15.6 g, 49.6 mmol) and KHF; (4.6 g, 58.3 mmol) were added sequentially to 7 (4.2 g, 29.2 mmol)
under argon and the resulting mixture was heated at 115 °C for 20 h. The dark brown mixture was then cooled to room temperature, diluted
with Et,O (20 mL) and water (20 mL) and slowly quenched with sat. NaHCO3 (100 mL). The aqueous layer was extracted with Et,O (100 mL)
and the combined organic layers were washed with brine, dried over MgSO, and filtered through silica plug to remove the brown colour. The
solvent was removed in vacuo and the crude was purified by column chromatography (5% acetone/DCM) to give fluorohydrin (+)-8 as pale
yellow oil (3.1 g, 64%). R; = 0.55 (acetone/DCM 10%); *H NMR (400 MHz, CDCl;) d 4.42 (1H, dm, J = 44.0 Hz, H-5), 3.99 (1H, ddd, J = 12.7 ,
2.2, 1.5 Hz, H-2), 3.92 - 3.78 (3H, m, H-4, H-4’ and H-1), 3.59 (1H, ddd, J = 12.7, 4.5, 1.2 Hz, H-2’), 2.62 (1H, d, J = 8.2 Hz, OH), 1.38 (3H, s,
H-6 or H-7), 1.36 (3H, s, H-6 or H-7) ppm; *C NMR (101 MHz, CDCl;) & 101.8 (C-3), 91.7 (d, J = 176.1 Hz, C-5), 70.0 (d, J = 28.6 Hz, C-1),
60.3 (C-2), 59.3 (d, J = 20.5 Hz, C-4), 24.9 (C-6 or C-7), 23.9 (C-6 or C-7) ppm; °*F NMR (376 MHz, CDCl;) 5 -194.5 (m, 1F) ppm. HRMS
(ESI") (M+Na)" calcd: 187.0740, found 187.0741. Data matches literature [6].
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1.1.8 Deoxofluorination of ()-8
- with PyFluor, which gives 6-fluoro-5-(2-pyridylsulfonyl)-2,2-dimethyl-1,3-dioxepan-5-ol ((z)-12):

N

[e]
N5 S
HQO F lU Oe F
('_g PyFluor, DBU 7 7(_%211
0. O (44%) 0&0
S 9:<10
(#)-8 (#)-12
To a solution of fluorohydrin (+)-8 (0.20 g, 1.22 mmol) in toluene (0.02 mL), PyFluor (0.22 g, 1.34 mmol) and DBU (0.19 g, 2.44 mmol) were
added and stirred at room temperature for 72 h. The reaction mixture was cooled to 0 °C and quenched with sat. NaHCO; followed by
extraction with Et,O. The organic layer was washed with brine and concentrated in vacuo. Column chromatography was performed
(pentane/Et,0 5-40%) to give the sulfonate ()-12 (0.09 g, 44%). IR (neat): Vmax (cm™) 2924 (m), 1580 (w), 1454 (w), 1429 (w), 1370 (s), 778
(s); '"H NMR (400 MHz, CDCls) & 8.76 (1H, ddd, J = 4.7, 1.6, 0.9 Hz, H-12), 8.06 (1H, dt, J = 7.8, 1.0 Hz, H-4), 7.97 (1H, td, J = 7.7, 1.7 Hz, H-
3), 7.59 (1H, ddd, J = 7.6, 4.7, 1.2 Hz, H-2), 5.00 (1H, dtdd, J = 13.2, 4.9, 2.5, 0.6 Hz, H-7 or H-7"), 4.62 (1H, dtdd, J = 44.0, 6.0, 2.3, 0.7 Hz, H-
12), 4.00 (1H, dt, J = 13.3, 2.7 Hz, H-7 or H-7"), 3.93-3.74 (3H, m, H-6, H-11 and H-11’), 1.33 (6H, 2 x s, H-9 and H-10) ppm; **C NMR (101
MHz, CDCIl;) & 154.9 (C-5), 150.3 (C-1), 138.2 (C-3), 127.8 (C-2), 123.1 (C-4), 102.0 (C-8), 89.8 (d, J = 178.3 Hz, C-12), 80.9 (d, J = 29.4 Hz,
C-7), 59.0 (m, C-6 and C-11), 24.2 (C-9 or C-10), 24.0 (C-9 or C-10); °F NMR (376 MHz, CDCl;) & 193.7 (1F, ddd J = 44.0, 24.3, 8.7 Hz, F-12)
ppm. HRMS (ESI*, MeOH) (M+Na)" calcd: 328.0625, found 328.0629.
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- with DAST, including deprotection, to give anti-2,3-difluorobutane-1,4-diol (anti-5):

HQ F FF

/ DAST 2_8 HCI, Et,0 F
(—g HO\/k/\
0._0O O © (30%) T OH
SJ X F
ti-5
+8 meso-11 ant

To solution of fluorohydrin ()-8 (1.19 g, 7.25 mmol) in toluene (3 mL), DAST (1.25 mL, 9.43 mmol) was added dropwise and the mixture was
stirred for 5 min at rt. Pyridine (1.47 mL, 18.13 mmol) was added and the mixture was heated at 60 °C for 23 h behind a blast shield. The
reaction mixture was cooled to rt and 2 M HCl in Et,O (16.32 mL, 32.63 mmol) was added carefully and stirred at rt for 1 h. Et,O was removed
in vacuo and column chromatography was performed directly (30-50% acetone/petroleum ether) to give diol anti-5 as an off-white solid (0.276
g, 30%). *H NMR (400 MHz, acetone-dg) 8 4.72 (2H, m, H-2), 4.19 (2H, t, J = 5.8 Hz, OH), 3.81 (4H, m, H-1) ppm; *°*F NMR (376 MHz,
acetone-dg) 8 -200.4 (m, F-1) ppm. HRMS (ESI+): (M+Na)" Calcd. 149.0382, Found 149.0385. Data matches literature [1].

An analytical sample of meso-11 was isolated: *H NMR (400 MHz, CDCly) 6 4.72-4.56 (2H, m, H-1), 4.05-3.97 (2H, m, H-2 or H-2"), 3.74-3.66
(2H, m, H-2 or H-2'), 1.39 (3H, s, H-4 or H-5), 1.33 (3H, s, H-4 or H-5) ppm; **C NMR (101 MHz, CDCl;) & 101.9 (C-3), 88.3 (app dd, J = 183.4,
17.6 Hz, C-1), 58.1 (m, C-2), 24.7 (C-4 or C-5), 24.0 (C-4 or C-5) ppm; °F NMR (376 MHz, CDCl;) & -208.5 (m, F-1) ppm.

1.2 Synthesis of (£)-syn-5

1.2.1 (E)-But-2-ene-1,4-diol (trans-1) [7]:
LiAIH,

HO.
HO OH ~TN"oH
(79 %)
13 trans-1
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To a suspension of LiAlH, (5.290 g, 139.39 mmoal) in THF (350 mL) at O °C under argon, was added a solution of 13 (10.000 g, 116.16 mmol) in
THF (100 mL). The resulting mixture was stirred at room temperature for 36 h. The reaction mixture was then cooled to 0 °C, and the excess
LiAIH, was quenched via sequential addition of H,O (6 mL), 3 M aqueous NaOH (6 mL) and finally more H,O (16 mL). MgSO, was added, and
stirring was continued at room temperature for a further 30 min. The reaction mixture was filtered through celite, and the solid was washed with
ethyl acetate (400 mL). The filtrate was concentrated in vacuo to afford a crude colourless oil (9.484 g). Purification via column chromatography
(50-100% EtOAc in hexane) afforded trans-1 as a colourless oil (8.128 g, 79%). IR (neat): Vma 3281 (br), 2930 (m), 2854 (m), 1656 (w), 1417
(m), 1082 (s), 972 (s) cm™. *H NMR (400MHz, CDCls): 5 5.89 (2H, t, J = 2.5 Hz, CH), 4.17 (4H, s, CH,), 1.93 (2H, br s, OH) ppm. **C NMR (101
MHz, CDCIs): 8 130.5 (2C, CH), 62.8 (2C, CH,) ppm. Data matches literature [7].

1.2.2 (E)-1,4-Dibenzyloxybut-2-ene (trans-14) [7]:

(93%)
trans-1 trans-14

HO\/\/\OH NaH, THF; BnBr ©\/O\/\/\0©

NaH (60% in dispersion oil; 8.856 g, 221.40 mmol) was added to a flask under argon and the mineral oil was removed by washing with hexane
(3 x 130 mL). A solution of trans-1 (8.128 g, 92.25 mmol) in THF (130 mL) was added to the NaH at 0 °C under argon, and the resulting
mixture was stirred at reflux for 3.5 h. The reaction mixture was allowed to cool, benzyl bromide (26.33 mL, 221.40 mmol) was added, and
stirring was continued at reflux for a further 3.5 h. The mixture was then cooled to room temperature and quenched with water (440 mL). The
phases were separated and the aqueous was extracted with Et20 (2 x 440 mL). The combined organic phases were washed sequentially with
saturated aqueous NH4CI (440 mL), water (440 mL), and brine (440 mL), then dried over MgSO4, and concentrated to afford a straw coloured
crude oil (31.158 g). The crude was purified by column chromatography (0—10% EtOAc in petroleum ether) to afford trans-14 as a pale
yellow oil (22.976 g, 93%). IR (neat): Vimax 3029 (W), 2850 (m), 1496 (m), 1102 (s), 696 (s) cm™. *H NMR (400MHz, CDCl,): & 7.39 — 7.31 (10H,
m, Ar-H), 5.92 (2H, m, CHCH,), 4.56 (4H, s, CH,OBn), 4.09 (4H, m, CH,CH) ppm. *C NMR (101 MHz, CDCls): & 138.2 (Cp), 129.5 (2C,
CHCH,), 128.3 (CHay), 127.7 (CHp), 127.6 (CHa), 72.2 (2C, CH,OBN), 70.1 (2C, CH,CH) ppm. Data matches literature [7].

S12



1.2.3 (¥)-trans-1,2-Bis((benzyloxy)methyl)oxirane ((x)-trans-2) [7]:

BnO. S m-CPBA 2
~"X"0oBn ©/\O/H>A'\/O

trans-14 (74%)

(%)-trans-2

m-CPBA (577, 9.501 g, 42.4 mmol) was added portionwise to a solution of trans-14 (9.390 g, 35.0 mmol) in DCM (100 mL) at 0 °C. The
resulting mixture was allowed to warm to room temperature and stirred for 16 hours. The mixture was cooled to 0O °C and the precipitate removed
by filtration though celite, and the solid was washed with ice cold DCM (100 mL). The filtrate was washed with NaHCO; solution (200 mL),
Na,S,0;, solution (200 mL), and finally brine (200 mL). The organic phase was then dried over MgSO, and concentrated in vacuo to afford the

epoxide (+)-trans-2 as a yellow oil (7.321 g, 74%), which can be used directly in the next step.

Purification by column chromatography (0-15% EtOAc in petroleum ether) is possible. An experiment starting from 22.976 g of trans-14 thus
afforded 16.267 g of trans-2 as a pale yellow oil (67%). IR (neat): Vimax 3030 (W), 2857 (m), 1453 (m), 873 (m), 734 (s), 696 (s) cm™. *H NMR
(400 MHz, CDCl): 6 7.39 — 7.29 (10H, m, Ar-H) 4.62 (2H, d, J 11.9 Hz, CHHPh), 4.56 (2H, d, J = 11.9 Hz, CHHPh), 3.77 (2H, dd, J = 11.6, 2.7
Hz, CHCHH), 3.52 (2H, dd, J = 11.6, 5.3 Hz, CHCHH), 3.13 (2H, m, CHCH,) ppm. **C NMR (101 MHz, CDCls): & 137.8 (Ca/), 128.4 (CHa,),
127.7 (CHp), 73.3 (2C, CH,Ph), 69.8 (2C, CHCH,), 54.4 (2C, CHCH,) ppm. Data matches literature [7].

1.2.4 (¥)-anti-1,4-Bis(benzyloxy)-3-fluorobutan-2-ol ((x)-anti-3):

0 OH
L\ EtsN.3HF o
Bno—"" OBn Yo

(86%) F
(+)-anti-3

(+)-trans-2

EtsN-3HF (17.0 mL, 104 mmol) was added to a flask containing the crude epoxide (9.021 g, 31.70 mmol), and the mixture was heated at 120 °C
for 16 h. The mixture was then diluted with water (100 mL) and poured into ice-cold NaHCO3 solution. The aqueous was extracted with Et,O (3 x
250 mL), and the combined extracts were washed with NaHCO3 solution (500 mL), brine (500 mL), then dried over MgSO, and concentrated in

vacuo to afford the anti-fluorohydrin (t)-anti-3 as a dark oil (8.710 g, 90 %), which was used directly in the next step. Purification by column
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chromatography (5-20% EtOAc in petroleum ether) is possible. An experiment starting from 10.401 g of (¥)-trans-2 thus afforded 9.602 g of
(¥)-anti-3 as pale yellow oil (86%). IR (neat): Vihax 3431 (br), 3064 (w), 3031 (w), 2916 (w), 2865 (w), 1496 (w), 1453 (m), 1103 (s), 1057 (s) cm’
. 'H NMR (500 MHz, CDCls): & H 7.39-7.29 (10H, m, Ar-H), 4.65 (1H, dddd, J = 47.4, 7.5, 5.0, 2.7 Hz, CHF), 4.60 (2H, m, CH,Ph), 4.58 (2H, s,
CH,Ph), 4.04 (1H, m, CHOH), 3.85 (1H, ddd, J = 25.8, 11.5, 2.7 Hz, CHHCHF), 3.79 (1H, ddd, J = 27.8, 11.5, 5.1 Hz, CHHCHF), 3.69 (1H,
ddd, J = 9.8, 3.6, 2.5 Hz, CHHCHOH), 3.65 (1H, ddd, J = 9.7, 5.6, 2.0 Hz, CHHCHOH), 2.59 (1H, d, J = 6.0 Hz, OH) ppm. **C NMR (101 MHz,
CDCl3): 6 137.73 (Cp), 137.66 (Ca), 128.48 (CHa), 128.43 (CHay), 127.88 (CHpy), 127.77 (CHpy), 127.75 (CHay), 127.70 (CHay), 91.6 (d, J =
175.3 Hz, CHF), 73.6 (CH,Ph), 73.5 (CH.Ph), 70.1 (d, J = 5.1 Hz, CH,CHOH), 69.3 (d, J = 20.5 Hz, CH,CHF), 69.1 (d, J 24.9 Hz, CHOH). *°F
NMR (471MHz, CDCly): & -195.3 (1F, ddddt, J = 47.4, 27.9, 25.7, 8.2, 2.2 Hz). HRMS (ESI*, MeCN): (M+Na)* Calcd. 327.1367, Found.
327.1374.

1.25 4.2.5 (¥)-syn-1,4-Bis(benzyloxy)-2,3-difluorobutane ((z)-syn-4):
QH

A DAST, pyridine @
(+)-anti-3 ()-syn-4
To a solution of the crude fluorohydrin ()-anti-3 (15.811 g, 51.9 mmol) in dry toluene (75 mL) under argon, DAST (8.9 mL, 67.4 mmol) was
added dropwise, and after complete addition the mixture was stirred at room temperature for 5 min. Pyridine (11.0 mL, 136 mmol) was then
added and the reaction mixture was stirred at 70 °C for 16 h behind a blast shield. The mixture was then allowed to cool, poured into
saturated agueous NaHCO3 (100 mL), and extracted with Et,O (3 x 100 mL). The combined extracts were washed with NaHCO3 solution
(300 mL), brine (300 mL), dried over MgSO4, and concentrated in vacuo to afford a yellow oil (12.552 g). The crude product was purified by
column chromatography (0—6% EtOAc in petroleum ether) to afford the syn-difluoride (x)-syn-4 as a dark oil (8.910 g, 56%). IR (neat): Vmax
3031 (w), 2917 (w), 2866 (w), 2360 (w), 1496 (w), 1453 (m), 1117 (s), 1026 (s) cm™. *H NMR (500 MHz, CDCl,): & 7.39 — 7.30 (10H, m, Ar-H),
4.84 (2H, m, CHF), 4.58 (2H, d, J = 12.0 Hz, CHHPh), 4.54 (2H, d, J = 12.0 Hz, CHHPh), 3.82 — 3.70 (4H, m, CH,CH) 13C NMR (101 MHz,
CDCls): & 137.5 (CAr), 128.5 (CHAr), 127.9 (CHAr), 127.8 (CHAr), 90.5 (2C, dd, J = 179.0, 20.5 Hz, CHF), 73.7 (2C, CH,Ph), 68.1 (2C, m,
CHCH,). F NMR (471 MHz, CDCl,): & -203.8 (2F, m). HRMS (ESI+, MeCN): (M+Na)* Calcd. 329.1324, Found 329.1330.
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1.2.6 4.2.6 (¥)-Syn-2,3-difluorobutane-1,4-diol ((x)-syn-5):

3 H,, Pd/IC e
Bnod\(\ HOJY\
OBn 4’(80% ) OH
F F

(2)-syn-4 (#)-syn-5

To a solution of (£)-syn-4 (3.01 g, 9.83 mmol) in THF (45 mL) under argon atmosphere was added Pd/C (5%; 4.18 g, 1.96 mmol). The flask

was evacuated and then placed under hydrogen atmosphere and stirred at room temperature for 16 h. The suspension was filtered through

celite, the celite was washed with methanol (50 mL), and the filtrate was concentrated in vacuo to afford a crude yellow crystalline solid

(1.05 g). The crude was purified by column chromatography (15-50% acetone in petroleum ether) to afford (£)-syn-5 as a white crystalline solid
(0.993 g, 80%). mp 113-114 °C. IR (neat): Vmax 3279 (br), 2975 (W), 2944 (w), 1647 (m), 1462 (m), 1361 (m) cm™. *H NMR (500 MHz, acetone-
de): 5 4.70 (2H, m, CHF), 4.17 (2H, t, J = 5.9 Hz, OH), 3.88-3.78 (4H, m, CH,) ppm. **C NMR (101 MHz, acetone-de): 5 93.2 (2C, dd, J = 175.3,
19.1 Hz, CHF), 61.3 (2C, dd, J = 18.3, 13.9, CH,). *°F NMR (471 MHz, acetone-dg): -205.9 (2F, m). HRMS (ESI-): (M-H)* Calcd. 125.0417,
Found 125.0420.
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2 Copies of spectra

syn-1,4-Bis(benzyloxy)-3-fluorobutan-2-ol ((x)-syn-3)

2.1

'H NMR (400 MHz, CDCly)
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2.1.2 **C NMR (100 MHz, CDCI3)©\/ OH
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2.1.3 '*C DEPT-135 NMR **C NMR (100 MHz, CDCl5)
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2.1.4 F NMR (376 MHz, CDCl5)

Normalized Intensity
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2.1.5 Diastereoselectivity of the epoxide opening

2.1.5.1 H NMR of the cis-epoxide starting material, compared to that of the trans-isomer

1.0

0.9

0.8

0.7

0.6

0.5

0.3

0.2

© o o ©o o o o o o Bk
[ N w B (&) [} ~ @ © o
dleduniidioiu bl budbwdide b biobibido

o

3.28

o
N
™

1H—np13—t$_1ns—epoxide impurity.esp (@) E
~ ‘?’,‘ 0.10+
BnOﬂOBn 1
. 0.05-
cis-2 ]
0 -
MO7(m) MOo9(m) |
- o ~
MOB(m) MO3(m) S )
/ — N o
/ PRT:) MO4(m)  Mp1(m) | |
& © ™ — L e e B
RING P
o~ < MO5(m i i
o 8 Iy S(m) Mo2(m) 3.30 3.25 3.20 Chemical Shift (ppm
[Ts) 4 oo o
283G Iy RNGEBBur ey 1 <
8 iy © @R D PP B g B F!Sc):.)‘\‘
~ N~ © — 7 ™ T
| 1
3 < ™ lirco 4 d o E
E £8 858 388 .
=y gy iy e i (| 0.05-
e Bt I e e e e ! B I e s e S E R
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 0 2.5 = Shift (ppm) ,/
1H.es o 7
p @ 0 =
0 1
%— =
. S
BnO— OBn N
T T T T T
trans-2 3.30 3.25 3.20 Chemical Shift (ppm)
MOo4(m)
© —
™
~|/ 33 Mo2(dd
) < < —
MO3(dd) MO1(m)
™ w0 4™ :
n [eed T~ S o ™M
a3 @l SE 6w EB Sdaq
g [m2Rz S LRASE AP EER P
W X |
‘ ) J
8 N S S S
S < o N «
= — [y [
e e B et e e R o e e e R R R RS R R R R R
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 Chemical Shift (ppm)

S20



2.1.5.2 ®F NMR of the fluorohydrin product syn-3, compared to that of the anti-isomer
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2.2 2,2-Dimethyl-1,3-dioxep-5-ene (6)

2.2.1 H NMR (400 MHz, CDCls)

Normalized Intensit

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

se0617rw5-distilled product.010.001.1r.esp MO?(S)
1 3
p— -

| > 4

- B 2

E 2 3 m MOo2(d)

4 L 3 [—

] £ 9 O 3 O ﬂ:rr

3 i < o

E N 3 MO1(t) [SES

] T - — 4 =a

E £ ] 2

E = g 6

] - N

| | o~

= 0.154

] E @

E ] g2

E 0.107E sz}j

E 0.05-

E E o

E 0 =

] E =

3 T R

b Chemical Shift (ppm)

E - M02(d)

g n

] R R LA

E 5.70 Chemical Shift (ppm) <

E v ¥

E MO1(t)

] n

| ©

- ©

] wn

; 5(8

E ~ m{m

] N

j ! LNAJL

1 | 1
D o <
[oe] o 3]
— <~ ©
4 i U

L A e e L A e B SRR AR R R

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 Chemical Shift (ppm)

S22



2.2.2

13C NMR (100 MHz, CDCl5)

Normalized Intensity
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2.3 4,4-Dimethyl-3,5,8-trioxabicyclo[5.1.0]octane (7)
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2.3.2 BC NMR (100 MHz, CDCl5)
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2.4

241

Normalized Intensity
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'H{OH} NMR (500 MHz, CDCl;)(D,0 exchange experiment)
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2.4.3 H{*F}HOH} NMR (500 MHz, CDCl;)(D,0 exchange experiment)
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2.4.4 F NMR of +9 (471 MHz, CDCl5)
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2.45 C NMR (100 MHz, CDCl5)
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2.5 4-(1,2-Difluoroethyl)-2,2-dimethyl-1,3-dioxolane ((x)-10)

'H NMR (500 MHz, CDCl5)
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2.5.2
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2.5.3 F NMR (471 MHz, CDCl5)
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2.5.4 ¥F{*H} (471 MHz, CDCl5)
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2.5.5 3C NMR (100 MHz, CDCl5)
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2.5.6 DEPT-135 (100 MHz, CDCl3)
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2.6 6-Fluoro-2,2-dimethyl-1,3-dioxepan-5-ol ((+)-8)

'H NMR (400 MHz, CDCl5)
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13
2.6.2 C NMR (100 MHz, CDCl5)
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2.6.3 “F NMR (376 MHz, CDCl5)
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2.7 Sulfonate byproduct (£)-12

'H NMR (400 MHz, CDCl5)
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2.7.2 C NMR (100 MHz, CDCl5)
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2.7.3 F NMR (376 MHz, CDCl5)
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2.8 meso-5,6-Difluoro-2,2-dimethyl-1,3-dioxepane (meso-11)

2.8.1 HNMR (400 MHz, CDCl5) EF
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2.8.2 F NMR (376 MHz, CDCl5)
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2.8.3 C NMR (100 MHz, CDCl5)
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2.9 anti-2,3-Difluorobutane-1,4-diol (anti-5)

HO

'H NMR (400 MHz, CDCl5)
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2.9.2

Normalized Intensity
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2.10 (E)-But-2-ene-1,4-diol (trans-1)

2.10.1 *H NMR (400 MHz, CDCls)
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2.10.2 C NMR (100 MHz, CDCl5)
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2.11 (E)-1,4-Dibenzyloxybut-2-ene (trans-14)

2.11.1 *H NMR (400 MHz, CDCls)
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2.11.2 **C NMR (100 MHz, CDCls)
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2.12 trans-1,2-Bis((benzyloxy)methyl)oxirane ((x)-trans-2)

2.12.1 'H NMR (400 MHz, CDCls)
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2.12.2 **C NMR (100 MHz, CDCls)
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2.13 anti-1,4-Bis(benzyloxy)-3-fluorobutan-2-ol ((x)-anti-3)

2.13.1 'H NMR (500 MHz, CDCls)
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2.13.2

Normalized Intensity

3C NMR (100 MHz, CDCls)
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2.13.3 F NMR (376 MHz, CDCl5)

Normalized Intensity
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2.13.4 Diastereoselectivity of the epoxide opening

2.13.4.1 'H NMRs of the cis- and trans-epoxide starting material
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2.13.4.2 F NMR of the fluorohydrin product
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2.14 syn-1,4-Bis(benzyloxy)-2,3-difluorobutane ((x)-syn-4)

2.14.1 *H NMR (500 MHz, CDCls)
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2.14.2 C NMR (100 MHz, CDCl5)

Normalized Intensity
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2.14.3 F NMR (376 MHz, CDCl5)
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2.14.3.1 {*H}**F NMR (376 MHz, CDCly)
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2.14.4 Diastereoselectivity of the DAST reaction

2.14.4.1 °F NMRs of the syn-fluorohydrin starting material, compared to that of the anti
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2.14.4.2 F NMR of anti-4, compared to that of syn-4
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2.15 syn-2,3-Difluorobutane-1,4-diol ((x)-syn-5)

2.15.1 *H{*F} NMR (500 MHz, CDCls)
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2.15.2 3C NMR (100 MHz, CDCl5)

Normalized Intensity
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2.15.3 F NMR (376 MHz, CDCl5)
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