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methyl-1,3-dithiane 1-oxide is us

a 2-bromo-4-deoxymannose derivative, © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

1,3-Dithiane 1-oxide (DITOX) derivatives can act as combined chiral auxiliaries and
asymmetric building blocks. Previously we have shown that 2-acyl substituted derivatives undergo a
variety of transformations with excellent diastereoselectivities.' Asymmetric sulfur oxidation allows
access to both diastereoisomers of the acyl dithiane unit with excellent enantioselectivities.? A
chelation control model of these systems allows us to predict the stereochemical outcome of the
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2-bromo-4-deoxy-ketopyranose derivatives.

Discussion

Asymmetric hetero-Diels-Alder reactions have provided key processes for the synthesis of
optically active dihydropyrones.® Cycloaddition reactions of aldehydes attached to chiral auxiliaries
are well known,* and those using sulfoxide containing auxiliaries have been discussed in several
reviews.® Ghosh has described asymmetric hetero-Diels Alder reaction of 2-formyl-2-methyl-1,3-
dithiane to Danishefsky’s diene (E-1-methoxy-3-trimethylsilyloxy-1,3-butadiene) in the presence of a
chiral Lewis acid,® and we have previously reported the diastereoselective cycloaddition of 2-formyl-

1R Y + H-S N Py
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as Lewis acid (Scheme 1). The dihydropyrone product appeared to be amenable to further
manipulation as a pyranoside precursor, and it is progress in this area which we report here.
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o (i) (a) MgBr, (1.1 eq.), THF, 20 °C, 15 min
(b) Danishefsky's diene (1.1 eq.), =78 °C, 1 h; =20 °C, 16 h (c) 0.005 M HCI/THF (1:4)

Scheme 1
Thea a1 Y fovevansd D mmmablea .l 4 0 _dtab v
1< Syi-£-iOiimiyi--imelnyl- 1 ,2-aitniane 1-oxide substrate was prepared in two steps trom
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(i) (@) n-BuLi, THF, —20 °C; (b) Mel, =20 °C; {c) n-Buli, THF, =20 °C;
(d) DMF, =20 °C; (ii) NalO,, MeOH/H,0, 20 °C
Scheme 2

The key cycloaddition reaction was conducted in THF at -78 °C. Syn-2-formyl-2-methyi-1,3-

dithiane i-oxide 3 was stirred with magnesium bromide at room temperature for 15 minutes before
cooling to ~78 °C. Danishefsky's diene was introduced over 15 minutes, and after 3 hours the
et by P 1 U Al b mmambe v bsma by e AANN A Al c2smls v rarvzn § ae oA ginola
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The next synthetic manipulation undertaken was reduction of the enone to the allylic alcohol.
In simple acyclic 2-acyl DITOX systems, we have observed very t ligh diastereaselectivity in reduction

of the carbonyl group to alcohol using diisobutylaluminium hydride or diisobutylaluminium
hydride/zinc chloride,’® a system also known to be successful with related dihydropyrone substrates.’

Unfortunately, this system did not prove to be useful in reduction of 1. We were therefore pleased to
find that sodium borohydride accomplished the reduction, without the need for cerium chloride, ' to
give a single diastereoisomer 5 which was protected as its acetate 6 (Scheme 3). The
stereochemistry of 5, which was confirmed by single crystal X-ray analysis (Figure 1), is that resulting
from the expected axial attack on a conformation of 1 in which the DIiTOX unit is in an equatorial
position (Figure 2).
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Our next objective was to functionalize selectively the glycal carbon-carbon double bond.
pts

Attempts to my‘uroxylate 6 under conditions which had proved successful in our hands in simpler
P N P Py e T e v 3_ _x

acyclic systeimn yieiaed a compiex mixiure of products. Epoxidation with mCPBA was also
unsuccessiul, leading only to the bis-sulfone.
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(i) NaBH,, EtOH, O °C;
(i) Ac,O, pyridine, DMAP, CH,Cl,, 20 °C
Scheme 3

7 ) S & o f

o b I e

I o—/ LT
L d g P
&% | l

Figure 1

Glycals have been diastereoselectively halohydroxylated with NBS'? and N-bromoacetamide'?
with varying degress of success. Wong has produced 2-deoxy-2-bromosugars from glycals with
chloroperoxidase to give single isomers in some cases.'* Previously we have shown that DiTOX units
can be hydrolysed to give the correponding ketones by treatment with N-bromosuccinimide in
aqueous acetone.’” We were interested to find that under these conditions we couid both hydroiyse
the thioacetai of 6 and functionaiize the giycal doubie bond in one step Thus, treatment of 6 with

i (o} = | R . U . S e
eight equivaients of NBS at O °C very rapidiy gave a mixture of four diasiereoisoimeric pyranose
derivatives as two pairs of anomers, a 2-bromo-4-deoxymannose/talose derivative 7a/b and a 2-
bromo-4-deoxy glucose/galactose derivative 8a/b, the mannose/talose derivative 7a/b being the

WO pairs of mser_)ara[_)]e- anomers were isolated in 90% vield. Structural assignments and
ratios of isomers were determined on the basis of 'H, '>C and 2D-COSY NMR spectroscopy, and
integration of the signal corresponding to the 3-H proton. The ratio 7a/b:8a/b was found to be 16:1

and the anomeric ratio of 7a:7b was 1:2.4 (0.:f). The 7a/b:8a/b ratio is a result of facially selective
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bromonium ion formation, while the anomeric ratio may be affected by neighbouring group
participation by the 3-position acetate. Halogenation has been used for oxidative coupling of glycals

to give oligosaccharides. In these cases, diaxial opening is observed to give the a-anomer
exclusively.'®
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(i) NBS (8 eq.), acetone/H,0 (97:3), 0 °C
Scheme 4
When the 1-n + hvdroxvls were nrotected as their acetates 9a/b and 10a/b (Scheme 5)
vwnen th P fiocn hydroxyis were protecied as thelr acetates 2a/2 and 1

N vy

I a/b (Scher

we observed an expected change in anomeric ratio, which increased to a 1:5 ratio of 9a:9b,
determined by integration of the signals corresponding to the 1-H and 3-H protons in the 'H NMR
spectrum. The stereochemistry of 9a and 9b was confirmed by nOe experiments and C-1 *C-'H
carbon coupling constants.'” For example, in 9b, irradiation of the 5-H proton gave a positive nOe
with the 3-H but not the 1-H proton, while in 9a, irradiation of the 1-H proton gave a positive nOe
with the 2-H, 3-H and 5-H protons. For 9b, the H-C-1 coupling constant was found to be 180 Hz,
while for 9a it was 162 Hz, again confirming the B configuration of 9b.

QAc C')Ac
~ /'\\\\\\Br a A‘\\\\\Bf
SN MG SN 0
C O
9a 9b
7a, Tb, (),
8a, 8b

(V) Ac,O (1.1 eq), pyridine (5 eq), DMAP (0.1 eq), CH,Cl,
Scheme 5
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Conclusions
The 1,3-dithiane 1-oxide unit has been shown to induce extremely igh stereoselectivity i

the cycloaddition of Danishefsky’s diene to syn-2-formyl-2-methyl-1,3-dithiane 1-oxide. The produ

dihydropyrone is used as the basis for a short synthesis of a 2-bromo-4-deoxymannose derivative.
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was purchased from the Aldrich chemical company in 100 mL bottles as a 2.5 M solutlon in hexane,
the molarity was determined by titration against a solution of diphenylacetic acid. Lithium
hexamethyldisilazide was purchased from the Aldrich chemical company in 100 mL bottlesasa 1 M

solution in THF. N-Bromosuccinimide was I'QCI'ySfalllZECi from water.

Petroleum ether refers to petroleum , b.p. 40-60 °C, unless otherwise stated. Ethyl

acetate and petroleum ether were distilled prior to use. Tetrahydrofura ﬁeshlv distilled under
argon from the sodium/benzophenone ketyl radical before use.

Preparation of glassware
Ali organometam c reaction

w

were cameq out in round bottom flasks which were ei
N H a -~
<

stoppered with septum caps, Other apparatus such as syringes, needles cannulas and magnetic
stirrer bars were also dried as above and allowed to cool in a desiccator. Reactions were maintained
under a slight static positive pressure of nitrogen and reagents and solvents introduced via syringe or

using cannula techniques, through a septum cap.

Afrar ras~hina roas tammnaratiira tha raa~tinn mivinra wae nnnrad antn catnirataed aaueonus
ML) lcnbllllls TWUOILL LCHIPUIAQUIT, UIC TCOLUVTTL TTHATUIS VWaD UMITU VY ST GLLL Qv Yiae
ammonium chloride and extracted into dichloromethane. The combined organic extracts wer dried

ch \ I
over anhydrous magnesium sulphate and the solvents removed under educed pressure to yield the
crude products.

Purification of Products
Flash column chromato%rap y was carried out using Merck art. 9385
. - e ~ -

Sing na 8l

F4aY | AN N
andc-oveno

meshj or ICN Silica 32-63 60 A, usi WS Or a o apply pressure to the column.

Mixtures of ethyl acetate and netroleum ether (bn 40-60 °C) were 1158 s eluent, unless otherwise
T 11yl QLUTWCHT QUL PPOUUituanil Tt (v VT By FPLIES WO ©0 Lalaain, RSEhas A

stated. Thin layer chromatography was carried out using glass-backed plates coated with a 0.25 mm

layer of silica qel 60H containing ﬂuorescer using mlxtures of ethyl acetate and petroleum ether (bp
40-60 °C) as eluent unless otherwise stated. UV-inactive compounds were visualized by spraying
with either dodecamolybdophosphoric acid (15% w/v in ethanol), or a solution of potassium
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permanganate (10 g) and sodium carbonate (5 g) in water (2000 ml) followed in both cases by
charring where appropriate.

Spectroscopy and other data
inrriareci spectra were recordeci in th e range 4000-600 cm-i, and were calibrated against the
1E6NY Frma-l Alaaa o R | 2 [
1602 am ! absorption of polystyrene iid sampies were run as Nujoi muiis and IquldS as thin fiims.
H NMR snectra were recorded ucing Rrulbar ACE2NN Deislonar AAAVA : PN
S =l YVRLIT ANRIML WIS LIUKET ALLLUV, O oruker ruvvv-I'VU instr uult:lll: u:uls

deuteriochloroform solutions and tetrame vthvlcllane as internal reference, 13(' NMR snectra wara

LY TR E R 4 A= =

recorded using a Bruker AMX400 instrument using deuteriochloroform solutions and
tetramethylsilane or chloroform as internal reference. Mass spectra were obtained on VG Micromass
7070E or AEI MS 902 mass spectrometers. Microanalyses were performed using a Carlo Erba
eiemental anaiyser at the Univcrsity of Liverpool, Department of Chemistry microanalytical

iaboratory. Meiting points were determined on a Reichert hot stage apparatus and are uncorrected.

Pracedures

2-Methyl-2-formyl-1,3-dithiane 2

To a stirring solution of 1,3-dithiane (20.0 g, 167 mmol) in THF (300 mL) at —20 °C was added
a 2.4 M solution of n-butyllithium in hexanes (1.1 eq, 76.4 mL, 183 mmol). After 1 hour, methyl
jodide (1.1 eq, 11.42 mL, 183 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 n-

butyilithium in hexanes (i.1 eq, 76.4 mL, 183 mmoi). The reaction mixture was stirred at this
tarmnaratiira far 1 haair and Ainvsarhouolfarmaarmida 711 1 o~ 14 1 il 102 rmarmam]l aAdAaAAd Tha ras~dAan
Sod i/t IV 3 TRV S Wik TR l,'lvllllallllu" \1.1 (4\." &, 1 lil, 10w llllllUl[ C\LILICU LIICT 1Cawviivig

mixture was allowed to reach room temnerature over 1 hour. Narmal work-un nrocedure anr'l

=Ess SRR SRR SN VAT S SRR, SRRl WWRANATR N o PRRRRSR os

distillation (81-83 °C, 1.7 mmHg) gave 2 as a pale orange oil (18.2 g, 67%). v,,,, (film) 1715 cm™; 3,
{200 MHz, CDCl,) 1.50 (3H, s), 1.62-1.89 (1H, m), 2.01-2.19 (1H, m), 2.56-2.66 (2H, m), 2.99- 3.14
(2H, m), and 9.05 (1H, s); m/z 162.01716 (M"), C,H,;S,0 requires 162.01732. Found: C, 44.59; H,
6.45; C,H,S,0 requires C, 44.41, H, 6.21%.

P JRSPTEFN % M LA 4D RN _ A . tX_ DO A
Jy" & aInI- L "lll!:l I~ L-TOFMIYI~ |y 2~LHUNIIALIT 1-VAIIT 2 O. 4
Ta a maechanirallv ctirring enlution of (1Y (E00 o 00 mmnl\ in methanol (1 80 ml) at Q °C
1O a mechanicany stiirting so:ution or (17 (2.9 §, 20.% methano! (150 ml) at

was added an aqueous solution of sodium metaperiodate (1.1 eq, 7.26 g, 34.0 mmol) dropwise
over 30 minutes. Stirring was continued overnight at 20 °C. The white precipitate was removed by
filtration and washed with dichloromethane. The filtrate was reduced in volume by evaporation to
approximately 10% of the original and partitioned between water and dichloromethane. The
aqueous layer was washed twice with dichloromethane, the combined organic layers dried over
MgSO, and the soivents removed under reduced pressure to ynem a crude mixture of
diastereocisomeric sulfoxides. Separa

Pt
{
dichloromethane as eluent vielded both the less nolar syn 3 an

dichloror 1e as eluent vielded b less nolar 3a
as pale yvellow oils.

For syn 3: (2.126 g, 39%), V,. (flm) 1713 and 1052 cm™; §,, (200 MHz, CDCl;) 1.85 (3H, s), 2.23-
2.57 (3H, m), 2.85-3.00 (1H, m), 3.19-3.26 (1H, m), 3.45-3.63 (1H, m)}, and 9.64 (1H, s); m/z
178.01232 (M*), C,H,,0,S, requires 178.01224. Found: C, 40.30; H, 5.72; CH,,0,S, requires C,
40 42, H 5 65%.

P YAl 18 Ta et el rhrr\mﬁ"nrrr ~h

v vy Coidinin <

1 Q0 1L~y 9 A 9 QA (R )Y RNA AN (2K Y 0 AW (1 cY. m/sir 17R
1.0 (111, Hij, &L.&0-4.0% \Jr1, 111,33, U059V (4L, Tii), Uikl .07 \111, 3/ /& 1iS.~ Vi J,
CH,,Q,S, requires 17801224, Found: C, 40.10; H, 5.72; CH,,0,S; requires C, 40.42, H, 5.65%

2-(2-(Syn-1-oxo0-2-methyl-1,3-dithianyl))-2,3-dihydropyranone 1
To a stirring solution of 3 (3.50 g, 19.7 mmol) in THF (160 mL) at room temperature was
added magnesium bromide (1.1 eq, 4.22 g, 22.9 mmol). After 15 minutesutes at room temperature

the soiution was cooled to =78 °C and uamsnersn(ys diene (1.3 eq, 4.96 mL, 26.0 mmoi) added by
i €

i wirae allAawurad +4 raasach rasarm tamnoarator
{ioN wWas anOwed (O re€aln (GO LSRRI ST RS

ator and THF:0.005 M HCI (4:1, 160 mL)
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The mixture was stirred for 1.5 hours, extracted into dichloromethans wa

cha ari
A2, TALICLNTS VAN I LG, VYaaLIn L Vv
i

aqueous sodium hydrogen carbonate, dried over MgSO, and the solvents removed educed
pressure. Column chromatography using 25-75% ethyl acetate/dlchloromethane as eluent qave 1as
a colourless crystalline solid (3.10 g, 61%), mp 172-173 °C, v,,., (Nujol) 1667 and 1039 cm" ; Oy (400
MHz, CDCl,) 1.71 (3H, s), 1.81-1.89 (1H, m), 2.47-2.70 (4H, m), 2.75-2.82 (1H, m), 2.89- 296(1!-{

m}j, 3.10-3.15 (iH, m), 4.80 (iH, dd, j = 15.0 & 3.4 Hz), 5.48 (1H, dd, | = 6.0 & 1.2 Hz), and739

(1H A | _ A0 Moy S 1AM ML AW IV 1A L AC £ "D ™ A0 7 A4 4 27 4 "o~ sy - o

vina, G, j = OV NiZj; uc\nwzvuu iy 19,0, 12.0, £2.7, 2D2.0, 41.1, 05.1, /7.9, 1U/.0, 162Z. ,ana
190.7. m/z 24603874 IM*\ C H DS raaniree 244 N2ARA? Fannd.  AQ T72. L0 E72. L1 M C
LA F4 = r s Py N0f M43 TN UUMLO LATULVIOTL. TVUIILL O, 0.1 L5 T, D095 gl IIOUZ‘)Z

requires C, 48.76, H, 5.73%.

2-(2-(Syn-1-oxo-2-methyl-1,3-dithlanyl))-2,3-dihydro- 1 -hydroxypyran 5

To a stirring solution of sodium borohydride (1.1 eq, 0.084 g, 2.24 mmol) in EtOH (40 mL) at
0 °C was added 1 (0.50 g, 2.03 mmol). After 4 hours the solution was poured onto 10 mL ice/water,
extracted into dichioromethane, dried over N\gbU4 and the soivents removed under reduced

mraceiiran Calbimam ~hranabaorramh 1ANOL s N b 1AOL TaMNLIf 4 -
ioouiT. LCimin uuluuxatuslupuy uaul.\_f, W70 cul_yl atclaltc o 1v70 LTy Clllyl v:lLr.‘ld.ll'.' as cnucul
gave 8 as a colourless crystalline solid (0,378 s, 75%), mp 176-178 °C, Vinax (Nuiol) 3375, 1645 and

1031 cm™'; §,, (400 MHz, CDCl,) 1.62 (3H, s), 1.60-1.73 (IH, m), 1.75-1 80 (1H, m), 2.24(11—1, dd, )
= 12.8 & 6.8 Hz), 2.44-2.57 (2H, m), 2.71 (1H, td, | = 14.0 & 2.8 Hz), 2.90 (1H, br s), 2.90-2.97
(1H, m), 3.03-3.07 (1H, m), 4.27 (1H, d, ] = 12.4 Hz), 4.51 (1H, t, | = 8.2 Hz), 4.81 (1H, d, ] = 6.0
Hz), and 6.34 (1H, d, ] = 6.0 Hz); 8. (100 MHz, CDCL,) 14.2, 15.1, 23.8, 31.4, 40.9, 62.9, 64.0, 73.9,

-~ -~ am e e smoE ~ o o o

106.8, and 143.8. m/z 248.05431 (M ), CioH 16055, requires 248.05408. Found: C, 48.4Z; H, 6.5Z;
e 7 AO DA LI
L

"'6' '!60202 n:quuc: C, 48.36, H, 6.49%
2-(2-(Syn-1-oxo-2-methyl-1.3-dithlanyl))-2.3-dihydro-1 -acetoxypyran 6

To a stirring solution of 53 (0.300 g, 1.20 mmol) in dichloromethane (15 mL) at room
temperature was added pyridine (5.0 eq, 0.48 mL, 5.95 mmol), acetic anhydride (1.1 eq, 0.12 mlL,
1.32 mmol) and DMAP (0.07 eq, 0.01 g, 0.08 mmol). After 30 minutes, normal work-up procedure
and column chromatography using 100% ethyl acetate as eluent gave 6 as a colourless crystaiiine

e VY L PNt Vet A~ AET

soiid (0.272 g, 15"/0) mp 162-164 °C. Vinax (NU]OI) 1747, 1047 ana 1050 cm OH (400 MHz, \_UL.I3)

1A% (AU .\ 4 TA_s 9L AL /AT o) D DD VT /LT ) ')n'rvr:nnu m—) Y AQ D TA (1L
1.62 (3H, s), 1.74-1.83 (2H, m), 2.05 (3H, s}, 2.32-2.37 (1H, my}, 2.47-2.52 (2H, m), 2.68-2,76 (iH,
m}, 2.87-294 (1H, m), 3.05-3.00 (1H, m), 435 (1H, dd, ]=12.48 1.2 Hz), 479 (1H, dt, | = 6.4 &
1.8 Hz), 4.42- 5.47 (1H, m), and 6.44 (lH, d.]=6.0 5 {100 MHz, CDCl,) 14.5, 15.2, 21.1, 23.9,
27.5, 409, 63.8, 65.7, 73.9, 102.4, 145.8, and 1 my/z 290.06460 (M"), C,,H,;0,S, requires
290,06467.
- oc/b- | -Hydroxy-cis-(2- bromo-3-acetoxy -5-acetyl)-tetrahydropyran 7a & 7b

To a stirring solution of NBS (8 eq, 0.49g, 2.75 mmol) in acetone/water (97:3, 4 mL) at 0 °C
..... ardAnd £ I 1NN 27 N 2UAIA mAaraAlY Aftar 10D minnitace tha ealinidian was nnnrard Aanta 8§ mil caturatad
VVQO QUL W (W LWV 6 WLJ5r ITUHLIIVfe £330 1TW HTHTTULG S, UL OWIUUWILL VWY AWML WL o G0 Dl i
sadium sulfite, extracted into dichloromethane, dried over MgSO, and the solvents removed under

reduced pressure. Column chromatography using 10% ethyl acetate / dichloromethane as eluent
gave 7b & 7a (2.4:1) as an inseparable colourless oil (0.087 g, 90%). V., (film) 3424, 1780 and
1740 cm™', m/z 298.02988 (M+NH, "), C,H,,”BrNO, requires 298.02901.

For 7b: 3, (400 MHz, CDCl,, COSY) 2.11 (3H, s), 2.26 (3H, s), 1.91-2.10 (2H, m, H-C(4)), 4.06 (iH,

-~ o~ se1 T

br s, OH-C(1)), 4.41 44L(]H m, H-C(2)), 4.54 (iH, dd, j = 11.4 & 3.3 Hz, H-C(5)}, 5.28 (iH, ddd,

—

4 4 4 A £ O D 7 1 i_- I £~ amal BEEO /1L . LI 71\
= 11.1, 4.0 0. 0.7 I'lL, \_\J}), and 3.0 (11, 5, ri-\{1)j.
For 7a: §, (400 MHz, CDCl,, COSY) 2.13 (3H, s}, 2.30 (3H, 5), 1.91-2.1 (7H m, H-C(4)), 3.,0 (1H,
br { 1.9 & 3.0 Hz, H-C(5)), 4.62-4.63 (1H H-C(2)), 4.65 (1H, bs, H-

(+)-0/B-1-Acetoxy-cis-(2-bromo-3-acetoxy-5-acetyl)-tetrahydropyran 9a & 9b
To a stirring solution of (7a & 7b, 8a & 8b) (0.020 g, 0.07 mmoi) in cucmorometnane (i mL)

] Vo Yie 7 o QPR LY ---L,.

at room temperature was added pyrlcune {5 eq, 0.03 mi, G.20

M ANT ) Al A TMYAAAD /N 1 N NAN1T ~ NNANK ~
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procedure and purification by preparative TLC using

0/ athvl aratata’/ matralarimm athar ae aliané
e SRV Hi% VU LIy Qllialy pruyitudill TUich ad Ciucain
gave 9b & 9a (5:1) as an lnsenarable colourless oil (0.018 g, 78%). v,.,, (film) 1746 and 1724 cm™;

m/z 340.03971 (M+NH,"), C,,H,;,”BfNO(, requires 340,03957.
For 9b: 3, (400 MHz, CDCl,) 2.12 (3H, s), 2.08-2.21 (2H, m, H-C(4)), 2.15 (3H, s), 2.28 (3H, s), 4.32
(1H, dd, | = 10.2 & 4.8 Hz H-C(5)), 4.36-4.38 (1H, m, H-C(2)), 5.15-5.20 (1H, m, H-C(3)), and 6.40

{iH, d, j = 2.0 Hz, H-C(i)).

Coe @, S (ANMN AALIL /TN 1L\ D 17 (711 v = Ay S A4 /™ s aNy Mo s ~ s gemE T N oa e o=
rOr 7a: Oy (4UU IVIMNZ, CULL) £.10 (5N, 8), £.08-£.21 (ZH, m, H-C(4)), 2.21 (3H, s), 2.29 (3H, s), 4.04
{1 Ad 1= 1128 3AH H. LB ARBAAERE (1L s LI/ AL F1E1 JJdd 1T _ 41N 2 A0 2 2 LI
Vi, Gl Tl 8 LoD TR DITNAI) )y eI DI I 0N, DI L)), 4o (1, UGG, jJ= 11V, 5.4 00 2.01MZ
H-C(3)), and 5.64 (1H, d, ] = 1.6 Hz, H-C(1))
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