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ABSTRACT 

Transacetalation reactions of galactltol with 2,2-dlalkoxyethylphosphonates 
gave the expected 1,3 4,6-dlacetal as the mmor product, but the maJo product was 
a 1,3 4,5 derlvatlve With a 3,3-dlethoxypropylphosphonate, the 1,3 4,6-dlacetal 
became the maJor product The influence of the dlalkoxyphosphmyl substltuent on 
the acetal linkage 1s shown to be stereoelectromc 

INTRODUCTION 

We habe described’ -’ the synthesis and hydrolysis of a series of acychc and 
cychc phosphonoacetals The latter compounds are remarkably stable towards 
hydrolysis’ We now report on phosphonoacetals of galactltol, as part of a study of 
the use of these and slmllar compounds4 as monomers for the synthesis of flame- 
retardant polyols and polyurethanes’*6 

Gala&to1 reacts with aldehydes’ - ’ to give 1,3 4,6-cyclic acetal derivatives 
contammg two P-rings m accord with the estabhshed rules”*” Transacetalatlon 
reactions also yield the expected product, as Illustrated by the acid-catalysed reactlon 
between galactltol and chloroacetaldehyde dlethyl acetal” 

We have studied transacetalatlon reagents of the general formula (R0)2P(0)- 
(CH,),CH(OEt),, where R IS Et or Me and n 1s 1 or 2 The reactlons were catalysed 
by strong mineral acids at room temperature and with thermodynamic control for 

the formation of the dl(phosphonoaceta1) products 

RESULTS AND DISCUSSION 

Acychc phosphonoacetaldehyde dialkyl acetals are stable towards hydrolysis 
at low concentrations’ of acid and transacetalatlon reactions therefore require 
relatively high concentrations of mineral acids The reactlons were monitored by t 1 c 

Galactltol reacted with dlethyl 2,2-dlethoxyethylphosphonate, to give two 
products that were isolated and characterlsed as the crystalline 1,3 4,6- (1) and the 

*Pbosphonated Acetals, Part IV For Part III, see ref 3 
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syrupy 1,3 4,5-dl-O-(2-dlethoxyphosphlnylethylldene)-DL-galactitol(4) The diacetate 
2 and drbenzoate 3 of 1 were crystalline, but the correspondmg derrvattves (5 and 6) 
of 4 were syrups 
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7 R’ = CH,P(0)(OMe)2 R2= H 

8 R’ = CH2CH2P(0)(OEt), R2= H 

Penodate-oxtdatron measurements revealed that 1 did not possess vrcmal 
hydroxyl groups The ‘H-n m r spectrum of 1 was suggestive of a 1,3-dtoxane 
system, and thrs inference was confirmed by comparison of the 13C-n m r spectrum 
of 1 wrth that of I,3 4,6-dr-O-chIoroethyIrdenegalactrto112 

Compound 4 also drd not consume perrodate, and the ‘H-n m r. spectrum 
was suggesttve of a 1,3-dtoxane system (S 4 86) and a 1,3-droxolane system (6 5 29) 
Hydrolyses of methylated 4 gave a syrupy product that consumed 1 8-l 93 mol of 
penodate, but yielded no formaIdehyde Therefore the acetal rings m 4 occupied 
posrtrons 1, 3, 4, and 5 On the basis of the Barker and Boume rules”, a seven- 
membered rmg IS excluded and a I,3 4,5 drstnbution of the cychc acetals IS assrgned 

The trme of the reactron and the nature and the concentratron of the catalyst 

TABLE I 

INFLUENCE OF THE CATALYST ON THE RELATIVE YIELDS (O/o) OF THE PRODiTCrS IN THE PHOSPHONO- 

ACETALATION OF GALACTITOL WITH CONC AQUEOUS ACIDS AT ROOM TEh3PEXAlURE 

Product 

1 
4 

iYC1 

24h 

82 
91 8 

48 h 7 days 

134 204 
86 6 79 6 

HBr 

24h 

346 
654 

72h 

362 
63 8 
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influenced the yields and ratlo of 1 and 4 (see Table I) In the presence of cone 
hydrochloric acid, the yield of 1 increased with time at the expense of 4, but after 7 
days, the ratio of 1 to 4 was no more than 1 4 On the other hand, m the presence of 
-48 % hydrobronuc acid, the ratlo of 1 and 4 stablhsed at 1 2 

The reaction of galactitol with dlmethyl 2,2-dlethoxyethylphosphonate gave 
a crystallme dlacetal which did not consume penodate, on the basis of n m r and 
m s data, it was correlated with 1 and assigned the structure 1,3 4,6-dl-0-(2-dl- 
methoxyphosphmylethyhdene)galact~tol (7) Slmdarly, gala&to1 and dlethyl 3,3- 
dlethoxypropylphosphonate gave a crystalline, major product that was assigned the 
structure 1,3 4,6-dl-0-(3-dlethoxyphosp~nylpropylldene)galact~tol (8) 

The data IQ Table I show that Phe expected 1,3 4,6-dlacetal IS not the major 
product Although the yield of 1 can be Increased by mcreasmg the reactlon time, 
the major product 1s 4 

When tnfluoroacetrc acid was added to a solution of 2,3 4,5-dl-O-butyhdene- 
gala&to1 m CDCI, and the reaction was followed by n m r spectroscopy, a high-field 
trlplet at 6 4 6, charactenstlc for the proton on the acetal carbon of a six-membered 
rmg, rapidly appearedI This observation suggested an expansion of the five- to 
six-membered rings, and the product was the I,3 4,6-dlaceta1 Compound 4 was 
stable under the above cond&ons, even after 24 h 

The formation of the cr-rhreo rmg m 4 may reflect sterlc or electromc Influences 
A decrease m the bulk of the phosphomc ester groups from ethyl to methy did not 
result m the 1,3 4,6 derlvatlve (7) becoming the maJor product A sterlc Influence 
of the dlalkoxy group was not observed in the kmetlc behavlour of the acid-catalysed 
hydrolysis of the phosphonoacetals’ 

Moving the dlalkoxyphosphmyl substltuent away from the acetal linkage, by 
msertlon of a methylene group, caused the predlcted acetal 8 to become the major 
product (72%) This finding suggests that the Influence of the phosphoryl group 1s 
responsible for the formatIon of the unexpected five-membered rmg m 4 

The foregomg data are suggestive of a selective reactlon with stereoelectronic 
control Such a mechamsm was proposed by Deslongchamps14 who showed that, 
for orthoesters, orthoanudes, and acetals, selective formation and cleavage of C-O 
or C-N bonds 1s controlled by the lone-pair orbltals (on the other heteroatoms) 
that are antipenplanar to that bond Recent ab znztzo calculatlons15 support this view 

+Y &+a d&~ a 
a b C 

envelope form chair form twisted form 

Fig 1 Envelope conformer (a) for phosphonoacetal 1,3-dloxolane system, and the chair (b) and 
test (c) conformers for 1,3-&oxane systems 
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Fig 1 attempts to relate these reqmrements to the preferred conformations 
of 1,3-dloxolane and 1,3-dloxane systems, and also considers the tendency for maxi- 
mum p,-d, bonding of tetracoordmated phosphorus’ 6 The flexible 1,3-dioxolane 
system (Fig la) can preserve an envelope conformation” satisfying the proposed” 
stereoelectromc requirements, and allow maximum z-bonding interaction If the 
stable, chair conformation of the six-membered nng (Fig lb) 1s considered, the lone 
pairs of the rmg oxygens are forced mto the synclmal (gauche) conformation, when 
an attempt IS made to increase the z-bonding for phosphorus In order to mammise 
x-bonding and aclueve the antipenplanar requirement, the twist conformation shown 
m Fig lc IS required Support for these arguments IS gven by the 31P-n m r chemlcal- 
shift data The total occupation of the d, orbltals of phosphorus has a dominating 
ltiuence anectmg the chemical shift l8 Thus, the extra p,-d, interaction suggested 
by Fig la has already been measured’ for the dloxolane rmg (6, -25 9) as compared 
to Fig lb for the dloxane-rmg system (6, -26 4) The correspondmg chemical shift 
for 1 was -26 5. and for 5, -25 8 and -25 0 Thus, Fig lc IS suggested as the con- 
formatlon of 1. 

In the foregoing transacetalatlon reactions, the polar phosphoryl group IS 
rapidly protonated m the acidic media, and the proton 1s shared with an alkoxy 
oxygen through a hydrogen bond’ The stablhsed carboxonmm ion which IS developed 
is forced to react with a more acidic, secondary hydroxyl group Rmg closure to 
gn!e an u-?/lreo- or @-ring acetal IS a compromise between the stereoelectromc requlre- 
ments imposed by the presence of the phosphorus substituent and other stereo- 
chemical preferences 

EXPERIMENTAL 

T 1 c was performed on precoated, silica-gel (60 Fzs4, hlerck) plates with 
I-butanol-acetic acid-water (6 3 l), and detectlon with sodium penodate-benzl- 
dine’ gn (for 1,Zdlols) and ammomum molybdate-perchlonc acid”’ (for phospho- 
nates) N m r spectra (CDCI,, internal Me& for ‘H, external 85 oA H,PO, for 31P) 
were recorded with Varlan (A-60 and T-60) and Bruker instruments (HFX-90, 
WH-90, and WH-270) I r spectra were recorded with Perkm-Elmer Infracord 137 
and 237B instruments, for 0 05M solutions m chloroform or for KBr (0 5-l %) 
pellets Mass spectra (70 eV) were obtamed by using a Vanan-Mat 731 Instrument 
with a direct-inlet probe at 270” 

I,3 4,6-Dr-0-(2-d~etltoxyp~~osp~~muletJ~yl~de~~e~gal~ (1) - Galacfitol (4 g, 
22 mmol) was stu-red at room temperature with hydrochlonc acid (10 ml) for -30 
mm Dlethyl 2,2-dlethoxyethylphosphonate’ (11 55 g, 45 5 mmol) was added and, 
after 7 days, the reaction was stopped by neutrahsatlon with 2 5~ NaOH to pH 7 
with external cooling The dlacetals were extracted with chloroform, and the dried 
extract was concentrated Treatment of the colourless, syrupy residue with ether 
gave 1 (2 25 g, 20 5 %), m p 174-176”, R, 0 48, vyz 3320 (OH), 1200, 1240 (P= 0), 
1000, 1040 (P-O-Et), and 1400 cm- 1 (O-C-O), v2z13 3585 and 3650 (respectively, 
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hydrogen-bonded and free OH), and 3420 cm-’ (OH) (Found C, 42 4, H, 7 0, 
P, 12 2 C1BH36012P2 caic C, 42 7, H, 7 1, P, 12 25) ‘H-N m r (270 MHz) 6 1 32 
(t, 12 H, J 7 04 Hz, 4 Me), 2 23 (dd, 4 H, JH H 4 99, JP H 18 49 Hz, 2 PCHz), 3 67 
(s, 2 H, 2 OH), 4 10 (qum, 8 H, Jn,H 7 04, JP,H 7 92 Hz, 4 OCH,C), 3 88,3 92,3 99, 
4 11, 4 15 (8 H, skeleton protons), and 5 0 (2 t, 2 H, JH H 4 99, JP H 11.74 Hz, acetal 
protons), 13C-n m r (22 63 MHz) 6 i6 53, 16 27 (Me), 35 78,29 52 (PCH2), 61 97, 
61 71 (POCH2), 61 89 (C-2,5), 72 16 (C-1,6j, 76 43 (C-3,4), and 97 54 (acetal C), 
31P-n m r (109 3 MHz) 6 -26 5 Mass spectrum m/e 506 (M+, I), 505 (M+ -1, 
4 2), 223 [(Et0)2P(0)CH2CHOCH,CH = 0 +, loo],283 (48), 355 [(M+ - CH,P(O)- 
(OEt),, 6 51, 253 (M+/2,4 6), and 447 (Mt - 59, 10 6) 

A solution of 1 (40 mg) m 15mM NaIO, (10 ml) was mcubated at 35O 111 the 
dark”. Allquots of 1 ml were withdrawn at intervals and diluted to 250 ml, and the 
absorbance was checked at 223 nm, m comparison with appropriate blanks The 
penodate consumption was 0 04 (3 h), 0 07 (20 h), and 0 1 mol (4 days) 

The 2,5-dlbenzoate (2) of 1 had m p 165-166” (from methanol-ether) (Found 

P, 8 5 C,,H,,O,,P, talc P, 8 7) 
The 2,5-dlacetate (3) of 1 had m p 152-154” (from methanol-ether) (Found 

C, 44 3, H, 6 2, P, 10 1 C,2H,o01,P, talc C, 44 7, H, 6 8, P, 10 5) 
1,3 4,5-Dr-O-(2-dzethoxypkosp/zznyletIzylzdene)-DL-galactztol (4) - The syrup 

remammg after the lsolatlon of 1 described above was eluted from a column of slllc~c 

acid (300 g) with chloroform followed by chloroform-methanol (9 I), to give 4 
as a syrup (8 85 g, 79 6%), nE 14605, liF 0 23 (Found P, 12 3) ‘H-N m r (60 
MHz) 6 1 35 (t, 12 H, J7 Hz, 4 Me), 2 09,2 36 (dd, 4 H, JH,H 4, JP,H 18 Hz, 2 PCH,), 
3 31 (s, 2 H, 2 OH), 3 33-4 0 (m, 8 H, sugar protons), 4 06 (qum, 8 H, J 7 Hz, 4 
POCH,), 4 86 (m, 1 H, 1,3-dloxane acetal protons), and 5 29 (m, 1 H, 1,3-droxolane 
acetal proton), 13C-n m r 6 16 18, 16 44 (Me), 29 26, 28 59, 35 56, 34 82 (PCH,), 

57 78 (C-6), 62 23,6192 (POCHI), 62 66 (C-2), 74 48 (C-l), 77 46 (C-3), 79 62 (C-4), 
80 91 (C-5),97 31(1,3-dloxaneC),and 100 03 (1,3-dloxolaneC),3’P-n m r 6 -25 06, 
-25 68 Mass spectrum m/e 506 (0 31), 505 (1 31), 355 (7 48), 283 (12 73), 253 
(9 9), 475 (M+ - 3i, 2 1 l), and 223 (26 07) PerIodate consumption 0 22 (3 h), 

0 35 (48 h), 0 38 (48 h), and 0 38 mol (4 days) 

The 2,6-dlbenzoate (5) and 2,6-dlacetate (6) of 4 were syrups To 2 solution of 
4 (1 73 g) m NJGdrmethylformamrde (20 ml) were added srlver oxrde (5 g) and 
methyl rodrde (5 ml) The mrxture was stirred at room temperature overmght and 
then filtered, and msoluble materral was washed wrth NJV-drmethylformamrde 
(5 ml) The combined filtrate and washings were concentrated and the resrdue was 
remethylated as described above A solutron of the product (1 9 g) m water (100 ml) 
was boded under reflux for 20 h in the presence of Amberhte IRCJO (Hf) ion- 
exchange resin (5 g), Sitered, and concentrated, to gve a yellow-brown syrup (930 mg) 

that did not contain phosphorus The penodate consumptron of thus 011 was 1 8 
(3 h) and 1 93 mol (24 h), no formaldehyde was hberated2’ 

1,3 4,6-Dr-0-(2-dzmethoxyphosphznylethylidene)gaIactztol (7) - The reaction 

of dunethyl 2,2-drethoxyethylphosphonate and galactrtol, as described above for 1, 
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gave 7, m p 191-192” (from ethanol), RF 0 54 (Found C, 37 5; H, 6 55, P, 13 8 
C14H28012P2 talc C, 37 3, H, 6 2, P, 13 8) ‘H-n m r (270 MHz) 6 2 23, 2 30 

(dd, 4 H, JH,H 4 69, JP,H 18 49 Hz, 2 PCH,), 3 68 (s, 2 H, 2 OH), 3 ?3,3 77 (d, 12 H, 
J 11 15 Hz, 4 Me), 3 90, 3 94, 4 00, 4 13, 4.18 (m, 8 H, A,BB’, sugar-skeleton 

p:bHtOns), and 5 03 (2 t, 2 H, JH H 4 69, J p H 13 20 Hz, 1,3-dloxane acetal protons) 
I,3 4,6-DI-0-(3-dretIloxyphospfllnylpropyIxdene)galact~to~) (8) - The reaction 

of dlethyl 3,3-dlethoxypropylphosphonate (5 5 g) with galactltol (1 8 g), as described 

above for 1, gave 8 (3 8 g, 72 %), m p 91-92” (from ethanol), RF 0 60 (Found P, 
11 4 C16H32012P2 talc P, 11 6) Mass spectrum m/e 534 (M+, 1 22), 533 (M+ - 1, 
4 58), 475 (M+ - 59, 7 Ol), 369 [M+ - EtO,P(O)CH,CH,, 34 731, 297 (37 52), 

and 237 (100) 
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