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ABSTRACT

Hexopyranoside- and hexofuranose uloses with either ethyl
2-(bramamethyl)acrylate in the presence of laminar Zn/Aa-grachite
or ethyl 2-(trimethylsilylmethyl)acrylate/tetra-n~butylammonium
fluoride undergo stereoselective branching, mainly with
formation of spiro a-methylene-y-lactones.

Introduction

A considerable number of natural products are a-methylene-Y-
lactone ring containing di- or tricyclic sesquiterpenes, almost
exclusively originating fram the large family of canposit:ae.1 The
unusual variety of their biological activities' not only led to a
wealth of a-methylene-y-lactone syn‘c.l'xeses,1 '2 but also prampted
numerous investigations aimed at structures less toxic than those
occurring in nature.

The method of choice for the single-step formation of
a-methylene-y-lactone rings consists in Reformatsky-type reactions
of carbonyl campourds with esters of 2-(bramamethyl)-2-enoic acids,3
or with ethyl trimethylsilyl-2-(bromomethyl) acry].ates.4 With reagents
of this kind, cyclanones generally yield spiro-bicyclo-a-methylene-

y—lactones. 4,6
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Results and Discussion

Inasmuch as there are no reports on ¢-methylene-Y-lactone
spiroannelations of carbohydrate derived ketones, and in view of our
results recently obtained fram branching reactions of such educts
with ethyl branoacetate/an as well as ethyl trimethylsilylacetate/
tetra-n-butylammonium fluoride (ETSA/TBAF) ,7 an investigation of
similiar reactions using ethyl 2-bramamethyl)acrylate (5)°> and
ethyl 2-(trimethylsilylmethyl)acrylate (_6_)4, respectively, was
called for.

When methyl 4,6-C-benzylidene-3-decxy--D-erythro-2-hexulo-
pyrancside (2)° was subjected to a reaction with 5 in the presence
of zinc under the usual cony;lit:ions,6 a separable mixture of the
diastereoisamers (2a) and (2b) (2a:2b = 54:10) totaling 64 % was
obtained. Fram treatment of 2 with 6/TBAF, 2a was formed exclusively
(60 %), although at greatly reduced rate. These results are quite in
agreement with the lower degree of stereoselectivity we observed with
zinc- as campared to tetra-n-butylammonium ethyl acetate 4:-:7*;olate,7
which is.obviously more nucleophilic than the ethyl methacrylate,
originating fram 6 with TBAF.
in search of improvements of Reformatsky-type reactionsa’9’13’14
to meet, inter alia, our requirements for stereoselectivity, we
recently found laminar zinc/silver-graphit:e15 even superior to
8 wWhile both of the
latter reacted rapidly at or above 0°¢c with 5 in the presence of 2
with good to excellent yields, the products were found to be

mixtures of diastereoisamers in each case. Lowering the temperature,

either laminar zinc-qraphite9 or Rieke-zinc.

particularly in reactions employing Rieke-zinc, resulted only in
a dramatic decrease in yie'l.ds.8

-Diastereoselective conversions in all cases and in excellent
yields were finally accamplished when campounds 1- —_5’18'19 were
subjected to 5 at -78°C in the presence of laminar Zn/Ag~graghite, >
readily formed from CBK and ZnClz/AgOAc (0.1 molar ratio) in re-
fluxing tetrahydrofuran. While fram educts 2-4 spiro o-methylene-
y-lactones could be obtained, campound 1 by this procedure only

yielded the hamo-aldol product (Jla). Its resistance to lactonization
may be envisaged to be connected with the highly rigid conformation
of 4,6~0O-benzylidene-hexopyranosides, branched at C—3.1O The stereo-
chemistry of la-3a, and hence that of 1b and 2b at their respective
sites of branching, was found to be identical to Reformatsky products
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previocusly described_7r10,15,17

In addition, the equatorial branching
in 2a also follows fram the deshielding effect of the axially oriented
—0C(=0}-R substituent on the protons at C-3 (due to their closer
vicinity to the lactone carbonyl moiety) as well as the shielding of
C-2 by the same substituent (C-2 in 2a &= 80.39, C-2 in 2b ¢= 82.21)-
ail belr2x13 in best accordance with the rules given by Gajewski and
Riicker.

steric arrangement in 3a but is also in accordance with the stereo-

The exo—configuration in 4a not only corresponds to the

chemistry of nucleophilic reactions of bicyclic educts.

rimental

In a typical experiment 1.55 g of graphite and 0.66 g of clean
potassium were stirred at 150°C under argon as described by Umani-
Ronchi.” To the resulting bronze-coloured CgK, % suspended in 15 ml
of anhyd tetrahydrofuran, 1 g of anhyd ZnCl2 and 0.1 g of AgOAc were
added in portions at room temperature with vigorous stirring causing
the solvent to reflux. Refluxing was continued for an additional
30 min., the suspension was cooled to -78°C and a solution of 2 mmol
of the corresponding ulose (1, 2, 3, or 4) and 0.5 g of 5 in 5ml of
anhyd tetrahydrofuran was slowly added. After 5 min of stirring at
that temperature the mixture was filtered, diluted with 50 ml of
ether, extracted twice with water ( 20 ml each), and the organic
layer was dried over Na2804. Evaporation and column chramatography
of the residues afforded the products (la-4a) (cf tables, method D).

1I-I-NIVIR (C.'Dcl3 ; tetramethylsilane as internal standard, Varian XL-200) :

1a: 7.59-7.30 (m,5H,arcmat.), 6.32 (bs,1H, H-olef.), 5.74 (bs, 1H,
H-olef.'), 5.56 (s,1H,CH-benzylidene), 4.79 (d,7H,H-1,33(1,2)= 3.9 Hz,
35(1,2")= 0), 4.32 (dd,1H,H-5, 3J(4,5)= 4.9, >3(5,6)="3(5,6')=9.8 Hz),
4,24-4.08 (m,1H,H-4), 4.09 and 4.0 (q,ZH,CHZ-ester,rotame.rs), 3.77 ard
3.54 (virt.t and virt. 4, 28, H-6 and H-6'), 3.48 (bs,1H,CH), 3.39
(s,3H,0Me), 2.91 and 2.51 (AB,2H,H-3',H-3", 2J(3',3")=13.5 Hz), 2.01
and 1.87 (dAB,2H,H-2,H-2', 23(2,2')= 15.0), 1.21 (t,3H,Me—ester, J=6.9)
2a: 7.57-7.36 (m,5H,aramat.), 6.35 (vt,A-part of an AMKY, 1H,H-olef.,
47 (a-olef,H-2")= 2.5, JJ(H-olef.,H-2")=2.9), 5.70 (virt.t, M-part of
AMXY,1H, H-olef.',%J(H-olef.',H-2")= 2.5, dg(H-olef.' H-2")= 2.9), 5.54
(s,1H, CH-benzylidene), 4.35 (s,1H,H-1), 4.30 (dd,1H,H-5,33(4,5)=4.3,
31(5,6)=3(5,6')= 9.6),3.99-3.73 (m, 2H,H~6,H-6"), 3.70-3.52 (m,1H, H~4),

3.51 (s,3H,0Me), 2.57 and 2.14 (dAB,2H,H-3,H-3',23(3,3")=12.0, 33(3,4)=12.0,
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13

C-NMR-spectroscopic data (6§ in ppm, in CDCl

Table 3

3'

as intermal standard; Bruker WH-90, 22.63 MHz)

CSUK ET AL.

tetramethylsilane

4a
103.08
77.86"
85.20
84.68"
73.56"
68.10
31.24
133.45
122.00
168.36

110.04/114.07

27.53/26.88 25.06/26.30

Carbon la 2a 2 3a
c-1 98.86 100.81 100.81 107.63
c-2 39.10" 80.39 82.21 86.44"
c-3 70.18 35.72 36.50 85.27"
c-4 81.87 75.65 74.41 85.14"
c-5 60.82 63.81 64.59 85.53
c-6 69.34 69.34 69.34 73.43
c-1° 39.49" 37.67 36.50 35.20
c-2" 136.85 133.38 133.71 132.86
c-3! (128.18)%  123.82 123.82 123.89
c-4" 167.78 168.75 170.00  168.43
ave 55.36 55.62 55.42 —
c* 101.78 102.17 102.17 113.16
Me® -_— - -
arcmatic*  126.29 126.36 126.36 —

128.19 128.57 128.57

128.96 129.42 129.35

137.67 137.28 137.61
Me-ester 14.01 — —— —
CHy-ester  59.52
§ hidden behind aramatic signals

of isopropylidene and benzylidene, respectively
our 200 MHz-2-D-NMR-facilities did not allow unequivocal

26.30/26.75

distinction between those carbon atams marked by +, which
possibly may be interchanged.

37(3',4)= 4.1), 2.46 and 2.62 (vt AB as XY-part of AMXY,2H,H-2' H-2",

27 (H-2" ,B-2")= 17.5 Hz).

2b: 7.56-7.33 (m,5H,aramat.), 6.31 (vt, A part of AMXY, 1H,H-olef.,

47 m-otef. ,u-2")=2.7, Y5(H-olef.,H-2")=2.5), 5.72 (vt, M part of AMXY,
18, H-olef.',*J(H-olef.',H-2)=2.7, *J(H-olef.' H-2")= 2.5), 5.60(s,1H,
CH-benzylidene), 4.65 (s,1H, H-1), 4.33 (virt.q,1H,H-5,37(4,5)=10.5,
33(5,6)=16) ,4.09 (virt.dq, 1H,H-4), 3.88 (m,2H,H-6,H-6'), 3.45 (s,3H,CMe),
2.72 and 3.06 (AAB, XY-part of AMXY,2H,H-2',H-2",27(2',2")=17.5), 2.16

(d,2H,H-3,H-3', 33(3,4)= 8.0,33(3',4)=0.



12: 05 23 January 2011

Downl oaded At:

CARBOHYDRATE DERIVED a-METHYLENE-y-LACTONES

o
0‘
— \Ol
7N
=
o=
— m,
&

465



12: 05 23 January 2011

Downl oaded At:

466 CSUK ET AL.

3a: 6.35 (virt.t,A-part of AMXY,1H,H-olef.,%s(H-olef.,5")=YsH—olef., 5=
2.8), 6.06 (d,1H,H-1,33(1,2)=3.8), 5.79 (virt.t,M-part of AMXY,1H,H-olef.',
45 (mmolef',5") =47 (H-olef.",5")= 2.7, 4.70 (d,1H,H~-2) ,4.65(s,2H, H-3,H-4) ,
3.71 and 4.02 (AB,2H,H-6,H-6',%7(6,6')=9.4), 2.91 and 2.96 (virt.t, XY-part
cf AMXY,2H,H-5,H-5', %3(5,5')=17.0), 1.5 (s,3H,Me-isoprop. ,endo), 1.37
(s,3H,Me~isopr.,exo) .

4a: 6.26 (virt.t, A part of AVXY,1H,H-olef.,%7(H-olef,3')=*s(Holef.,3"=
2.9) 5.76 (d,1H,H-1,33(1,2)=3.6), 5.68 (virt.t,M part of AMKY,1H,H-olef.',
43 (H-olef. ', 3") =Y (Holef,3")= 2.9), 4.38 (@,1H,8-2), 4.20-3.94 (m,4H,
H-4,H-5,H-6,H-6'), 2.65 and 3.24 (virt. AB as XY part of AMXY,2H,H-3',H-3",
23(8-3',H-3")=17.3), 1.63, 1.40, 1.36 and 1.25 (each s,3H,Me~isoprop.).
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