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Abstract: One step formatton of the trtcycltc dtchloroethylfdyne ortho esters 
from the react&m of trichloroethyltdene acetals of D-galactose and D-arabinose 
with X tert-butoxtde are described The possible htermediate, te, ketene acetal 
was prepared separately. from the suitably protected 1,2-O-trtchloroethylidene- 
a-D-galoctofuranose. Stereoselective formation of an ortho ester anhydride. from 
the ketene acetal ts also described 

The reactivity of ketene acetals has recently attracted considerable attention. For example, 

reactions of some metal carbene complexes with ketene acetals afforded tricyclic ortho 

esters instead of the expected cyclopropanone acetals’ . More work has been published on 

the reactions of silylketene acetals which have enhanced reactivity, and as such have been 

used in several reactions including carbon-carbon bond formation 2*3. Formation of ketene 

acetals have been throughly investigated by McElvain et.al*, but no reports have been found 

on the preparation of carbohydrate based ketene acetals. Formation of a bicyclic ortho 

ester, by the treatment of 2-chloromethyl-5-hydroxymethyl- 1.3-dioxolane with K tert-butoxfde 

has been mentioned in a patent and it has been suggested that the reaction proceeds via 

the ketene aceta15. 

The ortho ester method of glycosylation has found a wide application in carbohydrate 

chemistrye. Tricyclic carbohydrate ortho esters such as 1,2.5-O-orthobenzoyl-a-D- 

arabinofuranose were also used’. However preparation of these ortho esters necessitates the 

initial preparation of bicyclic 1.2-ortho esters which undergo intramolecular 

transesterification or acylglycosyl halides, if a suitably situated free hydroxyl is available on 

the carbohydrate skeleton. Methods available for the preparation of 1.2-ortho esters are 

normally time consuming and laborious6. 

We have found that crystalline tricyclic dichloroethylidyne ortho esters of 

D-galactofuranose 3 and D-arabinofuranose 4 can be easily prepared in one step from the 

1,2- 0-trichloroethylidene acetals of these sugars (1 and 2). by their reaction with 

Ktert-butoxide. Thus, (S) 1.2-0-(2.2.2-trichloroethylidene)-u-D-galactofuranose8 1 and 1,2-0- 
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(2,2.2-trichloroethylidene)-a-D-arabinofuranose 1 1 2 (presumably S configuration) gave 1.2,5-0- 

(2.2-dichloroethylidynel-a-D-galactofuranose 9 and 1.2,5-O-(2.2-dichloroethylidyne)-a-D- 

arabinofuranose 4 respectively. The acetals were simply refluxed with K reti-butoxide in tert- 

butanol. Only one product was detected by t.1.c (toluene-methanol. 9:1) in the reaction of 

1. Product 3 crystallised from the filtered tert-butanol solution(67%). An unidentified by 

product was observed in the reaction of 2. The product 4 was crystallsed from ethanol- 

H2O(62%I. 

1 R = -CH2OH S RI= -CH20H : 
2 R=-H 4 R1 = -H 

R2 = -H 

= *I 

; %--H 
=-CH$Ac ; ~,,h 

8 R1 E-H : %=k 

There is indirect evidence that these reactions proceed through the corresponding ketene 

acetals. although no intermediate could be detected. Reaction of 5.6-0-isopropylidene-1.2-O- 

(2.2,2-trichloroethylidene)-a-D-galactofuranose 6 7 with K tert-butordde. in which ortho ester 

formation is prevented gave the syrupy ketene acetal 6 (70%) which is characterised by its 

1~ n.m.r spectrum, in which the characteristic acetal proton singlet has disappeared. The 

mass spectrum is also consistent with the proposed structure1 I. The i.r spectrumshowed a 

sharp line at 1713 cm-l which is consistent with a double bond containing two oxygen 

substitu&s9. 

CCI, 
K+ -O-t-But. 

ll-IF/3ooc 

7 8 
It is known that the acetal carbons of ketene acetals are sensitive to nucleophtles3. We 

have observed that the ketene acetal 8 is stable for several weeks if protected from 

atmospheric moisture. On contact with water however, it decomposes rapidly with 

dwelopment of acidity. 

Ortho esters 3 and 4 gave crystalline di S and mono 6 acetate derivatives respectively. 

Attempted acetylation of 8 gave a crystalline diacetate derivative as the major product after 

three succesive acetylations with pyridine-acetic anhydride. This product is most likely an 
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ortho ester anhydride 8 formed by the attack of the acetate ion on the acetal carbon of 8. 

After the first acetylation. the 1H nmr spectrum of the crude product showed roughly 50% 

formation of 9. based on the ratio of the H-l doublets for monoacetylated ketene acetal 

(not isolated) and 9. The propertion of 8 Increased to -96% after the third acetylation. The 

1H n.m.r spectrum showed the formation of only one stereoisomer which may be explained 

by consideration of the steric hindrance of the 5.60-isopropylfdene ringlo which may 

prevent the approach of the incoming nucleophile. The probable attack of the acetate ion 

on C-l would have produced a 8-D-galactofuranose derivative, but this possibility is 

eliminated as the observed JH 1 ,H2 value (4Hz) is typical for a-D-galactofuranose 

derivative&lo. Furthermore.13C mnr spectrum of 9 shows two carbonyl carbon signals at 

169.7 and 166.0 ppm and a signal at 120.5 ppm can be assigned to the ortho ester 

carbon. Mass spectrum of B is also consistent with the proposed structure1 l. 

9 
Similar reactions of (R) 5.6-O-isopropylidene-1.2-0-(2,2.2-trichloroethylidene)-a-D-gluco- 

furanose did not produce a significant amount of the ketene acetal even after prolonged 

reaction time. Reactions of other stereoisomeric trlchloroethylidene acetals of sugars are 

currently being investigated. 
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11. Physical data for key compounds: 

All optical rotation values were obtained at 28 f 2oC. 

2: 184”186oC (methanol): [CX]D + 30.2 (c 1.7, CH3OH). Diacetate of 2 : m.p. m.p. 

42-44OC (pet-ether); [aIn-18.5 (c 1.0. Pet.ether); lH NMR (60 MHz. CDC13); S 5.66 

(s.CHCC13). 6.25 (d. 51.2 4H2, H-l), 4.98 (d. 52.3 -0 Hz, H-2). 5.13 (bs, H-3). 

3.80-4.50 [m. H-4.5.5’). 2.10. 2.15 (2s. 2xAc). 

3: m.p. 159-161oC(CH30H): [a]n +26.l(c 4.9, CH3OH): 1~ NMR(400 MHz. CD3OD): 

6 5.99(s. -CCl2H). 6.03(d. Jl,2 4Hz. H-l). 4.58(q. 52.4 -1Hz. H-2), 4.28(s. 52.3 -0Hz. 

H-3). 4.5O(m. H-4). 4.OO(m. H-5). 3.67(m. H-6.6’): Mass spec.:241[M+-(CH20H). 75%]. 

4: m-p. 117-119°C(EtOH-H20): [a]B-41.O(c 1.26. CH3OH): 1~ NMR(60 MHz. CD3OD): 

6 5.98(s. -CC12H), 6.05(d. 51.2 ~Hz, H-l). 4.63(q. 52.4 -1Hz. H-2). 4.13(m. H-3.4). 3.80 

(m. H-55’). 

5: m.p. 123-124cC(Pet.ether]: [a]B+41.O(c 2.13. CH30H]: 1~ NMR(400 MHz. CDC13): 

6 5.75 (s. -CC12H). 6.09(d. 51.2 4Hz. H-l), 4.8l(q. 52.4 -1Hz. H-2). 5.24(s, J2,3 -0Hz. 

H-3). 4.60(bs. H-4). 4.37(m, H-6.6’). 4.25(m, H-5). 2.11, 2.16(2s, 2xAc); Mass spec.:283 

[M+-(CH20Ac), 13%]. 

6: m.p. 130-132oC(CHC13): [aID-60.89(c 0.77. CHC131; lH NMR(60 MHz. CDC13): 3 5.78(s, 

-CC12H). 6.08(d, 51.2 4Hz. H-l), 4.8O(q. 52.4 -1Hz. H-2). 5.25(s. 52.3 -0Hz. H-31. 4.52 

(m. H-4), 4.08. 4.12(bs. s, H-5,5’). 2.12(s, AC). 

8: [a]D-4.ll(c 4. CC14): 1~ NMR(200 MHz, CDC13); 6 6.35(d. 51.2 4Hz. H-l), 5.00(d, 

J2,3 -0Hz. H-2). 4.45(bs. H-3). 3.80-4.15(m, H-4.5.6.6’). 1.26. 1.33(2s. 2xMe). 2.770~~. 

OH); Mass spec.: 312(Mf. 33%). 297(M+-Me. 20%). 254(M+-Acetone, 28%). 236 

(M+-Acetone-H20. 15%). 

9: m.p.103-105oC (CCl4-Pet.ether); [a]D+9.50(c 1.42. CHC13); lH NMR(60 MHz. CC14): 

6 5.98(s. -CC12H]. 6.05(d. 51.2 4Hz, H-l). 5.13(m. H-2,3). 3.5-4.5(m. H-4.5.6.6’). 2.12. 

2.16(2s, 2xAc). 1.43, l-46(2& 2xMeI. 13C NMR (50 MHz. CDC13): 6 169.7, 166.0 

(2xCH3-c=O). 120.5 (C-orthoester). 110.1 (C-acetal). 107.2 (C-l), 89.3. 84.3. 77.1, 75.2, 

71.2 (C-2 to C-5 and CC12H). 65.7 (C-6). 26.2, 25.6 (2xMe), 20.6. 21.6 (2xcH3-C=O); 

Mass spec.: 415(M++l. 18O/6), 355 (415-AcOH. 75%). 356 (415-OAc. 200/6). 101 (from 

C-4, C-5 bond fission, lOOoh). 

12. All new compounds gave satisfactory elemental analyses except S which gave varying 

results in four consequtive analyses, two of which conformed with the K salt of 8. We 

presume that this product is a partial K salt. 
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