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The effect of trimethylsilyl (TMS) derivatization on 
detection limits of mononucleotides in fast atom bom- 
bardment-mass spectrometry (FAB-MS) was exam- 
ined. FAB-MS methods were developed to optimize sen- 
sitivity using adenosine 6’-monophosphate as a model 
compound and then applied to reference standards of 
two clinically important nucleotides: tricyclic nucleo- 
side-5’-monophosphate (TCNMP) and 5-fluoro-2’-de- 
oxyuridineG’-monophosphate (FdUMP). The detection 
limit for the TMS derivative of TCNMP was 2.5-5 ng/ 
~1 and less than 2.5 ng/rl for FdUMP as its TMS deriva- 
tive. This is greater than two orders of magnitude more 
sensitive than the FAB-MS analysis of the correspond- 
ing free compounds. These low detection limits for the 
TMS derivatives were obtained using a narrow scan 
range, signal averaging, detection in the negative ion 
mode, and 3-nitrobenzyl alcohol as the matrix. Hydro- 
lysis of one or more of the labile TMS groups did occur, 
with the extent of hydrolysis being greatest in the more 
protic matrices. @ 1989 Academic Press, Inc. 

Despite the success of fast atom bombardment-mass 
spectrometry (FAB-MS)3 for analyzing nonvolatile 
compounds, such as nucleotides (1,2), lack of sensitivity 
has been a severe restriction. Reports describing the 
FAB-MS analysis of nucleotides as the free compounds 

i Presented in part at the 36th American Society of Mass Spectrom- 
etry Conference, June 5-10,1988, San Francisco. 

2 To whom correspondence should be addressed. 
3Abbreviations used: TMS, trimethylsilyl; FAB-MS, fast atom 

bombardment-mass spectrometry; TCNMP, tricyclic nucleoside- 
5’-monophosphate; FdUMP, 5-fluoro-2’-deoxyuridine-5’-monophos- 
phate; EI, electron impact; CI, chemical ionization; NBA, 3-nitro- 
benzyl alcohol; BSTFA, N,O-bis(trimethylsilyl)trifluoroacetamide; 
TMCS, trimethylchlorosilane; M, molecular weight-related ‘ion; B 
+ II, base moiety plus hydrogen. 
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required sample levels in the mid-nanogram to micro- 
grams per microliter range (3,4). The goal of this work 
was to examine the effect on detection limits in FAB-MS 
by analysis of the trimethylsilyl derivatives of selected 
mononucleotides (5). 

In order to optimize sensitivity, experimental condi- 
tions were determined using adenosine 5’-monophos- 
phate (Structure 1) as a model compound. AMP was 
chosen because it has been studied extensively, both as 
the free compound and as its TMS derivative. Also, it is 
amenable to analysis by EI, CI, and FAB-MS (1,5) and 
is readily available. After methods were optimized for 
AMP, reference standards of two clinically important 
nucleotides were analyzed: tricyclic nucleoside 5’-mono- 
phosphate (TCNMP) (Structure 2) (6), a potential anti- 
cancer agent undergoing clinical trials (7,8), and 5- 
fluoro - 2’ - deoxyuridine - 5’ - monophosphate (FdUMP) 
(Structure 3), the active metabolite of the widely used 
anticancer drug, 5-fluorouracil(9). 

Prior to analysis by FAB-MS, the TMS derivatives of 
these samples were analyzed using EI and CI to deter- 
mine the number of TMS groups present. 

MATERIALS AND METHODS 

Instrumentation 

The FAB mass spectra were obtained with a Varian 
MAT 311A mass spectrometer operating at an accelerat- 
ing voltage of 3 kV and resolution of 1000. The scan rate 
was 11.5 s/decade for full scans (for samples 100 ng or 
greater) and 40 s/decade for narrow scans (for samples 
less than 100 ng). The mass spectrometer is equipped 
with an Ion Tech FAB 11N saddle-field atom gun (Ion 
Tech Ltd., Teddington, England) operated with argon 
at 8 kV and 1 mA. 3-Nitrobenzyl alcohol (NBA) (lo), 
glycerol, and tetraglyme were used as matrices, as well 
as addition of crown ether to the aforementioned sol- 
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STRUCTURE 1 

vent. One ~1 of sample was added to one ~1 matrix on the 
sample probe target for FAB-MS analysis. 

The EI and CI mass spectra were obtained with a Fin- 
nigan MAT90 mass spectrometer operated at an acceler- 
ating voltage of 5 kV, scan rate of 1 s/decade, and resolu- 
tion of 1000. EI conditions include an electron energy of 
70 eV, an emission current of 1 mA, and a source temper- 
ature of 200°C. The CI experiments were carried out 
with NH3 as the reagent gas, ionized by 120 eV electrons 
at an emission current of 0.2 mA. The ionization cham- 
ber and ion source housing pressures of 1 Torr (ratio of 
m/z 18/35 = 2O:l) were measured at a source tempera- 
ture of 150°C. 

Preparation of Trimethylsilyl Derivatives RESULTS AND DISCUSSION 

1. Microgram samples. BSTFA (containing 1% 
TMCS) and pyridine (4:l) were added to the sample (50 
pg) and heated for l-2 h at 100°C (11,12). The deriva- 
tized samples of AMP and TCNMP remained stable for 
several days following opening and resealing of the sam- 
ple vial, with slow conversion to the next lower deriva- 
tive. Derivatized FdUMP samples had to be analyzed 
within 1 day. 

Table 1 shows the results of the sensitivity studies for 
the selected mononucleotides analyzed by FAB-MS as 
both the free compound and TMS derivative. Limits of 
detection shown for the free compounds are those using 
the matrix in which the detection limits were lowest. 
Low detection limits for AMP(TMS)B (5 ng/pl), TCNM- 
P(TMf& (2.5-5 nglpl), and FdUMP(TMS)* (~2.5 ng/ 

2. Low nanogram samples. Two microliters of sample 
[concentration = 5 ng/pl in water] was taken to dryness 
under vacuum in a capillary tube, followed by addition 
of 1.6 ~1 of BSTFA (containing 1% TMCS) and 0.4 ~1 of 
pyridine. After sealing, the tube was heated for 2 h at 

TABLE 1 

Sensitivity Studies of Nucleotides Using FAB-MS 

OH 

STRUCTURE 2 

6H 6H 

STRUCTURE 3 

100°C. This tube was allowed to cool to room tempera- 
ture and then opened and the sample analyzed. 

Chemicals 

The AMP and FdUMP were purchased from Sigma 
Chemical Co. (St. Louis, MO). TCNMP wasprovidedby 
L. Townsend, L. Wotring, and K. Borysko at the Univer- 
sity of Michigan. 

3-Nitrobenzyl alcohol (NBA) and tetraglyme were ob- 
tained from Aldrich Chemical Co. (Milwaukee, WI). 

BSTFA, containing 1% trimethylchlorosilane, and 
pyridine were purchased from Pierce Chemical Co. 
(Rockford, IL). 

Detection limit 

Nucleotide Matrix” Pos bg/bd) Neg b&d) 

I. Free 

AMP 
TCNMP 
FdUMP 

Glycerol 
Gly + cr. ether 
Glycerol 

250 50 
>500 500 

500 400 

II. TMS (NBA matrix) 

AMP 
TCNMP 
FdUMP 

5U'MS,) 5 ('MS,) 
5 U'MSd 2.5-5 (TM&) 

800 (TMS, ) 42.5 (TM&) 

a Only results for the matrix providing lowest detection limits are 

given. 
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FIG. 1. EI mass spectrum of 1 pg TCNMP as TMS derivative. Note 
that the spectrum above m/z 700 is multiplied by a factor of 20. 

~1) using FAB were obtained by analysis of the TMS de- 
rivatives with 3-nitrobenzyl alcohol as the matrix and 
scan averaging over a narrow mass range in the negative 
ion detection mode. TMS derivatization improved sensi- 
tivity over the free compound by over two orders of mag- 
nitude for TCNMP and FdUMP. Negative ion detection 
is more sensitive than the positive ion mode, especially 
for FdUMP, in which case the fluorine group presum- 
ably greatly enhances the negative ion signal. 

Prior to analysis by FAB, the extent of derivatization 
of each of the samples was checked using EI and/or CI. 
For AMP, the relative abundance of the ion representing 
the TMS, derivative was 5% and the TMS, derivative 
was 4%, indicating an approximately equal distribution 
of these two derivatives. Formation of the fully deriva- 
tized TM& (m/z 760) product for TCNMP occurred to 
only a minor extent, approximately l%, with the TMS, 
(m/z 688) analog being the major species, 91%, followed 
by the TM& (m/z 616) at 8% (Fig. 1). Other ions of in- 
terest (12) in the EI spectrum of TCNMP include phos- 
phate related ions at m/z 299 and 315, a sugar ion at 
m/z 169 which is the base peak of the spectrum, and ions 
of the aglycone with (m/z 260) and without (m/z 188) a 
TMS group on the exocyclic amino group. In the case of 
FdUMP, using CI, the TM& (m/z 470) derivative repre- 
sents 98% of the identified products and the TM& (m/z 
542) only 2% (Fig. 2). Thus, in each of the derivatization 
reactions of these nucleotides, a mixture of products is 
formed in which the product having one less than a full 
complement of TMS groups predominates. 

Detection limits, with a signal to noise ratio of at least 
2, for the derivatized analogs of TCNMP and FdUMP 
were, respectively, 100 ng and 1 pg in EI and 1 pg for 
either compound in CL 

Figure 3A shows the negative ion FAB-MS spectrum 
of 500 ng/pl TCNMP as its TMS derivative using NBA 
matrix. Significant ions in this spectrum include the 
base peak at m/z 615, corresponding to the (M-H)) ion 
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FIG. 2. CI mass spectrum of 1 pg FdUMP as TMS derivative using 
ammonia reagent gas. 

of TCNMP containing three TMS groups, with its 
NBA-related adduct ion occurring at m/z 752. The 
TM& derivative of TCNMP is represented by the peak 
at m/z 543. The peak at m/z 169 corresponds to the sugar 
moiety without the phosphate and contains one TMS 
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FIG. 3. Negative ion FAB-MS spectra of (A) 500 and (B) 2.5 ng/pl 
of TCNMP as TMS derivative using NBA matrix. Base peak repre- 
sents the TM& derivative. The peak at m/z 752 is an NBA-related 
adduct of the TM& derivative of TCNMP (see Ref. (13) for a discus- 
sion of the mass spectrometry of NBA). 
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FIG. 4. Negative ion FAB-MS spectra of (A) 500 and (B) 2.5 ng/pl 
of FdUMP as TMS derivative using NBA matrix. Base peak repre- 
sents the TM& derivative. The peak at m/z 606 is an NBA-related 
adduct of the TM& derivative of FdUMP (see Ref. (13) for a discus- 
sion of the mass spectrometry of NBA). 

group. The peak at m/z 187 represents the base without 
TMS groups. The peak at m/z 225, and tentatively 241, 
corresponds to the derivatized phosphate group (12). 
Figure 3B shows the negative ion FAB-MS spectrum of 
the molecular ion region of 2.5 ng/pl TCNMP as its 
TM& derivative using NBA matrix. 

Figure 4A shows the negative ion FAB-MS spectrum 
of 500 ng/pl FdUMP as its TMS derivative using NBA 
matrix. The base peak at m/z 469 represents the (M- 
H)- ion of FdUMP containing two TMS groups, with its 
NBA-related adduct ion occurring at m/z 606. The peak 
at m/z 129 corresponds to the base moiety without TMS 
groups, with the peak at m/z 169 sugar-related. In Fig. 
4B, the negative ion FAB-MS spectrum of the molecular 
ion region of 2.5 ng/pl FdUMP as its TMS, derivative 
using the NBA matrix is shown. Obviously, significantly 
lower detection limits should be possible with this com- 
pound. 

Tables 2 and 3 show the summary of results of TMS 
derivatization of TCNMP and FdUMP, respectively, us- 
ing mass spectrometry with various ionization condi- 
tions. 

Obvious from the FAB spectra of the derivatized nu- 
cleotides is that hydrolysis of one or more of the labile 

TABLE 2 

Summary of TCNMP TMS Derivatization: Different 
Ionization Conditions and Matrices” 

Relative intensity (%) 

Ionization mode Matrix TM& TM& TMSl TM& 

EI - 8 91 8 

CI (NH,) - - - 100 22 

FAB(+) Glycerol 0.8 0.7 - - 

FAB(-) Glycerol 5 16 - 

FAB(+) NBA 30 84 - 

FAB(-) NBA 25 100 - 

FAB(+) Tetraglyme - 1.8 7 2 
FAB(-) Tetraglyme - 18 18 16 

a All analyses were done with 1 pg of sample as TMS derivative as 
described under Materials and Methods. Data were obtained over a 
full scan range (m/z 100-1000). 

TMS groups is occurring, with the extent of hydrolysis 
being greatest when glycerol is used as the matrix. Hy- 
drolysis of the TMS group(s) must be a result of either 
the protic matrix or the FAB process itself since the EI/ 
CI data show the dominant species to be the TCNMP- 
(TMS)( and FdUMP(TMS)3 derivatives. Using NBA as 
the matrix, hydrolysis of one TMS group was observed, 
while the nonprotic tetraglyme usually displayed no hy- 
drolytic effects; i.e., the spectra of AMP and TCNMP 
paralleled the EI spectra. However, routine use of tetra- 
glyme is difficult because of its volatility. Therefore, 
NBA was chosen as the routine matrix for analysis of 
the TMS-derivatized nucleotides because it gave good 
sensitivity and results are reproducible. Hydrolysis ap- 
pears to involve only one of the TMS groups and, once 
the lower derivative is formed, additional products are 
not observed. 

TABLE 3 

Summary of FdUMP TMS Derivatization: Different 

Ionization Conditions and Matrices a 

Relative intensity (%) 

Ionization mode Matrix TM& TM& TM& TM& 

EI 
CI(NHB) = 

- 2 (M-15) - 
- 98 2 

FAB(+) Glycerol - 1 - - 
FAB(-) Glycerol 12 12 - 
FAB(+) NBA - 60 - 
FAB(-) NBA - 100 - - 

“All analyses were done on 1 pg of sample as TMS derivative 
as described under Materials and Methods. Data were obtained over 
a full scan range (m/z 100-800). Tetraglyme was not used with this 
sample. 
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Because of the significant increase in sensitivity 
gained by analysis of the TMS derivatives of nucleotides 
by FAB mass spectrometry, the potential of quantita- 
tion of low levels of nucleotides is obvious. Experiments 
are currently underway to improve the technique by use 
of nonprotic matrices which will, hopefully, eliminate 
the hydrolysis problem. Other derivatives are also being 
examined in an effort to further lower the detection lim- 
its and to provide derivatives which are more stable to 
hydrolysis. 

In conclusion, the FAB-MS analysis of nucleotide 
TMS derivatives affords a significant lowering of the de- 
tection limits compared to analysis of the free com- 
pounds. The capability of detecting or, possibly, quanti- 
tating low nanogram levels of therapeutically important 
nucleotide analogs, such as TCNMP and FdUMP, may 
permit the application of FAB-MS to biomedically im- 
portant problems involving nucleic acid chemistry. 
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