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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 frequently been used as building block in the de nero synthesis of natural products I, their 
analogs2 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 Ffirst-Plattner rule. 4 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-13-D-galactopyranose (5) 5 upon BF3-catalyzed epoxide opening. 6 
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Scheme: 1 u-n 
In: RL~4-methoxyphenyl; lb:  Rl=allyl; 2a: Rl=4-methoxyphenyl; 2b: Rl=allyl; 3a: Rt=4-methoxyphenyl, R2=Bn; 3b: R~=allyl, 
R2=Bn; 3e: Rt=l-propenyl, R2=Bn; 3d: Rl=allyl, R2=l-(a-naphtyl)ethyl; 3e: Rl=allyl, R2--methoxyethoxy ethyl; 31'." R%I-Z - 

2 1 2 1 2 propenyl, R--me~oxyethoxy ethyl; 4a:2R =allyl, R =NBu2; 4b: R =4-methoxyphen~l, R =NBu2; 4e: Rl=4-methoxyphenyl, 
R2=NPh2; 4d: R =4-methoxyphenyl, R--morpholinyl; 4e: Rl--4-methoxyphenyl, R =piperidinyl; 41"." Rt=4-methoxyphenyl, 

2 1 2 R2=NHtBu; 4g: R = 4-methoxyphenyl, R =NHCH2CH2OH 4h: R =4-methoxyphenyl, R =imidazolyl. 

Table 1: Epoxide Opening with Alkoxides 
Entry 

1 la  
2 la  
3 lb  

4 lb  

Starting Rz.OH Solvent Base 
Material 

l b  

lb  

7 lb  

8 l b  

9 lb  

BnOH 
BnOH 
BnOH 

BnOH 

BnOH 

BnOH 

BnOH 

DMF 
dioxane 

DMA 

dioxane 

dioxane 

dioxane 

dioxane 

dioxane/ 
n-hexane 
i/1 (v/v) 

Nall 
Nall 
Nail 

KO tBu 

Nail, 
15-crown-5 

Nail, 
15-crown-5 

NaH, 
15-crown-5 

LiOBu 

( ( M e z N h P = N ] ~  - 

P=-N-(tBu) 

T[oC ] Reaction 
Time Ih] 

100 0.1 
I00 2 
100 0.3 

100 18 

100 

100 

100 

100 

reflux 

12 

24 

0.75 

Product 
No. 

3a 

3a 
31) 

3c 

3b 

3d 

3e,f 

epoxide 
formation 

3e 

") Isolated yields after extractions and chromatography;b)Many side products; °) Allyl isomerization; 
d)Isomerization caused by excess of alcohol over Nail leading to a protic medium. 
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27 ° 
44 
38 

66 c 

80 
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n . d .  
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The compounds l a - b  gave the 1,6:2,3-dianhydro-4-O-alkyl or aryl-13-D-mannopyranoses 2a-b, i f  the reaction 
conditions were sufficiently basic 7 (Scheme 1). 

Our first task was the opening of  these stable 2,3-epoxides with alkoxides3b'S(Table 1). Levoglucosane 
derived epoxides could be opened by alkoxides with bulky counterions, such as protonated "Schwesinger 

,, < > + + 910 . . . . . .  base P t/4 -t-Bu, K and crown ether complexed Na . '  Lithium alkoxldes were meffectave. Reversible 
bases like KOtBu (entry 4) or P<t/4>-t-Bu I° ' l / (entry 9) lead to the isomerization o f  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 o f  precipitates, which occur with other bases upon 
absorption o f  even traces o f  water or CO 2. Polymerizations were not observed. 

Subsequently, we investigated the epoxide opening of  2a and 2b with aminesl2(Table 2). Lithium or 
sodium amides 13 gave no or little conversion due to their poor solubility and uncatalyzed epoxide openings are 
sluggish (entry 2). Catalysis by Li+-ions 14 was successful in a number o f  solvents. 2,6-Lutidine was our 
favored choice, because it allows solubilization o f  organic compounds and Li salts without strong 
coordination o f  the Li+-ion. 

T a b l e  215: Epoxide  O p e n i n g  w i t h  N i t r o g e n  Nucleophiles 

Solvent Conditions Entry 

1 

10 

11 

12 

Starting 
Material 

lb  

la  

2a 

2a 

2a 

2a 

2a 

la  

la  

la  

la  

2a 

Nueleo- Product Yielda[%] 
phile 

4a 84 Bu2NH 

Bu2NH 

BuyH 

Bu2NH 

Ph2NH 

C- 

o/--'~. 

C- 

, , .~ NHz 

HO~_NH z 

H 

o,,_jN. 13 

neat 

2,6-1utidine/ 
Bu2NH 4/1 

(V/V) 
dioxane/ 

Bu2NH 4/1 
(V/V) 

2,6-1utidine/ 
Bu2NH 4/1 

(VN) 
xylenes 

2,6-1utidine/ 
morpholine 4/1 

(VN) 

2,6-1utidineY 
morpholine 4/1 

(VN) 
2,6-1utidinc/ 

morpholine 4/1 
(VN) 

2,6-1utidinc/ 
piperidine 4/1 

(VN) 
2,6-1utidine/ 
tert,BuNH 2 
4/I (v/v) 

2,6-1utidine/ 
ethanolamie 
4/1 (VN) 

2,6-1utidine/ 
imidazole 
4/I (VN) 

0.2M 
morpholine in 
2,6-1otidine 

0. leq. LiCIO 4 

no catalyst 

LiCIO4:0.1 eq., 
5mM 

LiCIO4:0.1 eq., 
30mM 

Li CIO4slurry 

LiPF 6 
0. leq., 6.7mM 

LiC104, 0.1eq., 
5mM 

LiCIO 4, 0.1cq., 
5mM 

LiCIO4, 
0.1eq.,5mM 

LiCIO4, 0.1eq., 
5mM 

LiCIO 4, 
0.1eq., 3.3mM 

LiCIO 4, O.leq., 
5mM 

LiCIO4, 1. I eq., 
51mM 

T[oC ] Reaction 
Time [It] 

150 3 

100 44 

100 9 

100 7 

100-150 b 17 b 

100 3 

100 1.5 

100 24 

100 48 

reflux 48 

100 24 

100 9 

100 3 

2a 

4b 

4b 

4e 

4d 

4d 

4d 

4e 

4f 

4g 

4h 

") Isolated yields after extractions and chromatography; b) 12 hours at 100°C (little conversion) then hours at 150°C 
C)decomposition; d) rest is la; ¢) Trace of O-alkylation product; f)not sufficiently basic to form required intermediate 2a. 

~aces 

87 

quant. 

8 ¢ 

quant. 

quant. 

trace f 

37 

53 d 

47 c 

quant. 

quant. 
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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: LiCIO4>LiNTf2>LiPF6. Substantial side reactions were only observed with Ph2NH (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 2b with 
ethyldiisopropylammonium thiophenolate only proceeds, when LiPF 6 is sufficiently solubilized by 2,6- 
lutidine (entry 2, 3). Favorable is the use of LiN(SiCH3)2 as reaction promotor, since it deprotonates thiols 
efficiently and provides Li + for Lewis acid cocatalysis) 6 

~ 0  .... baN, LP 0 " '  " SR z 

Scheme 2: 2a,b OH 7a4 
7a: R~=allyl, R2=ph; 7b: RZ--4-methoxyphenyl, R2--trimethylsilyl ethyl; 7e: RJ=allyi, R2=benzothiazol-2-yl; 7d: Rt=allyl, R2=2 - 
chlorobenzyl; 7e: R~=allyl, R2=n-docecyl; 7f: R~=allyl, R2--tert. butyl. 
Table 3: Epoxide Opening with Sulfur Nueleo 

Starting R2SH Solvent 
Material Entry 

1 2b PhSH 

2 2b PhSH 

3 2b PhSH 

4 2a -~SI~-$H I 
5 2b PhSH 

6 2b [ ~  N~. SH 

CI 
7 2b ~ CH=-6H 

CI 
8 2b ~ C H ~ - S H  

9 2b n-Cj2H25SH 

1 0 2b tBuSH 

dioxane 

DIPEA 

2,6-1utidine/ 
DIPEA 9/1 

(V/V) 

2,6-1utidine 

2,6-1utidine/ 
DBU 9/1 

(wv) 
2,6-1utidine/ 

DBU 9/1 
(VN) 

2,6-1utidine/ 
DBU 9/1 

(VN) 

dioxane 

dioxane 

dioxane 

)hfles 
Conditions Reaction 

Time [hi 

no catalyst 84 

LiPF6 84 

LiPF6 72 

LiCIO4 24 

LiPF 6 1 

LiPF 6 24 

LiPF 6 25 

LiN(SiMe3)2 I 

LiN(SiMe3)2 1 

LiN(SiMe3) 2 1 

Product Yield'l%] 

no 
reaction 

no 
reaction 

7a b 26 

7b 61 

7a 89 

7c 69 

decom- 
position 

7d 

7e 

7f 

88 

quant. 

95 
") All reactions were performed at 100°C isolated yields aRer extractions and chromatography are reported; 
b) 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 SN2 displacements without side reactions 
and lengthy protection schemes. 
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