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General Experimental

Unless otherwise stated, common chemicals and solvents (gRIde or reagergrade quality) were
purchased from commercial sources and used without further purific&s@kL was distilled prior to

use.A hot plate magnetic stirrer and PEG bath was asdtie heating source in all reactions requiring
heat and all reactions were performed under an atmospherg aiiNninum plates coated with a 0.2
mmtthick layer of silica gel 60 F254 were used for tldiger chromatography (TLC) analysis, and flash
column chromatography purification was carried out using silica gel 60 4280mesh). Protorti)
spectra were recorded at 25 °C in a 500 MHz spectrometer and-gdextonpled carbon=3C{*H})

NMR spectra were recorded at 125 MHz using the deuterated safvantinternal deuterium locid

NMR spectra were referenced to CRCIU 7 . 2 6 B@{fHiNMRapectra recorded in CDEI

were referenced to CDE( U 0 Ppin). High resolution mass spectra were recorded using either a
Waters Xevo time of flight or a Thermo Fisher Fusion Orbitrap mass spectrometer equipped with either
anelectrospray ionisation source ora@mospheric pressure chemical ionisation source, iniyp®sit
negative ionisation mode to match preferred compound ionisation properties. All chemical formula
were identified with matches <5pp#dcohols10a 10eand10f were prepared according to previously
published procedures.

Preparation of alcohols10b-d

(1S,5R)-1',3'-Dihydro-6,8-dioxaspiro[bicyclo[3.2.1]octane3,2-inden]-4-one (9d) To a stirred
solution ofCyrene2 (11.2 g, 87 mmol)dibromoxylene (25.0 g, 105 mmadnd tetrabutylammonium
iodide (3.2 g, 8.7 mmoin dry THF 00 mL) cooled to 0 °C was adde@uOK (24.3 g, 218 mmol).
After stirring for 4 h at 0 °Cthe reaction was quenched by adding M HCI (250 mL) The mixture
was extracted with EtOAc (4 x 50 mlL}the combinedorganic layers were dried over Mgsénd
concentratedunder reduced pressureand then he residue was purified by flash column
chromatography on silica (200 g) with toluene (750 mL) to §id€15.2 g, 76%) as an orange wax
U351174 € 1.0, CHCL); IR: Vmax 2914, 1725, 1485, 1118, 1098, 7&m™; 'H NMR (500 MHz,
CDClk) 7.21 7.10 (m, 4H), 5.25 (s, 1H), 4.75 (di 4.8, 4.8 Hz, 1H), 4.18 (d,= 7.0 Hz, 1H), 3.91
(ddd,J = 7.0, 4.8, 1.6 Hz, 1H), 3.74 (d= 15.9 Hz, 1H), 3.50 (d] = 16.2 Hz, 1H), 3.18 (d] = 15.9
Hz, 1H), 2.70 (dJ = 16.2 Hz, 1H), 2.37 (dddl = 14.6, 4.8, 1.6 Hz, 1H), 2.18 (d,= 14.6 Hz, 1H);
13C{H} NMR (125 MHz,CDCYti 203. 1, 141.0, 139.9, 127.2, 126.
51.7, 46.7, 45.1, 42.8HRMS (ESITOF) m/z [M+Na]* calcd fo CisH14OsNa: 253.085; found:
253.0832.



(1S,5R)-3,3-Bis(4-methoxybenzyl}6,8-dioxabicyclo[3.2.1]octan4-one (9f) To a solution of Cyrene

(2) (3.35 g, 26.1 mmol),-{bromomethyh4-methoxybenzene (9.00 g, 57.5 mmol) and potassium iodide
(8.67 g, 52.3 mmoal) in THF (100 mL) cooled to 0 °C was addadOK (6.45 g, 57.5 mmol) in portions

over 15 min. The mixture was allowed to warm to ambient &atpre, stirred overnight and then
guenched with 1 M HCI (200 mL). The resulting mixture was extracted with @t x 100 mL), then

the combined organic extracts were washed with satd. NgIB0 mL), dried over N&Q: and the
volatiles removed under reduced pressure. The residue was dissolved in boiling MeOH (150 mL), then
cooled to ambient temperature and the precipitated solid collected and washed with cold MeOH (50
mL). The mother liquor wathenconcentrated undeeduced pressure, and the residue recrystallised
from boiling MeOH (100 mL). The crystals were collected and washed with cold MeOH (50 mL) to
furnish 9f as a colourless solid (3.34 g, combined yield 356) 134 135 °C;| g 1117 € 1.0,
CH.CLy); IR: vmax 2959, 1723, 1610, 1510, 1245, 1i#idt; 'H NMR (500 MHz, CDCY) 1 1607 0 4

(m, 4H), 6.846.78 (m, 4H), 5.03 (s, 1H), 4.55 (dbs 6.4, 5.2 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.56
(ddd,J=7.2,5.2, 1.1 Hz, 1H), 3.23.13 (m, 3H), 2.67 (d]= 13.5 Hz, 1H), 2.50 (dJ = 13.5 Hz, 1H),

2.37 (dddJ = 14.6, 6.4, 1.1 Hz, 1H), 1.71 (d= 14.6 Hz, 1H)*C{'H} NMR (125 MHz, CDC}) U
204.6, 158.7, 158.5, 132.2, 132.1, 129.0, 128.9, 113.8, 113.7, 100.3, 72.9, 68.2, 55.4, 55.3, 50.0, 45.7,
45.0, 32.2; HRMS (ESTOF) m/z [M+Na]* calcd for GzH240sNa: 391.1516; found: 391.1515.

(1S,4S,5R)-1',3'-Dihydro-6,8-dioxaspiro[bicyclo[3.2.1]o¢ane-3,2-inden]-4-ol (10d). A solution of
ketone9d (15.2 g, 66 mmol) ifCH.Cl/MeOH (1:2, 30 mL) was cooled t615°C and NaBH (1.7 g,
46.2 mmol)was added in portionsver 15 minutesThe mixture was kept atl5 °C for 3 hand
concentrated under reduced pressure @HgCl, (250 mL) and 1.0 M HCI (250 mL) were added.
Following separation, the aqueous layer was extracted@CIl, (2 x 100 mL) and the combined
organic layers were dried over Mgs@nd concentrated. The residue sweecrystallized with
EtOAc/petroleum spiritto give thel0d (14.4 g, 94%) agaleyellow crystalssuitable for Xray
crystallographymp 92 94 °C;| l@ﬁ 164 € 1.0, CHCL); IR: vmax2924, 1711, 1363, 1220, 1078, 924
cn®; 'H NMR (500 MHz, CDCJ) U i 7709 @np4H), 5.38 (d) = 1.6 Hz, 1H), 4.53 (ddd] = 4.8,
4.3, 1.4 Hz, 1H), 4.10 (d,= 7.3 Hz, 1H), 3.78 (ddd] = 7.3, 4.8, 1.4 Hz, 1H), 3.69 (dd= 7.6, 1.6
Hz, 1H), 3.64 (dJ = 16.3 Hz, 1H), 3.18 (d] = 16.3 Hz, 1H), 2.85 (d] = 16.3 Hz, 1H), 2.84 (d] =
16.3 Hz, 1H), 2.05 (ddd] = 14.6, 4.3, 1.4 Hz, 1H), 1.92 (dd= 14.6, 1.4 Hz, 1H), 1.67 (d,= 7.6
Hz, OH);33C{*H} NMR (125 MHz,CDC§)i 143 .1, 140.9, 126.7, 126. 6,
67.9, 48.7, 46.8, 40.7,938; HRMS (ESFTOF) m/z [M+H]* calcd for C14H1703: 233.112; found:
233.1169.



(1S,4S,5R)-3,3-Dimethyl-6,8-dioxabicyclo[3.2.1]octanr4-ol (10e) To a magnetically stirred solution

of Cyrene2 (16.27 g, 127 mmol) and methyl iodide (25 mL, 400 mmol) in THF (200 mL) cooled to
0°C using was addetiBuOK (39.79 g, 355 mmol). The resulting solution was stirred vigorously
overnight, and allowed to come to ambient temperature. The reaction mixtarponeed into a
magnetically stirred beaker containing saturated aqueous NaHZID mL), and the mixture
concentrated to a volume of 200 mL under reduced pressure in a ventilated fumehood to remove any
residual methyl iodide. The aqueous mixture was et¢chwith E3O (3 x 200 mL), the combined
organic phases were dried @S&), filtered and volatiles were removed under reduced pressure to give
9e (11.27 g, 57%) as a colourless oil, which was used directly in the following step without further
processing'H NMR (500 MHz,CDC}) U 5. 15 ( s ,J=%.5%15%.2,1.50.5M%, 1) kD2 d ,
(dd,J=7.4 0.8 Hz, 1H), 3.84 (ddd= 7.4, 5.2, 0.5 Hz, 1H), 2.21 (dddiz 14.4, 5.5, 1.7 Hz, 1H), 1.86

(br d,J =14.4 Hz, 1H), 1.32 (s, 3H), 1.16 (s, 3Mx astirred solution oBe(4.62 g, 29.6 mmol) in
methanol (50 mL) cooled using an ice/water bath was added N&87 g, mmol) in portions over 30

min. The resulting solution was stirred overnight at room temperature, then saturated aqueous NaHCO
(100 mL)was added and the mixture was extracted with EtOAc (3 x 100 mL). The combined organic
extracts were dried over b&Qy, filtered, and the volatiles were removed under reduced pressure. The
residue was purified by dry flash column chromatography (gradient elution of EtOAc/ petroleum spirit
1:9 to 2:3) to givelOe(4.02 g, 86%) as a white solichik of diastereomers, 98:2fmall amounts of
isomerically purelOe and crystals suitable for -Kay crystallography were obtained by vacuum
sublimation Rr 0.4 (EtOAc/petroleum spirit, 1:3); mp #35 °C; U2 °1 138 € 0.50, CHCL); IR: Vimax

3453, 3001, 2953, 2912, 2897, 2873'%¢cAH NMR (500 MHz, CDCJ) U 5J.=3.9 Hz( 14H), 4.46
(ddd,J=4.7, 4.7, 1.6 Hz, 1H), 3.93 (d~ 7.4 Hz, 1H), 3.72 (ddd,= 7.4, 5.0, 1.5 Hz, 1H), 3.34 (dd,
J=11.1, 1.9 Hz, 1H), 1.88 (ddd,= 14.5, 4.1, 1.5 Hz, 1H), 1.75 (@~ 11.1 Hz, 1H), 1.6Zdd,J =

14.5, 1.5 Hz, 1H), 1.15 (s, 3H), 1.05 (s, 3ME{*H} NMR (125 MHz, CDCF) U4 102. 4, 76 . 3
67.7, 42.4, 34.1, 32.6, 23 HARMS (ESITOF) m/z [M+Na]* calcd forCsH1sNaQs: 181.0835; found:
181.0842.

(1S,4S,5R)-3,3-Bis(4-methoxybenzyl}6,8-dioxabicyclo[3.2.1]octan4-ol (10f). To a stirred solution

of 9f (2.00 g, 5.43 mmol) in C¥I/MeOH (1:1, 20 mL) cooled to 0 °C was added NaB205 mg,

5.43 mmol). After 1 h, the ice bath was removed and then the mixturaliagd to stir at ambient
temperature overnight. The mixture was concentrated under reduced pressure, the residue suspended in
1 M HCI (50 mL), and thrn extracted with GEl> (4 x 50 mL). The combined organic layers were
washed with brine (50 mL), drieaver NaSQ, and the solvent removed under reduced pressure. The

residue was purified via flash column chromatography (petrokint/EtOAc, 2:1) to yieldlOf as a
colourless solid (1.83 g, 91%% 0.3 (petroleumspirit/ EtOACc, 2:1); np 5455 °C;|[ @}T 51.3 € 1.0,
CH.CLy); IR: Vmax 3461, 2958, 1610, 1510, 128667} 'H NMR (500 MHz, CDC{) U 17715 (n9



2H), 7.016.96 (m, 2H), 6.906.85 (m, 2H), 6.836.78 (m, 2H), 5.33 (dl = 2.0 Hz, 1H), 4.4P4.39 (m,

1H), 4.24 (dJ = 7.5 Hz, 1H), 3.82 (s, 3H), 3.82.78 (m, 1H), 3.78 (s, 3H), 3.68 (@= 2.0 Hz, 1H),

3.09 (d,J = 14.1 Hz, 1H), 2.93 (d] = 14.1 Hz, 1H), 2.78 (d] = 13.6 Hz, 1H), 2.31 (d] = 13.6 Hz,

1H), 1.77 (br s, 1H), 211 1.67 (m, 2H); *C{*H} NMR (125 MHz, COCl;) U 158 . 38, 158. 3
132.4,129.9, 129.6, 113.8, 113.7, 102.9, 73.6, 71.6, 67235519, 43.4, 41.3, 38.3, 30.9; HRMS

(ESFTOF) m/z [M+Na]* calcd for GoH2¢0sNa: 393.1672; found: 393.1690.

Representative procedure for the rearrangement reetion to give 11af

(1R,2R,55)-7,7-Dibenzyl-2-chloro-3,8-dioxabicyclo[3.2.1]octane (11a)To a stirred solution ofOa
(0.94 g, 3.0 mmol) in DCE (50 mL) was added S£Gl45 mL, 6.2 mmol) and pyridine (1.2 mL, 15
mmol) and the resulting solution was heated to boiling under reflux for 24 h. The solutiatiomeesl
tocool, then chilled in an ice bath apdured onto ice cold & HCI (50 mL). Thelayers were separated
and theorganic phase was washed with saturated aqueous Na3C@L), dried using Ng&5Q,, and
thenthe solution was passed rapidly through a,$i&, washing with C¥Cl; and the solvent removed
to afford11a(885 mg, 90%) as a white soli@rystalssuitable for Xray crystallographyvere prepared

by slow evaporatiorirom ani-Pr.O solution R 0.6 (EtOAc/petroleum spirit 1:9, partial hydrolysis);
mp 136 138 °C;[ @Fﬁ 134 € 1.0, CHCIy); IR: vinax 3085, 3060, 3028, 2964, 2927, 2874, 2855, 1602,
1583, 1495 cny 'H NMR (500 MHz, CDCY) U 7 7.36@m, 2H), 7.327.19 (m,6H), 7.03 6.99 (m,
2H), 6.05 (s, 1H), 4.42 (d,= 7.6 Hz, 1H), 4.34 (dd] = 11.3, 1.2 Hz, 1H), 4.03 (s, 1H), 3.42 (&=
11.3 Hz, 1H), 3.15 (d] = 15.0 Hz, 1H), 2.92 (d] = 15.0 Hz, 1H), 2.86 (d] = 13.5 Hz, 1H), 2.79 (d,
J=13.5 Hz, 1H), 2.24 (dd]) =12.4, 7.6 Hz, 1H), 2.14 (br d,= 12.4 Hz, 1H)3C{'H} NMR (125
MHz, CDCk)4 138. 6, 138&.129.2,6128330126/2, 126.28991.8, 83.9, 75.3, 67.3, 50.5,
43.1, 39.7, 37.21RMS (ESFTOF) m/z [M+Na]* calcd forCyH10,CINa: 351.1122; found: 351.1132.

(1R,2R,559)-2-Chloro-3,8-dioxabicyclo[3.2.1]octane (11h)The reaction oi0b(0.39 g, 3.0 mmol) in

DCE (30 mL) with SOC{ (0.45 mL, 6.2 mmol) and pyridine (1.2 mL, 15 mma¢) forllagavellb

(64 mg, 14%) as a yellowish oil contaminated with(11/14 82:18). The Si@pad was then washed

with a further portion of EtOAc, and the solvent was removed wuedeiced pressure. The residue was

purified by flash column chromatography (EtOAc/petroleum spirit, 1:1) to atf®bd75 mg, 16%) as

an offwhite wax Rr 0.4 (EtOAc/petroleum spirit, 1:9¥H NMR (500 MHz, CDCJ) U 5.X38 (ddd,
1.0, 1.0, 1.0 Hz, 1H), 4.33 (br s, 1H), 4.29 (bd ¢, 11.3 Hz, 1H), 4.264.24 (br m, 1H), 3.40 (ddd,

=11.2, 1.0, 1.0 Hz, 1H), 2.05.98 (m, 4H)3C{*H} NMR (125 MHz,CDCk) &4 93. 3, 78. 9, 7
28.1, 26.0; ESMS m/z171.0 [M+Na]; No molecuér ions were observed when analysed by k%l

only species corresponding to hydrolysed material were . s€&8,4R,5R)-4-chloro-6,8
dioxabicyclo[3.2.1]octang14). *H NMR (500 MHz,CDCJ) U 5. 39 (1453 (mslH),394) , 4. 5



(dd,J = 7.2, 0.7 Hz, 1H), 3.88.86 (m, 1H), 3.83 (ddd] = 7.2, 5.1, 1.2 Hz, 1H), 2.88.22 (m, 2H),
1.89'1.85 (m, 1H), 1.461.41 (m, 1H);%C{*H} NMR (125 MHz, CDC}) 4 101.6, 73. 4,
24.4,24.3

Di((1S,4S,5R)-6,8-dioxabicyclo[3.2.1]octan4-yl)sulfite  (13b). Crystals suitable for Xay
crystallography were prepared by slow evaporation fromGG#h-heptane solution Rr 0.4
(EtOAc/petroleum spirit 1:1); mp 11114 °C (CHCl./n-heptane)] @TT 141 € 0.50, CHCI); IR:
Vmax 2957, 2896, 2858 cfn*H NMR (500 MHz, CDCY) 544 (br s, 1H), 5.39 (br s, 1H), 418647
(m, 4H), 3.923.89 (m, 2H), 3.863.80 (m, 2H), 2.041.82 (m, 6H), 1.601.60 (m, 2H) 3C{'H} NMR
(125 MHz, CDC) i 101. 2, 100. 9,,70.8f @8.5® 88,47, 28213, 28011, 2371 23.62
HRMS (EStTOF) m/z [M+Na]* calcd for G2H1sNaO;S: 329.0665; found: 329.0666.

(1R,2R,55)-2-Chloro-7,7-bis(2-methylbenzyl)-3,8-dioxabicyclo[3.2.1]octane (11c)The reaction of
10c (0.69 g, 2.0 mmol) in DCE30 mL) with SOC4 (0.30 mL, 4.1 mmol) and pyridine (0.80 mL, 10
mmol) as forllagavellc (630 mg,89%) as a white solidR: 0.6 (EtOAc/petroleum spirit 1.9, partial
hydrolysis); mp 144149 °C;[ @ﬁ 101 € 1.0, CHCly); IR: vmax 3103, 3062, 3020, 2966, 2874, 1603,
1490 cm'; *H NMR (500 MHz, CDC)) U 7J=3.Z2 Hz( 1H), 7.267.17 (m, 3H), 7.14 (d]= 7.5
Hz, 1H), 7.09 (tJ= 7.5 Hz, 1H), 6.98 (tJ = 7.5 Hz, 1H), 6.59 (d] = 7.5 Hz, 1H), 6.01 (s, 1H), 4.50
(d,J=7.8 Hz 1H), 4.36 (dJ = 11.2 Hz, 1H), 4.00 (s, 1H), 3.40 @@= 11.2 Hz, 1H), 3.083.00 (m,
3H), 2.93 (dJ = 16.9 Hz, 1H), 2.37 (dd,= 12.5, 7.8 Hz, 1H), 2.27 (s, 3H), 2.26 (s, 3H), 2.04,
12.5 Hz, 1H);"*C{*H} NMR (125 MHz, CDC}) U 137 . 6, 137. 3, 136. 8, 13
127.4,126.5,126.2,126.1, 125.5,91.6, 84.4, 75.2, 67.1, 50.3, 40.1, 37.5, 33.8, 20\& d@dcular
ions were observed when analysed by, Bi®1 only species corresponding to hydrolysed matees w

seen.

(1S,4R,5R)-4-Chloro-1',3'-dihydro -3,8-dioxaspiro[bicyclo[3.2.1]octane6,2-indene] (11d). The

reaction of10d (0.67 g, 2.9 mmol) in DCE (50 mL) with SO(0.45 mL, 6.2 mmol) and pyridine (1.2

mL, 15 mmol) as fodllagavelld (248 mg, 34%) as a white solid. The S{iadused to purifylld

was washed with EtOAc, and the volatiles removed under reduced pressure. The residue was subjected
to flash column chromatography (EtOAc/petroleum spirit 3:7) to diSe (233 mg, 32%) as an
amorphous white solid in addition starting material 0d (74 mg, 11%)Crystalsof 11d suitable for

X-ray crystallographywere prepared by slow evaporation from JCH/n-heptane solutionR: 0.5
(EtOAc/petroleum spirit 1:9, partial hydrolysishp 178 182 °C (CHCl./n-heptane)| l@ﬁ 93 (1.0,

CH.CLy); IR: Vmax 2988, 2962, 2946, 2928, 2872, 2839%AH NMR (500 MHz, CDC}) U 17714 2 8



(m, 4H), 5.97 (ddd,) = 0.8, 0.8, 0.8 Hz, 1H), 4.43 (brdl= 7.7 Hz, 1H), 4.36 (br dl = 11.2 Hz, 1H),
3.87 (s, 1H), 3.41 (ddd,= 11.2, 0.8, 0.8 Hz, 1H), 3.16 (@= 15.4 Hz, 1H), 3.09 (d = 15.4 Hz, 1H),
3.08 (d,J=15.3 Hz, 1H), 2.95 (dl= 15.3 Hz, 1H), 2.21 (dd,=12.6, 7.7 Hz, 1H), 2.04 (br d=12.6
Hz, 1H);3C{H} NMR (125 MHz,CDCk) U 141.8, 141.6, 126.69, 126.
75.3, 67.1, 54.7, 48.8, 41.4, 390 molecular ions were observed when analysed by &8 only

species corresponding to hydrolysed material were seen.

Bis((1S,4S,5R)-1',3'-dihydro-6,8-dioxaspiro[bicyclo[3.2.1]octane3,2-inden]-4-yl)sulphite  (13d).

R 0.6 (EtOAc/petroleum spirit 1:2)np200 °C (dec)] §F 102 €0.54, CHCL); IR: Vimax 2987, 2970,

2901 cm; 'H NMR (500 MHz, CDCY) U 6798 (in76H), 6.9i76.93 (m, 2H), 5.47 (d] = 1.7 Hz,

1H), 5.44 (dJ = 1.7 Hz, 1H), 4.504.48 (m, 2H), 4.33 (d) = 1.7 Hz, 1H), 4.27 (d) = 1.7 Hz, 1H),

4.14 (app. dJ = 7.8 Hz, 2H), 3.813.76 (m, 2H), 3.60 (d] = 16.2 Hz, 1H), 3.57 (d] = 16.2 Hz, 1H),

3.14 (d,J = 16.2 Hz, 1H), 2.98 (d] = 16.2 Hz, 1H), 2.87 (d] = 16.2 Hz, 1H), 2.86 (d] = 16.2 Hz,

1H), 2.73 (d,J = 16.2 Hz, 1H), 2.72 (d) = 16.2 Hz, 1H), 2.062.01 (m, 2H), 1.901.93 (m, 2H)
13C{'H} NMR (125 MHz,CDC}) & 142.8, 142.6, 140.04, 140.00,
124.01, 123.94, 123.88, 101.6, 100.9, 78.2, 76.2, 73.7, 73.6, 67.8, 67.7, 48.0, 47.7, 45.6, 45.5, 41.4,
41.3, 40.5, 40.0; HRMS (ESIOF) m/z [M+Na]* calcd for GgHzoNaO;S: 533.1604; fond: 533.1605.

(1R,2R,55)-2-Chloro-7,7-dimethyl-3,8-dioxabicyclo[3.2.1]octane (11e)The reaction 0l0e(0.47 g,

3.0 mmol) in DCE (40 mL) with SO€(0.45 mL, 6.2 mmol) and pyridine (1.2 mL, 15 mmol) as for

the synthesis cflagavelle(312 mg,5%%6) asa white solid. The Si@pad was washed with EtOAc,

and the volatiles removed under reduced pressure. The residue was subjected to flash column
chromatography (EtOAc/petroleum spirit, 1:2) to gi&e (80 mg, 15%) as a colourless oil. Crystals
suitable for X-ray crystallography oflle were obtained by vacuum sublimatomi: 0.7
(EtOAc/petroleum spirit 1:9, partial hydrolysis); mpi63 °C;[ @T+218 € 0.78, CHCL); IR: Vmax

2961, 2881, 1459, 1226, 1147, 110Z¢iMd NMR (500 MHz,CDC)) U 5. 95 (br Js, 1H),
7.9 Hz, 1H), 4.29 (br d) = 11.1 Hz, 1H), 3.55 (br s, 1H), 3.35 (brdk 11.1 Hz, 1H), 1.92 (dd} =

12.3, 7.9 Hz, 1H), 1.80 (br d,= 12.3Hz, 1H), 1.27 (s, 3H), 1.16 (s, 3HFC{*H} NMR (125 MHz,

CDCl) U 88.9,75%,67.0,42.1,41.7,31.1, 22.4; No molecular ions were observed when analysed

by MS, and only species corresponding to hydrolysed material were seen.

Di((1S,4S,5R)-3,3-dimethyl-6,8-dioxabicyclo[3.2.1]octan4-yl)sulfite (13e) R 0.6
(EtOAc/petrdeum spirit; 1:2)] léﬁ 63 (€ 0.98, CHCl,); IR: vmax3683, 2973, 2899, 1394, 1203, 1156,
1056 cm; *H NMR (500 MHz, CDCY) U 5J.=8.8 Hz( 1tH), 5.47 (d] = 1.8 Hz, 1H), 4.4i74.44



(m, 2H), 4.31 (dJ = 1.8 Hz, 1H), 4.21 (d] = 1.8 Hz, 1H), 3.98 (app. br d= 7.3 Hz, 2H), 3.763.71

(m, 2H), 1.981.92 (m, 2H), 1.701.64 (m, 2H), 1.21 (s, 3H), 1.19 (s, 3H), 1.05 (s, 3H), 0.99 (s, 3H);

1C{*H} NMR (125 MHz,CDC§) 4 101.5, 100.8, 79.1, 76.9, 73.5
33.8, 32.23, 32.18, 24.50, 24.45; HRMS (HEIF) m/z [M+Na]* calcd for GeHasNaO,S: 385.1291;

found: 385.1310

(1R,2R,55)-2-Chloro-7,7-bis(4-methoxybenzyl} 3,8-dioxabicyclo[3.2.1]octane (11f) The reaction

of 10f (0.200 g, 0.54 mmol) in DCE (3 mL) with SQQV8 pL, 1.08 mmol) and pyridine (0.217 mL,

1.65 mmollas forllagavellf (65 mg, 31%) as a colourless spht0.6(petroleum spirit/EtOAc, 2:1);

mp 121123 °Cj[ @‘]‘461.3 €.75, CHCL); IR: Vinax2986, 2898, 1610, 1511, 12d61%; *H NMR (500

MHz, CDCk) U 17718 (I 32H), 6.966.89 (m, 4H), 6.806.75 (m, 2H), 6.03 (s, 1H), 4.41 (brXk

7.7 Hz, 1H), 4.33 (dd]) = 11.2, 1.1 Hz, 1H), 3.99 (3,= 5.2 Hz, 1H), 3.84 (s, 3HB.78 (s, 3H), 3.41

(d,J=11.2 Hz, 1H), 3.06 (d] = 15.0 Hz, 1H), 2.83 (d] = 15.0 Hz, 1H), 2.78 (d] = 13.8 Hz, 1H),

2.71 (d,J = 13.8 Hz, 1H), 2.18 (dd] = 12.3, 7.7 Hz, 1H), 2.10 (dd,= 12.3, 1.1 Hz, 1H)®C{H}

NMR (125 MHz, CDC}) 4 158. 2, 158. 1, 131.5, 130. 6, 130. 4
67.2, 55.3, 55.2, 50.5, 42.0, 39.4, 380G, molecular ions were observed when analysed by anig

only species corresponding to hydrolysed material were seen.

Representativeprocedure for the formation of alcohols 12zc-f.

(1R,2S,55)-7,7-Dibenzyl-3,8-dioxabicyclo[3.2.1]octanr2-ol (12a) To a stirred solution of0a (0.62

g, 2.0 mma) in DCE B0mL) was added SO&{0.30 mL, 4.1 mmgland pyridine .80 mL, 10 mmgl

and theresulting solution was heated to reflux for 24 hours. The mixture was diluted wiBl QR0

mL) and poured into ice cooled 2 M HCI (15 mL) and the phases were separated. The organic phase
was washed with satd. aqueous NaHQT» mL) and dried over N8Q,, filtered and the volatiles
removed under reduced pressure. The residue was purified via flash column chromatography
(EtOAc/petroleum spirit, 1:1) using water treated silica (0.6 @ h 30 mL SiQ) to afford12a(565

mg 91%) as a white soliCrystalssuitable for Xray crystallography were prepared from a solution of
CHxCly/n-heptaneR:0.3 (EtOAc/petroleum spirit, 1:2p 1106 115 °C;[ @Tf 15 1.2, CHCL); IR:

Vmax 3411, 3085, 3059, 3028, 2955, 1727, 1602, 1582, 1496 #MNMR (500 MHz, CDC}) av7. 38
7.19 (m, 9H), 7.047.02 (m, 1H), 4.95 (br dl = 10.4 Hz, 1H), 4.28 (br dd,= 4.5, 4.5 Hz, 1H), 4.16

(dd,J = 11.4, 1.3 Hz, 1H), 3.95 (d,= 10.4 Hz, 1H), 3.91 (s, 1H), 3.30 (= 11.4 Hz, 1H), 3.25 (d]

= 14.9 Hz, 1H), 2.95 (d] = 14.9 Hz 1H), 2.85 (d,) = 13.5 Hz, 1H), 2.75 (d] = 13.5 Hz, 1H), 2.2

2.19 (m, 2H);®C{*H} NMR (125 MHz, CDC4) U 138.9, 138.5, 130.4, 12



126.3, 89.9, 82.4, 76.1, 65.6, 48.2, 43.5, 38.9, 38.0; HRMS-TB&) m/z [M+Na]" calcd for
CaoH22NaOs: 333.1461; found: 333.1471.

(1R,2S5,59)-7,7-Bis(2-methylbenzyl)-3,8-dioxabicyclo[3.2.1]octanr2-ol (12c) The reaction ofl0c
(0.35 g, 1.0 mmol) in DCE (30 mL) with SOG0.20 mL, 2.8 mmol) and pyridine (0.40 mL, 5 mmol)
as forl2agavel2c (287 mg, &%) as a crystalline white soli@ 0.4 (EtOAc/petroleum spirit, 1:2);
mp 62 67 °C;[ @?+34 €0.50, CHCIy); IR: vmax3419, 3062, 3020, 2956. 2871, 1726, 1603, 1491 cm
LIH NMR (500 MHz, CDCY) 0 7J1=376 HZ, 1H), 7.2i77.16 (m, 3H), 7.13 (br dl = 7.5 Hz,
1H), 7.08 (dddJ = 7.5, 7.5, 1.4 Hz, 1H), 6.98 (dd#i= 7.5, 7.5, 1.4 Hz, 1H), 6.63 (ddi= 7.5, 1.4 Hz,
1H), 4.89 (dJ=9.7 Hz, 1H), 4.39 (br dl= 7.8 Hz, 1H), 4.19 (dd} = 11.5, 1.7 Hz, H), 3.85 (s, 1H),
3.82 (br dJ=9.7 Hz, 1H), 3.28 (br dl = 11.5 Hz, 1H), 3.14 (d] = 16.9 Hz, 1H), 3.06 (d] = 13.9

Hz, 1H), 2.98 (dJ = 13.9 Hz, 1H), 2.97 (d] = 16.9 Hz, 1H), 2.32 (dd| = 12.4, 7.8 Hz, 1H), 2.27 (s,
3H), 2.24 (s, 3H), 2.12 (br d,= 12.4 Hz, 1H):*C{*H} NMR (125 MHz,CDC) 4 13 7(2C3, 137 .
137.0, 130.8, 130.6, 130.3, 127.7, 126.4, 126.0, 125.9, 125.5, 89.8, 82.9, 76.1, 65.6, 48.3, 39.9, 37.7,
33.5, 20.5, 19.9; HRM (ESITOF) m/z [M+Na]* calcd for GzH2eNaGs: 361.1774; found: 361.1788.

(1S,4S,5R)-1',3'-Dihydro -3,8-dioxaspiro[bicyclo[3.2.1]octane6,2-inden]-4-ol (12d). The reaction
of 10d(0.44 g, 1.9 mmol) in DCE (30 mL) with SOQ{0.30 mL, 4.1 mmol) and pyridine (0.80 mL, 10
mmol) as forl2agavel2d (125 mg, 28%pnd13d (11 mg, 2%)andrecovered startipmaterial10d
(175 mg, 40%)Crystals suitable for Xay crystallographyf 12d were prepared by slow evaporation
from EtOAc olution; Rr 0.3 (EtOAc/petroleum spirit, 1:1np 169 171 °C (EtOAc){ @%58 €0.52,
CH.CL); IR: Vmax 3458, 3433, 3021, 2967, 2953, 2918, 2871, 2844, 1727, 1662 ENNMR (500
MHz, CDCk) U 17714 (\n44H), 4.87 (d] = 10.2 Hz, 1H), 4.34 (br d,= 7.6 Hz, 1H), 4.21 (dd} =
11.5, 1.5 Hz, 1H), 3.78 (br d,= 9.7 Hz, 1H), 3.73 (s, 1H), 3.30 @@= 11.5 Hz, 1H), 3.20 (d]= 15.6
Hz, 1H), 3.14 (dJ = 15.6 Hz, 1H), 3.07 (d] = 15.2 Hz, 1H), 2.95 (d] = 15.2 Hz, 1H)2.17 (ddJ =
12.4, 7.6 Hz, 1H), 2.08 (dd,= 12.4, 1.5 Hz, 1H)®C{*H} NMR (125 MHz, CDC}) & 142. 3, 14
126.6, 126.5,124.6, 124.3,90.4, 84.4, 76.4, 65.6, 52.8, 48.9, 41.4, 39.4; HRM®BESH/z [M+H]*
calcd for G4H1705: 233.1172 found: 2331B7.

(1R,2S,55)-7,7-Dimethyl-3,8-dioxabicyclo[3.2.1]octan2-ol (12e) The reaction ofl0e (0.48 g, 3.0
mmol) in DCE (50 mL) with SOGI(0.45 mL, 6.2 mmol) and pyridine (1.2 mL, 15 mmol) as¥da
gavel2e (244 mg 51%) as a crystalline white solid, sulphise (43 mg, 8%) and recovered starting
material10e (46 mg, 10%) R: 0.3 (EtOAc/petroleum spirit, 1:2); mp 582 °C (EtOAch-heptane);
[ §3+24 € 0.81, CHCL); IR: Vmax 3424, 2970, 2953, 2936, 2870, 1729%cH NMR (500 MHz,



CDCk) U 4. 3=10.4 {4 tH), d.27 (br dl = 7.0 Hz, 1H), 4.13 (dd] = 1.4, 1.5 Hz, 1H), 3.89
(d,J = 10.4 Hz, 1H), 3.39 (br s, 1H), 3.23 (brdds 0.4 Hz, 1H), 1.87, (dd = 12.2, 7.4Hz, 1H), 1.82
(dd,J = 12.2, 1.5 Hz, 1H), 1.28 (s, 3H), 1.15 (s, 3HC{'H} NMR (125 MHz, CDC}) & 90. O,
76.7, 65.5, 41.6, 39.8, 31.2, 22.0; HRMS (HSIF) m/z [M+Na]* calcd for GH1.NaO;: 181.0835;
found: 181.0849.

(1R,25,59)-7,7-Bis(4-methoxybenzyl)3,8-dioxabicyclo[3.2.1]octar2-ol (12f). The reaction ofLOf
(0.122 g, 0.33 mmol) in DCE (2 mL) with SQQ#8 pL, 0.66 mmol) and pyridine (0.133 mL, 1.65
mmol) as forl2agavel2f as a colourless solid (70 mg, 57%)0.4 (petoleum spirit/EtOAc, 1:1)mp
4850 °C [ @‘]} 24.3 €1.0, CHCly); IR: vimax3421, 2937, 2834, 1610, 1510, 124*; 'H NMR (500

MHz, CDCk)U 71 7.203m, 2H), 6.966.92 (m, 2H), 6.926.88 (m, 2H), 6.706.76 (m, 2H), 4.92 (s,
1H), 4.294.26 (m, 1H), 4.15 (ddl = 11.4, 1.4 Hz, 1H), 3.8B.85 (m, 1H), 3.83 (s, 3H), 3.77 (s, 3H),
3.29 (d,J = 11.4 Hz, 1H), 3.16 (d] = 14.8 Hz, 1H), 2.86 (d] = 14.8 Hz, 1H), 2.77 (d] = 13.8 Hz,

1H), 2.67 (dJ = 13.8 Hz, 1H), 2.1&.12 (m, 2H) 1.26 (br s, 1H)**C{*H} NMR (125 MHz, CDC})

d 158.1, 1571305 13035111340, 11314389.9,82.4,76.1, 65.7,55.3,55.2, 48.4, 42.4,
38.9, 36.8; HRMS (ESTOF) m/z [M+Na]* calcd for GoH2¢NaGs: 393.1672; found: 393.1685.

(1S,4S,5R)-4-Chloro-6,8-dioxabicyclo[3.2.1]oct2-ene(16).[1] The reaction ol5 (0.39 g, 3.0mmol)
in DCE (30 mL) with SOCI(0.45 mL, 6.2 mmol) and pyridineX.2mL, 15 mmol)was performeds
for 11a with purification byflash column chromatography (EtOAc/petroleum spirit, 1:9) to aiffigrd
order of elutionl7a(32 mg, 7%),16 (142 mg, 32%)thenl17b (5 mg, 1%) as colourless gilR: 0.4

(EtOAc/petroleum spirit, 1:9) @ﬁ 310 € 1.0, CHCL); IR: Vmax 2966, 2893 cnt, 'H NMR (500
MHz, CDCh) 116.18 (ddd,J = 9.7, 4.8, 1.5 Hz, 1H), 5.82 (ddil= 9.7, 3.8, 1.5 Hz, 1H), 5.63 (br di,
=1.5,1.5Hz, 1H), 4.76 (ddd= 4.8, 3.2, 1.5 Hz, 1H), 4.07 (dd#i= 3.8, 1.5, 1.5 Hz, 1H), 3.78.75

(m, 2H);*C{*H} NMR (125 MHz,CDCl) & 130. 1, 125.1., 102.1, 70.

(1R,2R,5R)-2-Chloro-6,8-dioxabicyclo[3.2.1]oct3-ene (17a)1] R 0.7 (EtOAc/petroleum spirit, 1:9);
[ 8% 13 1.0, CHCL); IR: Vmax 2974, 2904, 1633 ¢y 'H NMR (500 MHz, CDC) 1i5.93 (dddJ
= 9.6, 3.1, 1.9 Hz, 1H), 5.72 (dd#i= 9.6, 1.9, 1.9 Hz, 1H), 5.52 (d= 3.1 Hz, 1H), 5.00 (dddd,=
3.9,1.9, 1.9, 1.9 Hz, 1H), 4.62 (dddd; 6.2, 3.9, 1.9, 1.9 Hz, 1H), 4.29 (dtk 8.4, 1.9 Hz, 1H), 3.96

85

(ddd,J=8.4,6.2, 1.9 Hz, 1HJ3C{'H} NMR (125MHz,CDC§) U4 129. 4, 127.3, 95.
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(1R,2S,5R)-2-Chloro-6,8-dioxabicyclo[3.2.1]oct3-ene(17b).[1] R 0.3 (EtOAc/petroleum spirit, 1:9);

[ §3+149 € 1.0, CHCL); IR: Vimax 2961, 2923, 2852, 1634 ¢in'H NMR (500 MHz, CDCH) Ui 6.05

(ddd,J=9.5, 3.5, 1.0 Hz, 1H), 5.85 (dddbk 9.5, 4.4, 1.9, 1.0 Hz, 1H), 5.60 (dds 3.5, 1.0 Hz, 1H),

4.78 (dddd,J=6.5,1.9,1.9, 1.0 Hz, 1H), 4.17 (ddd; 4.4, 1.0, 1.0 Hz, 1H), 4.01 (ddl= 8.2, 6.5 Hz,

1H), 3.56 (ddJ = 8.2, 1.9 Hz, 1H)**C{*H} NMR (125 MHz,CDC}) U 129. 7, 125.0, 95
54.2

Reactions of alcohol 18 with SOGI

The reaction o8 (0.63 g, 2.9 mmol) in DCE (50 mL) with SOGD.45 mL,6.2mmol) and pyridine

(2.2 mL, 15 mmol) was performedas for 11a with purification by flash column chromatography
(EtOAc/petroleum spirit 2:23luting first was20 (114 mg, 17%dr 91:9 as a colourless dibllowed

by 19 (10 mg, 1%) as a white crystalline solid. (1S,5R)-3-(Chloro(phenyl)methyl)-6,8-
dioxabicyclo[3.2.1]oct3-ene (20) majorisomer 'H NMR (500 MHz, CDCY) 7189 7.35 (m, 2H),

7.327.23 (m, 3H), 6.77 (d] = 2.2 Hz, 1H), 5.57 (d] = 2.2 Hz, 1H), 4.664.62 (m, 1H), 4.39 (s, 1H),

3.76 (dddJ=7.0, 5.2 Hz, 1H), 3.71 (br d,= 7.0 Hz, 1H), 3.0i73.01 (m, 1H), 2.64 (br d|= 15.2 Hz,

1H); 8C{*H} NMR (125 MHz,CDC¥) U4 135.4, 134.6, 131.2, 128.9,
61.2, 31.3minorisomer *H NMR (500 MHz, CDC}, partia) 700 (br s, 1H), 4.67 ( br s, 1H), 2.86

(br d,J = 14.8 Hz, 1H), 2.8@.75 (m, 1H) **C{*H} NMR (125 MHz,CDC}) 4 136. 2, 130. 7
128.9, 128.3, 127.1, 103.1, 73.5, 68.8, 62.2,.35.5

(1S,5R)-3-((E)-Benzylidene}4-chloro-6,8-dioxabicyclo[3.2.1]Joctang19). mp 108 113 °C;*H NMR
(500 MHz, CDC4) 741 7.35 (m, 4H), 7.307.26 (m, 1H), 6.56 (d] = 2.0 Hz, 1H), 5.45 ()= 1.7
Hz, 1H), 4.734.70 (m, 1H), 4.57 (br s, 1H), 3,89 @+ 6.8 Hz, 1H), 3.78 (ddd = 6.8, 5.1, 1.5 Hz,
1H), 3.20 (br dJ = 14.9 Hz, 1H), 2.20 (br d} = 14.9 Hz, 1H)*C{*H} NMR (125 MHz, CDC}) U
135.3, 133.6, 130.9, 128.6, 128.5, 127.6, 101.9, 73.9, 67.7, 55.1, 36.5; HRMBJESh/z [M+H]*
calcd for GsH14ClO,: 237.0677; found: 237.0674.

Representative procedure for the rearrangement using Appel conditions.

Preparation of 11a using Appelkonditions. To a stirred solution af0a(311mg, 1.0mmol) in DCE

(5 mL) was added PRI{1.05g, 4.0 mmol), CCk (0.24mL, 2.5 mmol) and EN (14 uL, 0.10mmol)

and the resulting solution was heated to reflux for 24 hours. The mixture was concentrated under
reduced pressure, and the residue was purified via a short column of silica (10 cm) (EtOAc/petroleum
spirit, 2:1) to affordlla (146 mg, 44 %) as a caldess solid. The data was identical to that obtained

previously.



Preparation of 11f using Appel conditions The reactiorof 10f (0.250 g, 0.67 mmo|PPh (0.700 g,
2.68 mmol), CCJ (0.129 mL, 1.34 mmol) and & (10 pL, 0.0/1 mmol) in DCE (7 mL)as per the
reaction ofLOaunder Appel conditions affordedf (83 mg, 32%) as a colourless sollthe data was

identical to that obtained previously.

Preparation of 122 using Appel conditions The reaction ofl0e (108 mg, 0.68 mmol), PR716 mg,

2.73 nmol), CCL (0.140 mL, 1.36 mmol) and & (11 pL, 0.08 mmol) in DCE (3.5 mL) as per the

reaction of10a under Appel conditions, with purification by column chromatography using water

treated silica (0.6 mL ¥ in 30 mL SiQ) afforded12e (38 mg, 35%) as eolourless oilThe data was
identical to that obtained previously.

Preparation of 16 using Appel conditions The reaction oflcohol15 (128 mg, 1.00 mmol), PRh
(1.042 g, 3.97 mmol), Ce(237 pL, 2.44 mmol) in DCE (5 mL) as per the reactioh@dunder Appel

conditions, with purification by flash chromatograggyadient elution of EtOAc/petroleum spirit, 4:21

to 1:4)afforded16 (64 mg, 44%) as a colourless dihe data was identical to that obtained previously.

(1R,2R,55)-2-Allyl -7, 7-dibenzyl-3,8-dioxabicyclo[3.2.1]Joctang21). To a stiredsolution ofl1a(251
mg, 0.763 mmol) and allyltrimethylsilane (260 mg, 2.28 mmol) in@H((5 mL) was added AlGlI

(118 mg, 0.885 mmal)After 30 minutesthe reaction was quenched the addition of saturated
aqueous NaHCE&(5 mL) and thamixture extracted with CECl, (3 x 5 mL). The combined organic

layerswere passed through a cotton pad and the volatiles rernoded reduced pressuleurification
of the residue by flash column dmatography (EtOAc/petroleum spirit 1:9) afford2t (144 mg,
56%) as a colourless pik 0.5 (EtOAc/petroleum spirit, 1:9); § $+10 €0.62, CHCLY); IR: Vinax 3084,
3061, 3001, 3026, 2949, 2861, 1640, 1602, 1581, 1495t NMR (500 MHz, CDC}) i 7.411 7.16
(m, 8H), 7.056.99 (m, 2H), 5.82 (dddd,= 17.0, 10.1, 7.6, 6.8 Hz, 1H), 518808 (m, 2H), 4.284.22
(m, 1H), 4.01 (ddJ = 11.2, 1.3 Hz, 1H), 3.84 (s, 1H), 3.79 (dds 8.6, 5.9 Hz, 1H), 3.3®.22 (m,
2H), 2.94 (dJ = 15.1 Hz, 1H), 2.872.75(m, 3H), 2.492.42 (m, 1H), 2.202.12 (m, 2H) B3C{*H}
NMR (125 MHz, CDCY¥) i@ 139. 6, 139. 0, 134. 8, 130. 5,
75.8, 72.0, 66.1, 48.7, 43.4, 39.9, 38.5, 3BIRMS (ESITOF) m/z [M+H]* calcd for GsH27O:
335.2006 found: 335.1997

(1R,2R,55)-7,7-Dibenzyl-2-(4-methoxyphenyl)3,8-dioxabicyclo[3.2.1]octane (22). To a stirred

129.

solution ofl1a(445 mg, 1.35 mmol) and anisole (499 mg, 4.61 mmol) in DCE (7 mL) was added AICI



(263 mg, 1.97 mmol) and the resultisglution was stirred for 30 min. The reaction was quenched by
the addition of saturated aqueous NaH@ZD mL) and extracted with GBI, (2 x 50 mL). The
combined organics were dried over.8@y, filtered and theolatilesremovedunder reduced pressure
Purification of the residue by flash column chromatography (EtOAc/petroleum spirit 1:2) aff2izded
(195 mg, 36%) as a colourless viscous Bil0.4 (EtOAc/petroleum spirit; 1:2)f §§+7 ( 0.67,
CHzCl,); IR: vimax 3062, 3026, 2999, 2913, 2871, 2851, 2838, 1611, 1604, 1582. 1512HMNMR

(500 MHz, CDC¥) 01 7.33 7.10 (m, 12H), 6.936.88 (m, 2H), 4.27 (d] = 6.5 Hz, 1H), 4.02 (d]= 6.5

Hz, 1H), 3.953.89 (m, 1H), 3.82 (s, 3H), 3.66 (diiF 11.8, 2.9 Hz, 1H), 3.36 (dd,= 11.8, 4.4 Hz,
1H), 2.86 (d,J = 14.6 Hz, 1H), 2.66 (d] = 13.4 Hz, 1H), 2.52)(= 14.6 Hz, 1H), 2.50 (dl = 13.4 Hz,

1H), 2.10 (ddJ = 12.7, 5.4 Hz, 1H), 1.54 (dd= 12.7, 11.1 Hz, 1H)*C{*H} NMR (125 MHz, CDC})
0158.3, 139.0, 138.0, 137.5, 131.7, 130.7, 129.8, 128.3, 128.2, 128.1, 126.7, 126.7, 126.5, 114.1, 89.9,
77.8, 63.6, 55.3, 51.0, 48.3, 45.5, 39.5, 3HRMS (ESITOF) m/z [M+Na]* calcd for G/H2sNaGs:
423.1931; found: 423.1948.

(1R,2R,559)-7,7-Dibenzy-2-(4-phenoxyphenyl}3,8-dioxabicyclo[3.2.1]octane (23). To a stirred
solution of11a(315 mg, 0.958 mmol) and diphenyl ether (885 mg, 5.20 mmol) in DCE (10 mL) was
added AIC} (175 mg, 1.31 mmol) and the resulting solution was stirred for 5 min. The reaction was
guenched by the addition of saturated aqueous NaHZImL) thenextracted with CECl, (2 x 30

mL). Purification of the residue by flash column chromatography (Et@&oleum spirit 3:7) afforded
23(236 mg, 53%) as a glassy s¢lki 0.4 (EtOAc/petroleum spirit, 3:7); @Fﬁ 5(c0.62, CHCL); IR:

Vmax 3062, 3025, 2918, 2871, 1589, 1504, 1488;ctd NMR (500 MHz, CDC}) U 7 7.87 9m, 9H),
7.167.09 (m, 5H), 7.087.03 (m, 2H), 7.026.98 (m, 2H), 6.966.90 (m, 1H), 4.31 (d]= 6.2 Hz, 1H),

4.07 (dJ= 6.2 Hz, 1H), 3.9773.91 (m, 1H), 3.68 (ddl= 11.8, 2.8 Hz, 1H), 3.38 (dd= 11.8, 4.4 Hz,

1H), 2.87 (dJ = 14.6 Hz, 1H), 2.68 (dl = 13.4 Hz, 1H), 2.53 (d] = 14.6 Hz, 1H), 2.53 (d] = 13.4

Hz, 1H), 2.11 (dd) = 12.7, 5.3 Hz, 1H), 1.56 (dd,= 12.7, 10.4 Hz, 1HY3C{*H} NMR (125 MHz,

CDCly) g 157. 1, 155. 9, 138. 6, 173 128.49 128.2, 328.1,926.8,1 3 4 .

126.7,126.5, 123.3, 119.0, 118.9, 89.7, 77.9, 63.7, 51.1, 48.3, 45.5, 39.HRAGS;(ESITOF) m/z
[M+Na]* calcd for GoHsoNaGs: 485.2087; found485.2096.

(1R,59)-7,7-Dibenzyl-3,8-dioxabicyclo[3.2.1]octan2-one (24). To astirredsolution of12a(618 mg,

1.99 mmol) in DCE (25 mL) was added iodobenzene diacetate (658 mg, 2.04 mmol) and TEMPO (37
mg, 0.24 mmol) and the resulting mixture stirred overnight at ambient tempefdtaralatiles were
removed under reduced gmsure and the residue pedied to flash column chromatography
(EtOAc/petroleum spirit 1:3), affordingd (247 mg, 40%) as a white soli@rystals suitable for Xay
crystallographywere prepared by slow evaporation frami-Pr.O solution Rr 0.3 (EtOAc/petroleum
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spirit, 1:3);mp 125128 °C;[ @TT 39 (€ 0.40, CHCIL); IR: vmax 3085, 3059, 3028, 2958, 2924, 2898,
2856, 1745, 1603, 1583, 1496 ¢mMH NMR (500 MHz, CDC}) G 71 7.308m, 4H), 7.207.20 (m,
4H), 7.097.05 (m, 2H), 4.604.52 (m, 2H), 4.46 (s, 1H), 4.13 @@= 10.5 Hz, 1H), 2.95 (d] = 15.0
Hz, 1H), 2.87 (dJ) = 13.8 Hz, 1H), 2.72 (d] = 13.8 Hz, 1H), 2.70 (d] = 15.0 Hz, 1H), 2.28 (ddl =
13.0, 8.0 Hz, H), 2.14 (ddJ = 13.0, 2.0 Hz, 1H)**C{*H} NMR (125 MHz, CDC}) Ui 167.4, 137.9,
137.5, 130.3, 130.0, 128.5, 128.3, 126.7, 126.6, 81.8, 74.7, 72.2, 51.9, 42.0, 40 HRBBB(ESt
TOF) m/z [M+Na]* calcd for GoH20NaQs: 331.1305; found: 331.1318.



Single Crystal X-ray Crystallography

Single crystal of were mounted in Paraté®il on a MiTeGen micromounX-ray diffraction data
were collected atemperaturedpetweenl100(2) K1 119(2) K (as specifiedon a RigakeOxford
Diffraction Synergy singlerystal diffractometer using Cuaradiationor at 150(2) Kon a Oxford
Diffraction Xcalibursingle crystal diffractometer usimgo Ka radiation! The data sets were corrected
for absorption using a mulican method, and the structures solved by intripsasing (SHELXT)

and refined by fulmatrix least squares on F2 by SHELXInterfaced through the programsS¢ed
(version 43 and Olex2.3. All non-hydrogen atoms were refined with anisotropic displacement
parameters and hydrogen atoms were includadwariants at geometrically estimated positions.

For all compounds, the absolute structure was determined by anomalous dispersion effects and
reference to the chiral starting materighere chirality at C1 (starting materiahould beretained in

all products. For compoundslOd and 12d the Flack andHooft y parameter poorly defined,but
examination of the Bijvoet pairs using the Hooft method suggests thabtiygounds are correctly
assigned, althougtine analysis is not conclusi¥er 10d. For10d P2(true) = 0.989, P3(true) =104
andP3(ractwin) = 0.885;12d P2(true) =1.00Q P3(true) =1.000and B(ractwin) = 0.00Q This was

true for multiple crystals atOd.

Tables ST S3 list the Xray experimental data and refinement parameters for tistatstructures.
Perspective views of the asymmetric units of the structures and other salient featste®naren
Figures S1 S9.

Full details of the structure determination have been deposited with the Cambridge Crystallographic
Data Centre a€SD 23270072327015(compoundsl0di 2327007 10ei 2327012 11ai 2327010

11d7 2327015 11ei 2327008 12ai 232701312d7i 2327009 13bi 2327011and24i 2327014.

Copies of this information may be obtained free of charge from The Director, CCDC, 12Sirden
Cambridge CB2 1EZ, U.K. (fax, +48223336-033; email, deposit@ccdc.cam.ac .k
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Table S1 X-ray experimental data and refinement parameterstdrlOeandlla

Compound 10d 10e lla
CCDC number 232700 2327012 2327010
Identification code cyroxOH2_auto exp_211 auto JKAuUx04Cl01
Empirical formula C14H1603 CsH140s C20H2:1CIO;
Formula weight 232.27 158.19 328.82
Temperature/K 100(2) 104(2) 150(2)
Crystal system monoclinic trigonal monaoclinic
Space group P2 P32 P2
a/A 8.8024(3) 10.9631(2) 6.7910(3)
b/A 5.9126(2) 10.9631(2) 9.0122(3)
c/A 11.0209(3) 5.92714(15) 27.4291(11)
us A 90 90 90
b/ A 89.984(3) 90 89.864(4)
o/ A 90 120 90
Volume/A? 573.58(3) 616.93(3) 1678.71(11)
z 2 3 4
} cag/c? 1.345 1.277 1.301
e/ mm 0.761 0.798 0.235
F(000) 248.0 258.0 696.0
. 0.325 x 0.176 x 0.293 x 0.043 x

Crystal size/mrh 0.047 0.019 0.5x%0.38 x0.2

. - Cu KU (& Mo KU (@&
Radiation Cu KU (@& 1.54184) 0.71073)

2U range foOr g, 0150448 9.3141t0156.058 7.428 to 58.286

collection/®
Index ranges —\1 1 O h? €)) —13\ ) hl 30 8 o) thO a
O 413 O | k O0-713, | O 25 0 |
Reflections collected 9494 12359 11095
1734 [Rx =

2400 [R. = 0.0830, 6123 [R. = 0.0330,

Independent reflections Regna= 0.0620] 882?;] Rigma= Regra= 0.0612]

Data/restraints/parameter 2400/1/155 1734/1/104 6123/1/415

Goodnessf-fit on P 1.072 1.127 1.044

Final R i nde R =0.0462, wR= R:=0.0298, wR= R;=0.0488, wRR=

0] 0.1160 0.0816 0.0910

Final R indexes [all data] R;=0.0513, wR= R:=0.0303, wR= R;=0.0681, wRR=
0.1267 0.0817 0.0974

Largest diff. peakihole /e 31,4 53 0.16/0.15 0.350.33

A3
Flack parameter 0.4(2) -0.05(15) 0.03(4)




Table S2 X-ray experimental data and refinement parametersiidrileand12a

Compound 11d 1lle 12a

CCDC number 2327015 2327008 2327013
Identification code cyroxRCl_auto cyrM2RCI_auto exp_227_auto
Empirical formula C14H15CIO, CsH13CIO, CaoH4406
Formula weight 250.71 176.63 620.75
Temperature/K 107(2) 104(2) 110(2)
Crystal system orthorhombic monoclinic triclinic
Space group P22:2, P2 P1

a/A 6.01671(12) 5.85210(10) 6.31790(10)
b/A 8.00444(16) 9.16200(10) 9.1992(2)
c/A 24.6468(4) 7.97400(10) 13.8173(3)
us A 90 90 82.676(2)
b/ A 90 95.7800(10) 86.756(2)
o/ A 90 90 89.6190(10)
Volume/A3 1187.00(4) 425.368(10) 795.23(3)

z 4 2 1

} cag/c? 1.403 1.379 1.296

e/ mm 2.735 3.562 0.685
F(000) 528.0 188.0 332.0

Crystal size/mrh

Radiation

2U range
collection/®

Index ranges

for

Reflections collected

Independent reflections

Data/restraints/parameter

Goodnesof-fit on P

Fi nal R

(]

nde

Final R indexes [all data]

Largest diff. peak/hole / e

A3

Flack parameter

0.166 x 0.124 x
0.038

Cu KU
1.54184)

(&

7.174 to 159.98

7 O W @ ¢
10,-2 4 @11
12493

2539 [Ry = 0.0409,
Rsigmaz 00275]

2539/0/155

1.055
R1=0.0295, wR =
0.0731
R:1=0.0310, wR=
0.0740

0.24£0.22
-0.026(8)

0.347 x 0.174 x
0.084

Cu KU (@&

11.152 to 158.894

7 O k10 O
11,-8 O I O
14354

1815 [Ry = 0.0456,
Rsigmaz 00198]

1815/1/103

1.116
R1=0.0293, wRR=
0.0767
R1=0.0296, wRR=
0.0770

0.20£0.22
-0.019(15)

0.132 x 0.072 x
0.041

Cu KU
1.54184)

(e

6.46 to 159.102
8 O K10 C
O rne O |
48726

6120 [Rat =
0.0461, Rgma=
0.0237]
6120/3/417
1.043

R1 = 0.0406, wR=
0.1142
R1=0.0421, wR=
0.1159

0.40£0.17
0.02(7)




Table S3. X-ray experimental data and refinement parameters2dr13b and24.

Compound 12d 13b 24
CCDC number 2327009 2327011 2327014
Identification code cyroxROH_auto exp_226_auto cyBn2Rlactone_auto
Empirical formula C14H1603 C12H1807S CaoH200s
Formula weight 232.27 306.32 616.72
Temperature/K 105(2) 119(2) 100(2)
Crystal system orthorhombic monaoclinic triclinic
Space group P22:2; P2 P1
a/A 5.8349(3) 5.60610(10) 6.4634(2)
b/A 10.8824(6) 10.52160(10) 9.4715(3)
c/A 17.3475(10) 11.6074(2) 13.2656(4)
us A 90 90 83.742(2)
b/ A 90 103.364(2) 82.764(2)
o/ A 90 90 89.338(2)
Volume/A? 1101.52(11) 666.124(18) 800.82(4)
z 4 2 1
} cag/c? 1.401 1.527 1.279
e/ mm 0.792 2.459 0.680
F(000) 496.0 324.0 328.0
. 0.345 x 0.128 x 0.155 x 0.092 x
Crystal size/mrh 0.072 0.086 0.228 x 0.096 x 0.075
_ Cu KU (& Cu KU (@& - _
Radiation 1.54184) 1.54184) Cu KU (@& =

2U range 101950110150192 7.82810 158.416 6.756 to 158.644

collection/®
Index ranges 6 O H 300 _k7 (;)-1121338 8 O 20 Ol
g 0 8L O I o, '~ 11,16 O I O
Reflections collected 12424 22263 28803
2345 [Rx = 2831 [Ru = a
Independent reflections  0.0615, Rgma= 0.0415, Rgma= 2944 ERg 62%'2]413’
0.0323] 0.0201] siama =
Data/restraints/parameter 2345/0/156 2831/1/181 6044/3/415
Goodnes®f-fit on P 1.050 1.043 1.055
Fi nal R i nde¢R=0.0518 wRkR= R;=0.0612, wR R;=0.0339, wR=
0] 0.1286 = 0.1690 0.0916
Final R indexes [all data] R;1=0.0534, wR= R:;=0.0621, wR R;=0.0358, wR=
0.1297 =0.1706 0.0936
Largest diff. peak/hole /e ) ,q,4 35 1.46£0.49 0.19£0.19

A3
Flack parameter -0.18(18) 0.000(7) 0.06(8)




Figure S1.Perspective view of the labelled asymmetric unit showing the structddodvith the

ellipsoids shown at 50% probability leveCarbori grey, hydrogeri white and oxygeii red.

Figure S2.Perspective view of the labelled asymmetric unit showing the structafeeofith the

ellipsoids shown at 50% probability leveCarbori’ grey, hydrogefi white and oxygeii red.



Figure S3.Perspective view of the labelled asymmetric unit b (showing one of the two
molecules) with the ellipsoids shown at 50% probability le@drboni grey, hydrogeri white,

oxygeni red and chloring yellow.

Figure $4. Perspective view of the labelled asymmetric unit showing the structadedpivith the
ellipsoids shown at 50% probability leveCarbori grey, hydrogeri white, oxygeni redand

chloridei yellow.



Figure S5. Perspective view of the labelled asymmetric unit showing the structdrieepivith the
ellipsoids shown at 50% probabilitgvel. Carbori grey, hydrogeri white, oxygeni redand
chloridei yellow.

Figure S6. Perspective view of the labelled asymmetric unit 2d (showing one of the two
molecules)with the ellipsoids shown at 50% probability lev&arbori grey,hydrogeni white and

oxygeni red.



Figure S7. Perspective view of the labelled asymmetric unit showing the structd2dodvith the

ellipsoids shown at 50% probability leveCarbori grey, hydrogeri white and oxygeii red.

0(15A)

Figure S8. Perspective view of the labelled asymmetric unit showing the structd@bpivith the
ellipsoids shown at 50% probability leveCarbori grey, hydrogeri white, oxygeni redandsulfur

T pink.



Figure 9. Perspective view of the labelled asymmetniit of 24 (showing one of the two
molecules)with the ellipsoids shown at 50% probability lev€larbori grey, hydrogerfi white and
oxygeni red.
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Copies of'H and *C{*H} NMR spectra

'H NMR of (1S,5R)-1',3'-Dihydro-6,8-dioxaspiro[bicyclo[3.2.1]octane3,2-inden]-4-one ©d)

PPM 8 6 4 2



13C{*H} NMR of (1S,5R)-1',3'-Dihydro-6,8-dioxaspiro[bicyclo[3.2.1]octane3,2-inden]-4-one @d)

42.632 —__
44,923 —__
46.566 ——

51.573 —

67.837 —_

73.759
76.743 —\_

76.998

77.207
77.252

101.330 —

124.239 7
124.365
126.700 l\\!
HNw.ouw

139.781 ——
140.851 —

202.971 —

40

80

120

160

PPM



H NMR of (1S,5R)-3,3-Dimethyl-6,8-dioxabicyclo[3.2.1]octan4-one (9e)
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13C{*H} NMR of (1S,5R)-3,3-Dimethyl-6,8-dioxabicyclo[3.2.1]octar4-one (9e)
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'H NMR of (1S,5R)-3,3-Bis(4-methoxybenzyl}6,8-dioxabicyclo[3.2.1]octan4-one (F)
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13C{'H} NMR of (1S,5R)-3,3-Bis(4-methoxybenzyl}6,8-dioxabicyclo[3.2.1]Joctan4-one ()
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H NMR of (1S,4S,5R)-1',3'-Dihydro-6,8-dioxaspiro[bicyclo[3.2.1]octane3,2-inden]-4-ol (10d)
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13C{*H} NMR of (1S,4S,5R)-1',3'-Dihydro-6,8-dioxaspiro[bicyclo[3.2.1]octane3,2-inden]-4-ol (10d)
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'H NMR of (1S,4S,5R)-3,3-Dimethyl-6,8-dioxabicyclo[3.2.1]octanr4-ol (10e)
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13C{'H} NMR of (1S,4S,5R)-3,3-Dimethyl-6,8-dioxabicyclo[3.2.1]octand-ol (10e)
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H NMR of (1S,4S,5R)-3,3-Bis(4-methoxybenzyl}6,8-dioxabicyclo[3.2.1]octan4-ol (10f)
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13C{*H} NMR of (1S,4S,5R)-3,3-Bis(4-methoxybenzyl}6,8-dioxabicyclo[3.2.1]octan4-ol (10f)
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H NMR of (1R,2R,55)-7,7-dibenzyl-2-chloro-3,8-dioxabicyclo[3.2.1]octang(11a).

Bn

Clu,, B Bn
0.9,

11a

]
L\
T

PPM 8

L
a — 6179'0{ T



13C{*H} NMR of (1R,2R,5S)-7,7-dibenzyl-2-chloro-3,8-dioxabicyclo[3.2.1]octang11a).
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H NMR of (1R,2R,55)-2-Chloro-3,8-dioxabicyclo[3.2.1]octane (1) contaminated with 14
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13C{*H} NMR of (1R,2R,5S)-2-Chloro-3,8-dioxabicyclo[3.2.1]octane (1) contaminated with 14
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H NMR of (1R,2R,5S)-2-Chloro-7,7-bis(2-methylbenzyl)-3,8-dioxabicyclo[3.2.1]octang11c)
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13C{*H} NMR of (1R,2R,5S)-2-Chloro-7,7-bis(2-methylbenzyl)-3,8-dioxabicyclo[3.2.1]octang(11c)
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H NMR of (1S,4R,5R)-4-Chloro-1',3'-dihydro-3,8-dioxaspiro[bicyclo[3.2.1]octane6,2-indene] (11d)
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13C{*H} NMR of (1S,4R,5R)-4-Chloro-1',3'-dihydro-3,8-dioxaspiro[bicyclo[3.2.1]octane6,2-indene] (11d)
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H NMR of (1R,2R,5S)2-Chloro-7,7-dimethyl-3,8-dioxabicyclo[3.2.1]octang11e)
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13C{*H} NMR of (1R,2R,5S)2-Chloro-7,7-dimethyl-3,8-dioxabicyclo[3.2.1]octang11e)
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H NMR of (1R,2R,59)-2-Chloro-7,7-bis(4-methoxybenzyl}3,8-dioxabicyclo[3.2.1]octane (1f)
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13C{*H} NMR of (1R,2R,5S)-2-Chloro-7,7-bis(4-methoxybenzyl}3,8-dioxabicyclo[3.2.1]octane (11f).
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H NMR of (1R,2S,55)-7,7-Dibenzyl-3,8-dioxabicyclo[3.2.1]octan2-ol (12a)



