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In the reactIon? of 2,2-dlalkoxyethylphosphonates with galactltol, the phos- 
phorus atom exercises an electromc effect that mfiuences the nature of the products, 
and there IS apparent devlatlon from the Barker and Boume rules’ We now report 
on the reactlons of D-manmtol and D-glucltol with dlethyl 2,2-dlethoxyethylphos- 
phonate’ With aldehydes, D-manmtol affords 1,3 4,6-dlacetals3 and D-glucltol 
yleIds 1,3 2,4-dlacetals4- 6 

Dlethyl2,2-dlethoxyethylphosphonate reacted with D-manmtol m the presence 
of cone hydrochlonc or hydrobromlc acid, or anhydrous hydrogen chloride, to give 
a smgle product, namely, the dl(phosphonoaceta1) 1 The formation of 1 was most 
rapid m the presence of hydrobromlc acid Syrupy 1 consumed practically no peno- 
date, contamed 6 8 % of hydroxyl groups, and Its dlbenzoate (2) and dlacetate (3) 
were syrupy The chemical shifts of the acetal proton (6 4 9) and the acetal carbon 
(6 97 5) m the n m r spectra of 1 were charactenstlc of a 1,3-dloxane system’ A 
dilute solution of 1 m CHCI, showed 1 r absorption (3575 cm-‘) for hydrogen- 
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Fig 1 ‘SC-Chemical shift data for the bls(2-dlethoxyphosphmylethyhdene) acetals of D-manmtol 
and -galactltol 

bonded hydroxyl groups Comparative 13C-n m r spectroscopy of 1 with analogous 
compounds’ confirmed the 1,3 4,6-dlacetal structure Thus, 1 IS m accord with the 
Barker and Bourne rules 

o-Glucltol reacted with dlethyl2,2-dlethoxyethylphosphonate to give a mixture 
of products m the thermodynamlcally controlled phase, mcludmg a non-phosphorus- 
contammg substance (anhydride) The phosphorus-contammg denvatlves were 
mamly two dlacetals together with a small proportlon of a monoacetal Repeated 
chromatography on s~hclc acid gave a yellow, syrupy dlacetal that contained a terml- 
nal, vlcmal dlol group (perlodate consumption, 0 90 and 0 93 mol , formaldehyde 
hberatlon, 1 04 and 1 21 mol ) The ‘H- (6 5 00) and 13C-n m r data (6 97 32) for 
the acetal proton and carbon show the acetal to be of the 1,3-dloxane type Since the 
acetal rings involve four contiguous hydroxyl groups, this product must be the 1,3 2,4- 
dlacetal4 

The other dQhosphonoaceta1) could not be punlied and Its structure was not 
determmed. However, we can arrive at some conclusions by comparmg conformations 
of the only dlacetal obtained from D-manmtol with the 1,3 4,6-dlacetal obtained 
from galactltol’ (Fig 1) 

Assignment of the chemical shifts of the carbon atoms of the sugar alcohols 
proved to be specifically lmked to the cotiguratlon of each carbon atom’ ‘, and to 
then substltutlonslo Fig 1 shows a correlation of the chemical shifts for the 13C- 
n m r signals of the 1,3 4,6-dlacetals of galactltol and manmtol and their dlbenzoates 
and dlacetates As expected, acetalatlon causes posltlve (downfield) shifts on the 
substituted carbon atoms, whereas the /3 and y effects are negative (upfield shifts) 
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The a-effect on C-l for 1,3 4,6-dl-0-(2-dlethoxyphosphlnylethylldene)galactltol IS 
-8 5 p p m , and 6 7 p p m for C-3 due to the p effect of C-4 Slmllar results are 
observed for the dlbenzoate and dlacetate Substltutlon of an equatonal hydroxyl 
group causes smaller a-effects (-2 4 p p m ) than substltutlon of an axial group 
(-6 7 p p m ) The results are consistent with the conformations depicted m 5 and 6 

For the conformatlonal array 
O.@. 

C13, upfield shifts were observed for the 

marked 13C-nucleus when the oxygen atom 1s antlpenplanar” Thus (see Fig l), d6 
(acetal-parent hexltol) for C-3 of D-manmtol exhibits a greater cc-effect compared 
to C-l, despite the p-effect of C-4, HO-2 1s gauche to C-4 for the galactltol dlacetal5, 
whereas the arrangement IS antlpenplanar In the manmtol dlacetal6 

OH 

S 6 

The compact 1,3 4,6-conformation 5 was suggested as more favorable, by 
consldermg rmg oxygen-hydroxyl dlpolar mteractlons and hydrogen-bondmg12 On 
the other hand, the conformatlon 6 of acetal 1 1s supported by the 13C-n m r data 
and by the strong hydrogen-bonding that IS probably due to a bifurcated hydrogen- 
bond13 between HO-2 and O-l and O-3 

EXPERIMENTAL 

Instrumentation and analytIca methods have been described’’ 
1,3 4,6-0~-0-(2-d~ethoxyphosphmnyZe~hyI~dene)mmtnrtoZ (1) - D-Manmtol 

(4 g) and dlethyl2,2-dlethoxyethylphosphonate (11 55 g) were allowed to react m the 
presence of cone hydrochlonc acid (10 ml) After 8 days, the mixture was processed 
m the usual way’, and chloroform extractlon yielded a colourless syrup (11 15 g), 
ni5 14680, which showed only one component, RF 0 6, m t 1 c (Found 12 95 
C18H36012P2 talc P, 12 2) ‘H-N m r (60 MHz) 6 1 28 (t, 12 H, J 7 Hz, 4 Me), 
2 22 (dd, 4 H, J_H,EI 5, Jp,H 19 Hz, 2 PCH,), 3 35-4 0 (m, 10 H, protons of sugar 
skeleton), 4 11 (qum, 8 H, J 7 Hz, 4 POCH2), and 4 9 (2 H, acetal protons), 13C- 
n m r (22 62 MHz) 6 16 49,16 23 (Me), 35 14,28 84 (PCH2), 62 25,61 95 (POCH,), 
59.51 (C-1,5), 71 06 (C-1,6), 79 22 (C-3,4), and 97 53 (acetal carbon), 31P-n m r 
(109 3 MHz) 6 -26 68 Mass spectrum m/e 505 (2 25 %), 223 (loo), 283 (22 2), 
355 (3 l), 253 (4 4), and 447 (5 3) I r data vmnx CHC’~ 3575 (OH), 3540 (OH), 1200 
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(P=O), 1030-1040 (P-O-Et), and 1400 cm-’ (O-C-O) Penodate-Ion consumption 
0 12 (3 h) and 0 18 mol (24 h) 

Catalysis with -48 % hydrobromlc acrd for 5 days gave 5 % (at room tempera- 
ture) and 10 % (at 40”) of I.4-anhydro-D-manmtol (m p 156-158 “) 

The dlbenzoate 2 of 1 was a yellow syrup (Found P, 8 9 C,,H,,O,,P, talc 
P 8 7) 13C-N m r (22 63 MHz) 6 16 53, 16 27 (Me), 35 04, 29 04 (PCH2), 62 19, 
6; 93 (POCH,), 65 88 (C-2,5), 71 02 (C-1,6), 75 60 (C-3,4), 97 45 (acetal C), 128 26- 
133 66 (Ph), and 149 67 (C= 0), 31P-n m r (109 3 MHz) 6 -26 7 

The dlacetate 3 of 1 was a syrup, nA3 1 4350 13C-N m r (22 62 MHz) 6 16 49, 

16 23 (Me), 20 81 (CH,CO), 34 84, 28 62 (PCH,), 62 61, 61 95 (POCH,), 66 61 
(C-2,5), 71 06 (C-1,6), 74 51 (C-3,4), 100 5 (acetal C), and 169 75 (C=O) 

I,3 2,4-Dz-0-(2-dzetho;ry~lzosphznyIe~hyIzdene)-D-gZzzcztol (4) - The reaction 
of D-glucltol with dlethyl 2,2-dlethoxyethylphosphonate, as described above, gave a 
syrupy mixture containing mamly d@hosphonoacetals) (97 8 %), ng 1 4604 (Found- 
P, 12 8 C18HS6012P2 talc P, 12 25), contammg (t 1 c ) components with RF 0 48 
and 0 37 The mixture could not be fractionated by solvent extraction or crystalhza- 
tlon Chromatography on Dowex-1 (HO-) resin, alumina, or diethylammoethyl- 
cellulose (DE52) was unsuccessful Elutlon of the syrup from SI~ICIC acid, with 
chloroform-methanol (9 l), gave fractions contammg the component having RF 
0 52, nF 1 4610 ‘H-N m r (60 MHz) 6 1 33 (t, 12 H, 4 Me), 2 1, 2 2 (dd, 4 H, 
PCH2), 3 35-4 0 (sugar protons), 4 1 (qum, POCH,), and 5 0 (m, 2 H, dloxane 
acetal proton), 13C-n m r (22 63 MHz) 97 32 (acetal carbon) Mass spectrum 
m/e 505 (Mf - 1,l 07%), 476 (Mt - 30,2 36), 475 (Mf - 31,9 4), 461 (M+ - 45, 
1 33), 445 (M+ - 61, 1 28), 355 (M’ - 151,2 83), 283 (6 56), 223 (1546), 181 (78), 
and 153 (23 83) Periodate-ion consumption 0 90 (3 h) and 0 93 mol (24 h), formal- 
dehyde hberatlon 104 and 121 mol 
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