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Summary

Electrosprg mas spectrometyr (ESI-MS), tanden mas spectromety and on-line RP-HPLC-ESI-Ms were used
to evaluak the composition and purity of three differert aryl ethe mixtures consistirg of 10 and 45 aryl ethers
synthesizd on solid suppot by Williamson etherification The libraries featue two potentid pharmacophores
connectd with three differert spaces and serne as modek for a detailel componenanalysis Individud members
of thelibrary ard by-producswereidentified rapidly and conveniently by produd ion scansCompounl collections
obtainal by two differert synthetc methodsthe split/‘combire approat and the premix method showed different
mas distributions in the ESI-MS spectra Sone componerg were not detectd in dired ESI-MS measurements,
but were found by MS/MS experimentsPrecursoion and constahneutra loss scars allowed the identificatian of

componergwith comma structuréd features.

Introduction

The synthess of smal molecuk libraries using com-
binatorid chemisty methodis playing an increasing-
ly significant role in acceleratig the drug discovery
proces [1-4]. Sinae peptice libraries terd to have
limitations as therapeuti agens (poa ord bioavail-
ability, proteolytc instability), mog researh efforts
are concentrate in transferrirg solution pha organ-
ic reactiors onto the solid suppot in orde to syn-
thesiz non-oligomert smal molecules [5-8]. Many
solid pha® synthessof smal molecuk libraries have
been reportel during the lag few years For both qual-
ity contrd and the determinatio of compositio and
purity, mog of the libraries were fingerprintel sim-
ply by HPLC[9,1Q] or characterizé by MS[11]. Only
a few repors show the application of combinirg a
separatioa methal with MS, e.g CE-MS [12]. Often

* To whom correspondereeshout be addressed.

the mas specta of smal molecules contan fragment
ions so tha theinterpretatia of the mas spectrum of
alibrary is difficult [13]. HPLC, GC and CE analyses
aloreareinadequatin the case of more complex mix-
turesand coelutian of sone componergisthe rule for
libraries containirg more than 50 expectal products
ard unknown impurities.

In orde to demonstrat the potentid of ESI-MS,
MS/MS, HPLC-MS ard HPLC-MS/MS for the dete-
mination of the compositiom and purity of ‘small
molecuk libraries [13-15] three differert aryl ether
libraries[16—19 with 10 and 45 componergweresyn-
thesizal by Williamson etherification The libraries
contan two potentid pharmacophoresn amiro acid
ard aphend deiivative, which areconnectd withthree
differert spacersAs reportal by Krchnak et al. [19],
streptvidin ligandswere found from this class of com-
pounds.

Compare to othe analyticd methods modern
masspectrometdtechniqueallow very fas and con-
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venient identification of the constituents and the by- Library ii  Fmoc protected polystyrene A RAM

products of libraries. resin (capacity 0.63 mmol/g; 300 mg, 0.189 mmol)
was divided into three equal portions. The Fmoc group
was removed as described above. Solutions of protect-

Materials and Methods ed amino acids and HOBt, Fmoc-Lys(Boc)-OH/HOBt
(0.5M amino acid, 0.5 M HOBt; 1 ml, 8 equiv), Fmoc-
General Arg(Pmc)-OH/HOBt (0.5 M, 1 ml, 8 equiv), Fmoc-

Solvents and reagents were obtained from commer- Phe-OH/HOBt (0.5 M, 1 ml, 8 equiv) in DMF and
cial suppliers and used without further purification. DIC (0.63 mmol, 10 equiv) were added to the indi-
Multiple solid phase syntheses were performed on vidual resin portions and agitated at room temperature
polystyrene/1% divinylbenzene A RAM resin (200— for 3 h. Each reaction mixture was filtered individu-
400 mesh, capacity 0.63 mmol/g). All solid phase ally, then recombined and washed with DMFx(B8
reactions were performed in syringes equipped with After removal of the Fmoc group using piperidine in

a frit. DMF and washing with DMF (&), DCM (8x) and
methanol (&), the pooled resin was dried to a con-
Library synthesis: General method stant weight and divided into three equal portions. Indi-

Three different libraries were prepared (Figure 1): (i) a vidual acylations were performed with 2-bromoacetic
library containing 10 aryl ether§41-5 Kal-5) using acid (0.63 mmol, 10 equiv), 6-bromohexanoic acid
the ‘premix’ method [20,21]; (ii) a library containing  (0.63 mmol, 10 equiv) and 4-(bromomethyl) benzoic
45 aryl ethers using the ‘split and combine’ approach acid (0.63 mmol, 10 equiv) in DMF (1 ml) using DIC
[22]; and (iii) a library containing 45 aryl ethers using (0.76 mmol, 12 equiv) for activation. The individual
the ‘premix’ method. reaction mixtures were agitated for 3 h at room tem-
Library i  Fmoc protected polystyrene A RAM  perature, filtered individually, recombined and washed
resin (capacity 0.63 mmol/g; 100 mg, 0.063 mmol) with DMF (4x) and DCM (4x). After drying to a con-
was treated with piperidine/DMF (1:1, 2 ml) at stantweight, the resin was splitinto five equal portions.
room temperature for 0.5 h, drained and washed Each phenol derivative (see Scheme 1) (1.89 mmol,
with DMF (6x). A solution of Fmoc-Phe-OH in 30 equiv) was dissolved in dry DMSO (1 ml) and
DMF (0.5 M, 0.063 ml, 0.5 equiv), Fmoc-Lys(Boc)- treated with sodium ethanolate (1.89 mmol, 30 equiv)
OH in DMF (0.5 M, 0.063 ml, 0.5 equiv) and 1- for 20 min. The sodium phenolates were individually
hydroxybenzotriazol (HOBt) (0.063 mmol, 1 equiv) added to the resin and the mixtures were agitated for
was diluted with DMF (1.5 ml) and added to the resin. 3 h at room temperature. Each mixture was filtered
N,N-diisopropylcarbodiimide (DIC) (1.2 equiv) was individually, and the resin portions were recombined
added and the mixture was agitated for 3 h at room and washed with DMF (&), methanol (4) and DCM
temperature. The resin was washed with DMk )5 (4x). The resin was dried and treated with trifluo-
The coupling of the amino acids was repeated and roacetic acid/DCM (1:1) for 3 h. The mixture was
the Fmoc group was cleaved as described above. Theevaporated and samples dissolved in methanol were
resin was acylated with 2-bromoacetic acid (6.3 mmol, analyzed by ESI-MS.
10 equiv) by in situ activation with DIC (12 equiv) Library iii ~ The ‘premix library’ containing 45
for 3 h at room temperature. A mixture of five dif- aryl ethers was synthesized as described for library ii,
ferent phenols (Scheme 1) (0.2 equiv each, in total except for the coupling of the phenolates. An equimo-
1 equiv) in dry DMSO (1.5 ml) was treated with sodi- lar mixture of all phenols (in total 1 equiv) and sodium
um ethanolate (1 equiv) for 0.5 h and added to the resin. ethanolate (1 equiv) in dry DMSO (3 ml) was added to
After 3 h atroomtemperature, a second coupling of the the resin (capacity 0.63 mmol/g; 300 mg, 0.189 mmol)
phenolates was performed using a large excess of theafter 20 min of preincubation. The mixture was agitat-
phenolates (in total 30 equiv) and sodium ethanolate ed at room temperature for 3 h. The resin was washed
(30 equiv). After extensive washings the aryl ether with DMSO (5x) and the nucleophilic displacement
mixture was cleaved from the solid support with triflu- was repeated with a mixture of all phenols (in total
oroacetic acid/dichloromethane (1:1) within 3 h. The 30 equiv) and sodium ethanolate (30 equiv) in DMSO
filtrate was evaporated and dissolved in methanol, and (3 ml) at room temperature for 3 h. The resin was
the crude product was analysed as described below. washed with DMF (&), methanol (4) and DCM
(4x). The resin was dried and treated with trifluo-
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Figure 1 Solid-phase synthesis of aryl ether libraries and some examples of the synthesized compounds. (a) 0.5 M amino acid/HOBt in DMF,
DIC, 3 h, rt; (b) 10 equiv bromo carboxylic acid in DMF, DIC, 3 h, rt; (c) 1-30 equiv phenol derivatives (see text), 1-30 equiv sodium ethanolate,
DMSO, 1-2x 3 h, rt; (d) trifluoroacetic acid:dichloromethane (1:1), 3 h, rt. Shaded circle = polystyrene A RAM resin (200—400 mesh, capacity
0.63 mmol/g).

roacetic acid/DCM (1:1) for 3 h. After evaporationthe Mass spectrometry

residue was dissolved in methanol and analyzed by Positive ion ESI-MS, MS/MS, HPLC-MS and HPLC-

ESI-MS. MS/MS data were recorded on a Perkin Elmer Sci-
ex API Il (Toronto, ON, Canada) mass spectrometer
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Figure 2 Total ion current chromatogram (TIC) of the crude 2 aryl ether library. For abbreviations see Figure 1; T@trifluoroacetylated

aryl ether.

equipped with a nebulizer-assisted electrospray source.
ESI mass spectra were acquired at unit resolution scan-
ning with a step size of 0.5 u and a dwell time of 1 ms.
Five to ten spectra were summed. The potential of the
spray needle was held at +4.8 kV and spectra were
recorded at orifice voltages of +70 to +100 V.

Tandem mass spectrometry (product ion, precur-
sor ion and neutral loss scans) was performed using
collision-induced dissociation (CID) with argon and
collision energies ranging from 30 to 60 eV.

RP-HPLC chromatograms were obtained on an
Applied Biosystems 140 A Delivery System (Weit-
erstadt, Germany) equipped with a Gromsil ODS 5-ST
5 um Cyg column (Grom, Herrenberg, Germany) (col-
umn dimension 10& 2 mm, flow rate 200ul/min,
split of 40 ul/min into ESI source) and a Linear UVis
204 detector (Reno, Nevada, U.S.A.). UV absorbance
(detection at 214 nm) was detected simultaneously with
the MS signal and registered with a Shimadzu Chro-
matopac data processor C-R1 B (Duisburg, Germany).
The UV trace was also acquired directly onto the data
system of the mass spectrometer, allowing a direct
comparison of UV trace and total ion current chro-
matogram (TIC). Binary linear gradients were used
(solvent A = water/0.1% trifluoroacetic acid, solvent B
= acetonitrile/0.1% trifluoroacetic acid).

Table 1 Composition of the crude 2 5 aryl ether

library
Compound  Peak areas (%)
HPLC? (214 nm) TIC®
Kal 13.3 (Ka3) 16.6 (Ka3)
Ka2 5.7 3.3
Ka3 13.3 (Kal) 16.6 (Kal)
Ka4 6.7 9.6
Kab 6.9 7.1
Ka4-Tfef 3.2 7.2
Fal 11.1 14.0
Fa2 13.5 6.0
Fa3 10.6 8.7
Fa4 5.7 7.7
Fa5 9.9 6.9
Fa4-Tfa 6.8 11.5

a Peak areas in the UV trace.

b Peak areas in the TIC.

¢ —Tfa = trifluoroacetylated hydroxymethylphenyl
ethers.

Results and Discussion

MS analysis of a (X 5) library

We first investigated a 5 component libraryKal-

5 andKal-5 by RP-HPLC-ESI-MS. The TIC of the
2 x 5 library shows 11 baseline separated peaks (Fig-
ure 2). The corresponding masses indicated that all



expected [M + Hf -ions of the library were present
and that compoundsal andKa3were coeluted (Fig-
ure 3). In addition, two by-products were revealed
which could be identified by tandem-MS (vide infra) as
the O-trifluoroacetylated hydroxymethylphenyl ethers
Ka4-TfaandFa4-Tfa The peak areas (UV detection at

214 nm) of the detected components indicated a purity
greater than 83%. The concentration of the by-products
which were formed during cleavage was determined to

be less than 10% in this library (Table 1). In con-

trast, the concentration of by-products determined via
the TIC peak areas was higher than that determined 399 i

from the UV trace (Table 1). Such deviations were

also observed for peptides and peptide libraries [13]

and result from the different ionization yields of the

individual components. Additional by-products, e.g.

formed by incomplete coupling or deprotection steps,
were not found.

2D analysis of HPLC-MS data

Characteristic fragment ions of single compounds,
which are produced in the transport region of the ion
source, or coeluting compounds can be identified in
a 2D contour plot, in which m/z is plotted versus
the retention time (Figure 3). Since no fragment ion
occurred atm/z 280 in the product ion spectrum of
Ka3 ([M + H]*t atm/z305, Table 2)Kal (M + H] +
atm/z280) andKa3 must be coeluted (Figure 3).

On the other hand, the correlation of by-products
with their corresponding aryl ethers is possible by fol-
lowing the horizontal lines in Figure 3. The occurrence
of isobaric fragment ions dfa4 at m/z329 (Table 2)
and a so far unidentified impurity suggested that this
by-product is trifluoroacetylateBa4 (Fa4-Tfg [M +
H]* atm/z425, Table 2). This result was confirmed by
on-line tandem MS (vide infra). Similar assignments
of Ka4([M + H] + atm/z310, see Table 2) arith4-Tfa
(IM + H] + atm/z406, Table 2) can be made by com-
paring the fragmentation patterns shown in Figure 4.

Tandem mass spectrometry
Identification of constituents of the library and by-
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Figure 3 2D plot of the HPLC-MS (in Figure 2) of the crude<2

aryl ether library. All displayedn/zvalues correspond to the [M +
H]*-ions of the protonated aryl ethers. Spots on a vertical dotted line
indicate fragment ions or coeluting compounds; spots on a dashed
horizontal line indicate isobaric fragment ions of the same nominal
mass. The relationship of by-products and their corresponding aryl
ethers is illustrated in the case [ed4-Tfaby the horizontal dashed
lines, and in the case dfa4-Tfaby the horizontal dotted dashed
lines.

ing on them/zvalue of the protonated molecule ion of
the presently eluting compound.

Figure 4a shows the product ion spectrum of com-
poundKa2 ([M + H]*, m/z281; top) andFa2 ([M
+ H]*, m/z300; bottom). The structural similarity of
both aryl ethers is evident from the occurrence of the
same fragment ions. The cleavage of the amide bond

products was performed using on-line tandem mass between NH and CO led to a fragment witiiz135.5,
spectrometry. Three different types of scans are com- which is characteristic of a 2-pyridyloxyacetyl group.
monly used: production scans, precursorion scans andThe 2-pyridyloxymethylene fragment iom(z108.0)

constant neutral loss scans [13].

We analyzed the & 5 library by on-line HPLC-
MS/MS. Product ion scans of the eluting compounds
were recorded. Then/z value of the first analyzer

(selection of the precursor ion) was switched depend-

is formed by a cleavage between £bihd CO (Fig-
ure 4a).

Similar fragmentation patterns were obtained with
compound¥a5([M + H] T, m/z331; top) andra5([M
+ H]*, m/z350; bottom) (Figure 4b). The cleavage
of the amide bond between NH and CO resulted in
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Table 2 Calculated monoisotopic and found masses of the [M ¥ lghs in the split‘combine and the premix library

No. Code Calculated mass Found mass No. Code Calculated mass Found mass
(monoisotopic) Split‘combine  Premix (monoisotopic) Split‘combine  Premix
library library library library
1 Kal 280.2 280.0 280.0 24 Rb2 365.2 365.1 365.0
2 Ka2 281.2 280.9 281.0 25 Kb4 366.2 366.1 366.0
3 Fal 299.1 298.9 2990 26 Fcl 375.2 374.9 3748
4 Fa2 300.1 300.0 299.9 27 Fc2 376.2 376.0 -
5 Ka3 305.2 305.0 304.9 28 Fb3 380.2 380.0 -
6 Ral 308.2 308.0 307.9 29 Kc3 381.2 381.1 381.0
7 Ra2 309.2 309.0 308.9 30 Rcl 384.2 384.1 384.0
8 Ka4 310.2 309.9 309.9 31 Rc2 385.2 385.0 385.0
9 Fa3 324.1 324.0 323.8 32 Fb4 385.2 385.0 385.0
10 Fa4 329.1 329.0 329.7 33 Kca 386.2 386.1 386.0
11 Kab 331.2 331.0 331.0 34 Kb5 387.2 387.0 387.0
12 Ra3 333.2 332.9 332.9 35 Rb3 389.2 389.1 389.0
13 Kbl 336.2 336.1 336.0 36 Rb4 394.2 - -
14 Kb2 337.2 337.1 337.0 37 Fc3 400.2 400.0 -
15 Ra4 338.2 338.1 338.0 38 Fc4 405.2 485.2 405.2
16 Fa5 350.1 349.9 349.9 39 Fb5 406.2 406.0 406.0
17 Fb1 355.2 355.1 3580 40 Kch 407.2 407.1 407.0
18 Kcl 356.2 356.1 356.5 41 Rc3 409.2 409.0 409.0
19 Fb2 356.2 356.1 356.5 42 Rc4 414.2 4%3.6 413.8
20 Kc2 357.2 357.1 357.0 43 Rb5 415.2 415.0 415.1
21 Rab 359.2 359.0 359.0 44 Fc5 426.2 426.0 426.0
22 Kb3 361.2 361.1 361.1 45 Rc5 435.2 435.0 435.0
23 Rb1l 364.2 364.0 364.0

All masses were determined in direct ESI-MS spectra, except where noted otherwise.
2 Determined by NL MS/MS (constant neutral loss).
b Determined by LC-MS.

8-quinolinyloxyacetyl (n/z185.5). Cleavage between The elucidation of by-products was also achieved
CH, and CO produced a further fragment ionnatz by using production scans (Figure 4d). The occurrence
157.5 (Figure 4b). of [M + H] T-ionsKa4+96 ([M + H] ™, m/z406) and

Corresponding fragmentation patterns as describedFa4+96 ([M + H] ™, m/z425) indicated trifluoroacety-
in Figures 4a and b were not found with compounds lation of these compounds. The CID spectra of the
Ka4 and Fa4 (Figure 4c). A loss of carboxamide trifluoroacetylated by-products (Figure 4d) contained
C(O)NH; and O fromKa4led to the fragmentionat  similar fragment ions as described for the unmodified
m/z246.5. In addition, cleavage of Lys-amide between aryl ethers (Figure 4c¢). The fragmentation patterns ver-
CO and NH formed the fragment ion at/z 163.5. ified that the additional mass of 96 u was located at the
Finally, the fragment ion am/z 107 is formed by hydroxymethyl group. Thusa4 andFa4 must have
cleavage between GHand CO of the phenoxy acetyl been partially trifluoroacetylated at the free hydrox-

derivative and loss of the hydroxyl group. ymethyl group during cleavage of the resin by TEA.

The loss of C-terminal Ngland HO from the Tfa esters are conveniently cleaved by treatment with
hydroxymethyl group in compounéa4 (M + H]*, aqueous ammonia followed by lyophilization. The for-
m/z329) resulted in a stable fragment iomatz265.5 mation of these by-products may be avoided by using
(Figure 4c, bottom). Cleavage betweefi &nd NH a cleavage mixture containing aqueous TFA.

of the amino acid produced a Phe fragment iomé#t
132.0. Inthis case, the substitution of Lys for Phe in the
same aryl ether led to different fragmentation patterns.
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Figure 4 On-line tandem MS of the crudex25 aryl ether library. Product ion scans were recorded while the mixture eluted from the HPLC
column (HPLC-MS/MS). The spectra show product ions of @2 (M + H] +, m/z281.0, top) andra2 (M + H] +, m/z300.0, bottom); (b)

Ka5 ([M + H] T, m/z331.0, top) andra5 ([M + H] +, m/z350.0, bottom); (cKa4 ([M + H] T, m/z310.0, top) andra4 ([M + H] +, m/z329.0,
bottom); (d)O-trifluoroacetylated by-productéad-Tfa([M + H] t, m/z406.0, top) andra4-Tfa([M + H] T, m/z425.0, bottom).

Mixtures of 45 aryl ethers the molecules. Some of the aryl ethers have identical
We investigated two molecule collections, both con- nominal masses (so-called isobaric compounds, e.g.
taining the same 45 members but synthesized either byRc2 and Fb4, see Table 2), which should result in a
the ‘split/combine’ or the ‘premix’ method (see above). doubled peak height (or more precisely peak area) in
In the case of an optimal synthesis, all aryl ethers the ESI-MS spectrum compared to that of a compound
should be present in equimolar amounts in both mix- present only once. Positively charged ions are easi-
tures. Theoretically, both libraries should show identi- ly obtained if the molecule contains basic functional
cal peak and intensity patterns in the ESI-mass spectragroups, whereas the ease of ionization by protonation
ofthe protonated molecule ions. Therefore, differences of hydrophobic molecules differs. In addition, the latter
in the mass spectra of the libraries are due only to syn- have a higher tendency to fragment, so that the peak
thetic effects. Furthermore, it has to be considered that height (area) of the resulting [M + Filion is much

the yield of ionization is dependent on the structure of smaller. Especially in the case of low-molecular-mass
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Figure 4 (Continued).

molecules these effects are much more pronouncedDirect ESI-MS

than is observed for peptides. Therefore, due to struc- The ESI-MS spectra of the two collections showed

tural differences, even if one of these mixtures contains a different mass and intensity distribution (Figure 5).

an equimolar concentration of the aryl ethers, the peak This is the result of different concentrations of the aryl

heights (area) of the components are not necessarilyethers (see above), caused by different nucleophilic
the same in the ESI-MS spectrum of this library. displacementkinetics of the phenolates. If the library is
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Figure 5 ESI-MS spectra of the crude 45 aryl ether libraries. Detected masses correspond to fMiensl] Top: spectrum of the library
synthesized by the split/‘combine method; bottom: spectrum of the library synthesized by the premix approach.

synthesized by the ‘premix method’, the differentreac- poundsXa2are extracted out of the aryl ether mixture.
tion rates may play a greater role than in the case of the Interestingly, one additional precursor idtbQ) elim-
‘split/‘combine’ method. The individual intensities in inates this fragmention by cleavage between twe CH
each ESI-MS spectrum may differ mainly due to dif- groups of the hexanoic acid residue. In addition, the
ferentyields of ionization. In fact, our analyses showed signal intensity of the [M + H}-ions of compounds

in the direct ESI-MS spectrum of the ‘premix’ library Ka2 andRa2is much higher than that ¢fa2, due to
onlythe ions of 36 aryl ethers, nine aryl ethers (Table 2) the basic amino acids Lys and Arg presenKa® and
were not found at all, whereas in the ‘split/‘combine’ Ra2 On the other hand, if the precursor ion shows a
library only four aryl ethers (Table 2) could not be weak tendency to fragment, as in the cas&lo?, the

detected (Figure 5). signal intensity is low.
Another possibility to reduce the complexity of an
Tandem MS ESI-MS spectrum is a constant neutral loss scan. We

The complexity of ESI-mass spectra of mixtures can be investigated both libraries by scanning the loss of Lys,
reduced by tandem MS experiments. Figure 6a shows aArg and Phe. For instance, in the case of Lys the mass
precursorion scan of the split/‘combine library. Tk difference between both analyzers was settn144
value of the second analyzer of the MS was set to the (Figure 6b). Thus, it should be possible to specifically
value of the product ion 2-pyridyloxymethylena/z extractions containing Lys (15 ions). We observed that
108.0). Only precursor ions which cleave this frag- only 11 aryl ethers containing Lys were detected in this
mention are detected. Theoreticallys® compounds  mode (Figure 6b), although all [M + Fions were
contain the pyridyloxymethylene residue, but only the found in the direct ESI-MS spectrum. Itis conspicuous
Xa2aryl ethers (X 4, K, R) are expected to eliminate  thatKa3/Ka4andKb3/Kb4were missing, whereas all
this fragment ion caused by the cleavage of the labile compounds of thi&c-series were detected. This result
bond between CHand CO. For this reason the com- coincides with the fragmentation pattern we have found
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Figure 6 Tandem MS of the crude 45 aryl ether mixture synthesized by the split/‘combine method. (a) Precursor iomgzd0®1{2-
pyridyloxymethylene cation). The selected mass corresponds to the [M-iddb of theXa2series X = F, K, R) andKb2. (b) Constant neutral
loss scan om/z144 (loss of Lys or 8-quinolinyloxy, respectively). The selected mass corresponds to the [Wiens]

inthe 2x 5library (Figure 4c). In compound#&a3/Kad are also extracted out of the library by this tandem

andKb3/Kb4,the bond between the C-terminal NH  experiment.

and CO is cleaved first, so a lossmfz144 cannot be Some aryl ethers, which could not be detected in

detected. In the case of the-series, the loss of aLys  direct measurements, were discovered by tandem MS

fragment is preferred, because there is a conjugationexperiments (Table 2). For example, most of the miss-

of the resulting positive charge of the cation over the ing aryl ethers in the direct ESI-mass spectrum of the

aromatic system of the benzoic acid residue. premix library contain Phe and were determined by

Moreover, two aryl ethers were detected which do a constant neutral loss scan (loss of Ph#z 163)

not contain a Lys residue. The cleavage between CH (Table 2).

and O of the benzyl residue and 8-quinolinyloxy in

the Xc5series also results in a fragment ionratz HPLC-MS

144 (Figure 6b). For this reason the aryl ethefRc5 We investigated the aryl ether mixture obtained by
the split‘combine method by RP-HPLC-MS. Figure 7
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shows the UV-trace (detection at 214 nm) and the TIC,
which can be divided into three groups A, B and C.
A good correlation of the TIC with the UV trace was

obtained. In the first group A, no compounds con-

+H]T, m/z355.0). All nonpolar compoundsin group C
showed a similar fragmentation pattern which involved
the loss of NH ([M + H — 17]) caused by cleavage
between C-terminal NfHand CO and the loss of car-

taining a Phe residue are found due to their greater boxamide C(O)NH ([M + H — 45T]) (Figure 8). Such

lipophilicity. In contrast, the last eluting group C
embodied the most nonpolar molecukds3, Fc3/Fhl
and Fcl (see also Figure 8). An unknown impurity
(m/z573) showed an intense signal in the TIC, where-

as almost no UV signal was detected. An unambiguous

assignment of the masses found in the 2D plot to their
corresponding aryl ethers was impossible due to the

strong fragmentation tendency. For this reason, the dis-

covery of by-products is more difficult than in the case
ofthe 2x 5 library. Even a semiquantitative evaluation
of the library’s composition was impossible with this
experiment.

Figure 8 shows the 2D contour plot of section C
(Figure 7). Due to the group’s ‘isolated’ position in the
TIC, it was possible to identify the library members
Fb3, Fc3/FblandFcl. We also observed a coelution
of compound-c3([M + H] +, m/z400.0) withFb1 ([M

a pronounced tendency to fragment is often observed
in ESI-MS measurements of more hydrophobic small
molecules [13].

Conclusions

Impurities or missing components in small molecule
libraries used in biological assays may endanger the
success of the whole library approach. Whereas most
activities in combinatorial chemistry are focused on the
synthesis, so far only limited attempts have been made
to confirm the identity of the mixtures. This, howev-
er, is of utmost importance for the optimization of a
synthetic strategy. Due to different ionization yields
as well as the relatively strong fragmentation of small
molecules, the analysis of ESI-mass spectra of small



40

420 1.
Fc3
[Fb3+Na]* 480 .
ey e p [Fc1+Na]*
4007 T +
| i g
380] -+ oo r L Fet
; L ‘ Tars
F e A7 Fb1=
360 ' 385 S
N ’ i m-*- i
S ; : !
340y [ o eet7 3
R E w.....:u.. -45
320 5
...%n— -45
300 .
2807 - o
470 490 510 530
22.1 23.0 24.0 24.9
Scan/Time [min]

Figure 8 2D contour plot of area C shown in Figure 7. All displayed
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ethers. Vertical dashed lines indicate fragment ions or coeluting com-
pounds. Displayed negative masses are mass differences between th
[M + H] T-ions and the detected fragment ions.

molecule libraries is not as straightforward as the mass
spectrometric analysis of e.g. peptide libraries. The
ESI-mass spectra of the aryl ether mixtures presented
here give basically qualitative information. In the case
ofthe 2x 5 library, RP-HPLC-ESI-MS also allowed us

to obtain at least semiquantitative information on the
composition. By using tandem MS with product ion
scans, the identification of library members, as well as
by-products derived thereof, was confirmed. It could
be shown that the small25 library contained two by-
products in considerable amount. Using other analyt-
ical techniques, these results cannot be obtained with
comparable reliability, accuracy and rapidity. In the
45 aryl ether libraries some components, most of them
containing a Phe residue, were not detected in the direct
ESI-mass spectrum. However, most of these aryl ethers
were detected when using tandem MS. Molecules con-
taining Lys and Arg residues are readily ionized due to
their basic side chain, whereas the ionization yield of

aryl ethers with a Phe residue is lower. These effects
play a greater role in small molecule libraries than in
the case of peptide libraries. Only qualitative informa-
tion on the composition of the 45 aryl ether libraries
was obtained. In particular, tandem MS is a very pow-
erful tool for reducing the complexity of ESI-mass
spectra achieved from small molecule libraries. It can
be used for the analysis of by-products as well as for
the ‘extraction’ of sublibraries with common structural
features. In summary, the obtained information allows
a very rapid optimization of the synthesis including
solid-phase reactions, cleavage and purification steps.
Our latest results show that it is possible to obtain
qualitative information also on larger small molecule
libraries containing up to 400 components (fingerprint
spectra [23,24]). If a defined residue in the library is
substituted for another one, the patterns of the mass
spectra, the so-called mass spectrometric fingerprints
of the library, containing peaks of the protonated mole-
cule ions and fragments, are shifted according to the
mass difference of the residues.
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