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Substituted benzeneboromc acrds are of considerable importance as reactive 
hgands for a6nity chromato_graphy’ and as denvatizmg reagents for use m gas chro- 
mato_graphy (GC) with electroncapture detectron’. Since simple boronic acids, such 
as butaneboronic acid, are well known as derivatizing agents for btfunctronal organic 
compounds3, it is reasonabIe to expect sample bifunctional compounds to be useful 
denvatizing reagents for the more complex boromc acids_ A general scheme for the 
reaction IS grven (Scheme l)_ Other workers? have briefly reported the denvatization 
of electronegative aromatic boromc acids with pmacol (2,3dthydroxy-2,3- 
dimetbyIbutane)_ For the purpose of analysis by GC-mass spectrometry &IS), we 
preferred the use of propane-1_3-ciiol or 1,2-drhydroxyhenzene as denvatizing agent 
for substituted benzeneboronic acrds’ Both of these methods4 5 involved 
derivatlzation pnor to GC analysis_ This note describes a simple on-column deriv- 
atizatron of boronic acids wrth propane-i ,S-diol. The new procedure has a number of 
advantages over the conventtonal one. For example, it is shown that volatile com- 
ponents in a mixiure of boronic acids can be exammed separately by uqection of the 
underivatized mrxture, followed later by an mnjection of the denvatizing reagent for 
subsequent characterization of the boromc acrd(s) present 

X= O.Nq 

R= (cr,),,, ~~ 0: 
scheme 1. 

A third method for analysis of boronic acids by GC has been reported6. It 
entails dehydration and trimerization of boronic acids to boroxmes (trioxatriborans), 
a reaction whtch can also be brought about in the gas cbromatograph rf the injector 
port is maintained at an elevated temperature 4 6 This older procedure has not heen . 
used because many substituted benzeneborocic acids after cyclization aiford more 
than one GC peak4 and because boroxines of substituted benzeneboronic acids have 
very long retention times 5_ Also, the method is not smtable for mrxtures smce con- 
densation between different boronic acid components would lead to complex borox- 
ines. 
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EXPERIiMENTAL 

hfaterlals 
The boronlc acids described herein were syntheslsed 1n this department 1n 

respect of 1ts work on reactive hgands for affinity chromatography’ Their synthesis 
will be described elsewhere The exception to this 1s 2-d1methylaminomethylbenzene- 
boromc acid whrch was kindly suppl1ed by Professor G Wiiiff Propane-l ,3-d1ol was 
obtained from Fisons Sc1entlfic. All solvents used were redistilled before use 

The propane-1.3-d1ol reagent comprised 50 mmol of the d1ol 1n 100 ml pyn- 
dine-ethyl acetate (1-l) 

Gas chronratograpfz~ 
A Pye-Un1cam 104 senes gas chromatograph with game-ionization detector 

was used The glass column (5 ft x 4 mm I D ) was packed with 3 % OV-17 on Gas- 
Chrom Q, 100-120 mesh The oven temperatures used were between 140 and 210°C 
(see below) and the injector temperature was set to be as near as possible to that of the 
oven Argon (40 ml/mm) was used as carrier gas 

Gas chron~atograp fzj -IIUJSS spectrometq 
The Instrument used was a VG M1cromass 7070F coupled to d Pye-Un1cam 

204 gas chromatograph and a Frnnlgan Incas data system The GC column and 
cond1tJons were as above except that hellurn was used as tamer gas The GC-MS 
interface was a single-stage, all-glass jet separator, mamta1ned at 250°C Ion source 
conditions accelerating voltage, 4 kV, electron beam energy, 70 eV; emission current, 
200 fi; 1on source temperature, 200250°C. 

Methods 
The aromatic boron1c acid sample was dissolved 1n a suitable solvent (usually 

ethyl acetate or methanol) and an ahquot (ng-pg range) injected onto the GC 
column- After elunon of the solvent, the propane-1.3-d101 reagent (2 fi) wds injected 
to denvatrze and hence elute the borotuc acrd(s) The time between the two 1nlect1ons 
was vaned between ca 2 and 30 mm (see below) 

Conventional “bench” preparation of cychc borondte esters uses the sdme 
denvatrzmg agent and has been described elsewhere5 

RESULTS AND DISCUSSION 

A typxcal analysis IS shown 1n Fig. 1 for a mixture of benzene- and Cmeth- 
ylbenzeneboromc acids_ The llrst trace 1s that obtamed for the propane-1,3-&ol re- 
agent only (I e a blank) and the second, showmg no peaks other than solvent, for the 
underivatrzed boromc aced mixture After 10 mm, the denvatlnng agent was Injected 
and trace c was obtamed Two well-shaped peaks were observed for the two cychc 
boronate derivatives, the small peak elutmg soon after the solvent also being present 
m the blank (an lmpunty m the denvanzmg reagent) The 1dennty of the elutmg 
species in_ all cases cited here was checked by combined GC-MSS. To cheek that 
denvatrzatlon was complete, a further Injection of the d1ol reagent was performed and 
this showed no cychc boronate ester peaks (Fig Id) In fact, even when the column 
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Fig l_ GC analysis of a rmxture of benzene- and lmethylbenzeneboromc acid_ (a) Propane-1,3-drol m 
ethyl acetate-pyridme only, (b) underivatized mature of boronic a&s m ethyl acetate, (c) mJectlon of 
propane-IJ-drol m ethyl acetate-pyndme to effect on-cokmn denvatrzanon. and (d) repeat mpction of 
propane-1,3-dxol m ethyl acetate-pyndme AU mJectlons were consecunve mth a IO-mm delay between 
each_ GC condmons: 3% OV-17 at 140%; iqector tempuature, lSWC_ 

Fis L GC anaIyss of Cmethyl-3-mtrobenznebxomc acid In-on points (INJ), of undentatized aad 
in methanoi (a) followed by propane-l&ho1 denvamng reagent (b), arc shown GC condltrons- 3 % OV- 
17; CotUmn and i~JCCt0~ temperaturr, z~=c_ 

was overloaded with a boroonic acid, on-cohunn derivatization was complete and no 
memory effects were observed_ 

Isolated boronic acids occur as mixtures of the acid and the trunenc cyclic 
anhydride (boroxine) Also, it has been reported that benzeneboronic acid undergoes 
conversion to tnphenylboroxine in the injectton port of a gas chromatograph4 6. 
Therefore, it seems hkely that the material adsorbed at the top of the column prior to 
derivatization is a mixture of the boromc acrd itseIf and its boroxine, the compositton 
depending on the temperature of the injector heater and the chemical structure of the 
acid. Since the drol derivatizing agent reacts with both species to give the same cyclic 
boronate ester, this situation does not interfere with the analysis. The temperatures of 
the injection port and a packed OV-17 column required to form triphenylboroxine 
from benzeneboronic acid and then to elute it are 270 and 200°C respectivelye, 
whereas the temperatures of the injector and oven in the present study were 150 and 
MOT respectively, reflecting the greater voiatility of propane-1,3-dial benzenebo- 
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ronate. If the boroxuc acid itself or the boroxme derived from it were to spread or 

elute slowly through the column before on-column denvatrzauon were effected, 
broad peak shapes wouId be obtained with retentxon times squficautly less than 
those of the authentic cychc boronate denvatlves. Smce this problem would be most 
severe with the most volatde boromc acid of the aromatlc family, a comparison was 
made of the GC behavlour of pre-formed propane-i .3-d101 benzeneboronate5 and the 
same denvatlve formed on-column_ Under condltlous gzvmg a retention tune of 57 
min for the pie-formed denvatlke, the retention time m the on-column expenment 
was 5 5 min. Whilst this slight reduction m retention time was observed (relative 
retention time 0 9651, there was no observable band-spreadmg with both peaks 
having Hrldths at half-height of 17.7 set 

The potential problem of efficient trappm g on the top of the column was 
examined also for 4methyl-3-mtrobenzeneboromc acid With the inlet port and 

column at 2OO”C, the retention time of the cychc ester derivative was measured to he 
10.1 min when the reagent solution was inJected 6 mm after the boronic acid, 9.7 mm 
when the delay between injections was 12 mm, and 9.5 mm wirh a delay as long as 30 
mm The peak wxdth at half-height was 33 set m each case with no slgmficant talhng 
Again, some movement of the boromc acid and/or its boroxlne through the column 1s 
mdlcated but no loss of resolution occurs_ In this short study, GC conditions were not 
opumlzed. In particular, Iowenng the temperature of the Injector was not investigated 
but would be expected to reduce or ehmmate the varlatlon m retention time Repro- 
ducxblhty would be enhanced by qecting the denvatlzmg agent a set time after the 
boromc acid inJectIon_ 

For conventional formation of cyclrc boronate esters, the range of sultable 
solbents IS hmited to ethyl acetate, dlmethylformamrde, pi ndme, tetrahydrofuran 

by--proUroct 
c “1 

1 3 5 7 g Ttre(mm) 

Fig. 3 Analyss by GC-MS of the uuxture resultmg from rutration of ~~ethylarmnomethyl~encbo- 
romc acrd usmg conventloml derivauzanon (a) and on-column denvatmstlon (b) qecaon of unde- 
nvatmxi rmxture and (c) m~ectron of denvatmng agent The mlet to the eon source was opened m each case 
lmmedlately after elutxon of the soIvent Note that alI three wmenc produiic~mp0uads 2j were ob- 
served only wrth the oncolumn procedure (cf- traces a and c) and that compound 1 was present pnor to 
denvauzation (trace b) GC con&fions- 3% OV-17 at ISOT for 2 mm, then temperature Increased to 
110% at P/mm, Injector temperature. 250°C (a) or 175% (b. C) 
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and chloroform3. Some of the more polar benzeneboronic acids are hardly, or not at 
all, soluble in these solvents and so could not be deri\atized. However, the restrxtion 
on solvents is remcved by use of the oncoiuruu reaction and even alcohols can be 
used. To ilhrstrate this, on-column derivatzation of a sample of 4-methyl-3- 
nitrobenzeneboronic acid in methanol 1s shown in Fig. 2 wrth a 3.3 mm delay between 
injection of the methanolic solutton and the denvatrzmg agent The peak width at 
half-height (38 set) was increased shghtly over that obtained (33 set) when using ethyl 
acetate as solvent. 

n 
0-B-O 

cr W-b-$ er Y(CH35 

h4 NOz 

t t 

Two further advantages of the on-column procedure became clear durmg a 
study by GC-MS of a mixture resulting from nitration of 2-duuethylaminomethyl- 
benzeneboronic acrd. Conventional derivatization followed by GC-MS analysis af- 
forded two major peaks correspondmg to Isomers of compounds 1 and 2, and tvco 
minor peaks assigned to a second isomer of compound 2 and a by-product due to 
further reaction of compound 2 wrth the diol (FI,. 0 3a). First, we reqmred to know d 
compound 1 was formed during derivatrzation or was present in the nitration prod- 
uct_ Injection of the underivatized mixture showed that compound I was already 
present (or formed on the column) as seen in Fig 3b. This dlustrates that volahle 
components can be characterized separately. Subsequent mjectron of the denvatrzmg 
agent afforded the trace shown in Fig 3c The two isomers of compound 2 were 
readrly observed, the by-product was not detected, and a thrrd isomer of 2 (not 
observed in the pre-formed horonate mixture) was seen to elute at the end of the 
analysis. We propose that this Iast cychc boronate ester, when formed during conven- 
tional derivatization, reacts further to grve, in part or whole, the observed by-product. 
During on-column derivatization, contact between substrates and reagents is transi- 
tory, thereby drastically reducing the chances of further reaction occurring. The fact 
that compound I is also present after on-column derivatrzahon indicates that it is 
formed during derivatization as well as being present in the original mixture and/or 
being a thermal product of the boronic acids (see above). 

COrKLUSION 

The method of oncolumn derivatizatron reported herem has been employed 
suLzfidIy with several aromatic boronic acids and mixtures thereof_ It is now used 
routinely 1~1 this laboratory_ The advantages of the procedure are: (1) speed and 
simplicity of analysrs, (2) use of any solvent commensurate with gas chromatography, 
including *hose unsuitable for the “bench reaction”, (3) separate characterization of 
voIatiIe compounds r’i mixtures of boronic acids is possiile smce Long delays between 
injechon of sample and derivatizing agent are tolerated-without loss of ch;omato- 
graphic efficiency, and (4) difficulties with cyclic boronates that are prone to further 
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reaction upon conventronal derivatrzatton are removed The drsadvantages are that 
(1) some solvent talhng is inevitable with pyndme and propane-l ,3-drol m the reagent 
mixture and (2) shght vanatron m retentron trmes 1s observed_ Standardrzatron of the 
procedure, rmprovements to the denvatrzmg reagent solutton and optrmrzatron of 
GC condmons are expected to reduce or ehmmate disadvantages 
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