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Abstract : Comparison of  the 13C nmr spectrum of the nonacetate of a synthetic stereoisomer of 
calditol with that of the nonaeetate of the natural product, combined with a comparison of  the 13C 
nmr spectrum of the peracetate of  a hexitol derived from calditol with all known peracetates of 
open chain hexitols, invalidates the originally proposed structure. 

Calditol is a polyhydroxylated compound which was found to constitute a portion of  complex 

macrocyclic tetraether lipids isolated from the membrane of thermoacidophilic archaebacteria of  the Caldariella 

group) The proposed structure was concluded 2 to be that of a unique branched chain nonitol 1, of undefined 

stereochemistry. Part of  the original basis for the p(oposal of this structure was an examination of the 13C nmr 

spectra of  both the nonacetate of  calditol itself 2 and of  the two peracetates, assigned as structures as 3 and 4, 

which were derived from calditol by degradation involving sequential periodate oxidation, reduction and 

acetylation. 
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The degradation product 4 was assigned an open chain structure, though it was claimed that no 

stereochemical information could be obtained from this material. Being interested in this unique proposed 

structure of  calditol, we promptly became intrigued by the structural assignment reported for 4 as that of a 

hexitol peracetate. In particular we noticed the large discrepancy between the two chemical shifts for the two 
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triplet carbons (8.6 ppm). For all possible open chain hexacetates (data by Angyal and Le Fur3,Table 1), there is 

only an extremely small discrepancy between the signals of the triplet carbons which are always found around 

62 ppm (plus or minus 0.5 ppm). Correspondingly the doublet carbons are always found between 67 and 70 

ppm. Comparison of these values with those obtained for the degradation product 4 reveals the anomalies of a 

triplet at 70.86 ppm and a low field doublet at 77.11 ppm, indicating the inviability of the structural assignment 

of 4 as an open chain bcxitol. 

Table 1.13C Nmr Data for Hexitol Peracetates 3 and De Rosa's compound 4 

Carbon Allitol Altritol Galactitol Glucitol Iditol Mannitol 4 
Atom 

1 61.8 62.1 62.3 62.0 61.8 62.0 70.86(0 

2 69.7 68.4 67.8 69.6 69.3 68.1 70.32(d) 

3 69.4 69.1 67.7 68.7 68.9 67.7 77.1 l(d) 

4 69.4 68.7 67.7 69.0 68.9 67.7 69.78(d) a 

5 69.7 70.0 67.8 68.9 69.3 68.1 69.48(d) a 

6 61.8 61.7 62.3 61.6 61.8 62.0 62.23(0 

(a) These signals are not unequivocally assigned. 

We thus decided to synthesise a defined isomer of 2 in order to carefully compare the 13C nmr data with 

that reported by De Rosa e t  al.. Condensation of the ketone 54 with the lithium enolate 5 of the dioxolane 66 

yielded the lactone 77 as the major reaction product s (Scheme 1) in 66% yield. Tebbe 9 rnethylenation of 7 was 

achieved without protection of the tertiary alcohol to yield the alkene 8 which was directly submitted to 

hydroboration to yield the alcohol 91° as the sole reaction product (84% yield from 7). 
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Scheme 1. Reagents: (i) LDA, THF, -78°C, 66% (also 20% recovered starting material); (ii) Tebbe 9, THF, pyridine, 
-40°C to room temp.; (iii) BH3.DMS, THF, 0°C to room temp., 84% over two steps. 

The absolute configuration of 9 was confwmed by crystallography 11 and the X-ray structure of this material is 

shown (Figure). 
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Conversion of the alcohol 9 to the calditol isomer 

1 1 was achieved by a five step reaction sequence 

(Scheme 2). Acidic removal of both dioxalone and 

benzyiidene protecting groups followed by acetylation 

of the crude reaction product with acetic anhydride and 

pyridine yielded the pentacetate 10 t2 in 97% yield. 

Removal of both benzyl groups was achieved by 

catalytic hydrogenation in the presence of palladium 

black. The crude reaction product was subsequently 

reduced with a large excess of sodium borohydride 

and then acetylated with acetic anhydride and pyridine, 

in the presence of a catalytic amount of DMAP, to 

finally yield the peracetylated calditol isomer 11 (46% 

yield over the last three steps). 
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Figure X-Ray Structure of 9 showing crystallographic 
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Scheme 2. Reagents: (i) TFA, H20, room temp.: (ii) A¢20, pyridine, room temp., 97% over two steps; (iii) HZ, Pd black, 
EtOH, room temp.; (iv) NaBH4, EtOH, room temp.; (v) Ac20, pyridine, DMAP, room temp., 46% over two steps. 

Comparison of the 13C nmr skeletal chemical shifts of 11 with those given for the nonacetate of calditol 

2 revealed several significant discrepancies (Table 2). For the synthetic isomer 11 all triplet carbons are found 

around 62 ppm (cf. all hexitol pcracetates, Table 1), and all doublets between 68.7 and 71.5 ppm. Of particular 

note in the spectrum of 2 are the low field triplet at 70.0 ppm (assigned as C- 1, which has the same chemical 

shift as C-2) and the two low field doublets (85.4 ppm assigned as C-3, and 80.3 ppm assigned as C-5). Also 

notable is the lack of multiplicity for the signal at 72.9 ppm (assigned to C-7). 

Table 2. Comparison of 13C nmr data (with multiplicities) of calditol peracetate 2 and synthetic nonacetate 11 

Carbon Atom 1 2 3 4 5 6 7 8 9 

Compound 

Calditolnonacetate2 70.0(0 7Q0(d) 85.~c0 gT.11(s) 803(03 a 73.1(d)a 72 .9a  6Z4(t )  58.8(0 

Synthetic isomer l l  a 61.88(0 68.69(d) 69.00(03 83.92(s) 69.23(03 70.55(03 71.50(o3 62.08(0 62.58(0 

(a) These signals are not unequivocally assigned. 

We feel that these discrepencies clearly invalidate the structural assignment of the peracetate of calditol as 2. 

Comparison of IH nmr spectra of synthetic isomers 13 of structure 2 with those of the natural product is not 

particularly rewarding and does not reveal immediate structural discrepancies between the synthetic and natural 

materials. 
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C o n c l u s i o n  : This  work  firstly demonst ra tes  that the structure o f  calditol original ly proposed  by De 

Rosa et al. is undoubtedly erroneous and that a reinvesdgation is required to elucidate the correct  structure of  the 

natural product  and secondly that the sequence o f  aldol condensation,  Tebbe methylenation and hydroborationl4 

can provide a facile and stereoselective route to higher carbon sugars. After  this work  was completed  it came to 

our notice that two research groups have indeed recently proposed revised cyclopentane structures for calditol. 15 
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