
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Synthesis of Carbohydrate Derived α-Methylene-γ-lactones by
Diasterecseldctive, Low Temperature Reformatsky-Type Reactions
René Csuka; Alois Fürstnera; Heinz Sterkb; Hans Weidmanna

a Institute of Organic Chemistry, Technical University Graz, Graz, Austria b Institute of Organic
Chemistry, Karl-Franzens-University, Graz, Austria

To cite this Article Csuk, René , Fürstner, Alois , Sterk, Heinz and Weidmann, Hans(1986) 'Synthesis of Carbohydrate
Derived α-Methylene-γ-lactones by Diasterecseldctive, Low Temperature Reformatsky-Type Reactions', Journal of
Carbohydrate Chemistry, 5: 3, 459 — 467
To link to this Article: DOI: 10.1080/07328308608058849
URL: http://dx.doi.org/10.1080/07328308608058849

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308608058849
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. CARBOHYDRATE CHEMISTRY, 5 ( 3 ) ,  459 -467  ( 1 9 8 6 )  

Reni? Csuk' , Alois Wstner' , He& Sterk', and Hans Weidnann' * 
1 Institute of Organic &emistry, Technical 
University Graz, A-8010 Graz, Austria 

2 Institute of Organic chemistry, Karl- 
R-anzens-University, A-807 0 Graz , Austria 

Received January 23, 1986 - Final Form June 13, 1986 

Hexopyranoside- and hexofuranose uloses with either ethyl 
2-(bramnethyl)acryLate in the presence of L a m i n a r  Zn/Au-gra?hite 
or ethyl 2-(trimethylsilylmethyl)acryLate/~etra-n-ltylmnium 
fluoride urdergo stereoselective branching, m i d y  with 
formation of spiro a-methylene-y-lacts. 

Introduction 

A considerable number of natural products are a-methylene-v- 
lactone ring containing di- or tricyclic sesquiterpenes, almost 
exclusively originating fran the large family of canpositae. ' w 
unusual variety of their biological activities' not only led to a 

wealth of a-methylene-y-lactone syntheses,' r 2  but also prcmpted 
numerous investigations aimed at structures Less toxic than those 

occurring in nature. 

a-methylme-y-lactone rings consists in %formatsky-type reactions 
of carbony1 canpounds w i t h  esters of 2-(brcmcmethyl)-2-enoic acids, 
or w i t h  ethyl trin~thylsilyl-2- (bramwthyl) a~rylates.~ With reagents 
of this kind, cyclarrones generally yield spiro-bicyclc-amethylme- 

y- lactones . 

The method of choice for the single-step fomtion of 
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460 CSUK ET AL.  

Fesults and Discussion 

Imsnuch as there are no rewrts on a-methylene-Y-lactone 

spiroannelations of carbohydrate derived ketones, and in viecr of our 
results recently obtained f r a n  branching reactions of such educts 
w i t h  ethyl br-cetate/Zn” a s  w e l l  as ethyl trimethylsilylacetate/ 
tetra-@utylamnonim fluoride (FI*jpJTBAF) , an investigation of 
similiar reactions using ethyl 2-branarethyl)acrylate (5) and 
ethyl 2- (trimethylsiLyhthyL) acrylate (51 4 ,  rescectively , was 
called for. 

3 - 

when methyl 4,6~knzylidene-3-d&~xy~-Q-erytho-2-hsrulo- - 
5 pyranoside (2) - 

of zinc under the usual c o d i t i o n s f 6  a separable mixture of the 
diastereoisauers (2a) and (g) 
obtained. R-cm treatment of 2 w i t h  /TBAF, m s  formed exclusively 

(60 %), although a t  greatly reduced rate. These results are quite in 
agreenent w i t h  the Iaer degree of stereoselectivity we observed w i t h  

zinc- as ccmpared t o  tetra-~-butyl.amrPnium ethyl acetate emlate ,  
which is.obvi0usl.y mre nucleophilic than the ethyl methacrylate, 
originating fran a w i t h  ‘I”. 

was subjected to a reaction with 5 in the presence 

(2a:2b = 54:lO) total- 64 % was - 

7 

8,9,13,14 In search of impravanents of Refomtsky-type reactions 

to meet, inter alia, our requirenents for stereose.lectivity, we 

recently found laminar zinc/silver-graphite15 even suwrior to 

either laminar zinc-graphite o r  Rieke-zinc.8 While both of the 
latter reacted rapidly a t  o r  above 0°C w i t h  2 in the presence of 2 
w i t h  good to excellent yieLds, the products were found t o  be 
mixtures of diastereoisaners in each case. ?inwering the tanperatue,  
particularly in reactions etIDlOying Rieke-zinc, resulted only in 

a dramtic decrease in yields. 

yields were finally accaplished when canpds 1 -4’ 
subjected to 5 a t  -78OC in the presence of lamFnar Zn/Ag-gra&ite, 15 

readily formed f m n  C8K and ZnC12/FqQAc (0.1 molar  ra t io)  in re- 
fluxing tetrahydrofuran. While f m  educts 2-4 spiro a-methylene- 
y-lactones could be obtained, cmpxnd - 1 by this procedure only 
yielded the hcnwraldol product ( l a ) .  - Its resistance to lactonization 
may be envisaged to  h connected with the highly rigid conformation 
of 4 , 6-pbenzylidene-hexopyranosides , branched a t  C-3 .l The stereo- 
chemistry of la-3af and hence that of 2 and U, a t  their respective 
sites of branching, m s  f a u d  to be identical t o  Fefomtsky products 

9 

- 

8 

Diastereosdective converSions in a l l  cases and in exceLlent 
were - -  

- 

- -  
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previausly described. lor In addition, the equatorial branching 
in & also follows frm the deshielding effect of the axially oriented 
-C-C(=O)-R substituent on the protons at C-3 (due to their closer 
vicinity to the lactone carbnyl miety) as well as the shielding of 
C-2 by the same substituent (C-2 in 2 6 =  80.39, C-2 in 2b E =  82.21)- 
all king in best accordance with the rules given by Gajewski and 
Fdkker.21 The exo-configuration in 2 not only corresponds to the 
steric arrangment in 2 but is also in accordance w i t h  the stereo- 
chanistxy of nucleophilic reactions of 

- 

bicyclic educts. 

Ekperimental 

In a typical experiment 1.55 g of graphite and 0.66 g of clean 
potassium were stirred at 1W0C under argon as described by Lhani- 
R31~2hi.~ To the resulting bronze-coloured C8K, 2o susperded in 1 5 ml 
of anhyd tetrahydrofuran, 1 g of anhyd ZnC12 and 0.1 g of PqOAc were 
added in portions at r c a n  tgnperature with vigorous stirring causing 
the solvent to reflux. Refluxing was continued for an additional 
30 m i n .  , the suspension was cooled to -78OC and a solution of 2 mnol 
of the correspding ulose 11, 2, 3, or 4) and 0.5 g of 2 in 5 ml of 
anhyd tetrahydrofuran was slowly added. After 5 min of stirrm at 
that temperature the mixture was filtered, diluted with M ml of 
ether, extracted twice with water ( 20 ml each), and the organic 
.hyer was dried over M2SO4. Evaporation and colm chmnatography 
of the residues afforded the products (la-4a) (cf tables, methcd D). 
'H-NMR ((pc13; tetrethylsilane as internal standard, varian XL-200): 

la: 7.59-7.30 (mr5H,-t.), 6.32 (bs,lH, H-olef.), 5.74 (bs, lH, 
H-olef.'), 5.56 (s,lH,C€i-benzylidene) , 4.79 (d,lH,H-l , J(l ,2)= 3.9 HZr 3 - 

3 3J(l ,2')= 0) 4.32 (dd,lH,H-5, 'J(4,5)= 4.9, 3J(5,6)= 5(5,6')=9.8 HZ) r 
4.24-4.08 (m,lH,H-4) , 4.09 and 4.0 (q,2H,CH2-ester,rotmners) , 3.77 ard 
3.54 (virt-t and v i r t -  dr 2 H r  H-6 and H-6')r 3.48 (bS,lH,OH)r 3.39 
(s,3H,m) , 2.91 and 2.51 
and 1.87 (dA13,2HrH-2,H-2', '5(2,2')= 15.0), 1 .21 (tr3H,Me-ester, 54-91 
- 2a: 7.57-7.36 (mr5H,aranat.) , 6.35 (vt,A-part of an AMxi, lH,H-olef. , 
4J(H-olef,H-2')= 2.5, 4J(H-olef. ,H-2")=2.9) , 5.70 (virt.t, M-part of 
AMXY,lH, H-olef. ' ,4J(H-olef. ' ,H-2')= 2.5, 4J(H~kf. ' ,H-2")= 2.9) r 5.54 

3J(5,6)=3J(5r6')= 9.6) ,3.99-3.73(mr2H,H-6,H-6') , 3.70-3.52 (m,lH, H-4) , 

(ABr2H,H-3',H-3", 'J(3',3")=13.5 HZ) , 2.01 
3 

3 
(s,lH, C€i-benzylidene) 4.35 (S,lH,H-l) 4.30 (ddrlHrH-5, J(4r514.3, 

3.51 (~r3HrW) r 2.57 and 2.14 (dAB,rW,H-3,H-3',2J(3,3')=12.0, 3~(3,4)=1 2.0, 
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Table 3 

13~-~-spectroscopic data ( 6  in ppn, in m 1 3 ,  tetramethylsilane 
as intemai s t x d a r d ;  Bruker WH-90, 22.63 MHz) 

C a r b n  
c-1 
c-2 
c-3 
c-4 
c-5 
C-6 
c-1 ' 
c-2 ' 
c-3 ' 
c-4 ' 
CMe 

de 
Me* 

la 
98.86 
39.10' 
70.1 8 
81.87 
60.82 
69.34 

- 

39.49' 

5 
136.85 
(1 28.18) 
167.78 
55.36 
101.78 

-- 

2a 
100.81 
80.39 
35.72 
75.65 
63.81 
69.34 
37.67 
133.38 
123.82 
168.75 
55.62 
102.17 

- 

--- 

2b 
100.81 
82.21 
36.50 
74.41 
64.59 
69.34 
36.50 
133.71 
123.82 
170.03 
55.42 
102.17 

- 

--- 

4a - 3a - 
107.63 103.08 
86.44' 77.86' 
85.27' 85.20 
85.14' 84.68+ 
85.53 73.56' 
73.43 68.10 
35.20 31 .24 
132.86 133.45 
123.89 122.03 
168.43 168.36 

--- --- 
1 1 3.1 6 1 10.04/114.07 

27.53/26.88 25.06/26.30 
26.30/26.75 

--- --- armtic* 1 26.29 126.36 126.36 
128.19 128.57 128.57 
128.96 129.42 129.35 
137.67 137.28 137.61 

14.01 --- --- --- 3'-* 

Me-ester 
M2-ester 59.52 

5 hidden behind armtic signals * 
+ OUT 2CO MHz-2-D-NM~-facilities did not allow unequivocal 0 

of isopropylidene and benzylidene, respectively 

distinction betwen those c x b n  at- marked by +, which 
pssibly may be interchanged. 

3J(3',4)= 4.1), 2.46 and 2.62 (vt  AB as =-part Of AMXYrW,H-2',H-2", 
2J(H-2',H-2")= 17.5 Hz). 
2b: 7.56-7.33 (mr5H,aranat.), 6.31 (vt, A part of AMXY, lH,H-olef., 
4J(H-olef.,H-2')=2.7, 4J(H-olef.,H-2")=2.5), 5.72 fvt, M part of AMXY, 
1 H, H-olef . ' , 'J (H-olef . ,H-2 ' 1 =2.7 , 4J (H-olef . ' ,H-2") = 2.5) , 5.60 ( s ,  1 H , 

- 

a-benzylidene) 4.65 (StlHr H-1) 4.33 (vkt.qrlHrH-5, 3 J(4,5)=10.5, 

(d,W,H-3,H-3', 3J(3r4)= 8.0, 3 J(3',4)=0. 

3J(5,6)=16) r4.09(Vkt.dqrlHrH-4) r 3.88 (mtWtH-6rH-6') r 3.45 (Sr3Htm) r 
2.72 and 3.06 (dABr =-part Of AMXYrWrH-2',H-2",25(2'r2")=17.5) r 2.16 
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CSUK ET AL. 466 

- 3a: 6.35 (virt.t,A-part of AMXY,1H,H+lef.,4J(H-olef.,5')=4J(H~lef.,5")= 
2.8), 6.06 (d,lH,H-1,3J(l ,2)=3.8), 5.79 (virt.t,M-part of AMXY,lH,H-olef.', 
4J(H-olef',5')= J(H-olef.' ,5")= 2.7, 4.70 (d,lH,H-2) ,4.65(sfW,H-3,H-4) , 
3.71 4.02 (AE,W,H-6,H-6',2J(6,6')=9.4), 2.91 and 2.96 (vkt.t, XY-part 
cf ILMXY, W,H-S,H-S', 2J(5,58 )=I7  -0) , 1.5 (s, 3H,Me-isoprop. ,endo) , 1.37 
(s,3H,&isopr. ,ex01 . 

3 2.91 5.76 (d,lH,H-1, J(1,2)=3.6), 5.68 (virt.t,M part of AMKY,lH,H-olef.', 
4 4J(H-olef.',3')= J(H-olef,3")= 2.91, 4.38 (d,lH,H-2), 4.20-3.94 (m,4H, 

H-4,H-5,H-6,H-6'), 2.65 and 3.24 (virt. AE3 as XY part of AMXY,2H,H-3',H-3I1, 
2J(H-3',H-3'')=17.3), 1.63, 1.40, 1.36 and 1.25 (each sf3H,Me-isoprop.). 

4 

4a: 6.26 (virt.t, A part of AMXY,1H,H+lef.,4J(H+lef,3')= 4 J(H-olef.,3")= - 
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