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Many organic compounds of biological importance possess two or more polar function
groups in close proximity. In chromatographic analysis, a suitable derivatization of the
bifunctional groups has sometimes been used to enhance the sensitivity and selectivity for
detection. Transforming 1,2-diol compounds to the corresponding cyclic boronate de-
rivatives has been more extensively used as a suitable derivatization method for gas chro-
matography and gas chromatography-mass spectrometry. Although applications to lig-
uid chromatography have been comparably limited due to the susceptibility of the cyclic
boronates to solvolysis, we have been demonstrated some instances in which such deriva-
tives show considerable stability. In this paper we describe the utility of the boronate es-
ter function as a derivative group for the characterization of 1,2-diol compounds by
reversed-phase liquid chromatography, and briefly survey the reactivity of boronic acid
derivatives with a variety of 1,2-diols. The present review covers the following: 1. synthe-
sis of novel boronic acid derivatives and the development of highly selective and sensitive
detection methods for diol compounds, 2. chromatographic optical resolution of enan-
tiomeric diol compounds by optically active boronic acid derivatives, 3. molecular orbital
methodological approach to prove the relationship between the stability and the molecu-
lar structures of boronates, 4. highly selective solid extraction for the chromatographic de-
termination of diol compounds using phenylboronic acid-bonded gel. Several boronic
acids, including naphthaleneboronic acid, phenanthreneboronic acid, 1-cyanoisoindole-2-
m-phenyl-boronic acid, dansylaminophenylboronic acid and ferroceneboronic acid have
been successfully applied to the boronate formation of diol compounds chromatography.
It has been confirmed that some diol boronate derivatives are remarkably stable, even
under acidic aqueous conditions. A satisfactory gas chromatographic separation of the
diastereomeric  2-(N,N-dimethylaminomethyl)ferroceneboronates derived from enan-
tiomeric diols could be performed in the achiral stationary phase. In order to prove the
relationship between the stability and the molecular structures of boronates, optimized
structures of the boronates were calculated by the molecular orbital methodological
approach. It has been confirmed that the C-C bond distances of the “stable” boronates
are longer than those of the “unstable” boronates. The steroids, brassinolide and casta-
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sterone, were retained as their cyclic boronates formed on immobilized phenylboronic
acid gel in a mixed solvent of pyridine and acetonitrile. After removal of impurities in
the sample, parent steroids could easily be released from their boronates by a mixed solu-
tion of hydrogen peroxide and acetonitrile. The present method is the first time phenylbo-
ronic acid-gel has been used in the purification method of brassinosteroids in plants. The
liquid chromatographic analytical method for cyclic boronates may contribute to identi-
fication studies on diol components with conformational rigidity or stereochemical hin-
drance in biological and pharmaceutical samples, and also to their screening in unknown
compounds.

Keywords : selective and sensitive detection of stable boronates; LC/MS of brassinolide;
optical resolution of enantiomeric diols; optimized structures of boronates;
solid-phase extraction by immobilized phenylboronic acid-gel.
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Fig. 1 Boronic acid derivatives for prelabeling of
diol compounds detection method
UV: ultraviolet; VIS: visible;
EC: electrochemical

FL: fluorimetric;
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Fig. 3 Chromatogram of naphthaleneboronates of
2-methyl-2,4-pentanediol (1) and 2,4-dimethyl-2,4-
pentanediol (2)

HPLC conditions: column, Capcell Pak C18 UGI120
(2.0 mm i.d. X250 mm L) ; mobile phase, acetonitrile/
20 mM phosphate buffer (pH 4.5) (8 : 2); flow rate,
0.2 ml/min; column temperature, 40°C; detection,
280 nm

B EIKRBILIL. 05

BVWASTHHICHBINTNVWE I ENHIBBLEZ. XZ20
B, FEMAHELE L TORT VBBERIIBNT, K
ISHEOEZBER N > 12,

3«12 X504 FR#EOFOR— MK &HHE
HPLC Aot — MEREWE HPLC & OBEICSH
WT, EEICHEHKD BERSATOA MEEPITBWT
BEINK. Fig. 6 KWiRULTIZ kDI, 7T FI4— ik
3, BRRIREMIBESMICY AV A - VEEEB LTINS
N, TOBKRTA— ME, ABED23-(OH), &I
D 22,93-(OH)y DREALIZ WV > L ARSI NS (€
ARa (= b)) 25, ¥R HPLC Sricgtah s &,
ABHOXRT A — NOAPERBITNKSIREEZZ T T,
BIgEEB RO AT 2 — b (F/Far—F) & UTHRH
SNBZENPHBELE. BERTA— FEERT 5D
i, IEERD 22,93-Y A —VETHD, suv b I T A
to¥—-—r@3E/ Fuir— b UTREBINATVS. 2
ORI, BRTATFY 25704 FEIZBLWTER
XNTHERE—FT H. FIZ 23,25 KU 24,25-YV & N
OFVaLAFU—NLDORT 2— MERRIGIZBWNT
X, WIFhbEBICAT A — b2ERKL, Fig. 7 IR
Lizkodiz, 8RO U MOILY -7 —2ARBICHHET
BELZAERIE, EY 3V
D; ORISEHKBIERISICBWCERBINTE 1, MAE
BFREOBHIIRI>bOEEZLNS. Tabb,
BRMEBHROWMEBY ¥ 3 ¥ Dy KBRS OBRAER L
LUTERESBROTED 2 HEE U TCRATESEEX

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

MEwm WA AT Y BROSFEREREICE S < ERRNBERESTERICE T 505 23
CH; CHy OH

CH;

Rifampicin

S

0 10 20
| | |

Time/min

Fig. 4 Chromatogram of naphthaleneboronate of
rifampicin

HPLC conditions: column, Capcell Pak C18 UG120
(1.5 mm i.d. X250 mm L) ; mobile phase, acetonitrile/
20 mM phosphate buffer (pH 4.5) (6 : 4); flow rate,
0.1 ml/min; column temperature, 40°C; detection,
280 nm
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Fig. 5 Chromatogram of naphthaleneboronate of
ryanodine

HPLC conditions: column, Capcell Pak C18 UG120
(2.0 mm i.d. X250 mm L) ; mobile phase, acetonitrile/
20 mM phosphate buffer (pH 4.5) (7 : 3); flow rate,
0.2 ml/min; column temperature, 40°C; detection,
280 nm
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Fig. 6 Chromatogram of naphthaleneboronates of
2,3,228,238-tetrahydroxy-24S-ethylcholestan-6-
one(l), 3,225,238 -trihydroxy-24S-ethylcholestan-6-

one(2), and 24R,25-dihydroxycholesterol(3)

HPLC conditions: column, Capcell Pak C18 UG120
(2.0 mm i.d. X250 mm L) ; mobile phase, acetonitrile/
water (95 :5); flow rate, 0.25ml/min; column
temperature, 40°C; detection, 280 nm
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Fig. 7 Chromatogram of naphthaleneboronates of
23R,25-dihydroxy-cholesterol(1), 23S,25-dihydroxy-
cholesterol(2), 24R,25-dihydroxycholesterol(3) and
248,25-dihydroxycholesterol (4)

HPLC conditions: column, Capcell Pak C18 UG120
(2.0 mm i.d. X 250 mm L) ; mobile phase, acetonitrile/
water (9 : 1); flow rate, 0.25 ml/min; column temper-
ature, 40°C; detection, 280 nm
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Fig. 8 Gas chromatographic mass spectrum of bis-naphthalene-boronate of brassino-

lide

Electron impact spectrum was at 70 eV.
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Fig. 9 Liquid chromatographic mass spectrum of mono-naphthalene-boronate of
brassinolide
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Fig. 10 Formation of m-aminophenylboronates of brassinolide and 24-epibrassinolide
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Fig. 11 Chemical structures of chiral boronic de-
rivatives.
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Fig. 12 Gas chromatographic resolution and mass

spectrometric {electron impact, 70 V) data of dia-
stereomeric 2-(N,N-dimethylaminomethyl)ferrocene-
boronates of (= )-pinane-2,3-diol

GC conditions: column, CP Sil5 CB fused silica
capillary (25 mX0.32 mm i.d.X0.12 um); column
temperature, programmed from 80°C (2 min) to
200°C (1 min) at 30°C/min, and then at 2°C/min to
230°C ; helium flow rate, 3 ml/min
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BADXRYyE¥ryRai— I LT, SFHRE RIS
MOPAC ver 6.01, AM1 " %, #E&#E(LIC13 EF
FE® %, B TR OHEIZIE Perkins®® D S 1E%
ENENEHEUVCEHERIT 2. £, WHEFEt
%, C-C, O-C RU' B-O L EOFETHER, ROES
W, C, O RV B OERM, 5 T#HE (NHOMO,
HOMO, LUMO, NLUMO) OF T ANVF—, H2WN
13 O-B-O D TAEELROTHE L. 77V /A
FuA4 FazHhc, RIS 22,23-(OH), DXV €V Kn
A — b OEE{EEE % Fig. 13 1IR LT,

FORER, BAD/IRFTA—F —ICBVWTRERT £ —
MEFEREARTA— FEDOMICETOENBRINTE
s, FOHTH, VA—-NVEERT S KHZ-REBOHE
BUHEEIC B VW CHESEREABE IS LN TE .
Blzg, 2704 FO A BER 2,3-(OH), DA T £ — b
FERIZBOTIE, DR ORBBEPL->TNDELHITE
ZBHNBHH, C2-C3 MORFE-RAM DK AFERE L LB

Table 1
cis—4,5-octanediol bezeneboronate

REVCE D < ERINNERE S TRICE 3 5 D% 27

Fig. 13 Optimized structure of the benzeneboron-
ate of brassinolide side chain 22,23-diol

i<, —H7)—u—-7—Ya Y ORBEEONBH
AT A — b T, €22-C23 BIDKRFE-REMBOKE SRR
BMEAEOWCESHLELEL 2, I5ED YA - VLA
I ONTE EDIAER% Table 1 ITRL 12
ORI O L DL KDIT, octane-cis-4,5-diol D
C-C &M 1548A ZEHEL LT, Kat— bOK
EMEE OMICHEESEE I . $abb, ThbLEE

C-C Bond distances of 1,2-diol benzeneboronates and the balances from the C-C bond distance of

1,2-diol compound Type of alcohol  C-C bond distance/A  balances/A stability
Acenaphtene-cis-1,2-diol sec. + sec. 1.587 +0.039 stable
22-Epiecdysterone tert. + sec. 1.568 +0.020 stable
Ecdysterone tert. + sec. 1.565 +0.017 stable
Pinacol tert. + tert. 1.564 +0.016 stable
2-Methylbutane-2,3-diol tert. + sec. 1.555 +0.007 stable
Brassinolide, 22,23-diol sec. T sec. 1.550 +0.002 stable
Octane-cis-4,5-diol sec. t sec. 1.548 0.00 unstable
Octane-frans-4,5-diol sec. +sec. 1.547 —0.001 unstable
Tetrahydroanthracene-cis-1,2-diol sec. + sec. 1.547 —0.001 unstable
Butane-cis-2,3-diol sec. ¥ sec. 1.547 —0.001 unstable
Tetrahydroanthracene-trans-1,2-diol sec. + sec. 1.546 —0.002 unstable
Butane-trans-2,3-diol sec. + sec. 1.546 —0.002 unstable
Brassinolide, 2,3-diol sec. + sec. 1.545 —0.003 unstable
Propane-1,2-diol sec.+ prim. 1.540 —0.008 unstable
Ehylene glycol prim.+ prim. 1.533 —0.015 unstable
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SEHOEV YA — VIEREART & — b OAEKZ ATHEIC
U, ChAMTFO Y4 —VTik, BEART A — b DERD
BOTHRETHHIEEZRLTND., ZOFRIE, KT
F— MATFOHFHEHRICE S C-CHEEEROFE
R 5, EIKSBUEREAR T A — POERZTFHIL
BrorEAgEELZEMPVTEL, 47 v rFRu
F— MERRSS, VA - VEDOSFERE KRB U S
BHEOBODTEBVRIGTH S & ABRNICED T
LDTHHEEZOLNS.

3.4 FOVBEELLFNVERVWEIA—IRLED
OERIRMHEDORERE
DT AKRT A — MERKGE, Ko yBEEELT IV
EHWET Y 270 FOSBERNMHEDORREIC
JGRLEY. gabb, RERAuL— MEERT S Y
F-VEAWEE LT, 7oA vBEELS IV E
5 —EOEEMEEERE UER, 77V /AT
T4 FOEMMER, > OmEEE Z 10 THRRIC L.

Y, EEwmEoRICE, BELSVOERTAINE
A=Y I AHTLEERBONTCITbONEN, ARG, T
BhbEELTSNVADREEOBICIINBEZET 5120,
ZOHREFED ENTERY., o TIOHEEITIIES
WEMEDELEO LHPEBULTHWA I LIZES.

9, WHEEWHEELTDOT IV /AT, REEL
KEETL = M)WV EY) Y VIBERTERL, 2l
7 =R u vEBEELS IV EMA 2K, 5~10 SEE
mEy 5. RISKRTH, NABEOA— ) v VZERHONT
KIS BETFTTCIFEBRYT 5. DOWTHBERER, *7
J = WIKBRETT VERE L, BiESEORY 2B
£55. [T, FVIKEELRT IV ) ATaAL FEY
)= 2 XD LHELSBEERTHRLU TR L0,
HEHRE B D010, BEROBFRICHEEL 2.

Tabb, V)V, ERK, R LEMSORE, T
a—, TEI=M)I, FrIeFu75 vE0FH
BiE DALY, RUOBELRsE2BLABEILILE
A, WENRLEINERY 50~80% BETULIELNE
ots. BICRETOKER, BEEILKRK-TEI= Y
WERESERKRZAVIBE, BbENEOFHVRERIE
srhtz. Pk, Ao vBEELSVERWST IV /A
Fu A4 FOBMEMBECB T 2 BHEEE, TVO/
G&HEELT80C 105, T s DERGEHELT
5% BELAKZEA-TEF=FYIL (1:1) ZHVT
45°C 10 3 Th -1z, B, ZO—EOEMHME BT
HEBEORBEER, RUEMERE, WITDOIF+—iZD
WTh 95% BlbkTho7z.
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Fig. 14 Chromatogram of the final eluent fraction
of plant extract obtained from the phenylboronic
acid gel after derivatization with naphthaleneboronic
acid

Peaks: (1) brassinolide, (2) castasterone. HPLC
conditions: column, Capcell Pak C18 UG 120 (1.5
mm i.d.X 250 mm L) ; mobile phase, acetonitrile/wa-
ter (9 : 1); flow rate, 0.16 ml/min; column tempera-
ture, 45°C ; detection, 280 nm

REELTSNVEROSELERERIL, KERTL— L2
RS 2 V4 — VRIEEICH U TR TEWVRIRE 2
B 505, & £ 28RSO OEML TV TV OH]
WD THESTH - 1. Kz, VI<ADEHD»
LDT T ) T4 NiEKES OBRRAOMHITISH U 726
B, Fig. 14 ITRULIL&EDIT, 22,23-(OH), 2EHT 57
5y A704 FEZTERNICEPRTE S L 2D
THREIZ L 72,
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KRN T, ZORBEHEMASBEDLOIZ, FERMEELUTINETCEIEAERY ETFoNT
ot A7)y RO A— MIEBUL, F£4 U T HPLC I L 5 ERROERESITEDRE
BROVWTER Uz, F2bb, KRIEBWTEEICTEET 2IENKSBEAR T & — FOoRE - Bk
EFROEZULLIEIRED, USI VA - ViEEZET5LAHO, REL >EREREOWTRELHT L
WOEE - SEAENTAICE . 22Tl 1) FBRAT VEBFEERZEOS VAt - VRIS DM
5% HPLC IZ £ 5 BB IRMERBERTE, 2) HFEEER T Y BFHEEEEZ AV 5 V4 — UEEKOHE
e, 3) AuVvBEELSVERWS TS Y 2T u{ FEOSRIRMHE, 4) STHEEICE
DLLHFREERT F— FOREMEEDOHEBEICET A EENRL, KOVWTREETFT— 725D TR
L.
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