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(FD spectra of some derivatives of cy-AMP)
B & BAT
(Sample) MB(m/z) (A)
135(4) 136(8) 172(15) 173(1) 385(4)
11 386(4) 404 (4) 405(4) 482(12) 483 (6) 18
484(8) 539(100)  540(95) 541 (30)

12 573(40) §74(100)  575(37) 576(8). 20
135(20) 136(1) 155(30) 156 (4) 170(50)

12 171(10) 172(80) 173(15) 483(100)  484(20) 23
573(10) 574 (25) 575(7) ‘

16 135(28) = 136(2) 172(20) 173(2) 420(80) 15
421(100)  422(20) 467 (38) 468(15)

17 266 (48) 267(100) - 268(15) 14

18 135(8) 136(1) 172(5) 420(36) ~ 421(100) 2
22(28) . e .
113(4) 114(30) 115(16) 135 (24) 136(10)

18 172(30) 173(1) 391(6) 392(6) 420 (60) 18
421(100)  422(20)
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FIELD DESORPTION MASS SPECTROMETRY
1. CYCLIC NUCLEOTIDES

WaNg Qong-HUI WANG YAo-xIN QAo KAr-xINGg
(Yanging Science and Technology Service Company, Beijing)

ZuANG L1-HE MaA LiNg-TAI WaNg XU
(Faculty of Pharmacy, Beijing Medical College)

ABSTRACT

In this paper, nineteen FD mass spectra of cyolic nucleotides are reported. The
results indicated that only (M*+H) peak presents in the spectra of cy-AMP, cy-CMP
and cy—-UMP. The derivatives of cy~-AMP (except 7) have M*, (M++H) peaks, and
the main fragments corresponding to (B+1), (T+1) peaks as shown in Fig. 1 in
the Chinese Text. The adenosine 8’, 5’-cyclio phosphite and its derivatives with P (III)
are somewhat different ag compared with P(V). In some cases neither M* nor (M+*+H)is
present in their speotra, but there are some characteristic peaks. Their fragmentation
prooess has been shown in Fig. 2 in the Ohinese Text.
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Field desorption mass spectrometry
I. Cyclic nucleotides

WANG Cong-hui* WANG Yao-xin CAO Kai—xin
Yanjing Science and Technology Service Company, Beijing

ZHANG Liche MA Lintai WANG Xu

Faculty of Pharmacy, Beijing Medical College

Abstract The FD spectra of nineteen 3’, 5’—cyclic nucleotides and their derivatives are reported.
The principal features of spectra, the fragmentation mode, and the experimental techniques are described.

Recently there has been considerable attention given to 3°, 5’-cyclic nucleotides for
their important biological and biochemical activities. With more and more researches done
on these cyclic nucleotides, mass spectrometry has proved itself to be a highly useful techni-
que for their structure determination both in synthetic works and in clinical analyses. MS
technique has been applied to the field of nucleic acid since 1962. Biemann! first analyzed
nucleosides with EI technique successfully, but the technique, when applied to nucleotides,
is not satisfactory because of the high polarity of the phosphate components. If nucleotides
are converted to their volatile derivatives by trimethylsilylation, methylation, acylation or
esterification, the EI technique can be used and gives good results. The most satisfactory
derivative for this technique is trimethylsilyl derivative.? But one trimethylsilyl group will
increase the molecular weight by 72, which again creates other problems for the EI technique.
Usually the peak of molecular ion (M*) of such derivatives is very weak and sometimes
even disappears. The technique of field desorption was applied to some compounds of
high polarity and thermal instability by Beckey in 196938 Ever since FD technique was
reported, a series of FDMS of nucleosides,* nucleotides,? dinucleotides, trinucleotides®:7-8
and determination of base sequence in oligonucleotides have been published.® But we have
not yet found any information on the FDMS of cyclic nucleotides. In this paper, we report
the FD spectra of nineteen cyclic nucleotides (including P3* and P3*), The spectral features,
fragmentation mode and experimental techniques are also described.

Experimental

All FD spectra and data were obtained with a Varian MAT-731 with EI/FD combined
source. The experimental conditions were as follows: resolution 1000 (109 valley); accelerat-
ing voltage +8kV; cathode plate voltage—3kV. The source temperature was kept below
100°C, FD emitter employed was ¢ 10u tungsten wires activated at high temperture with
microneedles of 20—30u length.? The samples were applied to the emitter wire by a mic-
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rosyringe. The value of BAT of the emitter was between 14 and 21 mA. depending on dif-

ferent compounds.
Compounds investigated were listed in Table 1.

Table 1
Compound Nomenclature MW Ref.
1 Adenosine 3, 5'—cyclic phosphate 329 10
2 Cytidine 3’, 5'—cyclic phosphate 305 10
3 Uridine 3’, 5'—cyclic phosphate 306 10
4 Adenosine 3’, 5'-cyclic-N-cyclohexylphosphoramidate 410 11
5 Adenosine 3’, 5'-cyclic-N-n-amylphosphoramidate 398 11
6 2'-0-~Tosyladenosine 3’, 5'—cyclic-N-phenylphosphoramidate 558 11
7 2'-0O-Tosyladenosine 3’, 5'—cyclic-N-cyclohexylphosphoramidate 564 11
8 2'-0-Tosyladenosine 3’, 5'~cyclic-N-n-amylphosphoramidate 552 11
9 2'-0O-Tosyladenosine 3’, 5'—cyclic phosphate 483 12
10 2'-0-Tosyladenosine 3', 5'~cyclic-n-butylphosphate () 539 11
11 2'-O-Tosyladenosine 3', 5'~cyclic-n-butylphosphate (a) 539 11
12 2'-0-Tosyladenosine 3’, 5'~cyclic benzyl phosphate (e) 573 11
13 2'-O-Tosyladenosine 3', 5'—cyclic benzyl phosphate (a) 573 11
14 2'-O-Tosyladenosine 3',5’'—cyclic ethyl phosphate (¢) 511 11
15 2'-O-Tosyladenosine 3’, 5'~cyclic ethyl phosphate (a) 511 11
16 2'-0-Tosyladenosine 3’, 5'—cyclic phosphite 467 12
17 9-B-D-Adenine arabinofuranosyl 3, 5'-cyclic phosphite 313 12
18 2'-O-Tosyladenosine 3', 5'~cyclic thioethylphosphite 511 11
19 2'-O-Tosyladenosine 3’, 5'~cyclic N’, N'-diethyl phosphoramidite 522 11
20 2'-0-Tosyladenosine 5'-methylphosphonate 499 (unpub-
lished)

Results and discussion

Owing to the lower volatility and thermal instability of nucleotide cyclic phosphates and
nucleotide cyclic phosphites, none of these can be introduced into the mass spectrometer
without conversion to volatile derivatives. The EI spectrum of trimethylsilyl derivative of
C-AMP has been reported.* Applying FD technique, we obtained peaks of the molecular
ion (M*) or protonated molecular ion (M* -+-H) of most of the compounds in Table 1. Table 2

shows FDMS data of 1, 2, and 3. In the spectra of cyclic nucleotides it exhibits (M*+ H)

only., These features are very similar to those of nucleotides.

Table 2 (M*+H) Peaks of Compound 1,2,3

Compound I mfz | Type of ions BAT (mA)
1 l 330 C-AMP++H 16
2 ‘ 306 C-CMF++H 19
3 | 307 C-UMP*4-H 16

LR
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In the cases of phosphoramidates of cyclic nucleotides (4 and 5, Table 3), the FD spectra
exhibit M*" and (M* + H). It indicates that when the acidic phosphate is converted to the
corresponding phosphoramidate, this derivative favors the formation of M*. The same
results are obtained in the FD spectra of 2'-0-tosyl adenosine cyclic phosphate (9) and 2'-0-
tosyl adenosine 5'~-methylphosphonate (20). In the latter spectrum, the abundance of M*’
peak is 1009, and the (M* 4 H) peak is 50%,. If both hydroxyl groups in phosphate and
2’ position of the sugar moicty of all the compounds in Table 1 (except 8) are substituted,
the spectra of these derivatives give M*" in higher abundance.

Table 3 shows relative abundances of M*" and (M* -+ H) from the FD spectra of com-
pounds 10—15, They are the eq and ax stereoisomers of ethyl, butyl, and benzyl esters of
2'-0-tosyl adenosine cyclic phosphate. The stereoisomers are essentially indistinguishable
in their FD spectra, only the BAT values are higher in the eq isomers than those of the ax

Table 3  FD data of some derivatives of C-AMP

Compound Abundance of Mt* Abundance of (M++H) BAT
(%) (%) (mA)

4 35 100 20
5 18 100 21
6 100 50 20
8 5 100 19
9 100 35 19
10 86 100 20
1n 100 95 19
12 40 100 20
13 65 100 17
14 100 40 20
15 100 80 18
20 100 50 19

Table 4 FD spectra of some compounds

Sample MS (myz) BAT (mA)
135(4%) 136(8) 172(15) 173() 385(4)
11 386(4) 404(4) 405(4) 482(12)  483(6) 18
539(100)  540(95) 541(30)
12 573(40) 574100)  575(37) 576(8) 20
135(20) 136(1) 155(30) 156(4) 170(50)
12 171(10) 172(80) 173(15)  483(100)  484(20) 23
573(10) 574025y ST5(T)
16 135(28) 136(2) 172(20) 1732) 420(80)
21(100)  42(20) 467038) 468(15) 15
17 266(48) 267(100)  268(15) 14
18 135(8) 136(1) 172(5) 420(36) 421100) 0
422(24)
1134) 114(30) 115(16) 135024) 136(10)
19 172(30) 173(7) 391(6) 392(6) 420(60) 18

421(100) 422(20)

* Relative abundances (%).
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isomers. This phenomenon may be caused by the difference in the thermal stability of the
two isomers. According to these data, all the molecular ions (or M* + H) are base peaks,
so FDMS is better than the EIMS for the determination of molecular weight.

In FD spectra of cyclic nucleotides, all the peaks are very weak. But the abundance
is increased considerably by using their various derivatives. Table 4 shows FD spectra of
some derivatives of C-AMP.

Figure 1 shows the structure of 11 and its main fragmentation mode. They are m/z
539 (M*), 540 M*+H), 172 (T-+H), and 135 (B+H)*. The ion m/z 483 is generated
from (M*" + H) by loss of C;Hy and 404 is probably from (M*+H) by loss of
‘C,H,OPO,. 1In all spectra of the derivatives of cyclic nucleotide listed in Table 3, the major
fragments are m [ z 135 and [ or 172. They can be considered as the ions of adenosine
and toluene sulfonic acid. It indicates that the bonds of CY - N, C2'- O can be cleaved
easily and these characteristic fragment ions are produced by hydrogen rearrangement.

Figure 1 The main fragmentation mode of 11.

FD spectra of the tosyl derivatives of adenosine cyclic phosphite are clearly different from
thosc of the corresponding phosphates. The base peak is not M*" or (M*+H). The
strongest peak is m [z 421 and the second, 420. The molecular weight of 16 is 467, m [z
421 and 420 are generated from (M*+ H) by loss of PO and POH. These characteristic
peaks do not appear in the spectra of corresponding phosphates (such as 9). Figure 2 shows

the main fragmentation process of 16. The same process occurs clearly in the cases of
17, 18 and 19.

e
HO—CHj B
T

0.
B B
. L o—| , Hi
T & m/z421

p—P—0m T R=P H :
HO=CH B

M++H M++H

HO T

R= OH, (R:AN
OH, C,H,S, (CaHs); /2420

Figure 2 The main fragmentation process of 16.

* B represents adenine, and T is p-tosyl group, the same below.
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The spectra of these three compounds show no molecular ion, and the highest mass ions are
m [z 267, 420 and 421. The ions m/z 420 and 421 in the specirum of 19 come from
(M* -+H) by loss of C;H,NP and C,H, NP, and in that of 18 from (M* +H) by loss of
C,H,SP and C,H;SP. In the spectrum of 17, the ions m/z 266 and 267 arc generated
from (M*+ H) by loss of PO and POH.

The formation of characteristic ions described here is the predominant process, it may
be related to the chemical activity of phosphites.

There is no molecular ion or protonated molecular ion in the FD spectrum of 7. The
highest mass of ions are M-18 and M + 1-18. The reason is still not clear.

In general, it is favorable to keep the heating current below 21 mA. Because of the
thermal instability of cyclic nucleotides, thermolysis could occurs. We have recorded the
FD spectra of 12 at different heating currents. At 20 mA, it gives protonated molecular
ion, but with increasing heating current, the fragment ions 135 and 172 appear and the abun-

- dance of (M* -+ H) is lower. When the heating current is 23 mA, the ion m | z 483 becomes

the base peak and the abundance of (M* + H) decreases to 25%. At 25 mA the abundance
of (M* + H) becomes very small and many other ions from thermolysis appear. Thus it
is very important to control heating current in order to obtain an ideal FD spectrum,

In contrast to usual organic compounds, the FD sensitivity of cyclic nucleotides is low.
When the emitter~dipping technique is used, the source may be contaminated by an excess of
the sample deposited on non-emission region, thus the sensitivity of the instrument decreases.
According to our experience the syringe technique is preferable to the former. If 1—2 wL
of sample solution is applied to the needle portion with a microsyringe, 1—2 ug of sample
adsorbed on the wire is enough to give these FD data, which are mentioned in this paper.

We have analyzed all compounds listed in Table 1 by using the EI technique. Among

these compounds, 4, 5,10, 11,14and 15 gave molecular ions, but in most cases the abundances
were lower than 0.5 %.

References

K. Biemann, J. A. McCloskey, J. Amer. Chem. Soc. 84, 2005 (1962).

A. M. Lawson, R. N. Stillwell, M. Tacker, K. Tsuboyama, J. A. McCloskey, J. Amer. Chem. Soc. 93,
1014 (1971).

N -

3. H. D. Beckey, Int. J. Mass Spectrom. Ion Phys. 2, 500 (1969).

4. JEOL Ltd., FD spectrum data.

5. H. Budzikiewicz, Pure and Appl. Chem. 50, 159 (1978).

6. H. D. Beckey, “Principles of Field Ionization and Field Desorption Mass Spectrometry”, p. 264, New
York, Pergamon, 1977.

7. H. R. Schulten, H. M. Schiebel, Z. Anal. Cher. 280, 139 (1976).

8. H. Budzikiewicz, M. Linscheid, “Advances in Mass Spectrometry”, Vol. 7, p- 1500, London, Heyden,
1978.

9. WANG Cong-hui, HUAXUE TONGBAO, 346 (1980).

10.  Dept. of Pharmaceutical Sciences, Beijing Medical College, Acta of Beijing Medical College, 191 (1975).

11. WANG Xu, CHANG Li-ho, MA Lin-tai, WANG Chun-guang, XU Cheng, WANG Ji, (to be
published).

12. CHANG Li-ho, MA Lin-tai, WANG Xu, Huaxue Tongbao, 718 (1980).




