Rl 2R o TR L 82/20/06F10/80/88 By TR B - S00° TEO-W-ETIZ-68  LZISTOODED 6T/50/06

— !! _ WRWM W MWOw  YHE  WBER | Wew sooe

wal - - - { 62/50/06~61/50/06 : Y EVREEE ¢ LM - YUK : Ho8 - HEIGE
62/50/06 : Emam

(£10154d)

M FHENTBEE




FEEBRFEFHELE AW ERARTHERERSE
356 356 35 3% 386 386 356 356 35 3% 386 356 355 O O O HGKOONOK
h BT EB T RRYE/ELENE L2 BA

356 356 356 356 346 3 S 3K D6 36 36 356 M6 36 36 356 356 33K M MO

HEM [ MEnEtE  [OfeAitE
#+¥4% : NSC 89— 2113 —-M -~ 032 - 005 —

#ATMM: 8% 8 H 1 AZ 9 % 2 A 28 A1

HEXHA 2854

AFIEHA:
HEFRAR P RRFAES ZWSRBNE AT B BRE W R,

ARREEOHEUT BMR LR
AL RS & £ 5 B AR — B
CIALA MM £ &7 B SRS — 6
DH R BREN TR ARERR R Z RS~
OB 452t EBAARREE— 0

PATEM T RPLEA
+ & R B 9 %5 A 22 &



-

Characterization of Phthalic Anhydride and Related Compounds by Negative-ion Chemical
lonization and Collisional Activated Dissociation in an External Source Ion Trap Mass

Spectrometer

Hui-Fen Wu’", Chien-Hong Chen, Chao-Ching Wu and Ming-Yi Ho
Department of Chemistry
Tamkang University

Tamsui, Taipei Hsien, 25137, Taiwan, R. O. C.



Abstract

GCQ is the first commercial benchtop ion trap mass spectrometer capable of performing
negative ion analysis. A series of halogenated phthalic anhydrides and their derivatives were
examined by GCQ, and it was found that since these halogenated compounds possess higher
electron affinities, a resonance electron capture process can form negative ions in GCQ easily.
Low-energy collisionally activated dissociation can further dissociate precursor ions. From these
fragments, the structure of ions can be determined. Therefore, such experiments using GCQ can
provide information about negative ions that cannot be detected by a traditional internal
ionization ion trap mass spectrometer. In this study, the differentiation of isomers is discussed,
and the CAD spectra obtained from methane and oxygen as reagent gases are compared.
Introduction

The subject of negative ions has intrigued traditional mass spectrometry for several

decades [1-28], but because the ion trap mass spectrometer (ITMS) which utilizes internal
ionization could not perform negative ion analysis, there have been few reports about its use in
the past [29-32]. The reason for this dearth of information is that when 70 eV electrons are used,
electron capture does not form negative ions efficiently. However, ever since 1996 when the
first commercial ion trap mass spectrometer with an external source, Finnigan GCQ, appeared on
the market, we have been able to detect negative ions with the conversion dynode (+ 15KV).
Already GCQ has been reported to possess excellent MS/MS capability in Positive Chemical
Tonization (PCI) [33, 34], and the source temperature and reagent gas pressure effect on the PCI
and Negative Chemical lonization (NCI) have been evaluated [34, 35]. In this study, we used
the GCQ ion trap to characterize an array of phthalic anhydrides and relatedl compounds with
methane and oxygen as reagents using a combination of Negative Chemical Ionization and
collisionally activated dissociation (CAD) techniques. The structures of phthalic anhydrides
and related compounds are shown in Figure 1. In fact, while none has been done with the ITMS,

some structurally related compounds have been characterized by traditional mass spectrometers
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in & couple of studies [16, 17] in which, for example, CAD of the molecular anion of phthalic
anhydride yielded fragment ions which resulted from the elimination of CO, €0, and C,0, [17].
GCQ presents us with certain advantage in the study of NCI and it can provide valuable
information about negative ions, which until now could not be detected by a traditional internal
ionization ITMS. We will discuss these advantages and, we will also compare the CAD results
we obtained by using methane and oxygen as reagent gasses.
Experimental Method

All experiments were carried out in an external source ion trap mass spectrometer (Finnigan
MAT GCQ) [33-36]in \;vhich NCI was used with methane and oxygen as the reagent gases. The
instrument was operated in the mass selective instability mode. The pressures of He buffer gas
and NCI reagent gases were 1 mtorr and 4 x 10* torr, respectively. The pressure in the ion
source region was 100 mtorr measured by a convectron gauge. lon source temperature was
200°C. Ionization times were set using automatic gain control (AGC). The ion injection time
(from source to mass analyzer) was 0.3-25 msec. Collisional experiments were performed by
applying a supplementary tickie voltage to the endcaps of the ion trap at q, = 0.225. The
collisional activation time was 15 msec. Signal width for selection of the parent ions was from
0.5-1 amu; the collision energy for fragmentation of the parent ions was from 1-3 V. Samples

were introduced to the ion source region via a temperature controlled direct insertion probe (DIP)

to assist the desorption of the sample. The probe tip was heated to a temperature of 150°C to
3007C at a speed of 80-100°C /min. Spectra were acquired from 50 to 650 amu at a rate of 0.5

s/scan. The identification of all isotope peaks was achieved using “isoform 1.02” software.
All compounds were purchased from Aldrich Chemical Company (Milwaukee, WI ) except
3,45 6-tetrabromophthalimide which was obtained from Alfa Chemical Company (Ward Hill,
MA) and 4,5-difluorophthalic anhydride which was purchased from Merck Chemical Company
(Darmstadt, Germany).

Results and discussion



Negative Chemical lonization spectra using methane as reagent gases

NCI spectra typically produce much lower signals than the PCI spectra in the traditional
mass analyzer. However, in GCQ, we found that NCI can also produce as intense signals as
PCI [33, 34). GCQ software prints a total ion count at the top of the spectrum as “RIC”, In
the NCI of GCQ, the negative ionization mode is also very sensitive to the cleanliness of the ion
source. Traditionally, methane has been used as the most common reagent gas in many NCI
applications {14, 15, 21, 23, 25, 27, 28]. Table 1 lists NCI spectra of all compounds using
methane as a reagent gas at the jon source temperature of 200°C. The formation of the NCI
products includes the molecular anion, fragment ions, dimeric ions and the ions due to impurities.
The intensities of the fragments and dimeric ions are typically quite small compared with the
molecular anion or [M-H]. The largest dimeric ion is [2M-HCI] of 4, 5-dichlorophthalimide
(73%). To compare the NCI spectra of phthalic anhydride derivatives with that of the
phthalimide derivatives, the proton abstraction reactions for phthalimide derivatives were
observed typically, because the trace amount of water or oxygen in GCQ lead to the formation of
the OH" ion, which then reacted with the hydrogen atom on the amide. One typical example of
this process can be seen in Scheme 1, which shows the probable mechanism for the formation
and CAD of [M-H] of phthalimide. Since only the OCN" ions at m/z 42 were produced, this
mechanism could be confirmed by CAD results. Regarding phthalic anhydride derivatives,
since they do not possess a hydrogen on the oxygen atom, the base peaks are mainly M~ ions
except for the 3, 4, 5, 6-tetrabromophthalic anhydride and the 3, 4, 5, 6- tetrabromo-2-
sulfobenzoic acid cyclic anhydride, both of which produced [M-Br] as the base peaks due to the
easily elimination of the Br atom. For bromo-substituent compounds, the base peaks were
either [M-Br]' (3, 4, 5, 6-tetrabromophthalic anhydride) or [(M-H)-Br] (3, 4, 5, 6-
tetrabromophthalimide). This finding proves that the Br atom is more easily eliminated than Cl
atom. In addition, for fluoro-substituent compounds, no F ions were ever observed. We only

found smal! neutral losses of HF. When comparing the NCI spectra of the 3, 4, 5, 6-



tetrabromophthalic anhydride with that of 3, 4, 5, 6- tetrabromo-2-sulfobenzoic acid cyclic
anhydride, fragment ions such as [M-CO,-SO,}', [M-Br,]', [M-CO,-SO,-B1] or Br, ions were
only observed for the latter. Since no fragment ions could be observed in either phthalic
anhydride or phthalimide, the halogen-substituent effect would be the main factor for
determining the formation of the fragment ions. When comparing the NCI spectra of 4.5-
dichlorophthalic anhydride (see Figure 2) with that of 3,6-dichlorophthalic anhydride (see Figure
3), although both spectra were obtained using methane as the reagent gas, several higher
chlorinated additional compounds including m/z 324 ([2M-CO,-CO-HCI] ion, 5%), m/z 288 (1%)
and m/z 252 ([M-H+Cl] ion, 5%) could be observed, and they were observed in the NCI spectra
of 3,6-dichlorophthalic anhydride only. The presence of trace amounts of reactive species such as
oxygen and water in GCQ can also complicate the NCI spectra in GCQ. For example, the ions
at m/z 233, and 198 ((M+OH] and [M+OH-CI], Figure 2) could only be observed in 4,5-
dichlorophthalic anhydride. That the formation of these ions could only be observed in the
methane-spectrum but not in the oxygen-spectrum for NCI of 4,5-dichlorophthalic anhydride
suggests the presence of some impurity caused by the anion of phthalic acid formed by
hydrolysis rather than an ion formed during the gas phase [35]. The NCI spectra of really pure
samples of the two isomers should not show any appreciable differences in GCQ.

Comparison of the CAD results for Negative Chemical Ionization spectra using methane and
oxygen as reagent gases.

The CAD technique was applied to the adduct ions, molecular anion, [M-H]', and fragment
ions to investigate the structural information of NCI products. Tables 2 and 3 list CAD findings
on the ions formed by NCI using methane and oxygen as reagent gases. Both involved neutral
loss spectra of the NCI ions, demonstrating typical fragmentation processes. Hov;'evcr, three
main differences could be observed. First, NCI spectra with oxygen as the reagent for some
halogenated compounds in the GCQ typically produced some oxygenated ions ([M-X+0], where

X = C1 or Br). The [M-CI/Br+O] ion was formed because the neutral molecule (M) reacted



with some oxygen ions in a nucleophilic reaction [35]. CAD of these ions eliminates CO or CO,
typically. Second, more fragment ions were produced in the CAD of oxygen-spectra than the
CAD of methane-spectra. CAD of M’ of 34,5 6-tetrafluorophthalic anhydride using oxygen as
reagent gas, for example, produced many more fragment ions than the one using methane as the
reagent for the same compound (see Scheme 2). Third, one oxygen atom may quickly attach to
the fragment ions during the CAD processes that use oxygen as the reagent. For example, CAD
of 3,4,5,6-tetrachlorophthalic anhydride and 34,5 ,6-tetrabromophthalic anhydride produce the
base peaks at {M-CI+0O] and [M-Br+OJ, respectively.
Differentiation of is-amers by GCQ
Isomer differentiation by traditional mass analyzer is difficult [14, 27, 28]. However, it

can be easily achieved by GCQ since GCQ possesses excellent tandem mass capability [33, 34].
In fact, isomer differentiation- can be done uniguely by GCQ by combining NCI with its MS/MS
capability. One example of isomer differentiation is that for the NCI of 4,5-difluorophthalic
anhydride from that of 3,6-difluorophthalic anhydride in this study in which both NCI spectra
were obtained using methane as the reagent. The NCI spectra for both isomers could be easily
differentiated since 3,6-difluorophthalic anhydride produces two characteristic ions at m/z 276
([2M-CO,-CO-HF] ion, 6%) and m/z 112 ((M-CO,-COT ion, 8%) while 4,5-difluorophthalic
anhydride produces two characteristic ions at m/z 320 ([2M-CO,-HF] ion, 5%) and m/z 201
(IM+CH] ion, from the impurity, 6%). CAD of the M ions of these two isomers also had
different results. CAD of the M ions of 3,6-difluorophthalic anhydride produces the ion mainly
at m/z 112 through the loss of one CO, and CO molecules while CAD of the M ions of 4,5-
difluorophthalic anhydride only produces one ion at m/z 156 through the elimination of one CO
molecule.
Conclusion

In this study, we found an external ionization ion trap mass spectrometer to have excellent

NCI capability. Additionally, we found that the use of pure oxygen and methane as NCI reagent



gases in GCQ gave it good sensitivity. These novel experiments provide valuable information
regarding past NCI studies that could not be performed by a traditional internal jonization ITMS.
We have found combining NCI with CAD in GCQ to be a very useful analytical technique,
Moreover, because of its excellent sensitivity in NCI and tandem mass capability, GCQ is also
ideal for trace analysis of target compounds in complex mixtures.
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Captions

Figure 1. structures of phthalic anhydride and its structural related compounds.

Figure 2. NCI spectra of 4,5- dichlorophthalic anhydride.

Figure 3. NCI spectra of 3,6- dichlorophthalic anhydride.

Scheme 1. Proposed mechanism for formation and CAD of (M-H) of phthalimide.

Scheme 2. Proposed product structure for CAD of M- of 3.4,5,6-t¢trafluorophthalic anhydride using

oxygen as reagent gas.
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Phthalic anhydride (148)

3,6-Difluorophthalic anhydride (184)

3,6-Dichlorophthalic anhydride (217)

4,5-Difluorophthalic anhydride (184)

4,5-Dichlorophthalic anhydride (217)

Tetrafluorophthalic anhydride (220)

Tetrachlorophthalic anhydride (286)

Tetrabromophthalic anhydride (464)

Tetrabromo-2-sulfobenzoic acid

M™" 100%
[2M-CO:-CO-HF] ™~ (276,6%)
M~ 100%
[M-CO:-CO]~ (112,8%)

[2M-CO:-CO-HCI**]™ (326,3%)
[2M-COz-CO-HCI*"]~ (324,3%)
288, 1% |
[M-H+CI*]~ (252,3%)
[M-H+CIP"]™ (250,3%)

M~ 100%
Cl- (37,1%)
Cl-

(35,3%)

[2M-CO:-HF] ™~ (320,5%)
[M+OH]™ (201,6%)
M 100%

[2M-CO:-HCI*]~ (354, < 1%)
[2M-CO2-CO-HCI*|~ (326, < 1%)
[2M-CO2-CO-HCI"|™ (324,< 1%)
[M+OH]™~ (233,18%)

M~" 100%

[M+OH-CP*]~ (198,4%)
[M+OH-CF"]~ (196,2%)

Cl- (37,3%)
Cl- (35,3%)
M- 100%
M™" 100%

cl- (37,43%)
Cl- (35,100%)
M~ 20%

[M-Br’®]~ (385,95%)
[M-Br*']~ (383,100%)
Br-  (81,83%)
Br~  (79,80%)



Phthalimide (147)

4 5-Dichlorophthalimide (216)

3,4,5,6-Tetrachlorophthalimide (285)

3.4,5,6-Tetrabromophthalimide (463)

M~ <1%
[M-Br’®]~ (421,93%)
[M-Br*']~ (419,100%)
[M-CO02-S0:]~ (392,40%)
[M-Br®Br”]~ (342,6%)
[M-Br®B']~ (340,15%)
[M-B*'Br*'] ~ (338,9%)
[M-CO2-SO2-Br®]~ (313,13%)"
[M-CO:-SOz-BA*]~ (311,12%)
BB~ (162,12%)
Br°Br*'~ (160,14%)
BrBr®~ (158,6%)

Br~  (81,77%)

Br~  (79,64%)

[M-H]~ (146,100%)

[2M-HCI®¥]~ (396,73%)
[2M-HCP"]~ (394,69%)
[2M-HCP*-HCI*]~ (360,6%)
[2M-HCP*-HCP"|~ (358,12%)
[M-H]- 100%
[M-H-HCI*]~ (181,10%)
[M-H-HCP")~ (179,38%)

Cl- (37,11%)

Cl- (3521%)

[2M-HCI*]~ (534,10%)
[2M-HCI*]~ (532,10%)
[2M-HCI*-HCI*]~ (498,1%)
[2M-HCI*-HCI*"]~ (496,2%)
M~ 100%
[M-HCI*]~ (249,82%)
[M-HCIP"]~ (247,65%)
[M-HCI®-CI*]~ (214,< 1%)
[2M-HBr™]~ (846,<1%)
[2M-HBr-HB']~ (764,<1%)
M~ 12%

[M-HBr™]~ (383,93%)
[M-HB*']™ (381,100%)
[M-HBr™-Br®]~ (304,3%)
[M-HBr™-Br*']  (302,5%)
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Compound

Isolation

Fragment ions

3,6-Difluorophthalic
anhydride (184)

4,5-Difluorophthalic
anhydride (184)

4,5-Dichlorophthalic
anhydride (217)

Tetrafluorophthalic
anhydride (220)

Tetrachlorophthalic
anhydride (286)

Tetrabromophthalic
anhydride (464)

Tetrabromo-2-
Sulfobenzoic acid
cyclic anhydride (500)

[2M-CO:-CO-HF]~(276)

M~ (184)

[M-COz-CO]~(112)
[2M-CO:-HF]~(320)

[M+OH] (201)
M~ (184)
[M+OH]~(233)
M~ (217)

[M+OH-CI*]~(198)

M~ " (220)

M~ " (286)

M~ (464)

556
M~ " (500)

-COz (232,100%)
«(CO+CO) (204,5%)
«(CO+CO) (112,100%)
9% 4%

76 %

76 100%

-CO (292,70%)
{(CO+CO) (248,100%)
-CO:2 (157,100%)
-2C02 (113,55%)

-CO (156,100%)
«(COr+CO) (112,6%)

-CO: (189,100%)
-CIP+0 (199,36%)
-CP+0 (197,100%)
-CO (170,100%)
{(CO+CO) (126,29%)

-27 (193,7%)
~CO:+CO) (148,100%)
CsFs™ (124,8%)

C4F2" (86,4%)

-CO (242,3%)
-CP’CI* (216,23%)
-CICI¥ (214,100%)
CI' (35, 100%)

CI (37, 13%)

_Br” (385,73%)
-Br* (383,100%)

-C02 (512,100%)
-CO2 (456,50%)
-Br’+0 (437,50%)
-Br*'+0 (435,100%)
-Br” (421,24%)
-Br®! (419,23%)
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-BrBr®+0) (358 4%)
-(BrB*'+0) (356,7%)
-(BEE'BA'+0) (354,4%)
~(S02+CO2+Br)+0 (329,9%)
(S02+CO+BE)+0(327,9%)
-(SO2+CO2+B1?) (313 4%)
(SO:+CO=+BP") (311,4%)

|
|

Phthalimide (147)

4,5-Dichioro
phthalimide (216)

3.4 .5,6-Tetrachloro
phthalimide (285)

3,4,5,6-Tetrabromo
phthalimide (462.7)

[M-Br®]~(419) -S0:(355,20%)
-(SO2+CO2) (311,100%)
[M-CO0:-S0:]~(392) -Br” (313,80%)
-Br*! (311,100%)
239 8%

[M-CO2-S0:-Br’®] ~(313)

[M-H]"(146)

[2M-HCI*']~(394)
[2M-HCI*-HCIP]~(358)

[M-H]~(215)
[M-H-HCI"]~(179)

[2M-HCP]~(534)

[2M-HCI*-HCI*"]~(496)
M~ (285)

[M-HCI*]~(249)

M~ (463)

Br”Br”~ (162,17%)
Br*Be'~ (160,50%)
Br'BA'~ (158,22%)
Br”Br¥ ™ (160,3%)
Br~ "(81,100%)

Br~ (79.20%)

NCO~ (42,100%)

-HCI* (358,100%)
-CO (330,80%)
-CI* (323,100%)
-HCI* (179,100%)
-CI*S (144,100%)

-HCI* (498,100%)
-HCI¥" (496,90%)
-(HCI*+CO0) (470,80%)
-(HC¥+CO) (468,55%)
-CO (468,100%)
-HCP* (249,100%)
-HCY (247 83%)
((HCI®+CI*) (214,8%)
(HCI®+CI*) (212,6%)
-CI* (214,66%)

-C1¥ (212,100%)

-HBr” (383,100%)
-HBr*' (381,92%)
(HBr+Br™) (304,7%)
(HB1P+Br*") (302 22%)
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[M-HBr*']~(381) -Br™ (302,100%)
[M-HBr®-B£']~(302) “HBr” (222,100%)




Table 3. CAD results of ECD by using oxygen as reagent

Compound Isolation Fragment

ions

4,5-Dichlorophthalic [M-CI¥*+0]~(197) -CO2 (153,100%)
anhydride (217) -(CO=+CO) (125,41%)

Tetrafluorophthalic M~ CsFs0™ (133,73%)

anhydride (220) CiFs™ (124,57%)
: CiFs™ (105,71%)
CaF20™ (102,41%)
CsFs~ (93,22%)
-CiF2™ (86,100%)
CsF2~ (74,8%)

Tetrachlorophthalic M~ -C1*+0 (267,100%)
anhydride (286) _CP+O (265,49%)
(CP+CO2)+0 (223,4%)
-(CP+CO)H0 (221,1%)
[M-CI*+0]~(267) -CO2 (221,100%)
(CO#+CO) (193,28%)
Tetrabromophthalic M- -Br’®+0 (401,100%)
anhydride (464) Br¥+0 (399,42%)

Br~ (81,7%)

Br~ (79,6%)
[M-Br¥1+0]~(399) -45 (354,100%)

{(CO=+CO0) (327,35%)
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Abstract:

In this project, we use a series of tricyclic compounds including Iminodubenzyl, Imipramie,
Desipramine, Nortriptyline and Amitripyline. Those above-mention compounds are able to treat the
disease like melancholia. The instrument, which we used was a Finnigan MAT GCQ ion trap mass
spectrometer, equipped with an external EI/CI source. The instrument was operated in the mass-selective
instability mode to analysis and detects product ions. We used DME (dimethyl ether) as CI reagent gas
and it could produce m/z=45 (CH,OCH,"} and m/z=47 ((CH,),OH"} reagent ions in the ion source region.
Then reacted with those series of tricyclic compounds and produce product ions including [M+H]’,
[M+13]*, [M+15]*, [M+45]*, [M+47]*. By using CAD (Collision Activated Disscciation) technique to
make sure the products structure and understand their pathways of dissociation. The GCQ instrument
possesses the excellent ability to low abundance ions, so those product ions still are isolated and CAD
experiments undertaken successfully. All of these tricyclic compounds can produce [M+H]', [M+13}",
[M+15]°*, [M+45]*, [M+47]" ions. And all of these reactions can occur in all of the reaction sites by
competing with each other. From the results of ion-molecular reactions, we know that the reaction sites
including the double bond at carbon-1"in the side chain or the nitrogen atom at the end of side chain
influenced the reaction results so huge. For example; from the CAD results, the compounds with
secondary amine at the end of side chain will dissociate neutral molecular like CH;NH, or CH;NCH,. But
if at the end of side chain is tertiary amine, it will drop (CH,),N or (CH,);N or lost entire side chain
structure which could be observed and get 195u, 194u, 193u o1 191u ions. In this project, we also used
theoretical calculation to calculate the heats of formation ( AHf } and heats of reactions ( AHrxn ) in order
to know the best site of ion-molecular reaction. At last, by using different temperature in order to know

the temperature effect of the ion-molecular reaction.

Introduction:

In the drug structure, different kind of functional group and reactive site played the important role of

medication and influence it so much. In this research, by using a series of tricyclic compounds, including
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Iminodibenzyl, Imipramine, Desipramine, Nortriptyline and Amitripyline which are used to be TCA
(tricyclic anti-depressants). Doctor used this series of drugs to treat diseases about melancholia. By using
this sieries of important drugs reacted with Dimethy! ether (DME) in order to know the relationship
between functional groups and reactivity further. Those five compounds are similar to each other but still
have some difference in detail. Various substituents and functional groups on the drug strongly influence
their reactivity. Thus, it is important for us to understand the relationship between the drug structure and
their reactivity.

As we know, Tandem mass spectrometry is a very sensitive, rapid and powerful tool that can provide
us detailed information about structure, functional groups and substituents. This project which have
performed by using a Finnigan MAT GCQ ion trap mass spcctrometer,chuipped with an external EI/CI
source. Using DIP (Direct Insertion Probe) system transferred the tricyclic compounds. Dimethy! ether
(DME) was used as the CI reagent gas, because it is previously shown to have striking functional group
selectivity as a chemical ionization reagent for other organic system. The reactive ions formed are
protonated DME, at m/z=47(CH,0"HCH,) and the methoxymethylene cation (CH;0*=CH,), at m/z=45.
In an external ion trap mass spectrometer (ITMS), ion/molecular reactions of (CH,O'=CH,) with
substituted aromatics result in formation of [M+13]* or [M+15]* adduct depending on the neutral of the
substituents.

In this experiment, these five tricyclic compounds can get a series of protonated ions. They are
[M+13}, [M+15]*, [M+45]*, [M+47]"...and etc. And then combined with CAD (Collision Active
Dissociation) technique, to conform the parent ion structure and understand the pathways of dissociation.
The Finnigan MAT GCQ instrument possesses the excellent ability to perform on low abundance ions.
These product ions could still be isolated and the CAD experiment can be undertaken successfully.

After CAD experiment, use semi-empirical calculation software ( Hyper-ChemS.1 Hyper-cube .Inc.,
Gainesville , Florida) to estimate the heats of both the formation ( AHf ) and reaction ( AHrxn ) of the
tricyclic compounds and derive reaction mechanisms in order to determine the possible reactive sites for

ion/molecular reaction By using this theoretical calculation data not only to know the best formation sites

2.




of ions but also to conform the reactive sites and reactive mechanisms which were surmised via CAD

results .And use different temperature in order to know the influences of these tricyclic compounds.

Experiment:

In this project, we used a Finnigan MAT GCQ ion trap mass spectrometer, equipped with an external
EI/CI source. The instrument was operated in the mass-selective instability mode to analysis and detected
product jons. Dimethyl ether was used as CI reagent gas. It could produce m/z=45 and m/z=47 reagent
jons in the ion source region. In this experiment, we used DIP (Direct Insertion Probe} system to heat and
transferred our compounds into ion source region. The heating range of these series of tricyclic
compounds was controlled between 190°C and 240°C, except for Iminodibenzyl, which is controlied at
120°C. We set the temperature climbing rate as 100°C/min, and the pressure of He buiffer gas in the
instrument was about 1mtorr .The pressure of DME in the ion source region was 8x10°5 torr and the ion
injection time (from source to mass analyzer) set to 0.3~25msec. The time of scan was 10msec.The
temperature of the source region was maintained at 200°C and transferline was 275°C. Signal width for
selection of the parent ions was from 0.5~1amu and the collision voltage range of CAD was between 0.5
and 1.2volt. The collision activation time (tickle time) was 15ms. The theoretical calculation software was
Hyper-chem Ver 5.1 (Hyper-cube. Inc., Gainseville, Florida) and use AM1 as calculation mode. The
temperature effect of Nortriptyline; we adjusted the temperature in the ion source region as 100°C,
150°C, 180°C, 200°C, 225°C and transferline was 275°C. We use these series of tricyclic compounds in
this project including Iminoebenzyl, Imipramine, Desipramine, Nortiptyline, Amitripyline were
purchased from Sigma Chemical Company (St Louis MO) and dimethy! ether was obtained from Aldrich

Chemical Company (Milwaukee, WI)

Results and Discussion:

Chemical ionization (CI) has recognized as a soft ionization technique. It should not produce
extensive fragment ions, but there are a lot of fragment ions in the spectrum. The reason for that could be

the temperature, which in the ion source region is almost to 200°C. The ions might be influenced by high
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temperature and further, by using the external jonization, the three lenses guided and accelerated the ions
to enter the instrument. At the same time the ions also got high energy and easy to produce fragment ions
by collision with other ions. In the ion-molecular reaction, the dimethyl ether ions reacted with those
tricyclic compounds and produced a series of ion-molecular product ions including [M-HJ", [M+H]",
(M+13*, [M+15]", [M+45]", [M+47]* and fragment ions. The series of prodﬁct ions were listed in Table-1.
From the Table-1; we knew the relative intensity (%) for each product ion cléarly. According to relative
intensity, we could understand further the trend of stability of product ions for each tricyclic compound.
By using the CAD technique to determine the pathways of dissociation and get the information about
neutral tosses. Table-2 listed CAD product ions of various parent ions formed by ion-molecular reactions

of tricyclic compounds with dimethyl ether ions.

In this experiment, we used Hyper Chem 5.1 software to estimate the heats of formation (AHf ) and
heats of reaction ( AHrxn ) in order to know the possible reactive sites and determine which site will be
attack easily by dimethyl ether ions. At last we know that by changing temperature and pressure
influenced the results so much, we use different temperature to make sure the influences of ion-molecular

reactions for tricyclic compounds and dimethyl ether ions.
I. Theoretical Calculation:

In this part, we use theoretical calculation to explain the results of this experiment. According to the
results of calculation the heats of reaction ( AHrxn ) and heats of formation (aHf }, we can und;‘-:rstand the
most possible pathway of the ion-molecular reactions and the stability of the jon structures. The
calculation software which was used is Hyper Chem 5.1 (Hypercube. Inc., Gainesville, Florida), and used
semi-emﬁirical AM]1 as calculation mode. Form the results of theoretical calculation in Table-3 to Table-6;
we knew that these five tricyclic compounds could produce a series of ions including [M+13])*, [M+15]",
[M+45]", and [M+47]". Since their heats of reactions are negative, it can divide into two pathways; they
are AHo (overall) and AHs (steps). AHo : Represents the heats of reactions from the direct formation of
the ions frqm resultants and, and AHs : Represents the heats of reaction from the dissociation of the

intermediate ions already formed.



The semi-empirical calculations were used to assist in the determination of protonation sites. The
calculation results of [M+H]* are listed in Table-6. From the Table-6, compare.the Afs with AHo , we can
find one thing that in Nortriptyline the values of AHs and AHo are similar to each other (AHs: -25
KJ/mole; AHo :-8KJ/mole). So they may have two possible reactive pathways (Step and Overall) when
the reactive sites of protonation is proposed base on the amino group (N-protonation) in Nortriptyline.
Form Table-6, we can know the major reactive sites of the [M+H]" ions. When the 5 position in tricyclic
structure is nitrogen (N), including Iminodibenzy!, Imipramine and Despramine , then the protonation
reactions can occur in both of the double bond and njtrogen atom. But when the 5™ position in tricyclic
compounds is carbon atom with double bond structure, including Nortriptyline and Amitriptyline, then
the protonation reactions can not occur in double bond in tricyclic structure easily except for
Amitriptyline. Because the heats of formation and heats of reaction in double bond and Nitrogen atom for
Amitriptyline are similar to each other (-13 KJ/mole: -14KJ/mole). The protonation reactions were easily
take place in both of these two locations.

The heats of formation and heats of reaction for [M+13]* ions were estimated in Table-4. Form
Table-4, for these series of tricyclic compounds, we know that the values of AHo are similar to AHs, which
indicates that the formation of [M+45}* intermediate ions is stable. This agrees with the experiment
results since the relative intensity of [M+45]* ions for these series of tricyclic compounds are very strong
(Table-1). For Iminodibenzy!, the formation sites of [M+13]" will be occurred in both of the double bond
at carbon-4 and nitrogen-5, because the values of AHo at carbon-4 with double bond (-17KJ/mole) and at
nitrogen-5 (-17KJ/mole) are very smail and similar. For Imipramine and Desipramine, when the reactions
occur in the double bond at carbon-4, by catching the hydrogen atom to form double bond and produce
[M+13]" ions or catching the hydrogen atom at carbon-1” in side chain to produce cyclic form. For the
Nortriptyline and Amitriptyline in Table-4, the values of AHs and Ao are all very small in each reactive
site, which indicated that the formation of [M+45]" intermediate ions is stable. On the other words, it will
produce a great lot of stable [M+45]* ions and their relative intensity are also very strong (Nortriptyline:

100%; Amitriptyline: 100%}) as shown in Table-1.
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Form Table-5, the major reactive sites that can produce [M+15]" ions in Iminodibenzyl are at
carbon-4 on the tricyclic ring. For Imipramine and Desipramine, the major reactive sites are possible at
carbon-4 on the tricyclic ring or at nitrogen-3” atoms in side chain. Because the values of AHo in
different sites are similar to each other. But in both of the Nortriptyline and Amitriptyline, the major
reactive sites are at nitrogen-3’ atoms in side chain (-31 KJ/mole; -43 K.Umole) and the minor reactive
sites are at carbon-1" atoms in side chain (-12 KJ/mole; -13 KJ/mole). From -Tablc—S, we know that the
vatues of AHo are much lower than AHs , it's mean that the [M+15]" ions were directly produced without
via formation of [M+45]" intermediate ions.

II-1. CAD Of the pre-trap fragment ions:

Chemical ionization is a soft ionization method that will not prod[loe extensive fragment ions, but we
still could see that there are a lot of fragment ions in our spectrum. According to Brodbelt’s studies, in the
traditional internal ionization of the ion trap, there were few fragment ions in the CI spectrum by using
dimethyl ether (DME) as reagent gas and helium as buffer gas. The ions in the ion trap will collision with
the 1 mtorr of He buffer gas, and transfer their internal energy to the buffer gas, and make the ions more
stable. So none or very few fragment ions were produced in CI mass spectrum.,

After analyzed those fragment ions which should not appear on our ion-molecular reaction spectrum
by using CAD technique, we can find out that most of the fragment ions were dissociated from the
product ions including M*, [M+H]" and a little from [M+13]" . We can find that some fragment ions of
[M*], [M+H]1 and [M+13]* were observed in the CI mass spectrum by using a Finnigan MAT GCQ ion
trap mass spectrometer, equipped with an external CI source. Compare it with the Source CID in Triple
quadmpoic instrument, their results are similar to each other, because the GCQ instrument could perform
MS/MS on low abundance, and the product ions could be isolated to do CAD experiment. Thus, the
mechanism for the reactions of dimethyl ether with the series of tricyclic compounds could be elucidated
in detail.

II-2. CAD of M* ions:

From the CAD spectra of M* ions of Iminodibenzyl (figure 6), we knew that the Iminodibenzyl
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without including side chain has two different pathways of dissociation; losing CH; or C;H, molecular.
The m/z=180 (100%) was the major product ions which dissociated from the parent ions (M") with
m/z=195 .The M* (m/z=195) ions lost one methyl group (CH,.) in order to form more stable molecular
(m/z=180) and it's relative intensity is very strong. From the spectra of ion-molecular reaction products of
Iminodibenzy] (Figure 1), the peak of [M-CH,]* was also observed, but it's relative intensity is only about
10%. From figure 2, we got a peak (m/z=235) and it's relative intensity is 100%. Comparing m/z =235 in
the ion-molecular reactions spectra with CAD results of M jons of Imipramine (Figure 7), we cortformed
that it was [M- (CH,);NH]'. And the M* ions of Imipramine lost a lot of 86u neutral molecular to produce
m/z=194 (100%) fragment jons. The M* (m/z=280) ions of Despramine also lost a lot of 71u neutral
molecular and (CH,)NH, group to produce fragment ions at m/z=195 and 235. From the Nortriptyline,
this compound belongs to secondary amine structure. According to the CAD results of M* of
Nortriptyline , it will lose CH,NH and then subsequent loss of CH, molecular or drop the CH; molecular
directly. The Amitriptyline with tertiary amine structure lose [(CH,),]N and produce 14%u product ions.
I1-3. CAD of [M+H]" ions:

The possible reactive sites of protonation reaction for these series of tricyclic compounds, which
reacted with dimethyl ether, could be the double bond (at carbon-4 or carbon-1°) or nitrogen atom (at
nitrogen-5 or nitrogen-3’). Not only by using the CAD technique to determinate the dissociation
pathways of the fragment ions, but also using the theoretical calculation as assist tools. Form the
calculation results, which were listed in Table-6, since AHo values are much lower than AHs . so we can
understand that these five tricyclic compounds reacted with CH,0"HCH, (m/z= 47) and directly produce
protonation ion [M+H]*, without forming stable intermediate ions [M+47]" first. For Iminodibenzyl in
figure-6, the CAD results of [M+H]"* ions showed that by losing a CH; molecular to produce stable m/z=
181 fragment ions. We could suppose that the reaction sites of protonation reaction might be at carbon-4
with double bond which would catch the hydrogen atom and lose CH,OCH; molecular in order to form
(M+H]" protonation ions. By using theoretical calculation results of [M+H]" of Iminodibenzyl in Table-6

in order to conform our assumption. In Table-6, there are two possible reactive sites, which are at the
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carbon-4 with the double bond and nitrogen-5 on the tricyclic ring. The values of AHo at carbon-4 with
the double bond (-8 K¥/mole) and nitrogen-5 (-10 KJ/mole) on the ring are all very small and similar. It
means that those two reactive sites are easy to perform protonation reaction and confirm our assumption.

In the figure 4, the protonation Nortiptyline ion was followed by the elimination of CH;NH, gives
the m/z=233 ions. In the CAD spectra of [M+H]"* ions for Nortriptyline, we can also got a peak (m/z=233)
which relative intensity is very strong (100%}. It tells us that the protonatioﬁ Nottiptyline ions would lose
one CH,NH, molecular in order to form more stable ion-molecular ions which is [M- CH;NH,]* fragment
ions. The same situation also could observe in Imipramine and Desipramine.

I1-4. CAD of [M+45]" and [M+47]" ions:

For these series tricyclic compounds, all of the [M+47]* ions have low relative intensity (<1%
or1%). However, since the GCQ instrument possesses the excellent ability to perform MS/MS on low
abundance ions, we can get the CAD results of [M+47]" ions of Iminodibenzyl and nortriptyline (Table-2).
For example; After the CAD experiments of fM+47]" and [M+45]" ions of Nortiptyline, the [M+47]" ions
will lose CH;O0H molecular first and then subsequent loss of one molecular of CH,NH, or CH,;NCH, . The
{M+45]" ions will also lose CH,OH molecular first and then subsequent loss of one molecular of CH,NH,
or CH;NCH, or CH,NHCHCH,. Containing tertiary amine structure at the end of side chain including
Imipramine and Amitriotyline (Table-2) will lose CH;OH or CH,O first and then subsequent lqss of
(CH,);N or (CH,),NH and lose C,H, at last. The Desipramine will lose CH,OH and then lose
CH,NHCHCH, or CH,NHCH, or not lose CH,OH instead of losing CH,NHCH,CH, directly.

The Nortriptyline will lose CH,OH first and then subsequent loss one molecular of (CH,)NH, to
produce rﬁjz=245 ions or drop the CH,NHCH,CH, molecular to produce m/z=219 ions. But another
possible reactive pathway of Nortriptyline is loss one molecular of CH,NCH, to produce m/z=233 ions.
Form the CAD specira of [M+45]* ions of Iminodibenzeyl (firure 6), we can see m/z=208 ions obviously
which is produced by losing one CH,OH molecular. And the CAD results of [M+47]" ions of
Iminodibenzyl, by losing CH,OH and 47u molecular to produce 210u and 195u ions.

Compare these five tricyclic compounds with each other, we can conclude one important thing that
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by losing one molecular of CH,;OH, the [M+47]" ions will produce [M+15]" ions. And the CAD of
[M+45]" ions of compounds which contain secondary amine structure will lose CH,OH 1o produce
[M+13]" ions. Containing tertiary amine structure at the end of side chain including Imipramine and
Amitriptyline will form [M+15]* or [M+13]" ions and then lose (CH,);N or drop (CH,),NH molecular to
produce fragment ions which relative intensity is very strong.
II-5. CAD of [M+13]" and [M+15]" ions:

Containing tertiary amine structure at the end of side chain including Imipramine and Amitriptyline,
we can understand the pathways of dissociation from the CAD spectra of [M+13]" ions. By catching a
proton from neighboring carbon, the Imipramine will lose one (CH,);N and (CH;),NCHCH, neutral
molecular and then subsequent loss of CH, molecular. For Amitripyline, the loss of (CH;),NHCHCH,
can be observed and then continued to lose one molecular of CH; or 30u, otherwise we also can see the
loss of (CH,),NHCHCH,. Compounds which contained secondary amine at the end of side chain
including Desipramine and Nortriptyline, the methylene substitution reactions can occur in this secondary
amine at the end of side chain and lose one molecuiar of CH,NCH,. The Iminodibenzyl, which do not
contain side chain, will lose CH; or C,H, molecular. The [M+13]* and [M+15)" ioﬁs of these five tricyclic
compounds, the [M+13]"* ions could dissociate from [M+45]" ions, and the [M+15]" ions could dissociate
from [M+45]" or [M+47]* ions. For example; for Desipramine and Nortriptyline, the dissociation
pathways of forming [M+13]* ions of Desipramine could see in Scheme 1(A-B) and the dissociation
pathways of forming [M+13]" and [M+15}" ions of Nortriptyline is list in Scheme 2 (A-E). In those five
tricyclic compounds, for Iminodibenzyl which do not contain side chain structure, the [M+15]* and
[M+13]" ions are a little similar with [M+H]" and M", because those above-mention ions are all easy to
lose CH, molecular. Otherwise, the other four compounds which all contain side chain structure can
divide into two groups by determination the order of the amine at the end of side chain; secondary amine
and tertiary amine. For the tertiary amine at the end of side chain including Imipramine and Amitripyline,
we can find that it is easy for [M+15]" ions to drop (CH,);N after the CAD experiments. For the

secondary amine at the end of the side chain including Desipramine and Nortriptyline, the CAD of
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[M+13]" and [M+15]" ions of Desipramine are easy to lose 57u molecular. But after the CAD of [M+15]*
and [M+13]" ions of Nortriptyline, we get the neutral loss of CH,NHCH, and 83u molecular and their

relative intensity are all very strong.

II1. The temperature effect for formation of the ion-molecular products in the

source region:

In this part, we control the ion source temperature at 100°C, 150°C, 180°C, 200°C, 220°C in order to
observe the temperature effect on the ion-molecular reactions of Nortriptyline with DME ions was
evaluated in the external chemical ionization source of the ion trap. The ion trap mass analyzer was not
temperature controlled. The relationship between the relative intensity-and different temperature are
shown in Table-9. The results show that the temperature effect varied depending on the specific ions.
From the results, some jons show a negative trend with temperature. The relative intensity of ion-
molecular product ions including [M+13]%, [M+15], [M+45]*, [M+47]" decrease with increasing
temperature, But some fragment jons like 193u, 233u, 245u seem not to depend too much on temperature
variation, the reason for that may be due to the ions themselves. Those fragment ions including 193u,
233u, 145u, are very casy to dissociate anytime, so they are not much influenced by temperature changing.
Form Table-9, the relative intensity of fragment ions including 220u, 203u, 202u decrease with increasing
temperature until 200°C, at which temperature, there is a significant increase in their intensity. The reason
may be due to the fact that at this temperature, ions may experience more energetic collision and make a
great lot of fragment ions. But when the temperature reaches 225°C, for some fragment ions like 220u,
202u, 203u, the thermal degradatién phenomenon could be observed. We suppose that in this high
temperature, the fragment ions dissociate again and again by more powerful collisions and decrease their

intensity.
I'V. Conclusion:

In this research, for those series of tricyclic compound, the different functional group or different
order of amine at the end of side chains structure will influence the CAD results so much. For example; a
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compound with secondary amine at end of side chain will produce [M+13]" more easily or when the
functional group at 5th position on ring is nitrogen, it will trend to produce [M+45]" and [M+47]" ions
and take advantage of forming cyclic structure. Compare Nortriptyline with the other tricyclic compounds,
the reactivity of Nortriptyline is more excellent than the other tricyclic compounds. This is why we
choose Norteiptyline as sample to do temperature effect experiment. We use Nortriptyline as sample to
react with DME ions at different temperature in order to understand the influences of the reactivity.
Beside, by combination of the mechanisms proposed for CAD and the theoretical calculation method, the
possible reactive sites for formation of ion-molecular products could be determined. By the way, although
the abundance of our ion-molecular products of [M+13]*, [M+15]*, [M+45]", [M+47]" were very small,
the GCQ ion trap mass spectrometer possesses excellent tandem mass capability and low detection limits
for CAD. Form the experiment of temperature effect, we can find that by changing the temperature can
influence the formation of adduct ions and fragment ions a lot. When the temperature is rising, the adduct
jons were influenced a lot by temperature and trend to dissociate, so the intensity of adduct ions become
small. Study of this project can understand the reactivity of the drug structure and relationship between
different kind of function group and different reactive site. Those above-mention results can help us to
research new drug or develop the derivatives of these series tricyclic compounds. This research can

provide all circles the information about some important drug structures and reactive sites.
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Table 1. = 2 #..ﬁ&k?ﬂﬁﬁﬁ#_egmvz#.....:w..w.m.##%..#

Iminodibenzyl(195) [M+47]17(242,<1%) -

Imipramine(280)

Desipramine(266)

[M+4577(240,4%)
[M+15]°(210,1%)
[M+13](208,27%)
[M+HT"(196,32%)

M “(195,100%)
[M-HJ"(194,46%)
(M+H-CH,]*(181,7%)
[M-CH;71*(130,21%)
[M-H-CH,T"(179,3%)
M-C,H,J* (167,5%)
[M-CH,-C,H,]*(152,2%)

[M+47](327,<1%)
[M+457°(325,2%)
[M+15]°(295,<1%)
[M+13]7(293,<1%)
(M+H]"(281,14%)

M* (280,66%)
(M+H-(CH,),NH]*(236,20%)
[M-(CH,),NH]" (235,100%)
234,82%
[M+H-(CH,),N]*(222,6%)
[M-(CH,),NH-CH,1"(220,16%)
[M+H-(CH,), N-CH,]"(208,16%)
[M+H-(CH,);N-CH,]"(207,4%)
195,54%

194,48%

[M+H-(CH,),;NH-CH,-C;H,]* (193,38%)

[M~(CH,),NH-CH,-C,H,]*( 192,18%)

[M+45](311,<1%)
[M+15](281,<1%)
[M+13]7(279,5%)
[M+H]*(267,20%)

M* (266,79%)
[M+H-CH,NH,]" (236,16%)
[M-CH;NH,]" (235,95%)
234,63%

[M-CH;NH,-CH,1"(220,14%)

[M+H-CH;NH,-C,H,]" (208,38%)

Nortriptyline(263)

Amitripyline(277)

[M-CH,NH,-30]"* (205,5%)
[M-CH,NHCH,CHCH,]" (195,100%)
194,47%

193,56%

[M-CH,NHCH,CHCH,-CH,* (180,10%)

M+47)(310,<1%)
[M+45]"(308,26%)
[M+15]"(278,5%)
IM+13](276,23%)
[M+H]*(264,100%)
M'(263,10%)
[M+13-CH,NH,]*(245,2%)
[M+H-CH,NH,)"(233,9%)
[M-CH,NCH,] *(220,73%)

[M+13-CH;NCH,-C,H,]'0t[M+15-CH,NHCH,-

C;H,J*(205,4%)
203,59%

202,77%

193.%
[M+H-CH,;NHCH,CH,CH,]*(191,40%)

[M+45]"(322,3%)
[M+15]°(292,<1%)
IM+13](290,<1%)
[M+H]*(278,11%)

M* (277,<1%)

245,5% :
[M+H-(CH,),NH]"(233,9%)
[M+H-(CH,),NH-CH;, *(218,12%)
217,34%

215,25%

[M+H-(CH,),NH -30]"(203,66%)

- 202,77%

[M+H- (CH;), NH-CH,CHCH,]*(191,31%)




Table 2. m.ﬁwﬁa&.w:a#i#ﬂu_ezmvﬂ%ﬁ#ia%a ion) &y
L LY ¥

[M+H]*  [M+13) .Ei% [M+45]"  [M+47]"

Iminodibenzyl(195) 32% 28% 1% 4% <1%
Imipramine(280) 14%  <1% <1% 2% <1%
Desipramine(266) 20% % <1% <1% 0%
Nortriptyline(263) 100%  22% 5% 26% 1%
Amitripyline(277) 11% 1% <1% 3% 0%

Table 3. Iminodibenzyl(195) CAD & & %

[M+47)7(242) -CH,0H(210,100%)
195,9%
[M+45](240) -CH,0H(208,100%)
[M+15](210) -CH,(195,100%)
180,27%
[M+13]*(208) -CH;,1(193,100%)
-C,H,(180,10%)
167,3%
(M+H]*(196) -CHy(181,100%)
-C,H,(168,3%)
M™(195) -CH;(180,100%)
-CH,(167,3%)
[M-H]*(194) -CH,(179,3%)
[M-CH,]"(180) -C,H,(152,100%)
167 140,69%

165 -C,H,(139,26%)

“a-

Table 4.Imipramine(280) CAD iR

[M+45T(325)

[M+157%(292)

M+13]°(293)

[(M+H]"(281)

M*(280)

[M-HN(CH,),]" (235)

234

[M.-HN(CH,),-

[N.CH, (220

195

-CH,0H(293,4%)
~(CH,O+(CH,),N)(236,100%)
~(CH,OH+(CH,), NCHCH, )(222,3%)
«CH.OHCH,);N+C,H,)(208,66%)
193,3%

~(CH,); N(236,94%)
{(CH,); N+C,H,)(208,100%)
223,11%

194,8%

-(CH;);N(234,3%)
~(CH;),;NCHCH,(222,100%)
~(CH,),NCHCH,+CH, }207,8%)

-(CH,),NH(236,48%)
<((CH;),NH+C,H,)(208,%)
195,100%

-(CH,),NH(235,16%)
-86(194,100%)

-CH;1(220,100%)
205,18%
193,6%

-CH;(219,100%)
204,19%
193,6%

-CH;(205,100%)
193,4%
C;H,(192,3%)

-CHy(180,100%)




Table m.Ummmu_.nEmaaﬁm& CAD # 3k ¥

Table 6. Nortriptyline(263) CAD # & £

[M+45]°(311) -CH,0H(279,100%)
-CH,NHCH,CH;(252,19%)
-(CH;OH+CH,NCH,)(236,18%)
-(CH,OH+CH,NHCHCH,X(222,19%)
181,12%

[M+151°(281) -CH,NH,(248,18%)
252,57%
-CH,NHCHCH,(224,100%)
~(CH;NHCHCH,+CH;, X208,54%)

[M+13)" (279) -CH,NCH,(236, 79%)
-CH,NHCHCH,(222,100%)
-(CH,NCH,+C,H,)(208,6%)
~(CH;NHCHCH,+CH;X207,15%)

[M+H]" (267) -CH,(252,5%)
~(CH,NH,)(236,45%)
~(CH;NH,+C,H,)(208,3%)
~(CH;NHCH,CHCH,)(196,100%)
19522%

“M* (266) -CH,NH, (235,92%)
195,100%

[M-H,NCH,['(235)  -CH,(220,100%)
204,3%
193,8%

234 -CHy(219,100%)
204,33%

[M-H,NCH,-CH;]*  -CH,(205,100%)
(220)

[M+H-H,NCH;-C;H,]" -CH,(193,100%)
(208)

[M-CH,;NHCH,CHCH,]'-CH; (180,100%)
(195)

[M+47]%(310)

| [M+45]*(308)

(M+15]*(278)

[M+13]°(276)

[M+H]"(264)

M*(263)

[M+13- H,NCH,]*(245)

[M+H-CH,NH, "
(233,8.8%)

-CH,0H (278,100%)
-(CH,0H +CH,NH,)(247,23%)
-(CH,OH +CH,NCH,)(235,16%)
195,91%

-CH,0H(276,73%)
-(CH;OH+CH,NH,)(245,24%)
lﬁnH-.muom-_-nmn*zm*muvcﬁiﬁnmno.fnzm ZH..HO:»V
(233,25%)
{CH,OH+CH,;NHCHCH,)(219,9%)
193,100%

-CH,NH,(247,15%)
-CH,NHCH,(233,100%)
~(CH;NHCH;+CH,)(218,6%)
~(CH;NHCH,+C,H,)(205,10%)
191,25%

-CH,NH,(245,57%)
-CH,NCH;(233,32%)
-CH,CH,NHCH;(219,5%)
~(CH,NCH,+C,H,)(205,4%)
193,100%

-CH,NH;(233,100%)
-(CH,NH,+CH,)(218,3%)
~(CH;NH,+C,H,)(205,3%)
191,13%

-CH;(248,12%)
-CH,NH(234,100%)
-CH,NCH,(220,52%)
-(CH;NCH,+CH,)(205,2%)

-CH;(230,100%)
-C,H,(217,57%)
203,13%

-CH,(218,100%)
-C,H,(205,25%)
203,12%




Table 7. Amitripyline(277) CAD sy s 2

[M+45]7(322) -CH,0H(290,33%)
. . . 0 -(CH,OH+(CH,),NH)(245,100%)
[M-CH,NH,] "(220) o A%w : _qo,.m% ~(CH,O+CH,),N) (233,85%)
176.15% -(CH,O+(CH,),N+CH,}218,12%)
’ (CH;OH+(CH,),NH+C,H,)(217,12%)
-(CH,O+(CH,),N+C,H,)(205,9%)
191,18%

[M+15)7(292) 264,10%
~(CH;),NH(247,100%)
-(CH,),N(233,52%)
«((CH,),N+CH;)(218,7%)
-((CH,))N+C,H,)(205,4%)
191,7%

[M+13]%(290) -(CH,),NH(245,100%)
-((CH;) ,;NH+CH,)(230,14%)
- (CH,),NHCHCH,(219,16%)
-((CH,),NH+30)(215,7%)
207,7%

[M+H]*(278) -(CH,),NH(233,100%)
~((CH;),NH +CH,)(218,28%)
-((CH,;),NH+C,H,)(205,15%)
191,43%

M @217y -CH;OH(245,10%)
-(CH;,),N(232,24%)
~(CH,0H+C,H,)(20,5%)
194,100%

[M+13-(CH,),NH]"(245) -CH,(230,100%)
215,37%
-C,H,(217,44%)
-(C;H+CH,)(202,11%)

[M+H-(CH,), NH]*(233) -CH;(218,100%)
-C,H,(205,28%)
-(CH,CHCH,+42)(191,39%)

[M+13CH,),NH-  -CH, (202,100%)
CH,J" (217)




Table .ZF A LB H BRI T/ FRAEZRT AL R
. Table 8-3 : & R [M+4T]" 8 [M+45]" 8k F 2 5 %

Table 8-1 : Heat of formation:(K.J/mole) 4T Site of . .
— ttack M-+435
_ M Reactive site [M-H] MFI3] [M*15]" M43 [M#4TT (M47] o= (M#dS]" _ Site of aniack
Iminodibenzyl 41 4 207 230 204 162 145 compound doublebond  Nitre, double bond  Ni
5 205 230 210 173 - o owole bond Titwogen
Imipramine 60 4 214 262 211 177 155 , 4 s 3 4 1 5 0¥
)% 4 - 219 - - -
3 207 . 213 175 147 iminodibenzyl 26 - 3 - 36 - 25 -
Desipramine 60 4 209 238 213 166 152 imipramine -35 - - 43 4] - - 43
A - 214 - - - desipramine -38 - - -48 -52 . - -53
3 199 . 210 165 142 norwiptyline -7 26 - .17 27 33 - .43
Nortriptyline 52 4 . 227 234 231 191 175 amitriptyline -8 =27 - .45 -23 44 - .30
Y ] ] 232 - . -
I 214 8 215 177 156 (¥4 : Ki/mole)
¥ 201 228 205 162 165
Amitriptyline 57 4 232 237 236 195 180
FY 1 . 236 - . -
! 218 - 220 185 161 Table 8-4 : & [M+45]"A-T & & CH,0H % 4 [M+13]"R 72 5 8 &%
£) 217 - 198 171 142 M+13]" Site of attack
compound double bond Nitrogen
. 4 I cyclic 5 ’
Heat of reaction : (KJ/mole) AN, AHs AH, AMs bwm. AHs AH, AHs >w. AH,
Table 8-2 : Iminodibenzyl &R R X £ A[M+H]"MTFTH L ARREAR Iminodibenzyl -17 20 - . - .17 9 . .
Imi i - - - - 6 - - - -
Site of attack mipramine -3 38 47 -6
Desi i -28 44 - - - - - -
double bond Nitrogen Sipramine 52 <l 34 18
Nortriptyline .24 -5 .26 -7 .26 -7 . - -30 18
Iminodibenzyl ! 2" 3 4 5 Amitriptyline -25 -6 27 .7 27 -7 . . . .
[M+H]* aB, 220 205 205 207 205 (%42 ¢ KJ/mole)
AH, 3 10  -10 -8 -10

(R4 : K)/mole)




Table 8-5 : & [M+45]'M ¥ %%+ CH,0 £ R M5 T2 % KM

Table 9.1b4-% nortriptylive £ R FJ A TROMAT/ T FEHO AN %A

Site of artack
double bond Nitrogen
4 1 5 3’

AH, 3Hs AH, AH: AH, AHs "3H, AH
Iminodibenzy! -21 16 - . -4 11 - -
Imjpramine  -32 g - - - - -35 13
Unm._mﬂaw.ﬁ =32 21 . . - - <35 18
Zom:._ugman <5 14 221 12 . “ -31 17
Amitriptyline -6 14 2] < - - 43 9

(%42 © KJ/mole)

Table 8-6 : 4 &[M+H) %7 2 5 K8

(M+HT Site of artack
compound double bond Nitrogen

AH, AHs AH, AHs AH, AHs AH, AMs

4 I’ 5 3

Iminodibenzyl -8 18 - - . - 10 .
Imipramine  -20 15 - - - 27 16
Desipramine -25 16 . . - 35 13
Nortriptyline 1 8§  -12 14 - - 25 -8
Amitriptyline 1 8 -13 S_ - - -14 . 3]

(%42 : KI/mole)

PEAK\Temperture('C) 100 150 180 200 22
[M+47T 316 1.68 0.65 0.65 0.31
. [M+45] 78.44 4836 23.44 25.93 4.46
M+15] 10.12 709 353 498 2
M+13T 48 6 40.13 22.25 22.53 9,14
[M+H] 100 100 100 100 100
M 21.26 12.74 833 9,98 6.67
2457 11.78 | 12.08 5,65 2.48 318
233 13.46 15.1 8.43 8.3 11.04
2207 2597 15.56 11.95 73.07 21.37
2037 17.42 12.35 1.92 59.09 27.99
2027 13.12 1048 58 77.45 20.04
193" 20.73 20.1 10.85 18.68 9.07

Table 10. = ARG NECERMRMR Y 45107 TZRF/IGT A9

TN IMFH] M3 (M#IS]  [M+45] [M+47]
Tminodibenzyl(195)  57%  100% 1% 71% 1%
Imipramine(380)  40%  15%  48% 100% 2%
Desipramine(266)  83%  100%  30% 7% 1%
Noririptyline(263)  52%  28%  15% 100% 1%
Amitripyline(277)  41% 6% 17% 100% 1%

Table IL=FAHZBNATFARA(LEBRMMNE ) 4-5x107)F 2

—_3:.-7\—2...3 $i-
{44  Iminodibenzyl Imipramine Desipramine Nortriptyline Amitriptyline
(195) (280) uﬁma Gumwv (277
2 ) (torr)
Bx10? 0.32 0.21 0.25 10 11

4~5x10° 1.78 2.36 7.55 5.78 10.25
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LRSI R S B AR R B AN - B4 PICT b B BBEAT 5 ¥ % =5 $A(purine)
AL 64 LB PLIL R AL 6 4 85 M B4t 84L& 472 chemical jonization mass spectra * AT A 51 B &
WA A5 S DME, O, & CH, 8% » % M(purine)db 449 LA & St L AL S M 45 A 89 1L 290 2. PICT
{positive ion chemical ionization) 2. chemical ionization mass spectra; & bb 8 & 3 & 48 X, & PICI 55 » TR O, -
CH, & DME(Dimethy! ether) & & #| A £ R A AL AW F/H FRAEL R - ERBHAERZ IR T
TR TCARRCAD) B—SRRILBRTHEMEERA ARt -

i O, ~ CH, & DME S22t A ey T/9 FRME R » BALRAARE CH, £ DME &¥sg
BAOLTEMAMS O, HEL RV GAK BT > Bdy CH, & DME &%) f0 S R4 WifL 440 47 M5 715
FRETHEES AMARABIESHZSRNL R E B4 LAY Bibisd CH, & DME 58 F/45
TERBER At R O, RGBT/ FREZEAMILSH P14 6-Mercaptopurine 52 O, #7 vk R /&
ToSH TEEZRBUE A R4 ML W -

% F

E 45T 8 98T 5K #& T 4 4 b Finnigan 2 512 GOQ B % +/-15kV T # X dynode + 3 B K GCQ &5
LR SRy N &SP AR S 8ESE > B SL T » background 95 R R HRAMS FEE - 20k GCQ #E=F4 AR
7 PICI F @A )

# XA ML S BT > Adenine B ABBOAREHZ— BARBEBE O LI EBEEY - 6
Mercaptopurine £ & RN LRGH > EASHBAAL L TR S i) LR L0 RA - EhA KX
BIAER - M ATl SR EN T LRORA Y LS THRFY EASE « ALY
HARBMETEABETRG R - HLRZH AR ONIENBE AT R ES BASHHFE -

FARAGERDGENURFALERB AN AR LALLBREXE PICI 9RT » S#R2H
(purine) b6 47 14 B S St 31447 55 3 #2401 091644 2 chemical ionization mass spectra » }15 &R E &1L
PHBUMNEMEA R R ORTR LAY PICI HSMHEE RUPER - TEARE R —
L Finnigan 2282 GCQ BAF @ARZNE + B4 F K RETH K T4 50038 A 2020 558k a A 7
B W3t heh PICT #5168 35A A S8 - 3L} » 4-Aminopyrazolo pyrimidine $& Adenine 2 isomer » B sb&
HEE S —HR LMY isomer AE H] - 34+ = isomer (Lo tit— &I -

B4 DME ~ 0, 58 CH, 45 % PICL 9L MBI AM - AR AL RS I PHREA ¢ CH, LR X H
CRBARRLAHERHREMEN > SRS CH, 9K TR LR Bt CH, A8 CHs 8T
HEZLMEX TRELH BT RFRBERTAL | == F ASE(DME)F B 6 09 /3 33588 2 K8 7 B 74K -
AHEREERABEEZ R A MGLEHMEMENR - LB LEW? O, AXBFGAIV AR AEHL R
BT LR AN 0 KA PICT F DA H D Bk R GEE 0,4 3 PICI 89408 3R LA S48 -
ERAFAHEA AN DMER CH, LB R &2 -

2§
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L ZPICI AT + BB TRIELHBRN L) B F D FRELERE

87 SURRAF S0 8L F AL B E £ 25 8 3 8] & 48 & 425 8 R & /5 4% #) primary ion % CH,* ~ CH;* ~ CH,* ~ CH* -
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¥ AT - B source BiRE pressure K B RBBFOHYRTFERARAAEE - LA T2
TR BILS ML RTIRETRTF/4FABE R A [MH1] ~ [M+29] - [M+H]* M " ¥ 8T8 - A
base peak 77 A8 A[M+H]'#-F > £ ¥ 2,6-Dichloropurine & M# 5§ £ & M 8F * ®F § 4 adduct ion 9 4%
ﬁ ®

Adenine ~ 4-Aminopyrazolo pyrimidine + 2-Amino-6-purinethiol & 6-Chloropurine ¥ b4 %818 5 R F 12
FAROEEBFRITEARBEBL THSELE » MAM+41]"~ [M+29]* - [M+tH]"A M " ¥ 8 FHE - &
K+ 2-Amino-6-purinethiol & 6-Chloropurine £ % [M+15]" 8T 65 4% % » $t% 6-Chloropurine #{M+15]" 4%+
# CAD 4 » & 81 £ % A8 & DME &2 6-Chloropurine A7 & 4 2 [M+15]*# (8¢ & [M+CH,]'#& F)#) CAD
& R 4% - 8 3R, 6-Chloropurine $2 CH, A7 & 4 2 [M+151" % T 69 5 % [M+CH,]" & F - % 2-Amino-6-purinethiol
% a DME Z i & BT ¥ {2 di# 2 CAD & Rz base peak B3 3% 48u T 454k ¥ 45 4ot 48u & CH,SH
o+ T hodt[M+15) 8 F 5 B[M+CH, | #& F -
2. AZPICI 6 TF » FopBIEEH 8 DME 087/ 5 FR MR
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HAHUZHERE A analyzer B3k BABRARLCENEFT S Aot "M B T X R G EARSALBT 2
HEB=HETHEH  BTEFZEATRG R FIHED HE LRS- E2h RS Mo R DME 687/
FRAEABHBARRSMILSE F R E/E chemical ionization mass spectra 6 R HREE P RO | & F
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Tho Rt ML G TEEMT F LR BT o
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ERAERTh CAD X #4#Y% & CAD EREREFIM+IS'BEF A RBRAETRRAMERXLZ 6 R
BLEATES > MM A putine F L& C KA N L TR EHE4HLSHSM+15]%8F CAD T8
RETHEATN 6 BELHETRE  ToMISI'BFATEELERE 6 BB LATHL B L%
% A CHCND) PR T T FENEHEIERAMEFRE 6 B LA TR L 7 HiZR 4L purine
®XE -
3. APICI 6o F » Fri It 5RO, 65887/ 59 FREBER

B R4 M-SR O, 8 chemical jonization mass spectra B, » O, #& § H K4 M4 ik 47 charge
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FhoiEB4EM+O)  EaRTHRAER 1% b CAD X ToRITMERBHEBCES 6 B
Ty SHERE -
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M1t 4 N Z Adenine $1 4-Aminopyrazolo pyrimidine # % 5§ 4 & [M+15]'"%8F » HER#AK A CH, 53> £
2-Amino-6-purinethiol #54 S Z o b HmH [M+15I' 8 F o544 > By CAD B R Tt PRILHER
RMEASH- $54 CH, 2 DME #h#& /5 FRES R » T#H4-SH TR EH FALCRZACLRBIR
BB RSB OWE - HBRHN CH, % DME - $RBARE O, ARG BTAEL RO,
£ # P Eos3{L 44 i /7 charge detachment reaction + B Ae L& O, BATTF/4 FAEZ ELMLEH ¥ E
6-Mercaptopurine §1 O, # 47 ho g R M # 4 A[M+OI'EEF » TR E LR THE LB AIK CH,
L DME % - 4 R4 #{L 4% | O, & chemical ionization mass spectra 4§ 3, base peak % & M'#F * @ 1t CH,




# DME 33 # R A24) mass spectra 2 base peak B]K#MA[M+HI' 8 F - R TEA KR A& 26
Dichloropurine 2 base peak & M" & F -

Adenine (MW:135.13).& 4-Aminopyrazolo pyrimidine (MW:135.13)st =1t 444 & 15} 4 & #& Ha(isomer) » &
FRTBRACENBA X FTRIPHEL NS SRR M R[M+H'8 T8 mz e -
HtBBUEN U —LEY  HOATRTLI TR EFERIRNBALRAAMS CH, £ DME - &
T % #| Adenine & 4-Aminopyrazolo pyrimidine 3t = isomer &3 /5 T 5% & ¥ B & relative intensity &
FREL4ER > THEES isomer WA AR BhAXRTE S HILB T/ TRABME 2 &
Ao BT RATRHEIEILAREE (CAD) H45 - ¥ Ed CAD 5 A4 2 KB TFHSERAL BB RE R
& 3|4t = isomer - &7 DME & Adenine & 4-Aminopyrazolo pyrimidine 4474 F/5F K MAT & £ 4[M+45]
E[M+15)"8F 2 CAD # R4 R - Adenine &#[M+45]"8F CAD ik /4 A s9[M+15]" A [M+13]' B F 2 48 8}
BTHEMF4F » B 4-Aminopyrazolo pyrimidine #5[M+45]'A8F CAD # 47 4 B 69[M+15]"% F 2B R %
[M+13]"% T2 fa #8467 3% K 69— ¥ - B Adenine #5[M+151" 8 F CAD % 2 base peak &[M+15-NH,]*s } #
F » # 4-Aminopyrazolo pyrimidine #[M+15]*#-F CAD #% =z base peak B 5[M+15-28]'% K & F -

R & F _

& PICI mass spectra #R R4 ML MBELHLEASGRSE M HOBRBE THRAAL Trap $5.9
kg FRRAE X DIP $ ALk BBz Trap FoAkSF o diRob ML 4458 DME-~CH, R O,
BT/ TREEMZL CAD SR TMESASGAL LA R4 Cl 494464h » & 6-Chloropurine $2 CH,
RATRETF/FREBMERGAEY ([M+29]" - [M+15]" ~ [M+H]* - & M*#F) = CAD #EHR4#
% HCl or Cl A4 H,0 &% K #F » £ +[M+15-HCHH,01"(m/z 151)& Fahta e F % K £ %3k 19% - &
4 Adenine & DME T8 F/9FREF £ R[M+H]'BEF 2 CAD £ R ¢ £ £ TEE S vl &8 HO &
KSR & * [M+H-NH;+H,0}'(m/z 137) » [M+H-NH,+2H,0]*(m/z 150) - M8 4 F % H H 2 5 6% & 3% -
4[M+41]* R{M+29]* #t-F2 CAD # £
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Mk RAE L B EE RIS WP AR &TF » % 4-Aminopyrazolo pyrimidine B] &

4[M+H]* « [M+2]* B[M+3]* 8 72 CAD & &
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SRR G LS HRE LRI R > B5 34 PICT SLEMRBEAT » ¥4
% +% Wi(purine) b &4 K2 & L BAL A3 45 1 M50 49 16449 2. chemical ionization mass spectra < 38, PICI
REAMNLEHOEMMEURTRANEBMN > B4 PICI B A FAL AR LB FRY - PICT T
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A— BF/DOTRELER (FIRRLET)

6-Chloropurine{154.56)
[M+41]*(195,1%)
[M+29]*(185,4%)
[M+29]*(183,12%)
[M+H]*(155,100%)
M*(154,9%)

Adenine(135.13)
[M+41]'(176,7%)
[M+29)'(164,46%)
[M+H]"(136,100%)
M*(135,8%)
[(M+H)-NH,]'(119,1%)

4-Aminopyrazolo pyrimidine(135.13)
[M+41}1*(176,3%)
[M+29]"(164,34%)
[M+H]*(136,100%)
M*(135,14%)
[(M+H)-NH,]'(119,1%)

2-Amino-6-purinethiol(167.19)
fM+41]*(208,2%)
[M+29]*(196,9%)
[M+15]'(182,15%)
[M+2]%(169,9%)
[M+H]'(168,100%)
M*™(167,15%)
[(M+H)-NH,[*(151,4%)

2,6-Dichloropurine(189.01)
[M+41]'(229 <1%)
[M+29]*(217,<1%)
[M+H]*(189,77%)
M*(188,100%)
[M-CI+H,01*(171,21%)
[M-Cl]*or[M-Cl+H,0-HCl+H,0](153 24%)
[M-Cl+H,0-HCl]*(135,33%)




F& = ~ 6-choropurine(154.56)& CAD & £ : (FH E&T)

[MPT+29]° (185)

[M+29]* (183)

{M+15]*(169)

[M+H]* (155)

M* (154)

-HCI+H,0(165,<1%)
-C,H,(157,100%)
-HCP'(147,2%)
-(CH+HCI)+H,0(137,2%)
-(C,H,+HCI*")(119,25%)

-HCI+H,0(165 ,<1%)
-C,H,(155,100%)
“HCI(147,1%)
«(CH+HC)+H,0(137.4%)
-(C,H+HCI)(119,25%)

-HCI+H,0(151,19%)
-HCI(133,100%)
-(HCI+HCN)(106,12%)

-HCI+H,0(137.6%)
-HCI(119,100%)
“(HCIH+HCN)(92,7%)

-Cl+H,0(137,6%)
-CI(119,100%)
«(CI+HCNXY92,9%)




& =  Adenine (135.13)8§ CAD # & (PirLaed)

[M+41] (176) “NH,(159,100%)
-HCN(149,78%)
-C,H,0rCH,N'(148,53%)
-C,H,(136,62%)
-C,H,(135,67%)
-C;H(134,24%)
-(C,H,+HCN)or(CH,N +HCN)(121,12%)
-(C,H+NHCH,)or(CH,N" +NHCH,)(119,9%)
(C,H,+HCN)(108,10%) '
-(NH,+2HCN)(105,7%)

«(C,H+2HCNYor(CH,N' +2HCN)(94,3%)

[M+29]* (164) -NH,(147,11%)
-C,H, or CH,N(136,100%)
~(NH,+C,H,)or(NH,+CH,N")(119,15%)

[M+H]' (136) -NH,(119,100%)
-HCN(109,4%)
-CH,N,(94,14%)
-CH,N,(92,9%)

M* (135) -HCN(108,100%)

[M+H-NH,]* (119) -HCN(92,100%)
-CH,N,(77,14%)
-52(67,28%)
-2HCN(65,22%)

#m * 4-Aminopyrazolo pyrimidine(135.13)89 CAD &% (FiH L&)

[M+417 (176) NH,(159,47%)
-HCN(149,100%)
-C,H,01CH,N'(148,43%)
-C,H(136,87%)

-C,H;(135,7%)

[M+29]° (164) _NH,(147,7%)
-C,H,0rCH,N'(136,100%)
_CH,N(119,11%)

[M+HJ* (136) -NH,(119,100%)
“HCN(109,19%)
-CH,N(108,6%)
-CH,N,(94,18%)
(HCN+CH,N'}(81,6%)

M*(135) "HCN(108,100%)
-CH,N(107.6%)




& & + 2-Amino-6-purinethiol(167.19)44 CAD # £

(P HEEET)

[M+41] (208)

[M+29]*(196)

[M+15}(182)

[M+H]* (168)

M* (167)

(M+H-NH,J* (151)

[{M+2)-SH,]*(135)

“NH,(191,72%)
-C,H,0rCH,N(180,11%)
-SH(175.9%)
-SH,(174,9%)
-C,H,(168,43%)

-C,H, (167,100%)
-C,H(166,11%)
-CH,SH(160,9%)
-(NH,+C,H,)(149,27%)
-C,H,S(134,16%)

-CH,(181,26%)
-NH,(179,18%)
-C,H,0rCH,N((168,61%)
-SH(163 ,8%)
-SH,(162,9%)
-73(123,5%)

-CH,'(167,16%)
-NH,(165,24%)
-SH,(148,11%)
«(CH,SH)(134,100%)
-(NH,+SH,)(121,4%)
-73(109,6%)
-75(107,6%)

-NH,(151,100%)
-SH,(134,13%)
-CH,N,(126,9%)
-(NH,+CH,N,)(109,6%)

-NH,(150,30%)
-HCN(140,9%)
-SH(134.,29%)
-CH,N,(125,100%)
-(NH, +CH,N,)(109,45%)
~(NH,+CH,N,)(108,36%)
(HCN+CH,N,)(98,10%)

“HCN(124 40%)
-CH,N,(109,100%)
-2HCN(97 20%)
-(HCN+CH,N,)(82,47%)

-NH,(119,11%)
_NH,(118,4%)
-26(109,24%)
"HCN(108,100%)



[(M+H)-SH]*
or{M-SHJ*(134)

~CH,NH(107.23%)
-41(94,26%)
-2HCN(81,11%)
-(HCN+CH,N)(80,6%)

-HCN(107,100%)
~CH,N,(92,12%)
-2HCN(80,22%)

F A ~ 2,6-dichoropurine(189.01)4% CAD # & : (FR L& T)

[M+HT (189)

M*(188)

[M-CI+H,07* (171)

[M-Cl+H,0-HCI+H,0]*
or [M-CIJ* (153)

[M-C1+H,0-HC1]*(135)

-CI+H,0(172,6%)
-HCI+H,0(171,30%)
-HCI+0(169,36%)

-Cl or -Cl+H,0-HC1+H,0(154,9%)
-HCl or -HCL+H,0-HCI+H,0(153,91%)
-Cl+H,0-HCI(136,7%)
-“HCI+H,0-HCI(135,100%)
-HC1+0-HCI (133,32%)

-ClI+H,0(171,65%)

-C1+0(169,13%)

-Cl or -Cl+H,0-HCI+H,0(153,100%)
-Cl+H,0-HCI(135,54%)
-C1+0-HCI(133,7%)

-15(156,3%)

-H,0 or -HCI1+H,0(153,13%)
-HC1¥+H,0(151,29%)
-22(149,25%)

-CO(143,2%)
-HCI(135,24%)
-HC1*'(133,100%)
-(CO+HC1)(106,7%)

-H,0(135,9%)
-HCN(126,16%)
-CI(118,80%)
-52(101,4%)
-61(92,100%)
-70(83 ,4%)
(HCN+52)(74,6%)
(HCN+61)(65 ,9%)

-OH(118,18%)
"HCN(108,59%)
-CO(107,100%)
-41(94,37%)
(HCN+CO)80,53%)
{(HCN+41)(67,10%)




A- BT/ FREEL: (DMEE&7T)

Adenine(135)
M™(135,27%)
[M+H](136,100%)
[M+13]7(148,5%)
[M+157(150,9%)
[M-+45]'(180,46%)

6-mercaptopurine(152)
M™(152,30%)
[M+H]*(153,100%)
M+13](165,26%)
[M+15](167,32%)
[(M+45)(197,21%)
[M-H]"(151,3%)
[M+H-NH,]J" or [M+13-NHCH,]" (136,6%)

4-aminopyrazolo pyrimdine(135)
M*"(135,31%)
[M+H]" (136,100%)
[M+13]"(148,4%)
[M+15]°(150,7%)
[M+457"(180,26%)

6-chloropurine{154)
[M+H]" (155,100%)
[M+15]7(169,18%)
[M+45]7(199,14%)

% = ~ Adenine 8 CAD £ % : (DME L& F)

M (135) -HCN(108,100%)

[M+H]* (136) -NH,(119,50%)
-HCN(109,100%)
-NCNH, (94,13%)
-CH,NY(108,22%)

[M+13]* (148) -12(136,23%)
-HCN(121,100%)
-NHCH,(119,14%)
-2HCN(94,5%)

[M+15]* (150) -NH,(133,100%)
“HCN(123,18%)
-CH,N(122.,6%)
-CH,CNH or ~(HCN+NHCH,)(109,10%)

[M+45]* (180) -14(166,5%)
-CH,0(150,100%)
-CH,0H(148,94%)
_44(136,3%)
-59(121,3%)




# = ~ 6-mercaptopurine (152)49 CAD # £ (DME iE # )

[M-H]'(151)

M* (152)

[M+H]" (153)

[M+13] (165)

[M+15]" (167)

[M+45]* (197)

[M-27]" (125)

“HCN(124,100%)

-SH+H,0(137,4%)
-HCN(125,100%)
-SH(119,25%)
-SH+H,0-NHCH, (108,6%)
«(HCN+NH,CH,)(94,5%)

-16(137,7%)
-SH,+H,0(136,18%)
-HCN(126,56%)
-H,S(119,100%)
-35(118 44%)
-59(94,14%)

-HCN(138,100%)
+H,0-CH,N(155,2%) ]
-CH,N(137,10%)
-NHCH,(136.6%)
+H,0-CH,N-SH,(121,34%)
-SCH,(119,49%)
-2HCN(111,11%)
+H,0-CH,N-SH,-HCN(94,4%)
-40(125 25%)

-59(106,10%)

-CH, " (152,9%)
-HCN(140,40%)
-SH,(133,100%)
-CH,CNH)(126,20%)
-CH,SH (119,6%)

-CH,(165,17%)
-CH,0H(167,100%)

“HCN(98,100%)
2HCN(71,9%)




# 19 ~ 4-Aminopyrazolo pyrimidine (135.13)#5 CAD & £

(DME £ & F)

M~ (135)

[M+H]* (136)

[M+13]* (148)

[M+15]* (150)

[M+45]* (180)

-HCN(108,100%)

-NH,+H,0(137,4%)
-NH,(119,19%)
-HCN(109,100%)
-CH,N(108,37%)
-NCNH,(94,10%)
~(HCN+CH,N')(81,8%)

-12(136,13%)
-HCN(121,100%)
“2ZHCN(94,3%)

-NH,(133,57%)
HCN(123,35%)
-CH,N(122,100%)
-CH,CNH(109,14%) -
~(HCN+CH,N )(95,18%)

-14(166,1%)
-CH,0(150,47%)
-CH,OH(148,100%)
~44(136,2%)
-59(121,3%)

#£ % - 6-chloropurine (154)4 CAD % (DME &)

[M+H]"(155)

[M+15]* (169)

[M+45]* (199)

-HCIHH,0(137,13%)
-HC1(119,100%)
-62(93,21%)

“HCI+H,0(151,14%)
_HCI(133,100%)

-CH,0H(169,100%)
-CH,0(167,6%)
-66(133,2%)




A— BT/ TREER (RALET)

2,6-dichloropurine(188)
M*(188,100%)
[M-Cl+H,0]%(171,8%)
[M-CI]*(153,21%)
[M-CI+H,0-HC1]*(135,14%)
6-chloropurine(154)
M*™(154,100%)
[M-CI+H,0]'(137,16%)
[M-C11%(119,40%)
[M-CI-HCN]*(92,3%)

6-mercaptopurine(152)
[M+O]1*(168,1%)
M*™(152,100%)
[M-SH+H,0]%(137,6%)
[M-HCNJ'(125,14%)
[M-SH]*(119,5%) )

Adenine(135)

) [M+H]*(136,100%)

M*(135,50%)
[M+H-NH,]*(119,1%)
[M-HCN]*(108,11%)

#& = - 2,6-dichloropurine(188)# CAD & % (f & E#-F)

M (188) -CI+H,0(171,25%)
-CI(153,100%)
-CI+H,0-HCI(135,41%)
-C1,(118,5%)

[M-Cl+H,0]*(171) -H,0(153,11%)
-HCI(135,100%)

[M-CIJ*(153) +H,0(171,8%)
+H,0-HCI(135,20%)
-HCN(126,22%)
-CI(118,100%)
-HCI(117 A%)
-2HCN(99,5%)
-61(92,54%)
-(CI+HCN)(91,18%)
-Cl1,(83.6%)

[M-Cl+H,0-HCI]"(135) -HCN(108,100%)
-CO(107,39%)
2HCN(81,8%)
-(CO+HCN)(80,15%)




Z ~ 6-chloropurine(154)69 CAD # £ ( f A L&TF)

M (154)

[M-Cl+H,01"(137)

[M-CI]'(119)

-CI+H,0(137,15%)
-C1(119,100%)
«(Cl+HCN)(192,4%)

-H,0(119,100%)
-HCN(110,40%)

+2H,0(155,10%)
+H,0(137,1%)
-HCN(92,78%)

- 2N2(77’6%)
-52(67,15%)
_2HCN(65,15%)

& w » 6-mercaptopurine(152)4 CAD # £ (L f E&F)

[M+O]7(168)

M*(152)

[M-SH+H,0]*(137)

-9(159,9%)
-0(152,4%)
-HCN(141,12%)
-00(140,5%)
-S(136,9%)
-SH(135,14%)
-(O+HCN)(125,38%)
-48(120,100%)
-(O+2HCN)(98,10%)

-SH+H,0(137,32%)
-SH,+H,0(136,3%)
“HCN(125,100%)
-28(124,13%)
-SH(119,67%)
-SH+H,0-NHCH,(108,11%)
-2ZHCN(98,22%)
~(SH+HCN)(92,5%)

-H,0(119,100%)
-HCN(110,56%)

£ % - Adenine(135)#y CAD # & (AL &F)

[M+H] (136) _NH,(119,100%)
"HCN(109,13%)

M*(135) -HCN(108,100%)

[M-HCNJ*(108) -HCN(81,71%)

-CH,N,(66,100%)




Ion-Molecule Reaction of Flavones and Flavanones with Dimethyl Ether in an External Source lon Trap

(R FBRARMARTHARRPIRT/FTRN)

Hui-Fen Wu', Chao-Ching Wu and Chien-Hong Chen
Department of Chemistry
Tamkang University
Tamsui, Taipei Hsien, 25137, Taiwan, R. O. C.

e
A& A& M Finnigan 223 2 GCQ™ 8- T R > EARBETF/4TRE - N RHEFEBRLIOTE
EHNBRABAOBE RT2  TELAHLT - HA HEREA N RBHAL M TPHOR B LI
FOXFE Bl ATHRHBIERO A MK EARREDLEWAREELAT - AL TUHRBLOHe
HMA R B M hAE ER— B o T A2 T8 4: A w48 % % 8 8( flavones )& —# = § 1% & % & & (flavanones)
& # ¥ it4-4 » 4 %] & Baicalein ~ Chrysin - Morin + Fisetin & Naringenin « i§ #i{b- 5 2 F BHu B s i f%
49 h 8OIR T 45 B4 HIV &8 e #) B - .

AKSA SRR 2 8 F R KR v £ CAD H45 S = F A 8(DME)4F A /L% 2k 14 4 £ 4 - DME
ABREE T EETH AR CH3O=CH2' (m/z=45) B CH3OHCH3' (m/z=47) ST R TRTFEHUES
PR/ TAY BB FEFEBICSHE £ F 2 [M+47]" Adduct ion + &4 Finnigan GOQ™* R4 #8#
EoHeiid Bk Ai s ibiir CAD 65K - RRERMT 24X K THBLESH TR OH ETEL
ARV BAMBIURER SR ENARE 4 R E C=0 SR LM AMIISI' 0T/ F A% - $uit - &
2REEIES2MARNEI NG L OH AN GART r N2 A TFRTFTHARABIXFRAAXE BTY
RAK¥H20O o CO LM » FTRHNFRTFAPAKEARKGFE - BRAMBFT & » 5 3EH X EE S 2 DME
BAAR TR TF/0FRAE  TRERXTURES BHELNT  BAANLRM+H'RTF - EHEHRT
TR THIERBASERREAEAMAL B THRBERERERME  TThEB T TR
MR - L BB EBRHE R ARk -

. % - I

— RIS HER D EREEBEREFR—EANHRFENAE ARARYIESHOREFTRAGE
F-ALRBLSHOERTRARXGOUE #M BHERA IR RGEL BB P OERATBMENH LA -
EEARET ALY ABEERGRERMLEHAHRKELERTEEETY - HAUERGAEHBA
FTEEETELNDREY AT TUHRBLEHOERAERT—RGEHRBER - HEMTWRLE
R SRS HEHADRRITORES » BRELMAHRIAFRLRET KM - DIE & A5 :R4F
HOFH L ERET/LEIREIEN > oA 8T 9 K A (Finnigan 2 GCP™) HJATehiRs » X
B LR PRGERTATRE - AR EMDNE 2R84 A EMNBZ A& THNBRTETEAR -
R AEERERLAME -

AR E N ek X585 (flavones) & — €= A1t & KB #(flavanones) &y ML 4¥ » 43 A
Baicalein + Chrysin « Morin « Fisetin & Naringenin (%, B —) - S84 & % A X AR L XRA £ 86
SR (Microsome) {1-2]- A A#MA HPLC-UVARLC-MS WEHAASARBRETHRAT
AR FHREFRNLSY B EOMRAAERHRFH T[] b EAFREETROMRMA-5]-
B i M EAET HIV 855 ##6-7 - Bt AL R RSOH IR LKL EA[8-10] -
He ¥ A# A HPLC - ES - MS #5848 E Satih F 4 7 A& K-8 44[11] 8 — F R\ LRLS
AAREEANA - NP EREXTF D BREEEAREREHNEFS - AEFESFHLEHOR
EAE RS R SNk o Lin ¥ A 324t Thermospray LC/MS/MS 2 CID #) F & REM A MM F K
¥ B MMALSH[12] - 4 & CID &5 W 3685 9 1 = 48 £ pyran ring L &5 H W X+ /£ & 4 $+ flavanone ¢ flavone
A& flavonol 94k » £ BB EI~ Cl R FAB ¥ #5694 % - £ % > Barbara ¥ A M TSQ45 2 = w
# X, K 34K 5 %] 5% EL ~ PCI & NCI o t. CAD 4 » 487 R ¥ & it #1224 ¥ ¢) Naringenin & Hesperitin
AT R 54 [13] - 44T » Kingstone $F #1355 BN MR DL LA FFAME - 884 OH T E R OMe
THELA  UEIAFIANE - EMERRRE[Y] RES A STFELARANEEE  TEREHESL
H P ERH A RE AT ET/ T RS R A & [Me15]' R [M+13]'8 Adduct ion + %3 #
HMOFTRMAREDFA EHE AN TSR RE LA ¢ 2% -Borttger #{ A AEI MS9 & DuPont
21-490B #! %; A2 4% & ¥ 51K oL methane & isobutane 4f B8 BE X&) £ 1 L & E S HMBHLEY
# & ©,3% Morin & Chrysin ' A& A RENHERENTF > iT@ /o FMANS5) - £ 3L g RS el
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LEEAFRSF OH THREEEF AN EAIM+H]" > 5T 2 » OMe T A 54% OH T 6 A 0 [M+H]" £ 49
o BABRAGEHECERELFE-EARAGEEE L S F¥ R LS HOBBRAREANSY - AFE
FHHEFEES - LA M LA M+H] a4 58 Z 69208 - 3 ¢b » isobutane 4+ 24 OH 7 ks & oy fE &7
A IM+15P 8T 0 B L R A RAFH - Towers £ A MR K BRAR EZEMILSH ¥ OH T4 %6 £[16] -
Wil 5 S AmE R s OH TR AL NMEM RN RS 5o - &Y KBB4 flavanones
A dihydroflavonols #)| F] W& 4T 547(17] ) B A L FEBHEFE Z[M-43) UA[M-STI'STF B
WARKERETHREZOH AL - Kavka FAYBHEANE — & 712 [M-H]' % % F 8214 #[18~20] » dAf
FEHRBMBTUATR  —EH R EEHF 8 COMBE 4 WBRRAAAT TS COH
& HETRBAGE - Cerrati ¥ARIEAEEMEFRMELEE 4 OMe THEL » 175 R E &) EI
M AHRE-FREEIARLFIMIIBTAMAIST O RMRE « KA > £4 60 4 HFFEMLS
Wy RABRE M43 beidta{22 0 23] o5 T ARG A KM R E[24] - % 5 Popov 4 A amines
B BA AT R K SMMILSW[25] - £ 464 Morin & Naringenin » F# 24 R A4S IMN BN
X -

KBRBRES LSBT FHEMER  CHERMNAN T D - 3N —F X8 (DME)
HMARERARTH N SR ATABET/FCFRATHA SHLSHER O TRAAF 588
o LELARRTEA—FESFLEN AN - Huaaxd+e# DME £3%8E ¥ % CH30=CH2'

(m/z=45) B CH3OHCH3' (m/z=47) eh R MM KX[27-47) REMBRFM AR T/ o FEH Bk
ARPEMKFEZFPILSHH T > 78R OH R CO THEAMAM+II A [M+ISI 98 F/9r F A% 8
EEHRTHRAHRPERERECEOTE - BAEFHOBRTFIRER > B—8B2 ACTE
RAFRTEH A TFRTHERAMS  ER AT /AR (Collisional Activated Dissociation ) 3 # »
BORARL BT TRREGHL BRI - SBEMNAREARE - AFTER IR HB AR T
HRMEMH A EFRARY LSBT EART/0FRAE  ARFESHRZ KRB - EIERT R4S
WA H L LRGSR ILE -

o :

A X S4# A Finnigan %> &) 2 ( Finnigan - MAT » San Jose * CA) GCQ"™ & -7 it ¥ %44 & mass-selective
instability mode R ATREF & (A K425 - FHE — F L&k (DME )45 AL S 8188 £ — P A8kt 8 <107 torr
B HABRERF 200C THA miz=45 A m/z=47 §H VX BT BFTHTOHREEAS Imtor - #IA
NMevHTRELHB-_TES BAFEHERT  BAGFHANBRRE LRSS ERT/ o FES
AGC(Auto Gain Control) Prescan #90% % 1 ms - #5#)] Lens 1 MAL#E 03~25ms 2 /M) 3| Fa AT
B - Mol DIPEHEAMBAE » 1 70~100°C /min &3 B @B 250C~390C 2 M » 2 £
B TREREMEART » MEBTHMY IS5ms R Z/CAE > REMENHTRERA 09~15V 2
Bl e B4 SiEHBHEMR AN E 6x10" torr FHRITHRTF/GFREM - Rt N84 48 Hyper Chem 5.1
Ja(Hypercube,Inc. » Gainesville  Florida)#) AM1 #+ ¥ ¥k - AR ¥ 2 4% 5 ¥MIt 44 » Chrysin ~
Baicalein - Morin - Fisetin A& Naringenin - X ¥ Baicalein v DME 8% & Aldrich ( Milwaukee + WI ) » Chrysin ~
Morin $» Naringenin B #i Sigma ( Louis » MO) - Fisetin % B Acros (Pittsburgh » PA) -

ERRHG

ZME T GCQ BT Bt Wit 5L PCI B s a0 o ik » (L EABRBTREFTOHGLEHBE M~
[M+H]* ~ BZBFH M AIM+13]" -« [M+15]" » [M+ASTRIMHATI R F /50 TAY (RA—) £ BAXR
Z DME S &ME ST » it M R[M+H] Z R HBE N R - i EGCQRBEMARLE - BT
HERBUABERENFLRBOER - RS HERETEEGEE - A - K8 MMM WHRER
BN EAARRGEGFTARARATRBHOER A BET/FFRABZLAARARRE - #
ARAHRBAEAFAER - UTHES IR EFTRARBLHALE )RR LEFHZ LS
MEEE BRACMAR LR BAHLERM -

(1) ¥+ 3B DME t9# 7/ FRBZ BRI N ¢

FARPHA M FasxE Ry FREM HELBF/ o FREE[MI] ~ (N3] A M5 89K
Bk )RR EFXTAMAMH] ~ M3V A[MHI]' 2 4 AB(RA 2 --k-—2x) K¢
REBAOE A hAMAESZERARNOEREREREDZ A RARAHE(Arm = 2 Alf of products —
T AHf of reactants) » fsl4o : & =2z — ¥ Chrysin # % 5 % T 49 OH 2 8t DME o9 CH30CH2 ' (m/2z=45)
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BEUAE(MIS] T REREE-3] Keal/mole A& &k -2z = Chrysin 2 £ A RTFSHARE S
[M+13]" & -1 CH30H &7 & A % 2 #(—48 Kcal/mole +89. 3596 Kcal/mole) » #4 M 2 CH30CH2 " (m/z=45)
AT o4 A B2 40 (-85. 3161 Kcal/mole+158 Kcal/mole) - X5 ¥ M5 M RBTH ANH5]' R
(MHT]' A Bt E AR RS T U E - B DME HP M T O TREL L% REH BHESB TR
$RERANER L~ HLAANERAHESOF UG ELERAHERBT/ S FERAN T AR
EARREB - EMTHARBBRMEORY - AmA £ 38BLSDAARS PR RS RESHB ML
ERATFHRNE  HEBRAAGEBEE » AR BMRE Ny tkif -

(2) RESHEARSILLHE DME HkETF/ 5 FEML

R-HRF/ O FRAAKE - TRES A A Addoct ion : [M+47]" ~ [M+45]* ~ [M+15]* » [M+13]* »
(M+H]" M " "R v hRTEE R F - L+ Adduction - FRAMBETEN ESMMALSHERERS®
THEErmiE L 0 [M+H]" B m/z=47 2 = F L84 &E T A7 384789 proton transfer - B XM ¥ EMNKL I ¥ E&
FPAL S AT LN A o T LLF 3] MU REF[15 0 25) - i B AR8F B charpe exchange AR ¢+ B 3t
XM FRHEDLBES - AR RARAEN MU A[M+H 658 % : B 7 - & Baicalein £ 8 x10° torr
B R/ TR AR m/z =270 & M 8-F m/z = 271 H[M+H)*8&F - % ¥ M*' % 9 §i & base peak: [M+H]
"HRNRERA 21% A% > Bt - & Baicalein & 6 x10™ torr e BEF/9 F 5K B #  m/z = 271 $)[M+H]
‘BT R @ % T base peak * M F 4948 84 % A % 5 % - Naringenin & 2 Sty H(LEA - BA) -
BB RS TR » BB AR S AN MH] 8 F69 4 & - = &% proton transfer &) B ik
B-RHMBTAHRLE  THRAHLCSHREAAEM AN 100105 TTFREAMRTHEEINLS
H(Miel>M"+el+e2) A M"BF - AR P AAMESZ ¢ 20 R - £AWARBIE R
(13~17 + 20 » 21~24)4 Retro-Diels-Alder{RDA) cleavage /8 4} » & § & £ £ F#af i L[26] - k¥ B HM
feshmAtz P ERE » TidEd Adduction ' [M+H]' A M R » Arolsd d 8 B 45 R e F 47
BHECRE EHYBESR EOET -

AT/ FREGRITELANHBRRE  ALEARKER TR PHLEZB8T/0 T4 Bit
ABRTEOETESAETHOER  AGRBRETHRTEHNNEARE B - S K PR
RAME > A—F GB35 A¥E CO R H2O th= j #F - 4 Naringenin 48k ¢ > £ 2 -3 MM Esist
MARFESE R+t AMEZRDAGEFBBETCTHARRNLLHELMEE S AREPREEYY
o — 8 At CO R H20 Z & HrikF- by & = R & w2 5k 7% 1L 438 4 I 7T 4o > Naringenin &) m/z=179
BRAKT  LRRTEAMH] # C6H60 & M* * 3 C6HSO #[M+45]*# C8H1002 A7 ik & : m/z=166 #
BARF ERERTHELE M3 CTH6O H[M+H]'# CTH70 piid &% © m/z=153 4% § BEF R RAITRE B
LT a4 - MT "3 CS8H70 ~ [M+H]"#% C8HS8O - [M+13]*# CIHBO ~ [M+15]*#¢ C8H70 A CH3" - [M+45]*
3 C8HA04 - % % m/z=120 &7  #F K| A charge migration 75 s # C7THAO4 &1 i - Chrysin $¢ Baicalein( B
+ B H8T/0F A KK EE)A % charge retention 4+ %3 C8H6 24 i m/z=152 L& m/z=168 #)&
AT mRi—Hi—48 CO#AE miz=124 & m/z=140 Z % } #-F - Morin i Fisetin(l -+ —R B+ =%
B/ FEATHEARE 3RS E o) OH AR H 2 B HR4T RDA ¢ o -cleavage » e M #eHER - 5
X7 EH - G HTEARARZFBAIN KXY RDA 8§ {2 - 7 4 Morin & Fisetin 354 (M-OH]
GRABTEL BRMEBEIREELOHENRE - MURDAHHERBEF -OH AR EX LTS
&5 Misk - t£ 4% Morin & 4 m/z=153 sh2 K Rt F - L RIRTHE & M* "4 CBHS03 ~ [M+H]'## C8H603 ~ [M+13]"
# CIH603 ~ [M+1514¢ C8H404 : m/z=137 &9&% K &E-F + K 2% & [M+H]'# C8H604 - [} # s Fisetin 5 %
m/z=137 tha% K e F » LR K& M* " C8HS03 [M+H]*# C8H603 -

4 3k% ¥[15] » Borttger £ methane 45 &L RS M A MM IE R % " OH TREMNF LK ER
[M+H]"#BF e £ A » scE&E R B AN o) & X8 7§ 4 - [M+HI'#F & & CH3IOHCH3(m/z = 47)8F proton
transfer AR » B XM R  Fisctin P ¥ Ff 40 Eéhs L H a8t ey OH X » & ortho effect 75 8
BAHMEEKESK 69(M+47) £ 4y - Fisetin £ 2 Fw R A CL4HA COWRE A B SR E L6 OH
TREAHAERTALEE 4 B4 ¥ carbonyl group 85 £ £ B £ - #¢ T Naringenin 4 » X #rmo iS4
M"E{M+H]'#& R4 » 5L M" % base peak - SMPHTHRAM T LB FRB T L9 % Naringenin £ F
A FLraOH X Morin 282 4 F L& OH A & Fisetin £ 37 -4 L&y OH % - A B F AR S
Adduct ion #£5 © $ 7 DME 85 m/z=45 B m/z=47 ¢h 8 ¥ R B T sl foid - ortho 4 § F #5415 i [M+47]" -
ENM+ITAMAISI" B4 REAGTHEE  EXEL S8 T/H TRET 4 - LAk F il fTadEk
Mgk THEARBTEANE FHETREAFINBFTLEREALE -
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(3) M " RAM+H]" BTt i 5L s £ -

AEBM " R[M+H] 8 T 4 SLARE 6045 R - B8 T F %R #7322 Tandem in time MS & 3h
ST HRUHABR TR ACERRZENEH MR I RRASHNELA > BMEARH
BT AR F AR miz=47 B FRERT Fé&# BAMHIMET  $H T ER8MILS WA
[M+H]"RA M "2t #/5bBas AP RESHNTAHRDA A F M HMS B bt PR H e
8 RT AW B protonation site » AABRACHFHAREAWMEPRFT R B —FEH  EHBRRITAS
Fi  HEEBRAMEEGEELED) » B URALS ke 4T -

Chrysin #= Baicalein & M™ "8 Fai fe s LR S R (A M+ oA+ 5)TH B3 LR £ - £ (C8HO) &Y
neutralloss * A B ¥ 2 WA ¥ O A G Rbkeh Wi B B % 3 do X 4 WM s s oy BT ¥ (Path a) - $#[M+H]"
%% » Baicalein & Chrysin (B + 7 & Chrysin Z[M+H]' CAD W %) » E#4 Z % % - ¥ & ncutral loss » &M
& H A miz=169 & m/z=153 o) F 1 MET - FIikeMFE 5 X (patha) » TR ¥k - B2 ReHLeaan
#& > | R 84L& 4f protonationsite A 4 B EMH CO XU R E 5 %M ¥ ey OH %2 M(Chrysin: AH=
-26 kcal/mole + Baicalein : -24 kcal/mole) *» B — K FRAB FARYTFHA S - 8 Lin EAFHT —
AFREBRLSPABH G RREE LR L HA[12] -

Naringenin ) M”™ " Rk-FREH 5 /LARBE S R T 20( R+ R A : pathd) - &% B #F m/z=179 % phenyl
ring(C6H50)#4 radical 4 % + f [M+H]'(H + /A & Naringenin 7 & [M+H]" % CAD ® )% & C6H60 # radical
#E(Rt ‘pathd)r G RBHWWI A4ER » B FI87 protonation site B + ¥ 30 £ HMR(AH=-19
kcal/mole)s A st R L R - TR R ¥ 47T HALR 2 a & ¢ o5 353 N30 % 1 3% & 7T 4 &9 protonation
site B3 3 F oMM K 4 84 F ey C=0 T4 A(AH =41 kcal/mole) - M* " R[M+H[*eh a2kt £ B A M b
HHMEE - FNaringen E R IR XN C-O THAMTFLE B4 ARG ERE R 555 m/z=137
Amiz=14T 4 R T - BbToo » K F LR A THEABLEBEBRAHEUREE -

Morin # protonation site $ Naringenin 484! » X BB R(AX=Z - B+A - —HRA-_HEZRHE
HSEBT R R A THECELE 3RO R(AH =1 kcal/mole) R Z 4 £ X S EHF(AH =-20
kcal/mole) b » @l —RMZGEMUX T FH T - RN T HREHHER - RRFTURIA
A ¥ & OH radical # %  tt# Naringenin #» Fisetin 5 # X R L H 40> B E 4 OH radical A Z 2’H FE
AOHE -AEFIRMESHOHATLARGSG C=OXBES» TR 8468 BEHLE © % F 4 4A Naringenin
ARASREEHOH XL » H8H 34 X F OH radical £ % -

Fisetin & protonation site BT HH AL L RENZ BB B+ - KRB+ P 2E RSB
GER) FIMBEETRANE R X ¥e(AH=-6kcal/mole)ir K § 4 B Fey C=0 B X(AH=-21
kcal/mole) L > B ikib thd M — R =69 AR F X e $90% A% : Fisetin K FLiBdE L TH DRBHHEMA -
H—F @ K& FkNF Morin & Fisetin ) M* " & iy 48K T 242 - patha FF & A& m/z=153 & m/z=137
HREART REEL FEIRALIBRNOBRKNNAE > E3IRCTHOHEANER R Rodw
OHRMEARMEGERRSFREASHTRBED COMMPIR - EERLURALARTF -

MELEAR T R B®MLSH2 M T E ARkt (R & =)T4 » Chrysin & Baicalein £ % 5
ROUEA—MOHTHE  HAXAARBTIBRLEG CORBEN T TREM » &4 Chrysin T4 ¥ 4 3%
AEHCOELERE &R [M-COI* (n/z=226)4 100% ehia Y% K - F1I2 » Baicalein )[M-COJ" (mn/z=242)
A 34X HHARMEKE « @ H¥ Naringenin % » AP EMEHNBALERHMRE Rk b TNl
HUER - EHHNATERHCONER - A —F D Fisetin RIAEIRAEA—BOHEHRE - ERCO
B T P Bse s AR AEE 4R 3 [M-COJ' (n/z=258) IF & 23% 6948 35 K « B sL 8 S kA L 4) 48 8% + $142 Morin
ME BIHAREIROTRESRARAOHTHEE  EF TR LMY AME + & Morin &§[M-
COT(m/z=27) AN HE R F 2K » TRHRFRETH  THREANEIFAENUNSTFERGRBLARK
HYEE -

(4) M+13]" ~ [M+15]" ~ [M+45]* ~ [M+47]" 8 F /5 T At W & 1L
MR

A & 7 # S EMIL S B [M+13]" ~ [M+15] » [M+45]* » [M+47]" Adduct ion 2 CAD # EEF N L -
i AARERAFTHEMA] AM+SI 2 P R EERF &  dREwWAREETUTHENENFN - KX
R BU M PMtHI'"$9 R - H 1 B H20 A HMBA m/z = 28 & loss - £ HF P RETHAMA - BAE
HPBAYREEANEH DME R B & adduct ion 276 - BHOBREHLHEMZA® CAD H4 R4
AEHE - EHAMBA adduct ion HR KT » BT —REMBEGF EHEE - HARRH AL RERE
BTHRFL AR BRAOLE - RETEEORES - BEFASSFLEET A ARBOFH(RLD) -
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(5) M+13]"o9 Mk Fab B LM 42 B -

[M+13]"& .8 5 [M+45]* 2 CH3OH neutral loss - Chrysin ~ Baicalein & [M+13]" (A8 —~+= - g -
TERM+H] M e st 5 ILARRE 2 + 207 HAS (KA £ Alpatha) B 2% £ 4 nentral loss »
T KA 4% = Chrysin ~ Baicalein &) F 1 /L ég i BN E FLARE  Bh A 5840 T AiLer R g A
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Abstract

This is a study of the influence of different substituents on Electron Capture Detection (ECD),
utilizing an external source benchtop ion trap mass spectrometer, to perform collisionally activated
dissociation experiments for an array of uracil derivatives.

In addition to observation of the formation of M, [M-H]', 2M" and [2M-HJ, along with their
fragment ions, we find from the CAD results, that these compounds can eliminate neutral loss of
HNCO, CO and HCN related to the breaking of the structure of the pyrimidine ring or halogen atoms,
and this depends on the different substituents on the pyrimidine ring. The relationship between the
structural difference with their ECD reactivity is also discussed.

Introduction

Electron Capture Detection (ECD) Mass Spectrometry is an extremely sensitive and selective
technique for use in the analysis of compounds containing electrophilic functional groups [1-28].
The process has been used extensively in the analysis of many classes of compounds in the
traditional mass spectrometers such as sector and quadrupole [1-28). However, in performing
negative ion analysis [29-34] difficulties have been encountered with the ion trap mass spectrometer
(dTMS). GOQ represents the first commercial benchtop ion trap mass spectrometer with the
capability of performing effective negative ion analysis.

The process of negative ion formation by ECD is typically the result of the interaction of
electron and molecules by the following three mechanisms [1,6]:

I.  Resonance electron capture:
MX + e (~0ev) > MX"™

II. Dissociative resonance capture:
MX + e (0~15ev) - M + X~

IlI. Ion-Pair Formation:

MX +e (>15ev)— M+ X +e

b



Ins this study, an array of uracil halogenated compounds, the structures of which are shown in
Figure 1, were examined by ECD in the ion trap tandem mass spectrometer with an external source
(the Finnigan GOQP™). Since these halogenated uracil derivatives possess higher electron affinities,
there is the potential for formation of negative ions during the resonance electron capture process.

As the constituent of nucleic acid bases, the important role played by uracil in biochemistry
cannot be overstated. Uracil derivatives are classified as important pharmaceutical compounds
[35-42], with pharmacological properties that are related to the different substituents of the halogen
atoms on the pyrimidine ring [35]. Various mass spectrometric techniques, such as GC/MS, EI and
FAB [43-51], have been used to examine these compounds, however, the knowledge gained from
these experiments was limited to positive ion analysis, and no negative ion analysis has ever been
undertaken for these important biochemistry and biochemical compounds. Therefore, in order to
provide structural information for these compounds, in conjunction with CAD techniques, we utilize
the ECD method in GCQ, using methane as the reagent gas, to probe the dissociation pathways fora
number of negative product ions produced by ECD reactions to uracil derivatives; methane is the
most common ECD reagent gas in general use for ECD applications in the traditional mass analyzers
[14,15,21, 23,25, 27, 28,]. These novel experiments can provide valuable information on negative
ions that were previously undetected by the traditional internal ionization ion trap mass spectrometer
[29-34].

Experimental

All mass spectrometric experiments were carried out in an external source ion trap mass
spectrometer (Finnigan MAT GCQ) [52-55] in which ECD was used with methane as the reagent
gases. GCQ was operated in the mass selective instability mode. The pressures of He buffer gas and
ECD reagent gas were 1 mtorr and 4 x 10™ torr, respectively. The pressure in the ion source region
was 100 mtorr measured by a convectron gauge. Ion source temperature was 200°C. Ionization times
were set using automatic gain control (AGC). The ion injection time (from soutce to mass analyzer)

was 0.3-25 msec. Collisional experiments were performed by applying a supplementary tickle



voltage to the endcaps of the ion trap at g, = 0.225. The collisional activation time was 15 msec.
Signal width for selection of the parent ions was from 0.5-1 amu; the collision energy for
fragmentation of the parent jons was from 0.5-1.7 V. Samples were introduced to the ion source
region via a temperature controlled direct insertion probe (DIP) to assist the desorption of the sample.

The probe tip was heated to a temperature of 150°C to 370°C at a speed of 80-100°C /min. Spectra

were acquired from 50 to 650 amu at a rate of 0.5 s/scan. The identification of all isotope peaks was
achieved using “isoform 1.02” software. All compounds were purchased from Aldrich Chemical
Company (Milwaukee, WI) except S-bromouracil and uracil that were obtained from Alifa Chemical
Company (Ward Hill, MA).

Results and Discussion

Electron Capture Detection spectra using methane as reagent gases

Negative ion spectra typically produce much lower signals than positive ion spectra within the
traditional mass analyzer. However, in GCQ, we find that ECD can also produce signals just as
intense as the positive ion spectra signals [52-54]. Table 1 lists the ECD spectra of all compounds
using methane as the reagent gas at an ion source temperature of 200°C. For the isotopic peaks of Cl,
only the intensity of C1* ions were recorded, whilst for the isotopic peaks of Br, either Br” or Br"
ions were recorded.

The formation of ECD products in GCQ includes the molecular anion, dimeric ions and their
fragment ions. Uracil is the only compound that cannot form anion from ECD in GCQ, and this may
be due to its low electron affinity (0.086 eV) [56], since it is the only compound that does not possess
any halogenated substituents on the pyrimidine ring. Other halogenated uracil substituents possess
higher electron affinities, thus negative ions can be formed through the resonance electron capture
process [1-28].

With the exceptions of 5-bromouracil, 5-bromo-1,3-dimethyluracil, 5-bromo-6- methyluracil
and 5-iodouracil, for all compounds the base peaks of ECD results were {M-H]". 5-bromouracil, 3-
bromo-1,3-dimethyluracil, 5-bromo-6- methyluracil and 5-iodouracil mainly produced 100% Bt and

4



I'ions and a very low abundance of M ions (0-5%). This reflects the fact that Br and I atoms are more
easily eliminated than F and Cl atoms, a fact which is rationalized by the order of the bond
dissociation energies for C-F and C-Cl, which are typically higher than that of C-Br and C-I bonds.
For example, the homolytic bond dissociation energies observed for C;H,X of F, Cl, Br and I are 565,
397,335 and 268 KJ mol™ at 298 K, respectively [47]. In addition, for fluoro-substituent compounds,
there were no observations of any F ions, although elimination of HF and F radicals could be
observed for all fluoro-substituent compounds.

The intensities of dimeric ions and their fragment ions are typically in the range of 0% to 43%
depending on the compounds, apart from the Br or [ substituents which cannot produce any dimeric
ions or its fragments ions; again, this is because the bond strength for Br or I substituents is too weak.
Furthermore, the formation of type and relative abundance of the dimeric ions was mainly
determined by position 5 of the halogenated substituent atoms on the pyrimidine ring. The F or Cl
substituents can typically produce substantial amounts of dimeric ions or its fragment ions. As to the
relative intensity of M ions, this ranged from 0%-35% depending on the compounds.

Formation of the adduct ions of {M+X] was only observed for 5-chlorouracil ({(M+Cl], 30%),
5-bromouracil ((M+B1], 12%), and 5-bromo-6-methyluracil ((M+Br]’, 2%). In 2 comparison of the
ECD spectra of 5-fluoro-1,3-dimethyluracil with that of 5-bromo-1_3-dimethyluracil, although both
compounds possess two methyl groups at the 1 and 3 nitrogen atom of the the pyrimidine ring, the
former produced many ECD products whilst the latter produced mainly Br ions and only a very
limited amount of M.

CAD results for ECD spectra using methane as reagent gases.

The CAD technique was applied to the adduct ions, molecular anion M, [M-H]', dimeric ions
2M’, [2M-H] and their fragment ions, in order to investigate the structural information of ECD
products. Table 2 lists the CAD results produced from ECD MS using methane as the reagent gas.
The CAD results demonstrate that these compounds can eliminate some typical neutral losses of

HNCO, CO, HCN, CH,NCO (or the formation of the NCO" ions) depending on the breaking of the



structure of the pyrimidine ring. They can also eliminate HF, HCl, HB1, CH,, NH, and halogen
atoms (F, Cl, Br and I) depending on the different substituents on the pyrimidine ring.

From the CAD spectra of the ECD product ions, typical fragmentation processes could be
elucidated. HNCO is the most common neutral loss for most compounds, however, if the structure of
the compounds possess two methyl groups at the 1 and 3 nitrogen atom of the the pyrimidine ring
(for example, 5-fluoro-1,3-dimethyluracil and 5-bromo-1,3~-dimethyluracil), then the elimination of
CH,NCO and CH, could be observed instead. Although the relative intensity of some ECD product
ions is very small (from 0%-5% only), GCQ possesses as excellent MS/MS capability for negative
ions as in the case of the PCI of dimethyl ether [52, 53}, and CAD experiments can still be
successfully performed for all of these low abundance ECD product ions. In a comparison of the
CAD results for M with [M-H]', only 5-trifluoromethyluracil, 5-fluorouracil and 5-fluorocytosine
showed similar neutral loss patterns.

The bonding strength of the dimeric ions can also be probed by CAD, for example, comparing
the CAD results of the dimeric ions 2M" and [2M-H]J of 5-trifluoromethyluracil with those of 5-
fluorouracil, 5-trifluoromethyluracil eliminated only one molecule of M, indicating that the bonding
strength of the 2M" and [2M-HJ of 5-trifluoromethyluracil is very weak. However, in the CAD
results of the 2M and [2M-H] of 5-fluorouracil, in addition to the elimination of one molecule of M,
it also produced many fragment ions, indicating that the bonding strength of the 2M and [2M-H] of
5-fluorouracil is much stronger than that of the S-trifluoromethyluracil. The reason for this is that
position 5 of the three F atoms on the pyrimidine ring of 5-trifluoromethyluracil is in the alkyl group.

A comparison of the CAD results of M and [M-HJ of 5-trifluoromethyluracil with those of 5-
fluorouracil, also shows dramatically different patterns. The CAD of M and [M-H] of 5-
trifluvoromethyluracil eliminated one molecule of HF, whilst the CAD of M and [M-H] of 5-
fluorouracil produced mainly NCO ions. In a comparison of the CAD results of M and [M-H] of
5-fluorouracil with those of 5-fluorocytosine, the CAD of the M and [M-H] of the latter eliminated

mainly one molecule of HNCO although NCO ions were also observed. The CAD results of M of



5-fluorouracil, 5-chlorouracil, 5-bromouracil and 5-iodouracil showed that they mainly produced
NCO ions, eliminated one molecule of HCI, and produced Br' and I ions, respectively. This again
was attributed to the order of bonding strength of the halogenated sustituents as discussed earlier.
Finally, the position of the methyl group also seems to be a very important factor in bonding strength.
For example, in a comparison of the CAD results of M of 5-bromouracil, 5-bromo-6-methyluracil,
and 5-bromo-13-dimethyluracil, the CAD of M of 5-bromouracil and 5-bromo-6-methyluracil
produced mainly Br, whiist the CAD of M of 5-bromo-1,3-dimethyluracil eliminated mainly
CH;NCO and CH,,.
Conclusion

This work has demonstrated that the GCQ ion trap mass spectrometer possesses excellent ECD
capabilities. Additionally, the use of methane as the ECD reagent gas in GCQ provides good
sensitivity. These novel experiments have provided valuable information with regard to past NCI
studies that the traditional internal ionization [TMS was incapable of performing. We find that a
combination of ECD with CAD in GCQ is a very unique analytical technique. Moreover, because of
its excellent sensitivity in ECD, and its MS/MS capability, GCQ is ideal for negative ion analysis of
these pharmaceutical compounds in many future applications.
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Captions

Figure 1. structures of uracil and related compounds.
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Table 1. ECD results of uracil derivatives by using methane as reagent gas

Compound m/z Product %

S-trifluoromethy

luracil(180) 180 M™ 5
179 [M-H]~ 100
360 2M™ 1
359 [2M-H]~ 10

5-fluorouracil(130) 130 M 5
129 [M-H]~ 100
260 2M 2
259 [2M-H]™ 26
240 [2M-HF]~ 3
239 {(2M-H)-HF)]~ 4
220 [(2M-H)-(HF+F)] 5
192 [(ZM-H)-(HF+F+CO)]~ 2
165 [(2M-H)-(HF+F+CO+HCN)]~ 4
144 3
111 [M-F]~ <1
42 NCO~ 3

S-fluoro-1,3

dimethyluracil(158) 158 M™ 28
157 [M-H]™ 100
277 [2ZM-(HF+F)]~ 8
262 [2ZM-(HF+F+CH;)]~ 12
261 [(@M-H)-(HF+F+CH,")}~ 40
259 [2M-CH,NCO]~ . 20
246 [(2M-H)-(HF+F+2CH,*)]~ 43
218 [@M-H)-(HF+F+2CH,«+C0)]~ 11
204 [(2M-H)-(HF+F+2CH,*+NCO)]~ 50
177 [(2M-H)(HF+F+2CH,»+NCO+HCN)]~ 73
42 NCO™ 10

S-florocytosine(129) 129 M™ 15
128 [M-H]" 100
242 [2M-NH,]~ 4
218 [CM-H)-(F+HF)]™ 18
173 48
144 18
85 [M-HNCO]~ 5
64 20
42 NCO~ 2

5-Chlorouracil(146) 146 M~ 11
145 [M-H]™ 100
292 2M™ 7
291 [2ZM-H]|™ 7
256 [2ZM-HC1]™ 2
220 [(2M-H)-( CI+HCI)]~ 31



6-chloromethyl
uracil(160)

S-bromouracil(190)

5,5-Dibromo
barbituric acid (286)

S-bromo-1,3-
dimethyluracil(219)

5-bromo-6-
methyluracil
(205)

5-lodouracil(238)

181
110
42

160
159
320
319
124
42

35

190
271
221
111
81

286
285
207
206
203
81

219
81

205
285
125
81

238
127

[M+Cl]™
[M-HC1]™
NCO~

[M-H]~
2M™
[2M-H]~
[M-HCl}™
NCO~
a-

[M+Br]™

[M-Br]™
Br~

[M-H}™
[M-Br]™
{M-HBrt]™
[(M-H)-HBr] ~
Br~

30
20

35
100

100



Table 2. CAD results of ECD spectra of uracil derivatives using methane as reagent gas

Compound Isolation Fragment ion (m/z,intensity%)
5-trifluromethyl M™(180) -HF{160,100%)
uracil(180) -(2ZHF+CQO)(112,1%)
[M-H]7(179) -HF(159,100%)
<(2ZHF+CO)(111,9%)
2ZMT(360) -M(180,100%)
[2M-H] (359) -M(179,100%)
-(M+HF)159,1%)

5-fluorouracil(130)

M~(130)

M-H]"(129)

2ZM™(260)

[2M-H](259)

[2M-HF]~(240)

[(2M-H)-HF)]~(239)

[(2M-H)-HF+F)]~
(220)

[(2M-H)-(HF+F
+C0)]~(192)

[(2M-H)-(HF+F+
CO +HCN)]~(165)

NCO~(42,100%)
-C,HF(85,3%)
NCO~(42,100%)

245,29%
-C0O(232,36%)
-M(130,29%)

-HF(239,19%)
244,28%

-CO(231,15%)
-HNCO(216,100%)
(HF+HNCO)(196,14%)
-M(129,13%)

-HF(220,100%)
-HNCO(197,35%)
{(HF+C0)(192,31%)

-HNCO(196,100%)

~(HNCO+HCN)(169,12%)
~(HNCO+HCN+NH,)(152, 10%)

-CO(192,38%)
“HNCO(177,100%)
(CO+HCN)(165,5%)
2C0(164,5%)
L(HNCO+HCN)(150,19%)
+(2CO+CH,NH,)(133,8%)

-HCN(165,8%)
-CO(164,8%)
-HNCO(149,100%)

-HCN(138,11% )
[M-H]™(129,100%)



3-fluro-1,3-
dimethyluracil(158)

144

[M-F]~(111)
M (158)

[M-H} ~(157)

[2M-(HF+F)]~(277)

[2M-(HF+F+CH,#)]~
(262)

[(2M-H)-(HF+F
+CH;#)] " (261)

[(2M-H)-(HF+F+
2CH,%)] " (246)

[(2M-H)-(HF+F+
2CH,*+C0)]~(218)

[2ZM-(HF+F+CH*+
CH,NCO +CO|~
77

-HNCO(122,26%)
(HCN+CO)(110,5%)
93,7%

66,13%

[M-H]"129,62%
-C,HF(100,100%)
69,16%

NCO~(42,100%)

-CH,*(143,37%)
-CO(130,25%)
108,100%

-CH,%(142,26%)
_CH,NH,(126,6%)
-(HF+CH,NH)(108,100%)

-CH,*(262,100%)
-00(249,30%)
-C,HF(233,30%)
-CH,NCO(220,58%)
«(CH,NCO+C0)(192,25%)
(185.90%)

-CH,*(247,100%)
-CO(234,9%)

(CO+CH,®) (219,11%)
-CH,NCO(205,67%)
«(CH,NCO +CO)(177,15%)

-CH,#(246,12%)

(220,5%)
-CH,NCO(204,76%)
-(CH,NCO+CO)(176,100%)

-CH,*(231,11%)
-CH,NH(217,74%)
-2HF(206,100%)
-CH,NCO(189,9%)
(CH,NCO+2HF)(149,12%)

-CH,(203,84%)
-HF(198,100%)
-CH,NCO(161,13%)
~(CH,NCO+HF)(141,80%)

-CH,%(162,22%)
(153,39%)
-CO(149,15%)
(153-COX125,100%)



5-fluorocytosine
(129)

5-Chlorouracil (146)

6-chloromethyl
uracil(160)

5-bromouracil(190)

M

[M-H}~(128)

[2M-NH,](242)

[(2M-H)-(F+HF)]~
(218)

173

144

[(M-H)+HNCO]~
(85)

M-

[M-H] ~(145)

[CM-H)-(Cl+HCT)] ™

(220)

[M+CI]™ (181)

[M-HCI] ~(110)

M™

[M-H] ~(159)

M-

-CH,NCO(120,20%)

-HNCO(86,100%)
NCO~(42,70%)

-HNCO(85,100%)
NCO™(42,14%)

-HCN(215,74%)
141,100%

-NH,(202,21%)
(NH,+HCN)(175,100%)
-(NH,+C0)(174,94%)

-HNCO(130,100%)

-16(128,13%)
-C,HF, (100,100%)
69.18%
NCO~(42,5%)

-HCN(58,100%)

-HCl(110,100%})

-HNCO(102,100%)
-119,16%
(HNCO+HCNY75,66%)

-CH,*(205,30%)
-C0(192,28%)
-HNCO(177,100%)
-(HNCO+CO0)(149,72%)
-(HNCO+CO+CH,)(134,8%)

-HCI (145,100%)
(1093%)

-CO(82,100%)

. -(CO+CH,%)(67,89%)

-CO(132,29%)
116,50%
80,24%
NCO~(42,100%)

-HNCO(116,91%)
129,100%
Br(81,100%)
-HB1(110,3%)



5,5-Dibromobarbituric
acid(285)

5-bromo-6-
methyluracil(205)

5-bromo-1,3-
dimethyluracil(219)

5-Iodouracil(238)

221

M™

[M-H}~(285)

{M-Br](207)

[M-HBr]~(206)

[M-Br]~(205)

M (205)

M (219)

M (238)

-HNCO (78,98%)
~(HNCO+HCN)(151,100%)

250,100%

249,100%

“HNCO(164,100%)
120,75%

-CO(178,47%)
“HNCO(163,67%)
124,100%
118,53%

-HNCO(162,90%)
118,100%

Br(81,100%)

-CH,NCO(162,41%)
-CH,(205,100%)
190,18%
Br(81,5%)

I(127,100%)



1 WS @D
i oo ) Y
=)=)—)=NH 7"~
N=0=0—0=NH 05 N=0—0—mNrOF0 g NO7-0—D—N—0=0
1N
N_ 0
__ /N JH-
NH
=L o

0 H b d
() Y, H o
[—HO="HO-HN-0=0 + O=D=N «—0 HD N o« | 3 /N
B _ NH
. \U.rv n.....m__u A q NH
~L. O - 0 A 0
4/ BO=Y
W
Ho LU= H N
z/N 18°6/=19 z/W H OB o <———
+ I
| - | H |
. NH I NH e | /W g0
R 06 y NH _wmm_ - A
0 0



AU VN

(gL=zu1)
402D

— Y —— g —
d—D0=0=0 \OH-
I__

(0T =2u)

[
m\ //o

(Zy =z/un)

OONH-

- —————

=4@

(®)




