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The stoichiometry of a noncovalent, hyvdrogen-bonded supramolecular complex, hub(dM),- RCA,, was character-
ized using electrospray ionization from chloroform. The intact {1:3) complex was shserved in the negative-ion

B2

mode as a Cl™-bound species using PhPClas the source of the charge dounor. Collisional

ly
dissociation of the (1:3) complex resulted in the simultaneous loss of all the three RCA units, indicating 1

ef
Iy induced

and therma
.

cooperative binding of RCA units in the (1:3) complex. These results suggest that the attachient of small,

organic-soluble fons may be a useful technigue for mass spectrometric characterization of neutral supramoleci-

lar complexes that are stable or solubte only in non-poiar orvanic solvents.
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Characterization of noncovalznt complexes from solu-
tion using electrospray ionizauon (ESD'™ is a new
capability of mass spectrometry. To date. detection of
many types of

reported, reflecting the greal interest in

ESIMS for the analysis of sysizms of bio ogical and
pharmaceutical sienificance.™" As a sensiive and
structurally informative anelytical technique. mass

o be

spectrometry of noncovalent complexes should als
important in the study of molecular recognition and
molecular self-assembly.™ " Accurate mass measure-
ment to determine/verify stoichiometry, and dissocia-
tion experiments 0 probe structural features of non-
covalent bonding are readily accomplished using mass
spectrometry. It may also be possible to determine Or
infer compositions in solution from mass spectrometry.
The success of ESI in the analysis of biomolecular
complexes is due to the ease with which this class of
molecules accepts charges in aqueous ot mixed solvent
systems containing water + methanol or acetonutrile
through protonacion/deprorona(ion‘5 Similarly, com-
plexes containing charged species, such as metal
cations, can be ionized readily from suitable solvent
systems.™* There are, however. many situations
where these charging mechanisms are not available,
and the detection of neutral, noncovalent complexes
becomes difficult using ESI-MS. Such situations might
arise because the molecules (complexes) do not have
ionizable groups or because they are insoluble/unstable
in the more typically used solvents (e.g., aqueous or
mixed solvent systems). Chemical modification and
electron-transfer reactions have been suggested 1o
overcome some of these problems " In  this
Communication, we show that the use of organic-
soluble charge carriers such as tetraphenylphos-
phonium chloride (Ph,PCl) presents another viable
strategy to facilitate ionization for these systems.
Specifically, the neutral hydrogen-bonded supramol-
ccular complex, hub(M);- RCA;, which is stable only

* Author for correspondence.

in non-polar organic solvents. can he dztected intact
ing ESI-MS as Cl7-bound species from chloroform.
The hub{M),- RTAG complex (Sche
rtant member of a family of self
L

importe
hat have bean

cular complexe

soncovalentinizra

nub(M); molecuie was designed s 3
mine (M) units were covalentiy linked t0 2 central “hub’
I

using ‘spokes’
required for t a
sgregate with three cyanuric acid (CA) units (Scheme
Both the cvanuric acid and melamine wnit
arivatized to increase the solubility In organic sol
ind to prevent the complex from further aggregation
through hydrogen-bonding. The complex ha
characterized using a variety of techniques.™ Sol
H. and PC-NMR results indicated the formation of
tight complexes ia CHICL and CH.Cl. Gel permeation
chromatography and UV spectroscopy results sug-
gested that the complex had 1:3 stoichiometry. A study
by vapor pressure osmometry suggested, however, that
the molecular weight was 30-80% higher than that
expected for a 1:3 stoichiometry, and fast-atom bom-
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Scheme 1. Structure  of  the hub(M)-RCA, complex: R =

CH.CH,C(CH D
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bardment (FAB) mass spectrometry gave only ioas
corresponding to individual components. ‘

CNPERIMENTAL

A Finnigan MAT (San Jose, CA, SA) TSQ 7000
triple-quadrupole mass spect mr neter was used in this
work. The instrument was €q wpo‘d with an ESTinter-
face and has an m/z range of 4100. The standard ESI
emitier provided by Finnigan | MAT was replace dwitha
home built miicrospray emitier optimized for very low
saraple in vus'on rate (0.2-0.5 ul/inin)* For the ioniza-
tion from chloroform in the negative-ion mode, St gas
flow was unnecessary and not “used. This is in contrast
to typical operational prot tacols used with biomoleculzs
for which the use
agents is necess-
urwuteu to the
" The mass
Spectrometer parametsrs were set b) an autotune pio-
S‘Hd\c and were wmcall} not changad during day-to-
day opsration. The insirument was 0pe erated at uni
4l

1nre g Jat the m/z range, and the ign-

reg

in agueous or mixed solvent systems

of Sk cor O, as discharge-sug p essin

ary In negative-ion mode, and
r‘tron—\‘-wencing effect of chloroform.”

milz umh' !
miz-range modc (up to miz 4100) was used for all the
experiments. The hub ( 0, and RCA compounds were
synthest zcd and puriied using  the published
procedures. (M) RCA; complex was pre-
pared by mixing the COMpONEnts in chloroform with
brief heating.” Rea":m tetraphenylphosphoniu
chloride (PnJPCi} (95% purity) and solvents were
obrained L\om comm “rCul sources and wer LS’d as
received. ﬂlcs> O(hé“\‘l\\, indicated. a solution con-
taining 1,0 mM Ph,PCLand 1.0 mMl aﬂl“ e was pre-
for the e;ecuowrav lonization by irw a;p
te amounts of each componznt in 2 lO mM sto
ition with chloroform. The solution was dueul/
in used nto the jon source of the fass speccromrzter. In

-

recursor 1on at m/ 7706 1 was se lccted using the
t quadwoolﬂ with a window of #3/m/z unis, acce-
!e ated and collided with added argon gas in the second
(RE-only) quadrupole (£ V. P, = 138 mTorn).
[he product lons were ¢ sing th»‘ third quadru-
pole with unit 7/ resoluti

slZRT
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RESULTS AND DISCUSSION

When CHCL, solutions containing hub(M);-RCA; or 2
mixture of hub(\[) and RCA were ckmromraygd, no
ions could be observed using either positive ¢ negative
polarity. Addition of oxidation/reduction agents such
a5 tetracyanoethylene  (TCE), 2,3-dichloro-5,6-di-
cyano-1 —~—bcmoqu'non—‘ (DDQ) and NN NN -tetra-
methyl-1,4-phenyle enediamine (TMPD), with or with-
out CF,CO,H (0.1%), also failed to give a stable 1on
current or any useful mass spectra. Tnese reagents have
been reported to facilitate ionization in organic solution
through electron- transfer for compounds that do not
contain acid/base groups. ' Addition of 3%
CH,OH/0.5% CF,CO,H to the hub(M);- RCA; solu-
tion produced ions in the pOSI[[V\,‘IOﬂ mode corres-
poading to protonated Spt‘ClE: of only the individual
cormponents. This result is consistent with the reported
instability of the hydrogen- boaded complex in the pfe<-
ence of CH,0H; the CH,OH competes with the indivi-
dual components for h)droom bonding.” Addition of

(93]
[

1.0 mM of Ph,PCL, however, gave an intense signal, in
the negative-ion mode, corr»spond ng to CI7 attach-
es and thz 1:3

ment to both the hub(di); molecu
hydrogen-bonded complex huL\M) RCA; (denoted as

1:3 Pig. 1(a)). The ‘observed ion “t miz 27
consistent with the Cl7-bound (1:3
latcd m/z:<27 8.2). Increasing the

lte he appearance of cluster jons cor-
he gcncrdl formuta  CI7(L),
(L= Ph,PCl) (Fig. b)) which coul( be uxvd as internal
ctandards for calipration of m/z. The ob served species
are listed in Table 1 with thmr val wes of m/z, the
assignment, the ca‘cul'tcd values of m/z, and the
The excellent agreement be tween

o1

l’Cq(‘O(‘.ulﬂ” to

r\

relative intensid

he oDschw L.“:'I calcul tcd values of m/z confirme
the detection Of inta\t cor 1pl < with a 1:3 stoichu-
Lt arlier conclusions baszd on

>

comple.\' with attached cations were
om different ioni at i
icher stability of Ph.P han Cl-
ant

affinity of these ons towards

Collision-inducad dissociation (CID) experiments on
d Cl™-bound (1: )Lomplcx yielded tt

ind hub{M); as the predominant product witi

able ions corr»mondmg to Cl™-bound (1:2)

nlexes (Fig. 7) This result confirmed the

tnature of the (1:3) complex. The cooper
t

47
“

S u

tive loss of the three RCA units suggests that the (1:
and (1:1) comp’.exes are le:.% s&aol th a t'ne (L:
complex. This sug
posed structur e (1 3) »Omo’e\ in which the [h e2
RCA unus_are bound to hub(M), cooperatively
(Scheme 1).%

In another experiment, the temperature of the inter-
face capillary was vmﬂd and the relative intensities 0
the Cl™-bound (1: (1:2), (1:1) complexes and
hLAth\/U were 1e Lordea There were minor amouats of
other ions observed, similar to those in Fig. 1. Figure 3
is a plot of the normalized intensity of 5dectgd ions vs.
the tempem(ure of the interface capiliary. This resultis
similar to that obtained by CID: that s, an increase of
the C"—\p lary temperature induced dissociation of the
(1:3) complex an 1d gave hub(M), ion as the predomt-
nant product. This latter result confirmed the relative
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Fizure 1. Negative-ion efecirospray ionizatio
CHCH with (2) 1.0 mM Pr.PCEand an inter
Ph,PCl and an interfacs capillary temperature

instability of (1:2) and (1:1) complexes compared to
the (1:3) complex. This conclusion should not be
affected by possible differential detachment of CI”
from the (1:n) complexes (n = 0-3) because all of these

a mass spectra of hub(M);-RCA; (1L.OmM) from

face capillary temperature of 90°C and () 1.3 mM

of 70°C. See Table 1 for nomenciature.
_cormpounds should have similar CI” affinity (due to
their similar masses). In addition, we expect the Cl17
affinity of the (1:2) and (1:1) complexesto lie between
those of the (1:3) complex and hud(M);. The results of

Table 1. Observed ionic
hub(M),- RCA; in CHCI

species  from

electrospray lonization of

; using Ph,PCl

mifz (observed) Assigamenc miz (<2 Tatensity (%)°
2128.9 {hub(M),|CI” 2128.5 25
2355.0 (1:2)C1” 2555.1 10
2768.1 (1:3)C1" 2758.2 100
29553 [(2:6) + L)Cl" 2955.6 204
3145.0 [(2:6)+2L]CE" or [(1:3) + L]CI” 3143.1 5
32532 (4:6)C" 3252.7 4
3697.7 (4:12)C13~ 3679.1 3
3813.5 (3:6)Cl3~ 3814.7 5

*The nomenclature (n:m) denote
[hub(M);],RCA and L=ph,PCL

® Based on average molecule weights.

s the complex with a stoichiometry of

“The average value from Fig. [(2) and (D).
“Tntensity vanes with the concentration of L.
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Figure 2. Collision-induced dissociation (C[D) product-ion spzetrum of
(1:3) Lomolm from a solutien of Hub(\«\] CRCAL (L0 md) and ¢
illary temperature of 90 C CID condition: £, =

mTorr.

an tntecface cap
prcssurz‘:I 58

the temperature-dependence studies also indicated that lar rmethods of attaching small
the (1'3) complex was the d *omirum[ species in solution lons 1o noncoval lent aggregates will find
and that an accurate assessment of tae solution compo- widc use 1o z'n:z analvsis of neutral species that are
sition requires very mild ESI interface conditions {or stable or soluble onlv in non-polar organic solvents
such noncovalent systems.
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using mass spectrometry. The accurate molecular
welght measurement possible by mass spec uometry
confirmed the 1:3 stoichiometry inferred in solution. REFERENCES
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