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ABSTRACT 

Structures have been asslgned to the benzeneboronates of glycerol, DL-butane- 
1,2,Ptnol, L-eryr/zra-butane-1,2,3-tnol, and L-arabzno-, rzbo-, and xylo-pentane- 
2,3,4-tnols All, except the benzeneboronate of xylo-pentane-2,3,4ol, are rmxtnres 
of isomers The abundance of the isomers has been related to conformatlonal effects 

INTRODUCTION 

Thermodynamic and mechamstlc aspects of the formatxon and hydrolysis 
of benzeneboronates of 1,2- and 1,3-dlols have been investigated m several labor- 
atorles’-4 We EOW report on the structures of the benzeneboronates formed from 
acychc tnols 

It has already been reported Is5 that the benzeneboronate of glycerol has 
structure 1 (Fig 1) The assignment was based, enter alza, on the amount of penodate 
reduced (- 1 mol ) by the O-phenylcarbamoylgIycero1 obtamed after treatment of 
the recrystalhsed glycerol benzeneboronate with phenyl Isocyanate, followed by 
hydrolysis of the benzeneboronste rm g These expenments have been repeated, with 
only small modlficatlons, and have shown that, m aqueous N,N-dlmethylforman-ude, 
the O-phenylcarbamoylglycerol reduced 0 84 mol of penodate with concomitant 
formation of 0 83 mol of formaldehyde These results essentially confirm the earher 
conclusions However, although the melting points of the benzeneboronate and Its 
phenylcarbamoyl denvative had indicated a reasonable degree of purity, it seemed 
hkely that the discrepancy between the above values and unity was due to the benzene- 
boronate being a mixture of compounds 1 and 2 Results obtamed with benzene- 
boronates of other tnols were slmllarly suspect Mass spectrometry had also mdlcated 
that some of these substances rmght be muctures of lsomenc mod&atlons6 It thus 
seemed necessary to determme the composition of mixtures of products, quahtatlvely 
as well as quantitatively 

RESULTS AND DISCUSSION 

The tnols used for the preparation of benzeneboronates are shown m Tatle I, 
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together with the propertres of the benzeneboronate preparations obtamed by 
reactron between the tnols and 0 33 mol of benzeneboromc anhydrrde Crystalline 
materials were obtamed from glycerol and L-erytilro-butane-1,2,3-tnol The other 
tnols produced VISCOUS hqmds, approxrmately one half of whrch could be drstrlled 
The drscrepaucres m the boron analyses of the products from rho- and xylo-pentane- 
2,3&triol are probably due to incomplete reaction, the distrllates and the involatde 
resrdues contammg, respectively, unreacted trio1 and benzeneboronic anhydride 
The mass spectra of these mvolatrle resrdues contamed peaks correspondmg to the 
molecular ion of benzeneboromc anhydnde, z e , Ci,H,,B,03’ (m/e 312) The mass 
spectrum of the mvolatrle residue obtamed from xylo-pentane-2,3,4_triol also contamed 
a peak correspondmg to an ran with mass number (m/e 421) greater than that of the 
molecular Ion of a monomenc beuzeneboronate, z e , C,,H,,BO,t (m/e 206) For 
the other products, the ions of h&rest mass number corresponded to the molecular 
10x1 of a monomenc beuzeneboronate Essentmlly no further drfTerence.s between 
each parr of drstrllate and mvoiaule residue were revealed by the subsequent aualysrs 
(see below) We thus conclude that the mvolatrle residues are polymenc modrficatrons 
of the monomenc lstillate 

The method of analysis of the benzeneboronates involved the followmg 
chemrcal transformatrons, outhned for a benzeneboronate of glycerol (scheme 1) 
(a) methylatron of the unsubstrtuted hydroxyl group, usmg hazomethane m the 
presence of boron trrfluonde [it is unhkely that this reagent effects rearrangement of 
benzeneboronate rmgs, as cl-o-glucofuranose 1,2 3,Sbrsfbenzeneboronate)’ grves 6-U- 
methyl-a-D-glucofuranose 1,2 3,5-brs@euzen~boronate) as the sole product*” and 1x1 
almost quantnatrve yreld*q; (ZI) hydrolyses of the boronate rmg, and (c) acetylatron 
of the hydroxyl groups generated m step (b) The reactron nnxture thus obtained was 
analysed by g 1 c -m s 

H.$O 

1 )QP” 

h&O n2COH 

I 

H&OAc 

o I >EPh * 
HCOH t_ 

I 
HCO HCO HCOAc 

I 1 I 

- glc-ms 

I 
H&OH H&OMe I-QSOMe H,COMe 

Scheme 1. 

The pnmary fragmentatron modes under electron impact of O-acetyl-U-methyl- 
aldrtols are now well-established gg lo. We have shown that the pnmary fragments 
(resnltmg from the fissron of one bond and occurrmg w&h abundance >lO% of 
base peak) from dr-0-acetyl derlvatrves of authentrc’ ’ 1-0-methyl-Dr_-glycerol (16) 
and 2-0-methylglycerol (17) have m/e 45 and 117, respectively (Erg 2). Thus, the 
mass numbers of pnmary fragments can also be used m the assignment of strnctures 
to compounds encountered in the present investigation (FIN 2) Benzeneboronates 
whrch farled to become methylated m step (a) of scheme 1 wrll, by the above procedure, 
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be obtamed as tn-U-acetyl denvatwes. These can aIsc be charactensed from their 
pnmary fragments The results of the g 1 c -m.s analysis are shown m Table I 
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FIN 2 Pnmary fragmentation modes of tn-0-acetyltnok and dl-0-acetyl-0-methyltnok (stereo- 
chemistry at asymmetnc carbon atoms IS not shown) 

It IS unhkely that any srgmficant amount of the di-O-acetyl-O-methyl denvatives 
arises from unreacted -01, which some benzeneboronates m&t contam The 
pentane-2,3&tnols would otherwrse be expected to grve mrxtures of all possrble 
isomers It is hkely that unreacted tnols are converted into tri-O-methyl denvatlves 
which, because of then small retentron volume, could not be detected 

Smce steps (b) and (c) of Scheme 1 are known’ ‘-14 to proceed quantrtatrvely, 
the amounts of the tn-0-acetyl derivatives obtained indrcate the extent of the methyla- 
non reaction [step (a)] Table I shows that, wrth the exceptton of the benzeneboronate 
of L-erJ’titro-butane-1,2,3-tnol, thrs IS >90% Although it was not always posable to 
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determme accurately the ratro of the products (rf more than one) from the reactron 
behveen tnols and benzeneboromc anhydnde, the order of their abundance: could, 
nevertheless, be ascertamed 

The results of the penodate oxtdatron of the O-phenylcarbamoylglycerol m&t 
suggest that the recrystalhsed glycerol benzeneboronate contams the 1,3- (2) and the 
DL-1,2-benzeneboronate (1) m the ratro 0 2 1 However, the results of the analysis 
accordmg to Scheme 1 show that the recrystalhsed and the crude glycerol benzene- 
boronate contam the rsomers 2 and 1 m the ratro 0.6 1 and 2 2 1, respectrvely It IS 
apparent that the recrystalhsatron of glycerol benzeneboronate, as well as the Isolation 
of the O-phenylcarbamoylglycerol benzeneboronate, had effected a partial fractrona- 
tron of Isomers These results show that the material to whxch a structure (1) ha 
already been assigned’ ’ IS not the malor product, which IS, m fact, glycerol 1,3- 
benzeneboronate (2). 

On the evrdence presented so far, the 2,&dracetoxy4methoxypentane (26) 
obtained from the benzeneboronate of r.,-urabzizo-(or L-Zyxo-)pentane-2,3,4_tnol could 
have the L-arabmo (224) or/and the L-Zyxo configuration (29) Tlus ambigurty was 
removed by usmg the benzeneboronate of D-Zyxo-pentane-2,3,4-trrol-I-d, The mass 
spectrum of the product, obtamed by Scheme 1, contamed peaks correspondmg to 
primary fragments with mie 60 (from 30) and 59 (from 31) with relative abundance of 
5 7 1. The benzeneboronate obtamed from L-arabmo-(or L-Z’xo-)pentane-2,3,4- 
tnol IS thus a 5 7 1 mixture of L-arabmo-(8) and L-Zyxo-pentane-2,3,Ptnoi 2,3-benzene- 
boronate (9) 
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The results obtamed wnh the recrystalhsed benzeneboronate of L-erythro- 
butane-1,2,3-tnoi are reported merely to show that, m spate of its reasonably sharp 
melting-point, it IS a mixture of all the three possible rsomers (5,6, and 7) Insuffictent 
materml was avarlable for a more-accurate detenmnatron of the relattve abundance 
of the isomers 5-7. 

Table I shows that, of the six trials investrgated, only one, xyZo-pentane- 
2,3&tnol, forms a smgle benzeneboronate The other benzeneboronate prepara- 
trons proved to be mixtures cf structural Isomers From therr order of abundance, 
the followmg general observatrons are made The 6-membered-nng Isomer IS the 
major product tf the non-hydrogen substrtuents on the 6-membered nng are equato- 
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nally drsposed [c$ benzeneboronates of glycerol (2), DL-butane-1,2&tnol (4), and 
ri60-pent~e-2,3,401 (12)] When the 6-membered-nng isomer would possess 
such substrtuents axtally drsposed (cf- PO and 14), the 5-membered-nng Isomers are 
the exclustve products [cf benzeneboronates of L-arabmo-pentane-2,3,4-trrol (8 and 
9) and xylo-pentane-2,3,4-tnol (13)] As .:nhcipated, a 5-membered-rmg Isomer (8) 
wrth l,Ztrans-disposed carbon substrtuents IS formed more readdy than the Isomer (9) 
possessmg these substltuents m a czs relattonshrp 

As yet, It IS not clear whether the formatron of brs-benzeneboronates follows the 
above pattern Although structures have been assignedL5 to some of the compounds 
formed from poiyhydroxy compounds, studres analogous to those described here 
have not yet been carned out 

JZXPERIMJZNTAL 

G I c -mass spectrometry - A Perkm-Elmer Fll gas-chromatograph con- 
tammg a glass column (2 m x 1 mm) packed wrth 10% P P E on Chromosorb W 
(100-120 mesh) was used The tamer gas, helmm, was removed from the effluent 
by passage through a Bremann separator The effluent was then passed mto a Httachr 
RMS-4 mass spectrometer operatmg at 80 eV and 50 pamp target current 

Syntheszs of frzols - The structures of the synthesrsed tnols and the punty 
of ail tnois were venfied by penodate oxrdatron and g 1 c , respectrvely 

L-erytbro-Butane-I,2,3-tz zol - D-Erythrose (7 0 g), cone hydrochlonc acid 
(10 5 ml), and ethanethrol (10 5 ml) were shaken for 3 h Water (100 ml) was added, 
and the mixture was neutrahsed wrth sodmm carbonate and extracted wrth drchloro- 
methane (2 x 100 ml) The extracts were combmed, dned, and evaporated to yreld 
D-erythrose drethyl drthroacetal as a syrup (10 2 g) 

Treatment of thrs syrup (10 2 g) m refluxmg ethanol (400 ml) wrth Raney mckel 
(180 ml) for 2 h, foilowed by removal of the mckel (decantatron) and drstrllatron, 
gave the trtle tnol (2 1 g), b p 125-128”/1 mrnHg, [a];’ + 17 3’ (c 2 5, water) 

nbo-Pentune-2,3,CtrzoZ - A mrxture of 2,3,4-tn-O-benzoyl-1,5-dt-O-toluene- 
p-suiphonylnbrtol ” (50 0 g), hthmm alummmm hydride (9 0 g), and dry tetrahy- 
drofuran (800 ml) was refluxed and strrred for 4 h Excess hydnde was destroyed with 
aqueous sodmm hydroxrde (10 ml, 15%), and rnsoluble mater-ml was removed and 
extracted wtth borhng methanol (1 lure). The extract was evaporated, the resrdue 
was drssolved m water (100 ml), and the solutron was treated wrth Amberhte LR- 
12O(H7 resin The tetrahydrofuran sol&ton was evaporated, and the restdue was 
drssoived m water (100 ml) and extracted wrth toluene (100 ml) The aqueous solu- 
tron was treated wrth Amberhte IR-120(Hf) resm, combmed wrth that sumlarly 
treated above, treated with Amberhte IR45(OH-) resm until neutral, and drsttlled 
to give the trtle tnol (3.5 g), b.p 146-150”/1 mmHg 

xylo-Pentane-2,3,4-trrrol - 2,3,4-Trr-O-benzoyl-l,5-dr-O-toluene-p-sulphonyl- 
xyhtol ” (50 g) was treated, as for the correspondmg nbrtol denvatrve above, to grve 
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the title trio1 (2 8 g), b p 8892”/0 5 mmHg The tn-O-acetyl derrvative” had m p 
122-124” 

D-lyxo-Pentane-2,3,4_tnol-l-d, - 5-Deoxy-D-arabmose-5-d, diethyl dithro- 
acetal (1 55 g), m p 108-log“, was obtained from 5-O-toluene-p-sulphonyl-D- 
arabmose diethyl dithloacetal’* (6 g) by the method of Zinner et al lg, usmg IMmnn 
alummnnn deutende Treatment with Raney mckel (15 ml) m 80% ethanol (150 ml) 
for 5 mm, followed by extraction of the mckel with ethanol and drstrllation of the 
combmed ethanohc solutrons, yielded the title trio1 (0 50 g), b p 75-800/0 1 mmHg 

Preparatzon of benzeneboronates of trioh - Tnol(0 5-2 g) and benzeneboromc 
anhydnde [(PhBO), , 0 33 molecular proportion] were heated m bolhng benzene or 
toluene for 5-14 h The crude reaction product obtamed by evaporation of solvent 
was, If sohd, recrystalhsed (for glycerol and L-erytlzro-butane-1,2,3-tnol), or distilled 
In the latter case, only approximately half of the product could be distilled, the 
mvolatde resrdue bemg extremely wscous The properties of the products are shown 
m Table I 

Preparatron of dr-O-acetyl-O-i?let~~yltrloIs - The benzeneboronate of a trio1 
(- 0 02 g) was drssolved m a solution of boron tnfluonde etherate m dichloromethane 
(0 16%, 1 ml) and cooled to - 5” Diazomethane m dichloromethane (5 ml, prepared 
by the method of DeBoer and Backer2’) was addea, and after 3 mm a further por- 
tion of 5 ml was added, causing a yellow colour to persist for - 10 set After 30 mm 
at -5O, the solvent was evaporated and the residue was hydrolysed with warm water 
(2 ml) at 80” The benzeneboromc acid thus produced was converted into bromo- 
benzene, boric acid, and hydrobromic acid by addition of bromine water13 (3%, 
0 6 ml) After standmg for 15 mm at 20”, the solution was evaporated and co-distdled 
with methanol (4 x 2 ml) The residue was acetylated by usmg acetic anhydride 
(4 ml) and pyndme (4 ml) After 10 mm at 90”, the solution was evaporated and the 
residue was analysed by combined g 1 c -m s Peak areas were determmed by weighing 
cut-outs from the gas-liquid chromatograms The results are listed m Table I 
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