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Opening of Levoglucosane Derived Epoxides with Oxygen, Nitrogen and Sulfur Nucleophiles
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Abstract: A variety of nucleophiles were employed to open levoglucosane derived epoxides.
© 1998 Elsevier Science Ltd. All rights reserved. .
Levoglucosane has fre%uently been used as building block in the de novo synthesis of natural products’, their

analogs” and polymers.” Its 6,8-dioxa-bicyclo[3.2.1]octane skeleton has potential for diverse derivatization via
regio and stereoselective epoxide opening reactions, which follow the Fiirst-Plattner rule.* A large set of
structurally very diverse carbohydrate structures could be obtained without lengthy protective schemes. This
study intended to find general methods to achieve this goal using basic or only mildly acidic reaction media.
We based our studies on some 4-alkyl or aryl 2-toluenesulfonyl levoglucosanes 1a-b, readily obtained from
1,6:3,4-dianhydro-2-O-p-toluenesulfonyl-B-D-galactopyranose 5’ upon BF;-catalyzed epoxide opening.6
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1a: R'=4-methoxyphenyl; 1b: R'=allyl; 2a: R'=4-methoxyphenyl; 2b: R'=allyl; 3a: R'=4-methoxyphenyl, R>=Bn; 3b: R'=allyl,
R’=Bn; 3c: R'=1-propenyl, R’=Bn; 3d: R'=allyl, R%=1-(a-naphtyl)ethyl; 3e: R'=allyl, R’=methoxyethoxy ethyl; 3f: R'=1-Z-
propenyl, R’=methoxyethoxy ethyl; 4a: R'=allyl, R’=NBu,; 4b: R'=4-methoxyphenyl, R*=NBu,; 4c: R'=4-methoxyphenyl,
R,=NPh,; 4d: R'=4-methoxyphenyl, R2=morpholinyl; 4e: R'=4-methoxyphenyl, R’=piperidinyl; 4f: R'=4-methoxyphenyl,
R,=NHiBu; 4g: R'= 4-methoxyphenyl, R*=NHCH,CH,OH; 4h: R'=4-methoxypheny!, R*=imidazolyl.

Table 1: Epoxide Opening with Alkoxides

Starting 2 o Reaction Product FPRTTS
Entry Material R°-OH Solvent Base T[°C] Time [b] No. Yield [%]
1 1a BnOH DMF NaH 100 0.1 3a 27
2 1a BnOH dioxane NaH 100 2 3a 44
3 ib BnOH DMA NaH 100 0.3 3b 38
4 1b BnOH /\f"" KO tBu 100 18 3e 66°
5 1b BnOH dioxane NaH, 100 2 3b 80
15-crown-5
OH
6 ib dioxane NaH, 100 2 3d 67
‘O 15-crown-5
OH O
7 1b [ j ™ dioxane NaH, 100 12 3ef 69°4
o 15-crown-5
8 b BnOH dioxane LiOBu 100 24 epoxide n.d.
formation
dioxane/ | (Me,N)sP=N}s- c
9 1b BnOH n-hexane P:N {1Bu) reflux 0.75 3¢ 68
171 (VIV)

") Isolated yields after extractions and chromatography;")Many side products; °) Allyl isomerization;

Yisomerization caused by excess of alcoho! over NaH leading to a protic medium.
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The compounds 1a-b gave the 1,6:2,3-dianhydro-4-O-alky! or aryl-B-D-mannopyranoses 2a-b, if the reaction
conditions were sufficiently basic’ (Scheme 1).

Our first task was the opening of these stable 2,3-epoxides with alkoxides™ " (Table 1). Levoglucosane
derived epoxides could be opened by alkoxides with bulkgf counterions, such as protonated “Schwesinger
base” P<t/4>-t-Bu, K* and crown ether complexed Na**'" Lithium alkoxides were ineffective. Reversible
bases like KOtBu (entry 4) or P<t/4>-t-Bu'®! (entry 9) lead to the isomerization of the allyl group affording
only the Z-enol ether. Allyl isomerization was suppressed in aprotic media (entry 2, 3, 5, 6). The reaction
(entry 9) employing the “Schwesinger base” was free of precipitates, which occur with other bases upon
absorption of even traces of water or CO,. Polymerizations were not observed.

Subsequently, we investigated the epoxide opening of 2a and 2b with amines'*(Table 2). Lithium or
sodium amides"? gave no or little conversion due to their poor solubility and uncatalyzed epoxide openings are
sluggish (entry 2). Catalysis by Li*-ions' was successful in a number of solvents. 2,6-Lutidine was our
favored choice, because it allows solubilization of organic compounds and Li salts without strong
coordination of the Li*-ion.

Table 2"°: Epoxide Opening with Nitrogen Nucleophiles

3b,8

Starting Nucleo- e o, Reaction < 1 arg,
Entry Materis] phile Solvent Conditions T[°C] Time [b] Product | Yield[%]
1 1b Buy,NH neat 0.1eq. LiClOy4 150 3 4a 84
2,6-lutidine/
2 1a BuyNH BusNH 4/1 no catalyst 100 44 2a traces
(VIV)
3 2a Bu,NH dioxane/ LiClO4: 0.1 eq., 100 9 4b 87
BupNH 4/1 $mM
(VIV)
4 2a Bu,NH 2,6-lutidine/ | 1 iC104: 0.1 eq., 100 7 4b quant.
BUZNH 4/1 30mM
VIV)
5 2a Ph,NH xylenes LiClOgslurry | 100-150° 17° 4c 8°
6 2a i 2,6-lutidine/ LiPFg 100 3 4d quant.
./ morpholine 4/1 | leq., 6.7mM
(VIV)
7 2a N\ 2,6-lutidine/ | 1iCI0y4, 0.1eq,, 100 1.5 4d quant.
(o} NH .
/ morpholine 4/1 smM
(vViv)
8 1a o \w | Olutidind 1 1iCI0g, 0.1eq, 100 24 4d trace’
./ morpholine 4/1 5mM
viv)
9 1a 2,6-lutidine/ LiClOg, 100 48 4e 37
NH e
piperidine 4/1 0.leq., SmM
(VIV)
10 1a " 2,6-lutidine/ | 1iC104,0.1¢q., reflux 48 4f 53¢
2 tert. BuNH2 SmM
4/1 (VIV)
- idi H ©
11 1a Ho_\—un 2,6 lutldmf-,/ LiClOg4, 100 24 4g 47
2 ethanolamie 0.1eq., 3.3mM
4/1 (VIV)
12 2a [§ 2,6-lutidine/ | 1iCl0Oy4, 0.1eq., 100 9 4h quant.
N imidazole SmM
H 4/1 (VIV)
13 5 N\ 0.2M LiClOg, 1.1eq., 100 3 6 quant.
o) morpholine in 51mM
2,6-lutidine

*) Isolated yields after extractions and chromatography; ") 12 hours at 100°C (little conversion) then 5 hours at 150°C;

“)decomposition;?) rest is 1a; ) Trace of O-alkylation product; Hnot sufficiently basic to form required intermediate 2a.
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Analogous experiments in this series revealed the influence of the counterion on the activity of the Li salt in
the order: LiClO,>LiNTf,>LiPF,. Substantial side reactions were only observed with Ph,NH (Table 2, entry
5), probably due to oxidative and photochemical degradation.

The opening of levoglucosane epoxides with several thiols (Table 3, Scheme 2) required concerted
action of thiolate anion and a suitable Lewis acid. Thus, the reaction of Zb with
ethyldiisopropylammonium thiophenolate only proceeds, when LiPF¢ is sufficiently solubilized by 2,6-
lutidine (entry 2, 3). Favorable is the use of LiN(SiCI{63)2 as reaction promotor, since it deprotonates thiols
efficiently and provides Li" for Lewis acid cocata]ysis.1

o o
° RiSH o
o base, Li* ! ,,
RO’ RrRG" SR

o]
2a,b OH
Scheme 2: Ta4

7a: R'=allyl, R%=Ph; 7b: R'=4-methoxyphenyl, R’=trimethylsilyl ethyl; 7c: R'=allyl, R,=benzothiazol-2-yl; 7d: R'=allyl, R*=2-
chiorobenzyl; 7e: R'=allyl, R*=n-docecyl; 7f: R'=allyl, R’=tert. buty!.
Table 3: Epoxide Opening with Sulfur Nucleophiles

Starting see Reaction s 1abre,
Entry Material R,SH Solvent Conditions Time [b] Product | Yield'[%]
1 2b PhSH dioxane no catalyst 84 no
reaction
2 2b PhSH DIPEA LiPF, 84 no .
reaction
2,6-lutidine/ N b
3 2b PhSH DIPEA 9/1 LiPF, 72 7a 26
viv)
4 " 2a 37' s | 26-lutidine LiClO, 24 o 61
2,6-lutidine/ R
5 2b PhSH DBU 9/1 LiPF, 1 7a 89
(VIV)
N 2,6-Iutidine/ LiPF, 24 Te 69
6 b @[ >su | DBUYI s
s (VIV)
c -lutidi
7 2b 2,6-lutidine/ LiPF, 25 decom- ;
CH;8H DBU 9/1 position
v
cl
8 2b dioxane LiN(SiMe;), 1 7d 88
CH;8H
9 2b n-C o H,sSH dioxane LiN(SiMe;), 1 Te quant.
10 2b tBuSH dioxane LiN(SiMe;), 1 U 95
) All reactions were performed at 100°C, isolated yields after extractions and chromatography are reported;

®) 38% recovered 2b.

In conclusion, very stable levoglucosane derived epoxides were opened with a variety of nucleophiles under
an improved set of conditions. Due to their structure based reactivity, levoglucosane based epoxides allow
stereo and regioselective introduction of a many functionalities via S\2 displacements without side reactions
and lengthy protection schemes.

Acknowledgments: We wish to thank Josette Schaub for technical assistance, Dr. Tammo Winkler for NMR
and the Central Analytical Laboratories for mass spectroscopy.
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The turbid reaction mixture was kept at 100°C for 2 hrs, then poured onto a slurry of dry ice and ethyl
acetate. The organic layer was extracted with sat. aq. NaHCO;, and brine successively. The product was
Puriﬁed from 1-(o-naphtyl) ethanol by chromatography on silica using toluene/ethyl acetate 4/1 (v/v).
H-NMR: 5.8-6.05 (m): -CH= of allyl; 5.15-5.42 (m): H1(sugar), =CH,(allyl), a-CH(naphthyl ethyl);
1.68, 1.72: Me (2 diastercomers).

3¢ (Table 1, entry 4): To a solution of 178mg (0.5mmol) 1b and 207ul of benzyl alcohol in 10ml tert.
amyl alcohol was added 561 mg (Smmol) of KOtBu. The reaction mixture was kept at 100°C for 18 hrs
and then poured onto sat. ag. NH,Cl. The organic phase was subjected to an aq. workup.

3¢ (Table 1, entry 9): To a solution of 178mg (0.5mmol) 1b and 207ul of benzyl alcohol in 5ml dioxane
was added Sml of a 1M solution of P<t/4>-t-Bu in hexane (Fluka). The reaction mixture was refluxed for
45 min and then poured onto sat. aq. NH,ClI and extracted with ethyl acetate. The organic phase was then
extracted with 10% aq. citric acid, sat. aq. NaHCO;, and brine successively. The product, present in the
combined organic layers was chromatographed on silica using ether/hexane 7/3 (v/v) to remove excess
BnOH. 'HNMR: 5.45: H1(sugar); 1.6 (dd, J;;.s=7Hz, Jy.4<1Hz): CHy(Z-propenyl); 4.62: CH,(Bn).
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4d (Table 2, entry 7): To 10 ml of a solution of 2,6-lutidine/morpholine 4/1 (v/v) were added 125mg
(0.5mmol) of 2a and 5.3mg (0.05mmol) of LiClO,. The reaction mixture was kept at 100°C for 1.5 hrs.
After evaporation to dryness, the reaction mixture was taken up in ethyl acetate and extracted with aq. sat.
NaHCO; and brine successively. The combined organic layers were chromatographed on silica. MS: 338
(M+H)"; '"HNMR: 5.5ppm: H1(sugar); 2,43ppm: H2(sugar).

7f (Table 3, entry10): To a solution of 184 mg (I1mmol) 2b and 340l (3mmol) of tert. butyl mercaptane in
15ml of dioxane were added 3ml of 1M LiN(SiCH;), in THF (Fluka). The reaction mixture was kept at
100°C for 1 hr. After evaporation to dryness, the reaction mixture was taken up in ethyl acetate and
extracted with aq. sat. NaHCO; and and brine successively. The product, present in the combined
organic layers was chromatographed on silica using ethyl acetate/hexane 1/1 (v/v). 'HNMR: 5.42ppm:
H1(sugar); 2.49(d): H2(sugar) 5.72-5.75ppm (m): -CH= (allyl); 1.19ppm (s): CHj(tert. butyl.).




