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Abstract: Chemoselective dihydroxylation of the double bond of lkenyl substltuted

1,3-dithiane 1-oxide derivatives takes nlace wit
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osmium trichloride and potassium ferricyanide. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

The osmium mediated cis-dihydroxylation of olefins is an important and widely used
synthetic tool. In either stoicheiometric ' or catalytic > mode it is the reaction of choice for
converting alkenes to cis-1,2-diols. The most synthetically useful asymmetric version is the Sharpless
system using catalytic osmium tetroxide and chiral alkaloid ligands.’

1,3-Dithiane 1-oxide {DITOX) derivatives can act as combined chiral auxiliaries and

asymmetric buiiding [‘)iocxs rrewousxy we have shown that 2-acyi substituted derivatives unaergo a
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variety of transformations with up to excellent diastereoselectivities.” Asymmetric sulfur oxidation

allows access to both diasterecisomers of the acyl dithiane unit with excellent enantioselectivities.?
A chelation control model of these systems allows us to predict the =*ﬂreochﬂmlml outcome of
many of the reaction types studied to date. We are also interested in the potential degree of

stereoselectivity attainable in reactions of non-acyl DiITOX derivatives, and, as a result, in the
problem of chemoselective alkene oxidation in the presence of sulfide and sulfoxide moieties in

these thioacetal monosulfoxide systems.
We report here our investigations into the osmium-catalysed cis-dihydroxylation of 2-vinyl, 2-
allyl, and 2-alkenoyl 1,3-dithiane 1-oxide derivatives.

Substrate Preparation
A variety of 2-alkenyl and 2-aikenoyi-1,3-dithianes was prepared as described beiow.®

2-Allyl derivatives
Substrates 2a-e and 3a-e were constructed according to scheme 1. Generation of 2,2-
disubstituted dithianes ta-d was Ar-r-nmnh:hpd fhrmlcrh a one-pot deprotonation, alk\l!a_tggn
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deprotonation, allylation sequence at low temperature, using butyllithium as base, 1e was prepared

2

from 2-phenyl-1,3-dithiane by deprotonation and treatment with allyl bromide. Oxidation of each of

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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la-e with sodium metaperiodate proceeded smoothly to give syn 2a-e and anti 3a-e
diastereoisomers (Table I), which were separable by flash column chromatography.
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la-e SWRz anti 3a-e
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i) n-Buli (1.1 eq), THF, =20 °C, 1 h; RI, =20 °Cto rt, 1 h; n-BuLi (1.1 eq), —20°C, 1 h;
RR,C=C(R,)CH,Br, =20 °C to rt.
ii) NalO, (1.1 eq), MeOH/H,0, 0 °C, 16 h.
Scheme 1

Table I Preparation of 2-Allyl-1,3-dithiane 1-Oxides

entry K R, KR, R, yield 1/% yield 2+3/%
a Me H H H 98 77
b Me Me H H 53 81
C Me H Me Me 71 84
d Et H H H 89 78
e Ph H H H 891 74

¥ prepared from 2-phenyl-1,3-dithiane

2-Vinyl derivatives

Initial attempts to prepare 2-vinyl substrates by elimination from 2-(1-mesyloxy)-1,3-dithianes
resulted in rearrangement giving 2-methylene-1,4-dithiepanes (Scheme 2).”
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(i) n-Buli, (1.1 eq), THF, -20 °C, 1 h; Mel (1.1 eq),-20°Ctort, 1 h;
n-Buli, (1.1 eq), -20 °C, 1 h; RCHO, (1.1 eq),-20°Ctort, 1 h.
(if) Et;N (1.1 eq), THF, 0 °C, 0.5 h; MsCl (1.1 eq), 0 °Ctort, 1 h; Et;N (1.1 eq), rt, 24-48 h.
Scheme 2

acetone according to the method of Seebach gave ketene thioacetal 4 in excellent yield8
Methylation at the Z-pgslt!gn of 4 wth deconjugation of the double bond by deprotonation and
treatment with methyl iodide in the presence of HMPA gave vinyl dithiane 5. Finally, oxidation with
sodium metaperiodate gave a 1:6 ratio of the syn 6 and anti 7 diastereoisomers, which were
separated by chromatography.
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i) n-BulLi, (1.1 eq), THF, ~78 °C to 0 °C, 5 h; (Me),CO, =78 °C to rt, 16 h; H,0 (91%).

i) n-Buli (1.1 eq), THF/HMPA, -78 °C to rt, 2.5 h; Mel (i.1 eq), =78 °C, 1 h (66%).
iii) NalO, (1.1 eq), MeOH/H,0, 0 °C, 16 h (70%).
2

Scheme 3

2-Alkenoyl! derivatives
Alkenoyl substrates syn 8 and anti 9 were prepared according to the literature procedure by
deprotonation of the 2-alkyl dithiane and addition of the anion to crotonaldehyde. The resulting

allylic alcohols were oxidized to the corresponding enones using manganese dioxide, and finally
oxidized at sulfur with MMPP (Scheme 4). °

(NN
Ll 0 Sy'!
A

FS UR I i) _ (S\T)V\ (i) s

S — T i
’/"\1/\7\ anti
N

i) n-BuLi (1.1 eq), THF, =78° C, 1 h; RI, -78° C to rt, 2 h; n-BuLi (1.1 eq
CH,CH=CHCHO, -78° C to rt, 16 h;
ii) MnO, (15 eq), CH,CL,, rt; ii) MMPP (1.05 eq), MeOH/CH,CL, rt

Scheme 4

Oxidation Reactions

Initially, cis-dihydroxylation reactions were attempted with 3a as substrate using catalytic
osmium tetroxide/NMO in aqueous acetone.”’ As we had feared, concomitant oxidation to
disulfoxide and to sulfoxide/sulfone in addition to dihydroxylation was observed, leading to a
compiex mixture of products. Solladié and Hauser have both observed oxidation to suifones in

unsaturateq 5ystems contamlng SUIIOXICICb usmg Ullb IIICUIQU lVlUlt: ICLCI]Lly, L,cllcuyll(. Ub[lllunl
tetroxide/NMO has been used as a mild, selective method of conversion of sulfides to suifones,

. 11 . . .
even in the presence of alkenes." It is therefore most interesting that osmium reagents are also

-
some cases to oxidize an alkene in the presence of a sulfur

among the very few oxidants able in
atom w:thout causing oxidation at sulfur: Sharpless has found his asymmetric dihydroxylation
process to be remarkably selective for alkene double bonds in the presence of sulﬁdes.‘2 Warren has
published a non-enantioselective modification of the reaction using osmium trichloride hydrate and
potassium ferricyanide, which induces dihydroxylation of a range of olefins chemoselectively without

oxidation of sulfide units in the substrate molecules.”
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2-Allyl derivatives

We first investigated oxidation of the allyl DITOX derivatives syn 2a-e and anti 3a-e. cis-
Dihydroxyiation under the conditions of Warren at room temperature gave diastereoisomeric
mixtures of the 1,2-diols in excellent yields and with no trace of oxidation at either sulfide or

sulfoxide units, albeit with low stereoseiectivity (Scheme 5, Table ii).

o Ra (o} OH 0 OH
R 3 e Y R
\]E/\[/)\Rz (i) S\EKYTHS SNE Rs
— 7 .
e 4 d A A N
‘\/o ni \/a s \/a i s
syn 2a-e 10a-e 1la-e
R - H ) OH
,g‘ F? = ’ 2 '? R q"i : R
B — e N e n P, M4 o~ b~
“Ra () r‘ N TS '/* \ T8
(0T " =T Xp [ | 7R
N | NP 1V S nqun
anti Ja-e 12a-¢ 13a-¢
(1) OsCl, (1 mol%), quinuclidine (4 mol%), K,Fe(CN), (3 eqg), K,CO, (3 eq),
MeSQO.NH. (1 ea) * BUOH/H.O (1.1} 2.24 h.- Na S O
PRI IR SNy ARSI RS A, 0L &TAST B INCGYIaNTg
* Included only for non-terminal alkenes

Table 11 Dihydroxylation of 2-Allyl-1,3-dithiane 1-Oxides

Entry substrate R R, R, R, Ratio (10:11)* yield (10+11)/%
1 syn Za Me H H H 1.5:1 86
2 syn Zb Me Me H H Z.1:1 92
3 syn 2c Me H Me Me 2.2:1 89
4 syn 2d Et H H H 1.3:1 82
5 syn 2e Ph H H H 1.4:1 82

Ratio (12:13)" vyleld (12+13)/%
6 anti 3a Me H H H 1.5:1 85
7 anti 3b Me Me H H 1:1 88
8 anti 3¢ Me H Me Me 1.1:1 87
9 anti 3d Et H H H 1:1 80
10 anti 3e Ph H H H 1.7:1 80

lation of 7 under identical conditions acam gave a g(_)(_'_)d vield of the diols, agam with no
trace of sufur oxidation; however, no dlastereoselectlwtv was observed, 14 and 15 bemq formed in
ca 1:1 ratio, as an inseparable mixture (Scheme 6). Attempted cis-dihydroxylation of the

monosulfoxide derived from 4 was unsuccessful.



P. C. B. Page et al. / Tetrahedron 54 (1998) 14581-14596 14585
'y . AV i AN
/S’\'/&\, ——(-1-)--* /S'\' LS4 ' >i 1:1
[\/ ;’ I ]{)H ,’\/]D' ?JH 86% yield
7 14 i5

(i) OsCl, (1 mol%), quinuclidine (4 mol%), K,Fe(CN), (3 eq), K,CO, (3 eq),
‘BuOH/H,O (1:1), rt, 12 h; Na,S,0,

Scheme 6
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ystems 8 and 9 was undertaken (Scheme 7). These

rerastimeme  wa | O Py N, Py - PRy P P S
reactions, with electron-deficient substrates, were considerably faster than the others investigated,
with comnlatinn tHimae ae lawy ae e hanire Abdl ool bl PG PR PRy - Y Y e are sl AL o
waiun LOMpiCuion dimcs as 1Ow twO NOuUrs. Annougn uie yieias or tne major isomers and me
chemoselectivities of the reactions remainad consistently hich diastereaselectivities were acain law
PR = RO LON Lot | v Vi T ANALARSILS I LA LUTISISLTIy TR, WIAaSITITUSTITUU VUGS WTIT agalll 10w
The structure of 19 was confirmed bv singole crustal X-rayv analvsis
v mea Dy single crystal X-ray analysis
Q_ 'Mhaq Q ll.\q O-H Q.A.AQ QH
\Ejj\/\ '\I\'"/U\/'\ 2 -
/s z (\l) /s H /S I 1:1
L i . ——— L | i + L | B 73% yield
S S OH S OH
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9 18 19
(1Y OsCL. (1 mol9%), auinuclidine (4 mol%), K.Fe(CN) (3 ea) K.CO. (3 eqa), MeSQ_NH. (1 ea)
AR/ NASRAg N2 BRIV M ReliIRARAI Vi SR3EANSINS G A SNy ANReT 3 AT NNy 2 AR
BUOH/H,O (1:1), 1t, 2-24 h; Na,S,0,
Scheme 7
Conclusions

We have shown that osmium trichloride hydrate mediated dihydroxylation in alkenyl 1,3-dithiane
systems proceeds in high yields and with remarkably high chemoselectivity, no concomitant sulfur
oxidation being observed. Diastereocontrol in the reactions is low in all cases.
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Purification of Solvents

Methanol was distilled from magnesium. Dichloromethane and ‘butanol were used as

supplied.

Procedures

2-Methyl-2-allyl-1,3-dithiane (1a)

A 2.4 M solution of Pbutyllithium in hexanes (1.1 eq, 38.2 mL, 91.7 mmol) was added to a stirring
solution of 1,3 dithiane (10.0g, 83.3 mmol) in THF (200 mL) at ~20 °C. After 1 hour methyl iodide
(1.1 eq, 5.71 mL, 91.7 mmol) was added and the solution allowed to reach room temperature over
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1 hour before recooling to —20 °C prior to further addition of a 2.4 M solution of Nbutyllithium in
hexanes (1.1 eq, 38.2 mL, 91.7 mmol). The reaction mixture was stirred at this temperature for 1

hour, cooled to ~20 °C and allyl bromide (1.1 eq, 7.93 mL, 91.6 mmol) added. The reaction mixture
was allowed to reach room temperature over 2 hours. Normal work-up procedure gave la as a pale

grange n-l IIA 2o ('\QO/. w5 [ mn) IOATA cond 1£3TF men-l . S fmmm nars ~ra P LR 4 ~
VIART Ol (15,48, 7070, Vmax (MM} OVU/& NG 1057 <M ; 0y (47U tvimz, CDUI3) 1.66 (3H, S), LB
200 (2ZH m) 276 (172H Ad J= 72 MY 2R8.23N7 (A Y £ 1Q.E 24 (JL] =) 590-6.02 (14, m)
L.VC ...., BREfy & d (L, Ny, J T A R1L], £.09°0. VL \M1TT, 1Y), D.1072.L4 (L0, IT1), 2. YU-0.VL (11, TMY);
m/z 175.06142 (M+H"); CgH;sS; requires 175.06152

2-Methyl-2-(3-(2-methyl-prop-1-ene))-1,3-dithiane (1b)

A 2.4 M solution of Nbutyllithium in hexanes (1.1 eq, 21.0 mL, 50.4 mmol) was added to a stirring
solution of 1,3 dithiane (5.5g, 45.8 mmol) in THF (100 mL) at =20 °C. After 1 hour methyl iodide
(1.1 eq, 3.14 mL, 50.4 mmol) was added and the solution allowed to reach room temperature over
1 hour before recooling to -20 °C prior to further addition of a 2.4 M solution of Nbutyllithium in
hexanes (1.1 eq, 3.14 mL, 50.4 mmol). The reaction mixture was stirred at this temperature for 1
hour, cooied to —20 °C and 3-bromo-2-methyl propene (1.1 eq, 5.08 mL, 50.4 mmol) added. The
reaction mixture was ailowed to reach room temperature overnight. Normai work-up procedure and
column chromatography using 10% ethyl acetate/ petroleum ether as eluent gave 1b as a

€al Gii \4.0VE, 537, V ,\l 1640 cm i Oy . 1, 5),

10?2 (3 <Y 101.2 DA (? m) 7&017'—[ <l 2RRA-2 Q2 (IAH m) AR2. AR {(IH m) A OA-R {(1H

BeFde \PL2y Sy 2.7 AL NT LTy 151fy) LSOF \&l 1y Ty &l TLTEL T,y 1], FOL SO0 (111, 111, F.707I3,WwWw i1 1y
m); m/z 188.06928 (M"), CoH,S; requires 188.06934
i y =GR R6-2 TN - adid ~TE.

2-Methyl-2-(1-(3-methyl-but-2-ene))-1,3-dithiane (1c)

A 2.4 M solution of Nbutyllithium in hexanes (1.1 eq, 19.1 mL, 45.8 mmol) was added to a stirring
solution of 1,3 dithiane (5g, 41.7 mmol) in THF (100 mL) at —20 °C. After 1 hour methyl iodide (1.1
eq, 2.85 mL, 45.8 mmol) was added and the solution allowed to reach room temperature over 1
hour before recooling to -20 °C prior to further addition of a 2.4 M solution of Pbutyllithium in
hexanes (1.1 eq, 19.1 mL, 45.8 mmol). The reaction mixture was stirred at this temperature for 1
hour, cooled to ~20 °C and 4-bromo-2-methyi-2-butene (1.1 eq, 5.28 mL, 45.8 mmoi) added. The

reaction mixture was aliowed to reach room temperature Overmgnt Normai wor K'UP pluc.t:udn: and
column chromatography using 10% ethyl acetate/petroleum ether as eluent gave Ic as a colourless,

clear oil {598 71%) v (flm) 1673 cm 1. 8. (200 MHz, CDCl;) 1.60 (3H, s), 1.66 (3H, s), 1.76
CICCl Ul \(Z.70x, 11 /V), Ymax \ I 1972 Wil Uy \&WW IVH L, Silriei3) 1.0V (@ L3 iy 123

(3H, s), 1.91-2.03 (2H, m), 2.60-2.64 (2H, s), 2.83-2.89 (4H, m), 5.23-5.32 (1H, m); m/z 202.08535
(M+)i g;nggSz requir-s 202.08499

2-Ethyl-2-allyl-1,3-dithiane (1d)

A 2.4 M solution of Nbutyllithium in hexanes (1.1 eq, 19.1 mL, 45.8 mmol) was added to a stirring
solution of 1,3 dithiane (5g, 41.7 mmol) in THF (100 mL) at —20 °C. After 1 hour ethyl iodide (1.1
eq, 3.67 mL, 45.8 mmol) was added and the solution allowed to reach room temperature over 1
hour before recooling to ~20 °C prior to further addition of a 2.4 M solution of Mbutyllithium in
hexanes (1.1 eq, 19.1 mL, 45.8 mmol). The reaction mixture was stirred at this temperature for 1
hour, cooled to -20 °C and allyl bromide (1.1 eq, 3.97 mL, 45.8 mmol) added. The reaction mixture
was allowed to reach room temperature over 4 hours. Normal work-up procedure and column
chromatography using 10% ethyl acetate/ petroleum ether as eluent gave 1d as a colourless, clear

cil (6.97¢ [+1a o JANERY] (Al ROT7A and 1(Q7rm1 a I‘)MMH7 Fn(‘l\1ni (%H f_' I_?_A_'HZ) 192
n\U.>ix, OF70/, VYmax \uuu, SN ui A IR TR VA A e Y iy

(2H, q, ] = 7.4 Hz), 1.89- _,Q5(1H, m), 2.66 (2H, d, ] = 7.1 Hz), 2.79-2.90 (5H, m), 5.11-5.19 (2H,
m), 5.78-5.99 (1H, m); m/z 188.06946 (M"), CoH ¢S, requires 188.06934.

2-Phenyl-2-allyl-1,3-dithiane (1e)
A 2.4 M solution of "butyllithium in hexanes (1.1 eq, 11.7 mL, 28.1 mmol) was added to a stirring
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solution of 2-phenyl-1,3 dithiane (5.0g, 25.5 mmol) in THF (100 mL) at =20 °C. After 1 hour aliyl
bromide (1.1 eq, 2.49 mL, 28.1 mmol) was added and the solution allowed to reach room

temperature over Z hours. Normal work-up procedure and recrystailization from petroleum ether
gave le as a yellow, crystalline solid (6.97g, 89%), m.p. 40-42 °C; V. (Nujol) 3057 and 1638 ecm™';
)

] 1200 MH> CDCL.) 1.86-1.990 (2ZH. m) 2.66-2.76 (4H. m). 4.99-501 (1H m) 507 (1H <) 551
U\&vs Vi, \_.l./\_|3; ke 1.7 \&1ly 111), L.OU-L. 1O \a1, I11), 4.Y¥-O.V1 (1N, Inj, 2.7 (in, §), 2.21~
571 (1H, m), 7.22-7.42 (3 m) 7.20.708 (2H m). m/z 236 06062 (MY C..H C_ raciires

AR By 87y FaNFLSTA T \&d Ry B, Il L LTV IVL UYL [, W 1311](92 T UNCO
236.06934. Calc for C;3HsS;: C, 6604 , 6.82. Found: C, 65.85: H, 6.93%

General procedure for sulfoxidation

An aqueous solution of sodium metaperiodate (1.1 eq) was added dropwise to a stirring solution of
sulfide in methanol at O °C over 30 minutes. Stirring was continued overnight at 0 °C, and the
solution allowed to reach room temperature over 30 minutes. The white precipitate was removed by
filtration and washed with dichioromethane. The filtrate was reduced in volume by evaporation to
approximately 10% of the original volume and partitioned between water and dichloromethane. The
aqueous layer was washed twice with dichloromethane, the combined organic layers dried over

MgSO, and the solvents removed under reduced pressure to yield a crude mixture of
diastereoisomeric sulfoxides, separated by column chromatography using ethyl acetate as eluent.

Syn and anti-2-methyl-2-allyl-1,3-dithlane 1-oxldes (2a & 3a)

Treatment of 1a (14.2g, 81 6 mmol) as described above with sodium metaperiodate (19.2g, 89.8
mmol) in water (200 mL) and methanol (300 mL) furnished the diastereocisomeric sulfoxides. Partial
separation by column chromatography yielded both the less polar syn (2a) and more polar anti (3a)
diastereoisomers as pale yellow oils (12.0g, 77%).

For syn 2a: V. (film) 3075, 1638 and 1034 cm™'; d, (270 MHz, CDCl3) 1.59 (3H, s), 2.22-2.36 (1H,
m), 2.44-2.56 (2H, m), 2.70-2.95 (3H, m), 2.79 (1H, d, ] = 7.2 Hz), 3.06-3.15 (1H, m), 5.30-5.38
(2H, m), 5.92-6.07 (1H, m); m/z 190.0486 (M"), CgH,0S, requires 190. 0486

_ - mt n e R -1 PR R  m iy o o e
For anti 3a: v, (film) 3081, 1638 and 1033 cm 0 (270 MHz, LULI3) 1.6 ( H, s), £Z.10-£.35 (1H,
m), 2.38-2.51 (ZH, m),2.71 (2H, d, j = 7.2 Hz), 2.73—2.83 {(ZH, m), 3.06-3.14 (1H, m), 5.23-5.30

c Z M1 (1L]1 ...\ S 11O AAIJ.. ™yl 12 0 A 7 20 A A 1 AL D ~1 2 19N 2 172M A
{(2H, mj, 5.86-6.01 (14, mj; & (0o ivinz, LDLI3) 13.0, £4.7, Lo.4, 4.1, 80.4, O1.4, 1£V.Z4, 15U.5;

i
my/z 190.0486 (M"), CgH,,0S, requires 190.0486.

Syn and anti-2-methyl-2-(3-(2-methyl-prop-1-enyl))-1,3-dithiane 1-oxide (2b & 3b)

Treatment of 1b (4.50g, 23.9 mmol) as described above with sodium metaperiodate (5.63g, 26.3
mmol) in water (20 mL) and methanol (150 mL) furnished the diasterecisomeric sulfoxides. Partial
separation by column chromatography yielded the less polar syn (2b) diastereoisomer as a colourless
crystalline solid and the more polar anti (3b) diastereoisomer as a colourless, clear cil (3.97g, 81%).
For syn 2b: m.p. 76-78 °C, V., (Nujol) 3073, 1642 and 1034 em’'; 8, (200 MHz, CDCl3) 1.51 (3H,
s), 1.96 (3H, s), 2.21-2.46 (3H, m), 2.60-2.86 (4H, m), 2.96-3.03 (1H, m), 4.92 (1H, s), 5.02-5.04
(1H, m); m/z 204.06445 (M+); CoH,c0S; requires 204.06425. Calc for CoH,40S;: C, 52.90; H, 7.89.

Found: C, 52.81; H, 7.92%

~ YA oy U - T ¥ N { N M RALI_ A~y 4 £ A /DL 4+ Ow\ LT .\

I'Ol' anti 3b: Vmax ( m VU774, 1 L ana 1Va0 dm ; Oy (LUV IVIMZ, CUI3) 1.04 (o1, 5), 1.7V (o, 3),

VAL AL e D AD D QD AT any 2 N1 2 11 1L Ay A QO A01T (1T mY ENT1.SENA (TH m)

2.09-2.46 {orn, My, £.0L-£.04 (411, M, J3.VI1-2,11 (i, M), 4.07-4.71 (i, i1}, 2.VI1~J3.Va (111, 111,
m/z 204.06445 (M"); CoH,,0S,; requires 204.06425

Syn and anti-2-methyl-2-(1-(3-methyl-but-2-enyl))-1,3-dithiane 1-oxide (2c & 3¢)

Treatment of 1c (4.10g, 19.7 mmol) as described above with sodium metaperiodate (4.77g, 22.3
mmol) in water (50 mL) and methanol (300 mL) furnished the diastereoisomeric sulfoxides. Partial
separation by column chromatography yielded the less polar syn (2¢) diastereocisomer as a
colourless, clear oil and the more polar anti (3¢) diastereoisomer as a colourless crystalline solid
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(3.74g, 84%).
For syn Zc: v, (iim) 1672 and 1034 cm" d,, (200 MHz, CDCl3) 1.49 (3H, s), 1.70 (3H, s), 1.79 (3H,

kY a\z\n-qn—-‘-.

s}, 2.05-3.07 (8H, m), 5.24-5.33 (iH, m); m/z 218.08023 (M*) C1oH,g0S; requires 218.07991.

Comu mcad? Do o —~ AT 3y 4 e s s o
ror anti 3¢: m.p. 62-64 °C; Vs, (Nujoij 1672 and 1021 cm’ ; oy (200 MHz, CDCi3) 1.61 (3H, s), 1.66
(2L &\ 1 T (A0 1n:')nnl-.n_| el Y LN Y YO sALY A A AN A s4
\i 1y 3j, 1.89 (I, 5), £.US- o, mj, £.50-2.78 {(4H, mj, 2.99-3.10 (ll"l m), 5.02-5.31 (iH, m),
m/z 204 QRAAS (MY C O, ramirae 204 NEAIC

'/ e AT ONNCE TS UVE Jy N[O 1B T TR MITTD LAY SUST LD

Syn and anti-2-ethyl-2-allvi-1,3-dithlane 1-oxide (2d & 3d)

Treatment of 1d (6.80g. 36.2 mmol) as described above with sodium metaperiodate (8.50g, 39.7
mmol) in water (50 mL) and methanol (200 ml) furnished the diastereocisomeric sulfoxides.
Separation by column chromatography yielded both the less polar syn (2d) and more polar anti (3d)
diastereocisomers as colourless, clear oils.

For syn 2d: (2.74g, 37%), Vma (film) 3077, 1636 and 1033 cm™; 4, (200 MHz, CDCl3) 1.11 (3H, t, | =
7.4 Hz), 1.75-2.27 (3H, m), 2.36-2.48 (2H, m), 2.60-2.91 (4H, m), 3.02-3.19 (1H, m), 5.23-5.32
(2H, m), 5.84-6.05 (1H, m); m/z 204.06445 (M"), CoH;0S, requnres 204.06425.

For anti 3d: (3.02g, 41%), Vmax (film) 3078, 1638 and 1036 em™; 6, (200 MHz, CDCl3) 1.11 (3H, t, ]
= 7.4 Hz), 1.88-2.23 (3H, m), 2.36-2.43 (ZH, m), 2.49-2.92 (4H, m), 3.00-3.07 (1H, m), 5.19-5.32

v [ B APl o)

{ZH, m), 5.87-6.08 (iH, m); m/z 204.06426 (M"), CoH0S, requires 204.06425.

£ ]
Traatmant nf 1a (E ADa 22 O mmanl) ae Adacrrihad alhnua with cadinm matamarindata (B ARy 28 2
BENARLLI I EEY W 2 \J'_l'vs, v e s 7 AR INAE ] QLT NN I/%W Wt QLAWY VN YYILIRILE OW/NnilELE lll\.y\.‘.tl-lhllv\lﬂlb\, Ao wi P Y
mmn!\ in water (80 mL) and mpthangl {250 ml) furnished the dlasfpr‘_glsompnc sulfoxides,

dlasteremsomers as colourless crystalhne sollds.

For syn 2e: (1.37g, 24%), m.p. 88-90 °C; V. (Nujol) 1641 and 1042 cm’™; 4, (400 MHz, CDCl3)
2.26-2.30 (1H, m), 2.35-2.45 (2H, m), 2.64-2.80 (2H, m), 2.89-2.96 (2H, m), 3.16-3.21 (1H, m),
5.08-5.12 (2H, m), 5.55-5.65 (1H, m), 7.35-7.39 (1H, m), 7.42-7.46 (2H, m), 7.99-8.01 (2H, m); &,
(50 MHz, CDCl3) 26.8, 29.7, 44.7, 47.0, 69.9, 119.9, 128.2, 128.6, 128.8, 130.0, 135.7; m/z
252.06430 (M"); C(3H¢0S,; requires 252.06425. Calc for C3H;¢0S;: C, 61.86; H, 6.39. Found: C,
62.06; H, 6.42%.

For anti 3e: (2.86g, 50%), m.p. 62-64 °C; Vyax (Nujol) 1639 and 103Z cm’™; ¢, (400 MHz, CDCi3)
1.70-1.74 (iH, m), 2.44-2.56 (3H, m), 2.72-2.78 {iH, m), 2.83-2.87 (ZH, m), 2.94-2.99 (iH, m),
~ A o~ 44 ~y [ Y S AN V. YERE A B B B B AV S | AT AN T AT /LY N T LD T AT /O . R

2.UD-3.11 (411, m), 5.4U-25.0V {1 m), £,.24-/.257/ \1M1, M), 7.40-7.4/ (LN, M), {.05-7.07 (£I'L, I11); O¢
ICA RAL T /Al A A 4 A D A4 D A 1 L0 4 11407 177 0 1270 1 1200 1204 1AL Q. m />
{OU IviMZ, U\l3) 10,1, £2.0, 41.2, 4L.1, OF.1, 117,40, VL1.O, 1LO.1, 1£O.7, 1L7.V, 1II, jiif &
YED ALAAAIN IMAT, 7 LI NC . vamnirac 287 NAADILR Cal~ fAr C . NC.. C A1 RA. A 2Q Frnimmd. C

LOL VORIV \IVL ] 31102 IC{UIICS LJL.VUTLJ. alic 1UT LWL oy W1, 1, Ve Z LQunid .,
A1 OA. A OO0,

Ns B2y k l, N ewd & TJe

2-(2-Pronvlidene)-1.3-dithlane (4)

A 2.4 M solution of Nbutyllithium in hexanes (1.1 eq, 4.76 mL, 11.4 mmol) was added to a stirring
solution of 2-trimethylsilyl-1,3-dithiane (2.0 g, 10.4 mmol) in THF (20 mL) at —78 °C over 2 minutes.
The solution was allowed to reach O °C over 5 hours, recooled to-78 °C, acetone (1.1 eq, 0.84 mL,
11.4 mmol) added, and the mixture allowed to reach room temperature overnight. The reaction
mixture was poured onto water (40 ml), extracted with dichloromethane (3 x 30 mL), dried
(Na;SQ,) and evaporated under reduced pressure to give 4 as a pale yellow oil (1.52g, 91%); Vmax
(film) 2907 and 1422 cm’’; §,, (200 MHz, CDCls) 1.92 (6H, s), 2.05-2.17 (2H, m), 2.83-2.89 (4H,
m); § (50 MHz, CDCl;) 22.0, 24.8, 30.1, 91.0, 118.1; m/z 160.03822 {M"); T7H 25, requires
160.03806.
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A solution of sodium metaperiodate (2.94 8, 13.7 mmol) in water (20 mL) was added dropwise to a
stirring solution of 2-(2-propylidene)-1,3-dithiane (2.0 g, 12.5 mmol) in methanol (75 mL) at O °C.
After 16 h the solution was allowed to reach room temperature over 0.5 hours, filtered, and the
filtrate concentrated to 30 mL. Extraction with dichloromethane, drying (MgSQ.), evaporation under

reduced pressure, and recrystailization from diethyi ether gave the tltle compound as a colourless
solid (1.63g, 74%), m.p. 98-100 °C; Vp.. (Nujol) 2925 and 1041 cm’ ; 8y (200 MHz, CDCl3) 1.81-

196 (1H. m), 207 (3H. 5} 2.158(3M 5} 2842 71 (2H m) 2 74 ann/-au..\ AMNO 2 1O F1ET
1.7 \AFd, Kdi), L\-ll \JLL, O, L LI \DIL, 3}y L. 29~L. 11 \LITL, UT1), £L.74-2. UV (LI, ITY), D.VO- D.lo‘ln, ) OC
(100 MHz, n(‘l 180 21.2 22332 02 A70 1302 149 8Q. m/> 17402211 (M. - LI S M
A A W ‘-—-—'v g Ty Eefey SV, A Sy AWV, 10O, ML L INVINYII L UYL ] W 202N
requires 176. 03297 Calc for C;H,,S,0: C, 47.69; H, 6.86. Found: C, 47.78; H, 6.88%.

2-Methyl-2-(2-propene)-1,3-dithiane (5)

A 2.4 M solution of Nbutyllithium in hexanes (1.1 eq, 4.30 mL, 10.3 mmol) was added to a stirring
solution of 4 (1.5g, 9.4 mmol) in THF (20 mL) and HMPA (3 eq, 4.88 mL) at —78 °C. The solution
was allowed to reach room temperature over 2.5 hours, recooled to —78 °C, methyl iodide (1.1 eq,
0.64 mL, 10.3 mmol) added, and the mixture allowed to reach room temperature over 1 hour.
Normal work-up and column chromatography using 10% ethyl acetate/ petroleum ether as eluent
gave 5 as a pale yellow oil (1.08g, 66%); V. (film) 2971 and 1632 eam™; &, (200 MHz, CDCl3) 1.63

(3H, s), 1.82-2.11 (2H, m), 1.93 (3H, s), 2.57-2.92 (4H, m), 5.14-5.17 (1H, m), 5.49 (1H, m); m/z

175.06111 (M"); CgH{4S; requires 175.06152.

_______ 73N peepn mr2 A (B
J’ll Q mlll"' Illclll’l"-'\‘."l’lUpcllc]'l J"“lllllﬂllc I“UAI‘IC VU O l’

Treatment of 5 (1.00g, 5.7 mmol) as described above with sodium metaperiodate (1.35g, 6.3 mmol)

in water Hﬂ mL) and methanol (50 mL ) furnished the diasteregisomeric sulfoxides naration b_\,l

water 10l ereqiso ic sulfoxides. Sep
syn (6) and more polar anti (7) diastereoisomers

S AL - -

4
&

-
n

as pale yellow o_xls!

For syn 6: (0.11g, 10%); Vmax (film) 3093, 1627 and 1039 cm’’; 8, (200 MHz, CDCI3) 1.76 (3H, s),
2.00 (3H, d, ] = 1.7 Hz), 2.11-2.33 (1H, m), 2.37-2.72 (3H, m), 2.88-3.00 (1H, m), 3.11-3.25 (1H,
m), 5.31 (1H, t, | = 1.7 Hz), 5.69 (1H, s); & (50 MHz, CDCl3) 20.4, 23.3, 25.3, 26.4, 45.5, 66.2,
117.8, 141.2; m/z 190.04876 (M), CgH,,0S, requires 190.04861.

For anti 7: (0.66g, 60%); Vma (film) 1639 and 1032 cm™; §,, (200 MHz, CDCl3) 1.75 (3H, s), 1.97
(3H, d, ] = 1.7 Hz), 2.02-2.24 (1H, m), 2.33-2.83 (4H, m), 3.01-3.13 (1H, m), 5.29 (1H, q, ] = 1.7
Hz), 5.39 (1H, s); § (50 MHz, CDCl;) 14.7, 19.9, 25.1, 25.2, 45.5, 65.3, 117.3, 141.7; m/z
190.04876 (M-‘), CBHMOSZ requires 190.04861.

column rhmmafncmnhv vielded both the less pola

-~ 1 ] Y oy o} | _ _ NS _a__ N _NAL ___N__ _ ____N_.a% __ _.

General procequre ror Usvi; meai qa ainyaroxyiation

A el b dh mad el tarne b mwomaad sasidle smmdacctsy i ForrimraniAda (2 N an)l ~otbacciiimm ~arlhanata (20
A Tound pottomea fnasKk was cnai 1 With POTassiuim refmicyaniae (5.0 €, powassium Caroonaw (o>.v
aml Andmnielidine (4 O ranl0iy Acrinom (1T Ahlarida hudrata (1 O moaloh) and methanecilifonamide (1 .0
ct,[], |uulu\,u\.uuc V.U HHIVL7U ), Q21T (L) WEIWVTIVIG FIYUHTQLC {1 oW IV 7U) S DT HITU OOt L 2 oY
aal* A 1.1 mixture of water and thutanol (50 mL/go) was added and the solution stirred using a
) £ 1.1 JTHARMIY V1 VWWALTE QO TGV (LW e &) vAs Gl Gt 10 SOOI SRNIRR Feis ©
mechanical stirrer until had dissolved. Substrate was added and the solution stirred

ﬁl
=3

igorously n apr room temperature. Anhydrous sodium sulfite (12 eq)
was added, stirring continued for one hour, and dichloromethane (50 mL/g) added. After a further 5
minutes of stirring the organic phase was separated, the aqueous phase extracted with
dichloromethane (4 x 100 mL/g), and the combined organic extracts washed with 2 M potassium
hydroxide* (10 ml). Drying (MgSQ,), evaporation under reduced pressure, and separation by column
chromatography using 10% methanol/ ethyl acetate as eluent gave the diastereoisomeric 1,2-diols.
* Only included for non-terminal alkenes.

vigorously for an appropriate length of time ¢

Syn-2-methyl-2-(3-(propane-1,2-diol))-1,3-dithiane 1-oxides (10a & 11a

Treatment of 2a (1.0g, 5.3 mmol) as described above with potassium ferricyanide (5.20g, 15.8
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mmol), potassium carbonate (2.18g, 15.8 mmol), quinuclidine (23.4 mg, 0.2 mmol) and osmium (lil)
chioride hydrate (15.6 mg, 0.05 mmol) in water (25 mL) and tbutanol (25 mL) for 3 hours, followed
by addition of sodium suifite (7.96g, 63.2 mmol) and work up furnished the diastereoisomeric
alcohols. Separation by column chromatography yielded both diastereoisomers as clear, colourless,

quux.l.y')l.a”lﬁe oils

For 10a (less nolar): (O 8850a¢ 5104). v (Blrm) 2272 and 1015 ~mn L. & (400 MLI> RAMCOA_ AL 1 £2
iAWY UNOO [UVRI . (VeSS 707} Ymax \iin Il’ ek Qi 1IN L J UL Uy \ VU IV L, DIVIDU-UV) 1.09
(3H, s), 1.80-1.86 (1H, m), 1.99-2.08 (1H, m), 2.20-2.38 (3H, m) 2.63-2.80 (2H, m), 2.99-3.03
|} ¥ + y A Ser s \ EX o3y ify LSSl SRRSO SRS 4 1)y dma Vot eI \Al S 1]y ko T T T IS

(
(1H, m), 3.23-3.31 (2H, m), 3.78-3.82 (1H, m), 4.74-4.78 (2H, m); . (100 MHz, CDCI;) 22.6, 25.0,
30.1, 39.6, 45.7, 60.3, 66.2, 66.6; m/z 225.06197 (M+H"); CgH,;0sS, requires 225.06191.
For 11a (more polar): (0.376g, 35%); V. (film) 3381 and 1017 cm’’; d,, (400 MHz, DMSO-d6) 1.49
(3H, s), 1.83-2.09 (3H, m), 2.23-2.29 (1H, m), 2.44-2.48 (2H, m), 2.72-2.80 (2H, m), 2.95-2.99
(1H, m), 3.21-3.27 (1H, m), 3.74-3.79 (1H, m), 4.60 (1H, d, | = 5.2 Hz), 4.68 (1H, t, ] = 5.2 Hz); m/z
225.06197 (M+H"); CgH;705S, requires 225.06191.

Anti-Z-methyi-2-(3-(propane-1,2-diol))- 1,3-dithlane 1-oxides (12a & 13a)
Treatment of 3a {1.0g, 5.3 mmoi) as described above with potassium ferricyanide (5.20g, 15.8
mmol), potassium carbonate (2.18g, 15.8 mmol), quinuclidine (23.4 mg, 0.2 mmol) and osmium (lIl)

rhilAarida hudrata (TR A ma NOR marmaal) e waradtar (28 mal ) and tla, &qn;\] (DR sl N\ far 2 hasire f~dlacasad
SLANVIIVIC HIYUIQWT (1 J.V .1‘5’ V.V LTIV T VWWALCTE (L2 1K) allill UULCU 1 \LJ 1LY 1Vl 2 llUul 1VHVYVCALL
hv addition of csodium <ulfite (7 OGag A3 2 mmol) and warlkk 1in fuirniched the diactarenicomeric
by addition of sodium sulfite (7.96g, 63.2 ol) and work up furnished the diasterecisomeric
alcohols. Separation by column chromatography vielded both diastereoisomers as clear, colourless

viscous oils.
For 12a (less polar): (0.552g, 51%); V. (film) 3372 and 1013 cm’™’; 8, (270 MHz, DMSO-d6) 1.59
(3H, s), 1.79-2.03 (3H, m), 2.21-2.29 (1H, m), 2.42-2.51 {(1H, m), 2.64-2.76 (2H, m), 2.97-3.05
(1tH, m), 3.10-3.19 (1H, m), 3.27-3.35 (1H, m), 3.70-3.74 (1H, m), 4.66 (1H, t, | = 5.6 Hz), 4.74
(1H, d, J = 5.0 Hz); & (68 MHz, CDCl;) 12.7, 24.9, 28.7, 45.8, 46.1, 60.0, 66.3, 66.8; m/z 225
(M+H").

For 13a (more polar): (0.372g, 34%); Vmax (film) 3380 and 1014 cm'; 8, (270 MHz, DMSO-d6) 1.5

(3H, s), 1.58-1.66 (iH, m), 1.90-2.11 (2H, m), 2.19-2.28 (1H, m), 2.37-2.49 (iH, m), 2.63-2.76

(ZH, my), 2.92-2.98 {1H, m), 3.09-3.18 (1H, m), 3.24-3.30 (1H, m), 3.72-3.79 (1H, m), 4.56 (1H, d, ]
1H, t, ] = 5.8 Hz); §. (68 MHz, CDCl;3) 15.5, 24.9, 27.9, 42.2, 46.1, 60.4, 66.9, 68.6;

Syn-2-methyl-2-(3-(2-methyl-propane-1,2-diol))-1,3-dithiane 1-oxides (10b & 11b)
Treatment of 2b (0.50g, 2.5 mmol) as described above with potassium ferricyanide (2.42g, 7.3
mmol), potassium carbonate (1.02g, 7.4 mmol), quinuclidine (11.0 mg, 0.1 mmol) and osmium (IlI)
chloride hydrate (7.3 mg, 0.02 mmol) in water (12 mL) and tbutanol (12 mL) for 4 hours followed by
addition of sodium sulfite (3.71g, 29.4 mmol) and work up furnished the diastereoisomeric alcohols.
Separation by column chromatography yielded both diastereocisomers as clear, colourless, viscous

oils.

For 10D (less polar): (0.361g, 62%); Vi (film) 3391 and 1016 cm™*; 3, (400 MHz, DMSO-d6) 1.21
(3H, s), 1.61 (3H, s), 1.98-2.12 (3H, m), 2.24-2.28 (1H, m), 2.38-2.‘2 (1H, m), 2.75-2.93 (3H, m),

DI AL ey D AN D ED STET oy A A AL N A TL AL 2 2D I R 10N MILI-. CYCT N
JL"-JDJ(“'I m), 2.4>¥-5.00 \1in1, I11), @.4L (111, >), &4.(1 \An,l J = 2.4 N4y F L1V IVILL, Aiy)
24.2, 25.5, 26.7, 28.5, 37.5, 45.4, 61.0, 70.1, 73.3; m/z 239.07782 (M+H"); CoH;403S; requires

239, ﬂ77q(

For 11b (more polar): (0.177g, 30%); Vmax (film) 3372 and 1014 cm’! ; &, (400 MHz, DMSO-d6) 1.29
(3H, s), 1.62 (3H, s), 1.99- 2.18 (3H, m), 2.26-2.30 (1H, m), 2.40-2. 43 (1H, m), 2.66-2.81 (2H, m),
2.90-2.93 (1H, m), 3.14-3.24 (2H, m), 4.37 (1H, s), 4.81 (1H, m); m/z 239.07782 (M+H");

CoH 0035, requires 239.07756.
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Anti-Z-methyl-2-(3-(2-methyl-propane-1,2-diol))-1,3-dithiane 1-oxides (12b & 13b)

Treatment of 3b (0.50g, 2.5 mmol) as described above with potassium ferricyanide (2. 42g, 7.3

mmol), potassium carbonate (1.02g, 7.4 mmol), quinuclidine (11.0 mg, 0.1 mmol) and osmium (Iil)

chioride hydrate (7.3 mg, 0.02 mmol) in water {12 mL) and tbutanol (12 mL) for 2.5 hours foliowed
of s t and

ard el A el o B (D Tl e DPOA A1 R S S, A. R

aGGiaon SOGIUITT SUNNE (2.718, 4£¥Y.4 MMOI) and work up rurnisne; the diastereoisomeric aicohois
as an incenarahle mivtiire of claar rolnnirlace viccnnie Alle 1IN 125 QQ0LY

B QU GISLPGRALIL HHHATUIL UL LT, WIVULILID, VIDLUUD Uid (V.J 1Ly, OO070)

Syn-2-methyl-2-(1-(3-methyl-butan-2,3-diol))-1,3-dithiane 1-oxides (10c & 11c)

Treatment of 2¢ (0.50g, 2.3 mmol) as described above with potassium ferricyanide (2.27g, 6.9
mmol), potassium carbonate (0.95g, 6.9 mmol), quinuclidine (10.2mg, 0.1 mmol), osmium (lIl)
chloride hydrate (6.8 mg, 0.02 mmol) and methanesulfonamide (0.22g, 2.3 mmol) in water (12 mL)
and butanol (12 mL) for 24 hours followed by addition of sodium sulfite (3.47g, 27.5 mmol) and
work up furnished the diastereoisomeric alcohols. Separation by column chromatography yielded the

diastereoisomers as a clear colour!ess viscous 011 (IOc) and a colourless crystalline solid (11c).

9 S 0 .
For 11c (less polar) 643, 28%) . 133-135 °C; Viax (Nujol) 3376, and 4 cm’; o, (400
MHz, DMSO-d6) 1.05 (3H, s), 1.14 (3H, s), 1.51 (3H, s), 1.77 (1H, dd, | = 14.8 and 9.2 Hz), 1.99-
2.09 (1H, m), 2.27-2.33 (3H, m), 2.66-2.73 (1H, m), 2.76-2.83 (1H, m), 2.98-3.02 (1H, m), 3.52-
3.56 (1H, m), 4.42 (1H, s), 4.70 (1H, d, ] = 6.4 Hz); & (100 MHz, CDCl3) 22.7, 24.4, 25.0, 26.0,
30.2, 38.5, 45.9, 60.3, 72.0, 72.3. Calc for C;gH;003S;: C, 47.59; H, 7.99. Found: C, 47.43; H,
7.97%.

'U

Anti-2-methyl-2-(1-(3-methyl-butan-2,3-diol))-1,3-dithiane 1-oxides (12c & 13¢)
Treatment of 3¢ (0.50g, 2.3 mmol) as described above with potassium ferricyanide (2.27g, 6.9

mmol), potassium carbonate (0.95g, 6.9 mmol), quinuclidine (10.2 mg, 0.1 mmol), osmium (ll)
malaviAda bhasdondbon (A O e N ND) smnrmn~ll A smaadhharmaciilfanmamatada (N 270 2 2 marmasl)l tm wasatar /1D -l )
CIHIONICIC lly\.llﬂ.l \w.o llls, VUL THHIVL allU THITUH I ICO UL lﬂllllLlC \U-LLS, L, TTHYIUL) 1 VWAl \( 1L L 11in)
anAd thiitanal 117 mlI ) far 12 hanire fallaws, I tinn nf cnhdinim enlfite (3 A7 27 B mmonl) and
aling /ML IV \l‘. lll-/ I 1 4L 11\ 2 WV YVYY s 11 Wi SWNLHMILIL IV W 7T 6, b 8 ow? LEBAAANTA) IR A

both dlasteremsomers as colourless crystallme sollds
For 12c (less polar): (0.264g, 46%), m.p. 151-152 °C; v, (Nujol) 3395, 3327 and 993 cm'l; 9, (400
MHz, DMSO-d6) 0.97 (3H, s), 1.06 (3H, s), 1.57 (3H, s), 1.75 (1H, dd, ] = 14.8 and 9.2 Hz), 1.90-
1.96 (1H, m), 2.00 (1H, d, | = 14.8 Hz), 2.22-2.26 (1H, m), 2.44-2.49 (1H, m), 2.64-2.75 (2H, m),
2.99-3.04 (1H, m), 3.42-3.46 (1H, m), 4.31 (1H, s), 4.74 (1H, d, } = 5.6 Hz); Q (50 MHz, CDCl3)
12.7 24.0, 24.8, 25.5, 28.6, 44.4, 45.6, 60.1, 72.3; m/z 253.09319 (M+H"); C,0H;,;03S; requires
253.09321. Calc for C;gH2003S;: C, 47.59; H, 7.99. Found: C, 47.63; H, 8.03%.

- m ~a o~ -1 o

For 13c¢ (more polar): (0.236g, 41%), m.p. 118-120 °C; viax (Nujol) 3409, 3367 and 1013 cm ; o,
(200 MHz, DMSO-d6) 0.96 (3H, s), 1.05 (3H, s), 1.56 (3H, s), 1.55 (1H, dd, } = 14.8 and 9.3 Hz},
1.93-2.05 (1H, m), 2.19-2.26 (1H, m), 2.35-2.44 (1H, m), 2.62-2.75 (2H, m), 2.91-3.00 (2H, m),
VAR AEA /ML )Y ADPT I Y ARQ /1M T-oAAH). & (ROMH> CNDNCILY1IR 1 23 24 256
VeI D, 2D \LT], LI, 2r. L1 \ 111, D), .20 {111, \.l, ] T VU0 L) U \GW IVINIL, i) S Pl L., LT Ey &,
27.9, 40.9, 45.8, 60.6, 72.6, 74.1; m/z 253.09344 (M+H"); C;,H;;05S; requires 253.09321. Calc for
CioH2003S;: C, 47.59; H, 7.99. Found: C, 47.55; H, 8.03%

Syn-2-ethyl-2-(3-(propane-1,2-diol))- 1,3-dithiane 1-oxides (10d & 11d)
Treatment of 2d (0.50g, 5.3 mmol) as described above with potassium ferricyanide (2.42g, 7.3
mmol), potassium carbonate (1.01g, 7.3 mmol), quinuclidine (10.9 mg, 0.1 mmol) and osmium (lli)
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chioride hydrate (7.2 mg, 0.02 mmol) in water (12 mL) and tbutanol (12 mL) for 4 hours followed by
addition of sodium sulfite (3.71g, 29.4 mmol) and work up furnished the diastereocisomeric alcohols.
Separatlon by column chromatography yielded both diastereoisomers as clear, colourless, viscous

Fmr 10A (rmamra malary. iN D271 A 18lean) D1 mand 1M1 ~-"1 © /aAA RALIZL IAICA 32y 4 A"
T VAR UNUIC PUIRE V.47 1 8, HUT0); Vmax LTHITE) D001 allG 1VI0 M ; Oy L4UU VIrZ, UIVIDU-QOJ 1.V,
(3H, t, | = 74 Hz), 1.85-201 (AH m) 2.10-228 (?2H m) 2 20-2 51 (2K ) 2 70-7 80 {211 )
AL PR T | AL/, ANTAT LT R \THR Ry FH)y A ANV KD LNy 111y, £.J0F46.01 \L1], 1Y), L. IVL.OY \LI'], 111,
2.96-3.06 (1H, m), 3.16-3.40 (1H, m), 3.79-3.89 (1H, m), 4.61 (1H, t, ] = 5.0 Hz), 4.72 (1H, d, | =
5.7 Hz); § (50 MHz, CDCl5) 8.2, 24.6, 26.1, 28.3, 31.3, 44.7, 64.4, 66.8, 68.1; m/z 239.07782

(M+H"); CoH 9058, requires 239.07756.

For 11d (less polar): (0.210g, 36%); Vi (film) 3363 and 1010 cm™'; 3, (200 MHz, DMSO-d6) 1.00
(3H, t, ] = 7.4 Hz), 1.89-2.09 (4H, m), 2.26-2.50 (3H, m), 2.66-2.92 (2H, m), 3.04-3.10 (1H, m),
3.18-3.47 (2H, m), 3.68-3.85 (1H, m), 4.81 (1H, t, ] = 5.5 Hz), 4.88 (1H, d, ] = 4.4 Hz); §. (50 MHz,
CDCl3) 6.9, 24.1, 27.2, 30.1, 37.3, 45.2, 65.2, 65.7, 66.5; m/z 239.07782 (M+H"); CoH,505S;
requires 239.07756.

______ ~F (MENs E 2 wecn o\ o At o SLL o dhim cafiiien Lot et A /D A T D
l!cﬂ.tlll‘:lll. Ul \V.ouy, 2.0 ITHIIUL) a> U SCIribed dUUVC WItn POLASSIUIT ICITICYANIAC (£.4£8, 7.0
mmr\l\ :ecil i ~rarlhanata (1 Ols 7 mmnl 1i~lHAINae (1100 ma N1 marmAall anAd Acrminm HID
LIZELINIR], lJ\J 1SS1ULLE LQUUVLIQNC (1. m, (. LIkl \iulllu\.ll\llllc VIV B1E, V.1 11HIHIVE) adi osmium ARy
chloride h\ld ate (7.2 mg, 0.02 mmol) in water (12 mL) and bhutanol (12 mL) for 3 hours followed by

A NSy Wewde d1LIIASSY, N2 ---.~-.. At i 3 IV o LIV MVVSSa oy

addition of sodium sulfite (3.71g, 29.4 mmol) and work up furnished the diastereoisomeric alcohols.
Separation by column chromatography yielded both diastereoisomers as clear, colourless, viscous
oils.

For 12d (less polar): (0.236g, 40%); Vnmax (film) 3367 and 1036 em’’; o, (200 MHz, DMSO-d6) 0.99
(3H, t, ] = 7.4 Hz), 1.54-1.66 (1H, m), 1.79-2.05 (3H, m), 2.09-2.31 (2H, m), 2.40-2.57 (2H, m),
2.79-2.93 (1H, m), 3.04-3.21 (2H, m), 3.32-3.42 (1H, m), 3.63-3.71 (1H, m), 4.74 (1H, t, ] = 5.8
Hz), 4.93 (1H, d, | = 3.3 Hz); §. (50 MHz, CDCl3) 6.2, 15.0, 24.1, 28.2, 41.4, 44.6, 64.0, 66.0, 66.2;
m/z 239.07782 (M+H"); CoH;505S,; requires 239.07756.

-1

For 13d (more polar): (0.232g, 40%); Vmax (film) 3369 and 1022 cm™; §,, (200 MHz, DMSO-d6) 1.02
LT e I A 1 ¥_\ 4 ZM 4 4 4TI PO 4 O » 44 1AL S 4 A 108 amam L S 22 Y ~£1 {11 — )

(3H, t, ] = 7.4 Hz), 1.69-1.81 (1H, m), 1.87-2.11 (4H, m), 2.15-2.25 (1H, m), 2.35-2.61 (2H, m),
P2TA_ 2RO /1L Y 2 Q7.2 N2 1L Al 2N 21 (DL Ay 2 QA 202 /1] ey ART/1IH A T BB
L. f2-L,00 (11, MY, LYL-5.U5 (in, M), 3.V/-35.01 (i, My, 52.00-3.7Z (111, M}, 4.3/ \1n, G, j = 3.3
Hz), 4.68 (1H, t, ] = 5.5 Hz); 8. (50 MHz, CDCl3) 6.7, 18.8, 24.3, 26.9, 37.6, 44.8, 64.6, 66.9, 68.2;
my/z 239.07782 (M+H"); CoH,503S; requires 239.07756

Syn-2-phenyl-2-(3-(propane-1,2-diol))-1,3-dithiane 1-oxides (10e & 11e)
Treatment of 2e (0.50g, 2.0 mmol) as described above with potassium ferricyanide (1.96g, 6.0
mmol), potassium carbonate (0.82g, 6.0 mmol), quinuclidine (8.8 mg, 0.08 mmol) and osmium (1II)
chloride hydrate (5.9 mg, 0.02 mmol) in water (12 mL) and butanol (12 mL) for 4 hours followed by
addition of sodium sulfite (3.00g, 23.8 mmol) and work up furnished the diastereoisomeric alcohols.
Separation by column chromatography yielded both diastereoisomers as clear, colourless,
semicrystalline oils.
For 10e (less polar): (0.286g, 50%); Vmax (film) 3363 and 1021 cm’’ 6H (400 MHz, DMSQO-d6) 2.10-
1 Q

ANT_2ANE (1] )
. ’ ’

(.AJ

- AU s Yo Yike B~ ¥~V A- ] A ] ] /7111 2 EQ_D LA

L.10 (1M, IM1), L.LV-£L.00 (On, IT1), £L.9449-L.40 (111, 111}, L.27-£L£.V0 | v .\JI XKD, 1L
QIR m) 2A42.2A7 (1H mY AB?2 (1H 4 1 =4A4AH» ARO (1 +12RRH7\726{1HfI=
S LI \LYY, 1Y), FEHITI AL (110, 111, . JL (511, \, | T LMLl STl 7 111y & ) AT L Rdjy & ewer 2 TS
7.2 Hz), 7.44 (2H, t, | = 7.6 Hz), 7.87 (2H, d, | = 7.6 Hz); & (100 MHz, CDCl;) 26.7, 30.2, 46.9,
48.6, 66.5, 66.7, 68.9, 128.7, 128.8, 129.3, 135.8;, m/z 287.07714 (M+H"); C3H 0055, requires

287.07756.

For 11e (more polar): (0.173g, 30%); Vax (film) 3374 and 1019 cm™; d,, (400 MHz, DMSO-d6) 1.88-
1.94 (1H, m), 2.19-2.22 (2H, m), 2.39-2.55 (3H, m), 2.66-2.69 (1H, m), 2.86-2.94 (2H, m), 2.99-
3.05 (1H, m), 3.23-3.26 (1H, m), 4.50 (1H, t, ] = 5.6 Hz), 4.54 (1H, d, ] = 5.6 Hz), 7.37-7.40 (1H,
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m), 7.44-7.A47 (2H m), 7.80-7.92 (2 Y. A (1O MEs CTYI V272 201 A2 A AA QO AL A L0 Q
PERJy FOTEETL WS \LA Ly MY, §OFT T (&Y, 1), Ue \ITVUV IVIHNIL, UL L4 .2, LT.1, 40.0, 4V, UVU.U, VO.O,
69.6, 128.7, 128.8, 129.1, 135.6; m/z 287.07714 (M+H"); C;3H,50;S, requires 287.07756.

Anti-2-phenyl-2-(3-(propane-1,2-diol))-1,3-dithlane 1-oxides (12¢ & 13e)

Treatment of 3e (0.50g, 2.0 mmol) as described above with potassium ferricyanide (1.96g, 6.0
mmol), potassium carbonate (0.82g, 6.0 mmol), quinuclidine (8.8 mg, 0.08 mmol) and osmium (ill)
chloride hydrate (5.9 mg, 0.02 mmol) in water (12 mL) and tbutanol (12 mL) for 4 hours followed by
addition of sodium sulfite (3.00g, 23.8 mmol) and work up furnished the diastereoisomeric alcohols.
Separation by column chromatography yielded both diastereoisomers as clear, colourless,
semicrystalline oils.

For iZe (iess polar): (0.273g, 48%); Vimax (fiim) 3350 and 1015 cm”™; oH ('400 MHz, DMSO-d6) 1.88-
1 QO /1L1 M 270 4 —— 1 I J— 7T DY LD 40T N MNA DL A be B W4
1.¥70 \1r11, i | It 1-£.00 (16N, nl), ID'L Y4 (orl, m), . LO'

(PN 2 2A
i), L.LO~L.O0%
3.43 (3H, m), 4.61 (1H,

m), 7.65-7.68 (2H, m); m/ 287.07794 (M+H

/-

). 2.5 (
H, t, ] = 4.4 Hz), 7.34-7.38 (1H, m), 7.42-7.45 (2H,
requires 287.07756.

i3 req Fiel

2 u
For 13e (more polar): (0.195g, 34%); Vyax (film) 3362 and 1035 r;mJ; d, (400 MHz, DMSO-d6) 1.83-
1.89 (1H, m), 2.14-2.20 (1H, m), 2.28-2.34 (1H, m), 2.51-2.69 (3H, m), 2.77-2.94 (2H, m), 3.01-
3.15 (2H, m), 3.32-3.40 (1H, m), 4.53 (1H, d, | = 4.4 Hz), 4.62 (1H,bs), 7.35-7.39 (1H, m), 7.43-

7.47 (2H, m), 7.61-7.67 (2H, m); m/z 287.07780 (M+H"); C,3H;005S, requires 287.07756.

2-(1-Hydroxyethyl)-2-methyl-1,3-dithiane
A 2.4 molar solution of Pbutyllithium in hexanes (1.1 eq, 38.2 mL, 91.6 mmol) was added to a
solution of 1,3-dithiane (10.0g, 83.3 mmol) in THF (250 mL) at —20 °C. After one hour methyl iodide
1 eq, 5.70 mL, 91.6 mmol) was added and the solution allowed to reach room temperature. After

14
(1

1 P | S e I Y T P I yeigry P i e MO/ d N b N e (1 1 A QD .l O1 £ vanvnm AN oA
1 NOUL UI1C SO1IULI0Nn was CLOQICU 10 —4u U alill “"DULYHIUNULIT (1. <}, 20.£ IIIL, ¥ 1.0 ITHI1O1} aUkicu.
AFrar A firthar hAatir acrataldalhuda (1 1 aad E 11 ml O1 A sl wiace adAaAd anAd tha ealiidtian allAavwad
RVl QL TMILUIGT 1TUMIT QLU TIYuUIGC (1. 8 ‘;\—l, o1 1 A1k Z 1.8 1HTTIVL] VVQD QUILILLL UV LIS oULULIVLE Aalvvvesl

to reach room temperature over 1 hour. Normal work-up, extraction with dichloromethane, drying
over MQ’SO/I and flash column chmmatogranhv with 10% ethyl acetate/petroleum ether as ejuent
yielded the title compound as a colourless oil (10.1g, 68%); Vmax (film) 3490 cm1; d,, (400MHz,
CDCl3) 1.34 (3H, d, ] = 6.4 Hz), 1.40 (3H, s), 1.80-1.90 (1H, m), 2.07-2.13 (1H, m), 2.07-2.13 (1H,
m), 2.59-2.65 (3H, m), 2.97-3.06 (2H, m), 4.25 (1H, q, ] = 6.4 Hz); m/z (E) 178.04882 (M*);

C7H 1408, requires 178.04861. Calc for C7H140S2: C, 47.15; H, 7.91. Found: C, 47.39; H, 8.00%.

2-(1-Hydroxybutyl)-2-methyl- 1,3-dithiane
A 2.3 molar solution of Pbutyllithium in hexanes (1.1 eq, 23.9 mL, SS 0 mmol) was added to a
solution of 1,3-dithiane (6.0g, 50.0 mmol) in TH (150 L) at 20 fter 1 hour methyl iodide

TR B W B R | [od ol o Wy LG

as adaea and the soiu

to reach room temperature over 1 hour Normal -up, extraction with dlchloromethane, drymg
over MgSOg and flash column chromatography w1th 10% ethyl acetate/petroleum ether as eluent
vielded the title compound as a colourless oil (9.01g, 87%); Vmax (film) 3480 cm-1; 8, (200MHz,
CDCl3) 1.34 (3H, t, ] = 7.2 Hz), 1.29-1.51 (2H, m), 1.39 (3H, s), 1.57-2.17 (4H, m), 2. 56-2.67 (2H,
m), 2.79-2.86 (1H, m), 2.90-3.08 (2H, m), 3.93-3.98 (1H, m); m/z (El) 206.07957 (M*); CoH180S2

requires 206.07991.

2-Methylene-3-methyl-1,4-dithiepane
Triethylamine (1.1 eq., 6.24 mL, 44.8 mmol) was added to a stirring soiution of 2-(1-hydroxyethyl)-
2-methyl-1,3-dithiane (7.25g, 40.7 mmol) in THF (250 mL) at O °C. After 30 minutes mesyl chloride

(1.1 €q., 3.48 mL, 44.8 mmol) was added and the solution allowed to reach room temperature over
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1 hour. After a further addition of triethylamine (1.5 eq., 9.36 mL, 61.1 mmol) the solution was
stirred at room temperature for 2 days. Normal work-up, extraction with dichloromethane, drying
over MgSO4 and column chromatography w1th 10% ethyl acetate/ petroleum ether as eluent

yielded the title compound as a colourless oil (5.70 g, 87%); Vmax (film) 1596 cm-! ; O, (Z00MHz,
CIYMCI-Y 1 AQ (211 A 1 _ 7 1 L= 1 QE_ D 3N MDL] v\ 2 20 A A /LT v 200 2 47 191 N Mmoo raud
A3 10 \ONL UL = 400 DL, 1L Y0-£.0V L, MY, £.00-4. Y4 (4, M), L.YO-5.14 (Ln, mj, 5.y (1N,
al=71Hz2n 521 (1H ¢\ 83 (1 Ve m/Z(C 141 DAGD? (MIHH. L. Q. ramiirec 141 NACQT
S ) ek BAEfy Jekd NILE Sy ST NELE, I, T L \NL] IVLVTOUL UVETTT )] U] 307 TOUITES 101.400/7.
2-Methylene-3-propyl-1,4-dithiepane

Triethylamine (1.1 eq., 6.33 mL, 45.4 mmol) was added to a stirring solution of 2-(1-hydroxybutyl)-
2-methyl-1,3-dithiane (8.5g, 41.3 mmol) in THF (150 mL) at O °C. After 30 minutes mesyl chloride
(1.1 eq., 3.51 mL, 45.4 mmol) was added and the solution allowed to reach room temperature over
1 hour. After a further addition of triethylamine (1.5 eq., 8.63 mL, 62.0 mmol) the solution was
stirred at room temperature for 24 hours. Normal work-up, extraction with dichloromethane, drying
over MgSO4 and column chromatography with 10% ethyl acetate/ petroleum ether as eluent

yielded the title compound as a colourless oil (6.52 g, 87%); Vmax (film) 3083 and 1595 cm-~ I ; Oy

(200MHz, CDCl3) 0.94 (3H, t, ] = 7.2 Hz), 1.32-1.52 (2H, m), 1.59-2.30 (4H, m), 2.63-2.76 (1H, m),
TO01_ 20Q (IPL] sy D OT_ AINGQ /LT o\ D TQ /ALT 4 0 T4 LI B D /4T N CAA 4L N S JCARALT_
L Z17L.JONLUTL 1Y, L7720 (LN, 11, 2O (0N, L, = 1.0 ML), 2.4 (117, 5), 2.44 (1T, 35); OC {OUIVIzZ,
CNYCIAY 127 204 2Q 7 W1 222 A A BENTD? 1141 1AA V. ma/» (CIY 1QO NTTAQ (AA LI+, LI, _C.
NMedANl 5] VIl LNV, LD T, Tl DI SV, IVVL, 1TV, IULL, T/ L\ TOZ VT 100 \UVITIHL Y ), WOV L] /o)
requires 189.07717,

Anti-2-methyl-2-(2-(propan-1,2-diol))-1,3-dithiane 1-oxides (14 & 15)

Treatment of 7 (0.50g, 2.0 mmol) as described above with potassium ferricyanide (2.60g, 7.9
mmol), potassium carbonate (1.09g, 7.9 mmol), quinuclidine (11.7 mg, 0.1 mmol) and osmium (lil)
chloride hydrate (7.8 mg, 0.02 mmol) in water (12 mL) and butanol (12 mL) for 12 hours followed
by addition of sodium sulfite (3.98g, 31.6 mmol) and work up furnished the diastereoisomeric
alcohols as an inseparable mixture of clear, colourless, viscous oils (0.506g, 86%); m/z 225.06218
(M+H+); CgH 175203 requires 225.06191.

Syn-2-methyl-2-(1-(2,3-dihydroxybutanoyl))-1,3-dithiane 1 oxides (16 & 17)

Trastreant ~F @ (N 2N O 2E mmall ac dacerihed ahave with matracciinm farrievanide (N 01 2 8

LITQLUTICIIL O O \U-Lvs, V.0V T1HIIWL) = VICOUIIDCTU alyuvo vwilll lJUlClDDlulll lclll\.,.yclllluc \U./ls, —.0

mmol), potassium carbonate (0.38g. 2.8 mmall Aaninuclidina (4 1 mo 004 mmonl) and acmiom (1IN
Ul[, lJULElJJlUIII AU LA RN \V JUS, £ NI Illllluli, \.lulll“\-ll\llllb \_'- 1 lllb, W WET 111N/ STl Wil \lll’

chloride hydrate (2.7 mg, 0.009 mmol) in water (6 mL) and thutanol (6 mL) for 2 hours followed by

hy I er L) 6 hour lov
addition of sodium sulfite (1.39g, 11.0 mmol) and work up furnished the diastereoisomeric alcohols
(16 and 17) as an inseparable mixture of clear, colourless, viscous oils (0.168g, 73%); m/z
253.05721 (M+H*); CoH 75204 requires 253.05683.

Anti-2-ethyl-2-(1-(2,3-dihydroxybutanoyl))-1,3-dithiane 1 oxides (18 & 19)

Treatment of 9 (0.20g, 0.86 mmol) as described above with potassium ferricyanide (0.85g, 2.6
mmol), potassium carbonate (0.36g, 2.6 mmol), quinuclidine (3.8 mg, 0.03 mmol) and osmium (lll)
chloride hydrate (2.6 mg, 0.009 mmol) in water (6 mL) and thutanol (6 mL) for Z hours foilowed by

addition of sodium suifite (1.£4/7g, i0.i mmOl) and work up furnished the diastereoisomeric aicohois

(18 and 19). Partxal separation by column chromatography yielded both diasterecisomers as
solids (0.180g, 79%).

For p :m.p. 116-118 °C; v, (Nujol) 3408, 1697 and 1023 cm’! ; 8, (400 MHz, DMSO-
16) 0.93 (3H, t, | = 7.4 Hz), 1.12 (3H, d, | = 64 Hz), 1.66-1.72 (1H, m), 1.90-2.04 (2H, m), 2.09-
2.18 (1H, m), 2.47-2.51 (1H, m), 2.64-2.70 (1H, m), 2.87-2.94 (1H, m), 3.02-3.06 (1H, m), 4.12-
4.16 (1H, m), 4.33 (1H, dd, ] = 8.0 and 4.0 Hz), 4.64 (1H, d, ] = 6.4 Hz), 5.42 (1H, d, ] = 8.0 Hz);
m/z 267.07271 (M+H"); C,0H00,S; requires 267.07248. Calc for CoHg0,S;: C, 45.10; H, 6.81.

Found: C, 45.18; H, 6.84%.

o
£
3
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For 19 (more polar): m.p. 106-108 °C; vy (Nujol) 3383, 1687 and 1025 cm™'; d,, (400 MHz, DMSO-
d6) 0.92 (3H, t, | = 7.4 Hz), 1.13 (3H, d, ] = 6.4 Hz), 1.65-1.73 (1H, m), 1.88-2.07 (2H, m), 2.11-

2.21 (1H, m), 2.71-2.78 (2H, m), 2.98-3.02 (1H, m), 3.31-3.33 (1H, m), 4.07-4.11 (1H, m), 4.53
(1H, dd, ]~60and36Hz) 4.72 (1H, d, ] = 6.8 Hz), 5.20 (1H, d, ] = 8.0 Hz); §. {50 MHz, CDCl3)
7.8, 14.3, 20.2, 25.8, 26.8, 43.2, 68.0, 74.6, 79.6, 209.5; m/z 267.07271 (M+H"); C,oH,50,S;
racnirac 267 O72A Cale for C. H. O C .. C AR 1N. LI A Q1 Crvind. £ AA OA. LI Z2 OAO/L

INMMIINT &V W LTOU, WL IV WO {BNAW2: Sy 1.0V 1T, U.OIT . TOULIUL o, 444.70; 1 U.0470,
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