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ABSTRACT

The synthesis of non-nucleoside-based phosphoramidites that bear the 2.4-dinitrophenyl group is
reported. These labelled phosphoramidites, which have been used in solid-phase oligonucleotide synthesis to
attach single and multiple dinitropheny! groups to the 5'-end of oligonucleotides, are entirely compatible
with the normal oligonucleotide synthesis cycle. Multiple labelling can be pérformed readily in high yield
and the resulting oligonucleotides can be purified readily by reversed-phase h.p.l.c. The labelled oligonucleo-
tides have been detected using monoclonal and polyclonal anti-dinitropheny! antibodies.

INTRODUCTION

Non-radioactive labelling of oligonucleotides has attracted much interest in
recent years as the number of biological and biomedical techniques that require labelled
oligonucieotides has increased. The major drawback of non-radioactive detection has
been its poor sensitivity relative to standard radiolabel-detection techniques. A solution
to this problem may lie in the attachment of multiple labelling groups to the oligonucle-
otide which allow” amplification of the detection signal. The attachment of multiple
labels must not affect the hybridisation properties and solubility of the oligonucleotide,
and it should be controllable in order to allow the optimum mumber of labels to be
attached. The method used for multiple labelling should also be inexpensive and simple.

The most commonly used non-radioactive labelling group is biotin, which has
been incorporated into oligonucleotides enzymically'?, by reaction with 5'-amino-
functionalised oligonucleotides®”’, and by incorporation of biotinylated phosphorami-
dites during solid-phase synthesis® '°. Only the last technique allows the introduction of
multiple labelling groups in a controlled manner. The major disadvantages are that
biotin and its analogues are expensive, the synthesis of biotinylated phosphoramidite
monomers is made difficult by the poor solubility of biotin, and the presence of high
levels of endogenous biotin in certain tissues makes it unsuitable for certain types of
hybridisation in situ. Enzymic labelling of oligonucleotides with digoxigenin is also
possible'!, but this technique is expensive and uncontrolled.

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.
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Labelling of oligonucleotides with Auorescent groups has also been achieved ™ ¥
However, detection of oligonucleotides labelled in this way requires specialised equip-
ment, which is not required in the enzyvme-linked immunosorbent assay (ELISA) or
chemiluminescent detection of immunogenically fabelled cligonucieotides.

An nexpensive labelling group which can be detected mmmunogenically 1= the

24-dinitrophenyl group (DNP group). The DNP group has heen introduced inte

oligonucleotides viv the action ol deoxvnucleotidy! terminal trunsforase or DNA po-

Iymerase ona DNP-aminohexvlderivative of ATP. and by reaction of Sanger's reagent
Cil

{1-luoro-2.4-dinitrobenzene) with oligonucieotides that contam an ammohexyl derv-

ative of adenosine'. DNP groups have been introduced photochemicaiv’ and by
reaction with brominated hases. Multiple DNP groups have beert incorporated o
oligonucleotides in i more controlled manner using o DNP nucicoside phosphorams-
dite during solid-phase synthesis”. The DNP group i wnstable under the normal
conditions for base-catalysced deprotection. but this problem can be overcome by using
labile base-protected monomers for DNA synthoesis,

The aim of the present work is to devefop simple DNP phosphoramidites {or the
mono- or poly-labelling of oligenucteatides during sohd-phase svnthesis, The strategy
used involves inexpensive. readily available. non-nucleoside siarung muterials that can
he functionahised in the minium number of steps to give the desired IYNP phosphora-
midite, which can then be used in standard procedures 1o give the desirad mono- o1

poly-labelled oligonucleotides
RESUT. TS AND DISCUSSION

Svathesis of a mono-lubelling DN P phosphoramidite. - The DNP phosphorami-
dite 3. which allows the attachment of a single DNP group to the 5-end of oligonucieo-
tides during solid-phase synthests, was obtained as follows. 6-Aminohexan-1-ol (ywas
treated with Sanger’s reagent in methano! to give the mono-DNP derivative 20 The
reaction of 2 with 2-cvanoethyl & N-di-isopropylphosphoramidochlonidite then gave 3
{8005; 3.
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Svnthesis of a poly-labelling DN P phosphoramidite. — The DNP phosphorami-
dite 7, which allows the attachment of multiple DNP groups to oligonucleotides during
solid-phase synthesis, was obtained as follows. 3,6-Diazaoctane-1,8-diol (4) was treated
with Sanger’s reagent in methanol and the product (5, 81%) yielded crystals that were
suitable for X-ray diffraction analysis. The X-ray crystal structure of 5 showed that the
DNP groups were arranged “anti”” with respect to each other'. If the same conforma-
tion is retained in solution, this may be advantageous, allowing the binding of an
antibody to each of the two DNP groups, thus enhancing the detection sensitivity. The
reaction of § with 4,4'-dimethoxytrityl chloride in pyridine gave 6a (31%). The poor
yield was due to the equivalence of the two primary hydroxyl functions present. This
reaction was not optimised, but 5 could be recovered by treatment of the bis(4,4'-
dimethoxytrityl) side-product 6b with acetic acid. Reaction of 6a with 2-cyanoethyl
N.N-di-isopropylphosphoramidochloridite gave 7 (84%). One advantage of 7 is that it
allows the attachment of two DNP groups to the oligonucleotide per synthesis cycle.

NO,

H
Ho/\/N\/\N/\/OH
H
LR =
5rR = DNP 6QAR = H

6b R = 4,4-dimethoxytrityl

NO,

NG,
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Svyuthesis of DN P-lubelled oligonucleotides. -~ The DNP phosphoramidites 3 and
7 were used as 0.15M solutions in anhvdrous acetonitrile and anhydrous dichloro-
methane, respectively. for the solid-phasc synthesis of labelled oligonucleotides. A
standard 0.2-gmol-scale synthesis cycle was used. The coupling efficiency of 7 was
>97% in all syntheses. The coupling efficiency of 3 could not be meuasured directiv, but
was estimated by hop Le. analyss to be > >90%,. Oligonucleotides that had up 10 ten
DNP groups (i.e.. five couplings of 7) were synthesised, although. theoretically. any
even number of DNP groups could be attached in this way.

Stubility of the labelling 10 basic deprotection conditions. -~ The single DNP label
introduced by the coupling of 3to the §-end of the oligonucleotide wasfound by h.p.Le.
to be stable to normal base-catalysed deprotection (3 h. 35 | conc. NH,OH . However.
the multiple lubels introduced by the coupling of 7 to the 3-end of oligonucleotides were
unstable under these conditions. H.p.Lc. showed that there was ondy onc degradation
product formed, which was neither 2.4-dinftroaniline nor 2 4-dimtrophenol
stability problem was overcome by the use of commercially available phosphoramidites
for DNA synthesis (Pharmacia "PAC -amidites or ABI “FOD  -amidites). which bear
base protecting groups that are removed under milder conditions (5 h i cone. NH,OH

This in-

at 20). Under such conditions, the DNP lubel was degraded only to a very small extent.
and no problems arose in the purification and isolation of the labelled oligonuckeonde n
high yield.

Purification of DN P-lubelled oligonucleotides. - The hghty ipophilic nature of
the DNP group results in DNP-labelled oligonucleotides being eluted later than un-
labelled failure sequences on reversed-phase hop.le. This ditference makes the puri-
fication of DNP-labelled oligonucleotides extremely easy, as the labelled oligonucleo-
tide behaves similarly o« conventional “trityl-on™ sequence. The effect ol increasing
the number of DNP labels on the time of elution is shown in Fig. i+ The labelled
oligonucieotides are bright yvellow in colour, which allows them to be distinguished
readily from unlabelled sequences. Traces of the low-moleculur-weight degradation
product were removed when the sample was passed through a column of Sephadex G243
during the normal purification procedure.

Deitection of DN P-lubelled oligonucleotides. Preliminary experiments con-
firmed that anti-DNP antibodies bind to DNP-labelied oligonucleotides. and that the
antibodies can be detected hoth on the basis of radioactivity and by an ELISA methoed.
Oligonucleotides labelled with one. two, six. and ten DNP groups were fixed on nvion
filters in duplicate by u.v. irradiation. The filters were blocked using hovine scrum
albumin with EDTA to inhibit any DNAuse activity, washed. and incubated with
1:200 dilution of K3 monocional anti-DNP antibody for 1 h. After further washing, onc
filter was treated with "“I-Protein A and then washed. and the signal was detected using
X-ray film, The other filter was incubated with an anti-mouse-TgG-perexidase conju-
gate for 1 h, washed, and detected by 4-chloro-1-nuphthel and H.O. which gave a blue
precipitate. Further experiments are in progress.
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Hexa-labelled 29 mer

&

Unlabelled failure sequences —= &

Deca-labelled 29 mer

Fig. |. Superimposed traces from h.p.l.c. of identical 29mers labelled with six (upper trace) and ten (lower
trace) DNP groups, showing the effect of the lipophilicity of the DNP groups on elution time. Buffer 4,0.1m
NH,OAc; buffer B, 0.1M NH,OAc/60% of acetonitrile.

EXPERIMENTAL

All solvents were of analytical grade. Alcohol-free anhydrous dichloromethane
was prepared by distillation from CaH,, and anhydrous tetrahydrofuran by distillation
from sodium—benzophenone. Hexane was dried over sodium wire. Anhydrous aceto-
nitrile was supplied by Applied Biosystems Inc. '"H-N.m.r. spectra were recorded with
Bruker WP-80 (80 MHz) and WP-200 (200 MHz) spectrometers, *'P-N.m.r. spectra (81
MHz) were recorded with the latter spectrometer. F.a.b. mass spectra (positive ion,
thioglycerol matrix) were recorded on a Kratos MS50 TC spectrometer. Oligonucleo-
tide synthesis was performed with an Applied Biosystems 381A DNA synthesiser, and
ending procedures with an ABI 380B DNA synthesiser. 2-Cyanoethyl phosphoramidite
monomers for DNA synthesis were supplied by Applied Biosystems and Pharmacia.
Sephadex G-25 N.A.P. (nucleic acid purification) columns were supplied by Pharmacia.
Flash-column chromatography was carried out on Silica Gel 60 (Fluka), and t.l.c. on
Silica Gel 60 F,5, (Merck), using A, toluene-ethyl acetate (1:1), 1% of triethylamine; B,
toluene—ethyl acetate (4:1), 1% of triethylamine; C, dichloromethane—methanol (9:1),
1% of triethylamine; D, dichloromethane-methanol (99:1), 1% of triethylamine; E,
dichloromethane-2-propanol (95:5), 1% of triethylamine; F, dichloromethane—ethyl
acetate (1:1), 1% of triethylamine.
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012 4-Dinitrophenyiamino jhexan-1-0l (2). - To a solution of 6-gaminohexan-i-
ol (0.8 g. 6.8 mmol) in methanol (20 mL) was added 1-fluoro-2 4-dinitrobenzenc (1.3 ¢ |
equiv.). After 12 h. the solvent was evaporated /s cacio and the resulting ol was wushed
with ether to leave crude 2 (1.3 g, 70%). Recrystallisation from ether methanol gave 2
(1.04 2. 54% ). m.p. 75 LR 052 (solvent (). Foabomass spectrum: s 2 28412462 [eale
for C.H NOG(M T = Ho 2 284124630 'TH-Nomur. duta cCDCHLE o 108 20 (a9 HLA
CHoand OHY 32535 m 2 HOH-LLL 304 (. 2 Ho /o2 He Heaoh 6.9 (d0 T HL A
H-0), 825 ¢(dd. 1 HL A H-3L 85 (hs. P HUNHL O T (L FHL A B3,
Anal Cale, for € H N O COS0EE HU 00N 84 Found: Co30.40: FL 5.7x:
N. 14,70
Cvanoethvt 612 d-dinitrophenyiamine jfrex v NON-di-isopropvipfiosphoramidite
{3). To a solution of 2 ¢ 14) mg. 0.495 mmol) in ‘1*1h\fdmu~ te!1‘:ih).dmﬂlr;m (3 mL
was added anhvdrous N, V-di-isopropylethylamine (0§ mL. | equiv.yand 2-cvancethy

N _,\‘—dl-ls‘t,)pr(‘)pylphosplwr:tmld(,)c) hlorndite (0132 mi. P2 equiv.y Alter | he the reac
tion wus quenched by the addition of ethylacetate (20 mL). and the solution was washed
with aqueous NaHCO(2 « Smblyand brine (2 = Smb ) dried i Na-SO.) filtered. and
evaporated i racuo. Flash-column chromatography ¢dichloromethane oty scetate,
Py of the restdue gave an ot which was dissolved in dichiloromethune and p ulp;uiiui
with unhydrous hexane to give 3{ 100 mg. 80% bas an ol B 0.5 {solvent £ ' P-Nomer
data: 0 147.54 (%),

f-rd A -Dimethoxviritvloy [-6-7 2 d-dintirophenylomino thevare. - Toaselution
of 21 g, 3.53 mmo} in anhyvdrous pyridine (15 mbLy was added 4 4-dimethoxvirinyd
chloride (1 equiv.. 1.2 g). The muixture was protected from moisture and the reaction was
completeafter T hat “() Water (1530 mLywas added and the product was extracted inio
chlorotorm €3 = 30mbLy. 1 m combined extracts were dried (NS0 b and fliered, and
the solvent was evaporated /i vacuo. The product was purified by flash-colwmn chroma-

o

tography (dichloromethane + 2% of triethyvlamine) to give the ttle compound isolated

asan ol (1.24 g 6090, R 0078 (solvent O Foah, mass spectruo: g 2 58324744 reale

For CLHLUNO prz 38324748y, TH-N mr, data i’('\D("s S L S5 em 12 HL 6 CHLL
AT 0 H 20Mep 6.8 (A HUAM, 72 75 (m, S HL Arand DNPH-0L 25 (d0 L
DNP H-55. 8.5 (hs. | H, B 'E)\ 9.1 (d. 1 H.DNP HJ‘,&

3.6-Biy /‘3,4~(/i/11'11‘()/)iz<’m*/«—n’,{i-z/fa"(mr’icmc—»’ N-dial (5). o solution of 3.6+

§
diazaoctanc-1,8-diol {4; 1.5 ¢, 10 mmol in mgthdhu] 30 il was added mricthvlaminge

{3

(23equiv., 2,53 ¢ 348 mL,_ 3..‘- mmoljand -luero-2 4-dinttrobenzenc 2 equiv . 3 72 o
20 mmob) After 3.5 h. the mixture was cuo]cd to 4 _and the orange precipitate wis
collected. washed with methane! 30 mbLyand ether (3 » 30 mb . and dried ur racue (o
give S(389 g, 81 %) The product was recrystallised three times fron methano] o give &
withm.p. 149 1507, £ 0.38 (solvent O). Foab, mass spectrumy: on - 451 H-Nmor data
(CDCL): 0 3.0 30 m 120 CH 4.7 (W2 HL2ZOH ) 730 DM/ 9 5 Hy, DNP
H-6) 8 13 (dd. 2 H. /28 Hyo DNP H-S1L 847 (L T HLDNP H-3.

Anal Cale for C,HL N, O C 450 H 416 NT7 8 Poone CU a4 80 HO 4 TN,
17.4.
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8-(4.4'-Dimethoxytrityloxy )-3,6-bis( 2 4-dinitrophenyl )-3,6-diazaoctan-1-ol (6a).
— Anhydrous pyridine (3 x 30 mL) was evaporated from 5 (3.30 g, 6.88 mmol), which
was then dissolved in anhydrous pyridine (60 mL). To this solution was added dropwise,
during 30 min, a solution of 4,4'-dimethoxytrityl chloride (1.3 equiv., 3.03 g, 8.94 mmol)
in anhydrous pyridine (100 mL). After 2 h, more 4,4'-dimethoxytrityl chloride (0.2
equiv., 0.47 g, 1.38 mmol) in anhydrous pyridine (20 mL) was added dropwise during 20
min and, after a further 30 min, the reaction was quenched with methanol (20 mL) and
the solvent was evaporated in vacuo. A solution of the residue in dichloromethane (250
mL) was washed with saturated aqueous NaHCO, (50 mL) and water (3 x 50 mL). The
organic phase was dried (Na,S0O,), filtered, and concentrated in vacuo. Column chroma-
tography (solvent A4) of the residue gave amorphous 6a (1.68 g, 31%), R, 0.29 (solvent
D),0.58 (solvent £),and 0.35 (solvent 4). F.a.b. mass spectrum: m/z 783.26259 [calc. for
C,,Hy N,O,;: (M* + H) m/z 783.26257]. '"H-N.m.r. data (CDCL): 6 2.0-2.25 (bs, | H,
OH),3.25-3.72(m, 12H, 6 CH,), 3.73 (s, 6 H,2OCH,), 6.65-7.23 (m, 15 H, Arand DNP
H-6),8.06 (dd, 1 H,J,,9.3,J,,2.7Hz, DNP H-5),8.13(dd, | H, DNP H-5),8.52(d, 1 H,
DNP H-3), 8.55(d, 1 H, DNP H-3).

2-Cyanoethy! [8-(4.4'-dimethoxytrityloxy )-3,6-bis( 2,4-dinitrophenyl)-3,6-diaza-
octyl] N N-di-isopropylphosphoramidite (7). — Anhydrous tetrahydrofuran (3 x 20
mL) was evaporated from 6a (0.643 g, 0.822 mmol) which was then dissolved in
anhydrous tetrahydrofuran (30 mL). To this solution was added
N,N-di-isopropylethylamine (4 equiv., 3.29 mmol, 0.425 g, 0.573 mL) and 2-cyanoethyl
N,N-di-isopropylphosphoramidochloridite (1.5 equiv., 1.23 mmol, 0.291g, 0.276 mL).
The solution was stirred at 20° for 15 min, quenched with ethyl acetate (30 mL), washed
with brine (4 x 100 mL), dried (Na,S0O,), filtered, and concentrated in vacuo. Column
chromatography (solvent B) of the residue gave 7 as an oil, a solution of which, in the
minimum volume of anhydrous dichloromethane, was added dropwise to anhydrous
hexane (750 mL) at —78°. The orange precipitate which formed was collected and
washed with anhydrous hexane to give 7 (0.678 g, 84%), R, 0.50 (solvent B). F.a.b. mass
spectrum: m/z 983.37044 [calc. for C,H  N,O,P: (M* + H) m/z 983.37042]. 'P-N.m.r.
data (CDCL,): 6 149.12 (s).

Synthesis of DNP-labelled oligonucleotides. — Oligonucleotide synthesis was
performed with an Applied Biosystems 381A DNA synthesiser. using the standard
0.2-umol-scale synthesis cycle. For the additions to the 5'-end of oligonucleotides, a
0.15M solution of 3 in anhydrous acetonitrile and a 0.15M solution of 7 in anhydrous
dichloromethane were used. Ending procedures were carried out on an Applied Bio-
systems 380B DNA synthesiser.

Degradation of 7-CTC GAG TATGCC GAG ACC CCT AAT with ammonia. — A
solution of 6 0.d. units (4,,) of the title compound in distilled water (200 L) was added
to conc. ammonia (1.8 mL) in a sealed vial. Every hour, an aliquot (200 L) was
removed, diluted with 0.1M NH,OAc (700 #L), and analysed by h.p.l.c.

Measurement of monomer coupling efficiencies. — Coupling efficiencies were
measured by comparison of the absorbance at 498 nm of the 4.4-dimethoxytrityl
cations produced in the deprotection steps of successive synthesis cycles. Each fraction
was diluted to 25 mL with 0.1M toluene-4-sulphonic acid in acetonitrile.
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H.p.le — A Gilson 303 and a Perkin—Elmer 410 svstem were used with ABI
aquapore octyl reversed-phase columns. The buffer systems were varied according to
the number of DNP labels attached to the oligonucleotide. The general buffer systems
were 4. 0.l NH,0Ac: and B. 0.1m NHOAc: X% of uacetonitrile where
30% <X <70%. The greater the number of DNP groups present. the higher the
percentage of acetonitrile used in bufler B. These buffers were used iflow rate, 3
mL.;min)incombination with the following gradient to achicve the optimum separation
for the sequence being examined:

Time (min) 0 3 4 26 2% 29 2
Buffer B8 (%) 0 0 15 100 106 { {3
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