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. obtalned from a serles of alkall metal cryptates formed

'>':E‘rom’[2 2.2]-, [2 2, 1:[- ‘and [2.1.1]- cryptands WJ.th SR Na.

"of these complexes under FD- condltlons are compared with

>the1r thermodynamlc stabllltles 1n solutloni"leferences

PART'I . -

n

s -

~ Field desorptlon (FD) mass spectra have been

and K" salts of 17, Br~, 17. 0% and BPha Stabllltlesv

.

-

in these stabllltles are attributed to the lack of solvatlon

- N

of 1ons.under7FD condltlons. A marked anlon effect is also h

.observed in‘FD spectra. - This;gffect is correlated‘w1th;the-

recombination energy of the released cation and anion in the

gaseous state.

PART TI

— e N

_5 Acid phthalates from isomeric élicyclic alcohols

“have been studied by field desorptlon (FD). and electron im-

pact (EI) mass spectrometry. Isomeric ac1d phthalates gave -

idéntical-FD spectra and EI spectra. The use of these
methods for dlstlngulshlng stereoisomers of this type thus
proved to be unsuccessful. However, the fleld ionization

(PI) spectra of cis- and trans—h—j—butylcyclohexyl 9-fluor—-




enylmethyl carbonate show dlstlngulshlng_features. .The

TN -

.trans 1somer undergoes a rearrangement reactlon whlch 1n—~
volves malnly the transfer of the benzyllc hydrogen to _
carbonyl oxygen, whereas the cis- 1somer transfers elther the
benzyllc hydrogen or a readlly avallable hydrogen from the
2-position in the cyclohexyl rlng - This divided. pathway
glyes rise to an additional ion for. the cis- 1somer (g/z 138)
. whlch is the major qualltatlve dlfference in the spectra.l\
The EI speotra for both 1somers.are(51mple and closelyn

relafed to .each other. S
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: CHAPTER I.
" INTRODUCTION |

- -

Fleld desorptlon mass spectrometry (FDMS) has been

shown to be’ a powerful tool for analy21ng heat 1ablle, non-

;volatlle compounds.} However, the teohnlque ‘has been plagued f

by unwanted 51de effect of contamlnants, espec1ally alkall
'metal catlons,'whlch are present 1n most naturally occurrlng

samples. Early work 1n this laboratory has shown that

| ]addltlon of a compleXIng agent to the sample 1n S0 utlon prlor .

to FDMS analys1s removes the deleterlous effects of all-

t‘V_-metal 1ons, and results 1n a reproduc1ble, smooth desorptlon

'process at relatlvely low temperatures. ’3 Among the com—

. plex1ng—agents used dlazapolyoxamacroblcycllcs (cryptands)

‘ showed the strongest blndlng ablllty toward alkall metal - ._
'1ons under FD condltlons.3 In another asPect t\Sse llgands
’ form very stable alkali metal complexes 1n solution. ,Thei'
complexatlon.between cryptands and metal cations 1s well-.
'known and well studled B These macroblcycllc ligands share

.a general formula as shown below

. N | o1 [222]Crypfond :
(G\O/“}\ . - Lsmen=2
N/{\/O/\)"N B O[22 cryptcnd
\/O\,)) L lz‘m-_2,. =1

M [2.1.1]-crybtand u
. 122, men=1

<\



i

0

.;,)' ..-'.- 2 .;- B
They are termed [l'm n]—cryptands, where 1, n and n

'denote the number of oxygen atoms in. each brldge. They P

' possess three- dlmen51onal 1ntramolecular cav;tles llned w1th

D B ey G e

i

,: various blndlng s1tes, and thus form remarkably stable 1n—

t.
PR

:'cluSIon complexes (cryptates) w1th metal catlons The lone : --wasi'

"palrs of thettwo nitrogen- atoms in the brldgeheads can turn
'1nward or outward w1th resPect to the molecular oav1ty, and -2
the cryptands can “thus exlst 1n three forms. -the in-in
'(1 1), 1n—out (1 o), and out-out (o—o) forms 5,6 The three ;',lf

Torms are ;n equlllbrlum.ln solution with the i-i form ag the

—Q ‘O~\\\ - //’ | i’S\
AN =N N
-h__of// : : \\\8::2:8///’

dominant species. .sThe same‘stabilif§ order holds'also for
fthe cryptates 6 -In solld state, the cryptates exist in the
i-i form 78,9 Modlflcatlon of the length of the brldges
;enables stepwise changes in cav1ty 31zes of the llgands.
Stabllltles of the cryptates in solutlon depend on goodness
1‘of flt of the catlons to the molecular cav1t1es of the-
ligands. ' Thus, each of these 11gands displays. high select-"' | il
ivity for a particular catlon w1th1n the same group in the

perlodlc system. Some of the stablllty constants of alkali

- metal cryptates are llsted in Table 1.10



L ~ . 3 . ) ’—‘
) .(‘ . “ .
o .
E Pable 1
}
Stablllty Constants (1og K ) of Alkall Metal
| ] Cryp‘ta‘tes at 2 5°C
fw i . | o o

7 log Ks

Ligand Interstitial. Solvent - Ii* - Ma*  K*

7 raatus R° (o 78)° (o,és)? (1.33)¢ :

[2.2.2] A ow <2 3.9‘.. f 5.3

" | WA 1.8 7.2L 975 e
[2,2.1] 1.1 W 2.5 53 3.9 o
| ' WM B8 B.8% 745

[2.1.1] 'vé.s‘ . 'J weoo u;j 2.8 <2
S MW . 7.58 .- 6.08 - 2.26

Py S

a. Key: W, water; M/W, methanol/water 95/5

RN YURE IS SIS IOV E IS

"b Estlmated cav1ty size measured by space fllllng models.

' See ref, 18.

U i e L s

¢, JIonic radius.




For every cryptand, the stability constant pésses
through a max1mum when the catlonlc radlus approxlmates thef

1nterst1t1al radlus.. Thus [2 2 2]- [2-2-1]- and [2- 1 1]4

cryptands form most .stable complexes w1th K + Na ; and Ll

' respectlvely. The complexatlon of cryptands I II and IT1 _,'

with alkall metal catlons s accompanled by large favorable“
enthalples but unfavorable entroples i1

Changlng the solvent from water to an organlc
solvent 1ncreases the stability constants tremendously. As
shown in Table 1 transfer of these complexes from water ‘o

methanol/waten (95/5) mlxture 1ncreases the stablllty con-

stants more. than 103 tlmes. This 1ncrease would be too much'

to come solely from the strcnger solvatlon of: the catlon 1n
water than in methanol 12, 13 A study of the solvent effects
on oryptate formatlon in nonuaqueous solvents 1ndlcated that
the llgands are more strongly solvated in water than in non-
aqueous solvents;iu Although-decrease of the dlelectrlc _
constant of the solvent increases the stablllty of the com-
plexes, the select1v1ty may remain unchanged with a: glven
k group in ‘the perlodlc‘table 9‘15 The anlon effect is
negllglble in polar- solvents, however,-lt may play a role-
1n non—polar solven‘ts.9 ‘

Kinetic studies of alkall metal cryptate516 17
showed that the pronounced selectivity of the cryptands for
alkall metal cailons was reflected entirely in the dlS—

sociation rates of the complexes Regardless of llgand

cavity size, the rate of formatlon increases monotonlcally

PR R PR A S SRS, T

e



BT

3 ThlS reflects the fact that the _larger llgand is more

'.;cryptates in solution and under fleld desorptlon condltlonsz 3

- obtained are dlscussed in terms of ease of 1onlzatlon,sf*f

“rate of" formatlon increases w1th 1ncreas1ng llgand size.

:flexlble to accomodate the 1noom1ng catlpn.>

”cryptands I II, and I171. w1th varlous Ll , Na ; and K+ salts

stability relatlonshlps, and other aspects of the behav1or

ER

with inereasing cation sige. For a glven metal catlon, the

The extraordlnary stabllltles of the alkall metal

led us to study an extended set of these complexes in fleld

desorptlon. In the present work a serles ‘of complexes from

have been studled uﬁﬁer fleld desorptlon. The spectra : o ‘Sﬁ.

of compiexes in FDMS.
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. - L CHAPTER II L
‘ L TECHNIQUE OF FIELD DESORPTION
The technlque of fleld desorptlon was flrst 1ntrof
duced to mass spectrometry by Beckey 1n 196919 and ‘soon
showed 1ts power in analyzlng bilologically and medlcally
1mportant substances.- The “technique allows mass spectral

analy51s of polarT‘non-VOlatile and thermallY’labile“com—

~ pounds which are not amenable to other 1on1zat10n methods 20

The appllcatlon of fleld desorptlon to a vast varlety of '

synthetlc and naturally occurlng samples has béen discussed

by Schulten in two recent rev1ews.1 22 The sample to be

' analyzed ig depos1ted on a field anode Whlch is then 1ntro—

duced 1nto the 1on source of the mass spectrometer through
a vacuum, lock 4 high electric fleld is applled. Thermal

energy, transferred by electrical heatlng of the field anode,

may be required before the spectrum can be recorded.” '

A.  Theory .

A theoretical medel“fqr'field evaporation was‘first |
developed byIMﬁller22
The schematic energy level dlagrams of neutral and ionic
adsbrptlon are shown -in Figure 1, 20 As shown in Figure la,
in the absence of an electrlc‘fleld; I -7 is so large that

the neutral and ionic curves do not intersect. Toniec

desorption can only occur when:sufficient energy-is trans-
’ . - 6 . L4

and'GomerZB, and described by Beck'ey._zO




_1.| 

ferréd to the 'adsorba.ﬁt In 'the presence of h:Lgh elec'trlc

fleld as shown in Flgure lb the neutra.l and 1on1c curves 7

1ntersect in 'bhe a.ttractlve portlon of the neutral _curve.

',Act'iva‘tidn -énergy'for 'bh'emal-'désorption' is 'r'ediicéd'.l,! Tonic

desorptlon ca.n then take’ place by quan'bum mechanlcal

tunneling. , G

' (a) (b} -

Figure 1. . Schematic Energy Level' Diagram for Neutral And lonié
A’ds.orpti‘o'h on A Metal Surface. (a)-Zero Field; (b}
High Field. 'A:Adsorbant; M=Metal; - |+ lonization
Potential ; 0 Work Functlon f;.-tvli=2 F’olurlzutuon Energy
of Atom in Field; ‘PF= Bond Fleld Interaction; Hg =
Heat of Adsorption; Q-Actwatlon Enérgy' of Adsorption‘;_ :

X = lnterdcfioh Point of lonic And Neutral Curves.

\
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Accumulated FD appllcatlons show that some compounds.
+ 4

lose a 31ngle electron to form a molecular radlcal ion, M ,":

whereas some compounds 1nstead of 1os1ng an electron, form
a quas1—molecular 1on' [m + H]+ ~ The phenomena 1ndlcate

a complex mechanlsm which- may not. be fully explalned by the

- theoretlcal model proposed

N _In 1976, the theory was questloned by Holland

'Soltmann, and Sweeley 2k, 25. They 1nvest1gated the role of

hlgh electrlc fleld in fleld desorptlon Results of these

experlments 1mp11ed that desorptlon of ions occured when no_‘
‘fleld was applled that. 1s, t e rate of desorptlon wds imain-
'talned with or w1thout the hlgh electrlc fleld. These'”’

'workers therefore questioned the role of. the hlgh electrlc

fleld in fleld desorptlon and suggested that the desorptlon

\ .
was malnly thermal A new thermal desorptlon mechanism

;(thln film 1on1zatlon mechanlsm) was then broposed. - Accor-

ding to this mechanlsm, the 1onlzatlon of a pure organlo

" compound is ClaSSlfled 1nto four stages (Flgure 2}\ In the.

first: stage, the temperature is below best anode temperature

“(b.a.t. Y, whlch is deflned as the temperature at ‘which the

peak carrylng molecular characterlstlcs is highest and’the
fragmentation isllowest. At this stage; no ions can be
detected even in high electric field. In the second stage,
the b.a.t. is approached © The organic compound begins?to
melt, The organlc molecules galn mobility to move up to the'

surface- vacuum boundary. Ions can be. formed at this boundary

~'from thermally 1nduced chemical 1onlzatlon reactlons In the
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presence of 1norgan1c salt 1mpur1t1es, a common 51tuatlon,

catlonlzatlon may also occur.‘ Once these ions are formed,

‘they will be extracted from the surface by the high electrlc

field. In the next stage. Whlch is often 1nd1st1ngu1shable

from the second stage, temperature is beyond b a. t. Inorganlc' '

salts galn sufflclent mobllltles and catlonlzatlon 1ncreases.

: Increased_fragmentatlon is often observed at this elevated

‘temperature. In the final,stage;‘with temperature at its 7

highest, simple ions and cluster ibns from the inorganic salts-

are observed. This thermal ionigation mechanism‘was further

;: supported by the ev1dence that the best emltter temperature

(b e.t., deflned as the optlmum emltter temperature for the

‘_evaporatlon of a sample) in EI/D corresPonded closely to- the

"b.a.t. 1n field desorptlon.‘ However. ‘in thls FD mechanlsm,‘

the hlgh fleld is stlll needed - to extract the ions formed

by thermally 1nduced chemlcal 1onlzat10n. Thus the poss1bll~

- ity of a fleld dependent 1onlzatlon process camnot be

excluded After 1ts publlcatlon, the-"thln Film 1onlzation

X mechanlsm" recelved 1mmed1ate response from Beckey and

Rollgen 26-.The debate continues between the two groups.27’28.

.In_1980, a 'field assisted charge transfer’ (FACT) mechanism

has been.proposed.29 According to, it, . the _high.electric field
is mainly involved Mn-ion generation.and.ion_collection.
In a recent feview by Cotter,. the nature of the

desorption process/was discussed in a more objective manner.30

'He:pointed out that ions as well as neutrals could be .

desorbed at very high temperature. Some of the experimental
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‘results from the desorptlon of non-volatlle compounds from
'-extended probes may help to olarlfy the nature of desorptlon
;meohanlsms ‘ The teohnlque 1nvolves the 1nsertlon of an
'extended probe, coated w1th non-volatlle compound dlreotly
dlnto the ién source. The probe is then heated rapldly for
Vdesorptlon to take ‘place: For those experlments us1ng
activated emltters as direct solid probes (e g‘ EI/D and
CI/D), seoondaryﬁzeans of 1onlzatlon are requlred 31 32
Wlthout the seoondary Tneans of 1onlzatlon, nelther thermal
1onlzatlon nor thermally 1nduoed catlonlzatlon ‘have been
‘observed, although very high- temperature is reached in a .
short ~time ¥ However, laser experiments show that thermal
1on1zatlon can occur 1f hlgh enough temperature is reached -
in a short perlod of tlme Bh 35 Because- of the dlverse
oplnlons of various workers and 1ncon81stent results from
" the desorptlon from extended probes, more deflnltlve exper-_
1ments must be directed towards the nature of fleld desorp-
.tlon prooess before a oonclus1ve meohanlsm can be drawn.
B. Problems in FD ﬁeohnique.and Attempts.toJOyeroome Them
Since. its introduotion in 1969;:field desorption
has received intensive-study -The technioue has beoome the
:method of oholoe for mass spectral analys1s of non- volatlle
oompounds Although field desorptlon has become$a standard

~

*Recently purely thermal desorption s§ectra'of quaternary
ammonium salts have'beanobtalne See ref 33.
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flonlzatlon technlque in: mass spectrometry, the use of thls:fl".
method stlll suffers from some dlfflcultles.w ThlS sub;ect‘
w1ll be dlscussed 1n three maln categorles- reproduclblllty.
alkall metal 1on contamlnatlon, and ion productlon, together
with attempts that have-been tried to overcome these prob—'c

lems,

1. Reprodu01blllty .
Productlon of a fleld desorptlon mass Spectrum o <'7;'ﬂ,i.
'depends on many factors. The primary varrables come from “the

)
- field anodes. In oxrder to create a high electrlc fleld and

a large surface area, chemlcally 1nert mlcroneedles are
'usually grown on the emltter w1re before use.. Such a process'
fis called activation. These mlcroneedles also create an o o ;i l
| uneven local field on the anode. The electrlc‘fleld strength‘ SRR ;f"

.1s higher at the tip than at the base; Thus the morphology L -_f@

of these mlcroneedles may have a magor effect on the. quallty

of the spectrum produced. Although a standard activation

method has been developed the structure of the mlcroneedles

-
L e e e i B b i

may g%111 vary from anode to anodeé. Thus an unresolved
structural problem is: 1mposed durlng the actlvatlon process.

'The use of an untreated wire has. been suggested however,

it 1s not w1dely applled 36

i I g b e e i

Heatlng of the anode is another varlable. - The tem—..
| perature of the anode is usually descrlbed in terms of the " o fﬁ

'heatlng current (ma) pass1ng through the emltter w1re. Thlsl

CRORANGIPC N AL

heating current does not correspond strictly to the temper—
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:ﬁ ature of the 1on1zat10n zcne.. The temperature is hlgher 1n'fh
7';tthe mlddle of the w1re than near the posts.; Also 1t is. f"

hlgher at the-base of;the mlcroneedles and cools off towards 3

the tlpg_,These 1nhomogen1et1eS'would cause a change 1n the

l\appearance of the spectrum Although the use of an emltter
current programer (ECP)37 can prov1de llnear and reproduclble"'

'Aheatlng rates, the b a.t. for a given sample may stlll changedr

7w1th dlfferent anodes due to the factors descrlbed above
=

l'A device called the- emltter temperature regulator (ETR)38

f:has been developed recently to prov1de constant temperature

.control of the anode regardless of 1ts conflguratlon The"

";-dev1ce can regulate the heatlng current in elther a constant ;“'

temperature mode or a condtant current mode. Thus a more

'reproduclble temperature control " for the heatlng of the'

'anode*ls made poss1ble

2. Alkall metal ion contamlnatlon

[

Another serlous problem arises from the 1mpur1t1es h

‘ present in the. samples .phe presence'of trace amounts of

“alkali metal ions, especially‘sodium ion, can be detrimental.

The general features of the spectra of these alkall metal
ion contamlnated samples are relatlvely hlgh anode heatlng

current, fluctuating ion emission current, and 1n—the
. . . .

extreme, the only major peak corresponds to thetmetal iQn,

It has been found that.gel chromatography,-° dialysis,>?

and solvent extraction39!40 methods can'effectively remove

" the deleteriOus effect_of contaminating sodium ion. Additien

S
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of a complex1ng agent to the sample prlor to ED analys1s‘_1'

Y
f

| 3. Ion productlon

e

. has been shown to be beneflclal. '3 Also, the use of a.
‘-matrlx materlal contalnlng polyhydroxyl functlonals, for T

analyses of organlo sodlum salts results in. a smoother des—

3

) orptlon process, a reduced sodlum peak and a more reprodu01ble;

b1 43

spectrum. B "- : R _ : S R

The 1on current produced from fleld desorptlon 1s

relatlvely small compared to other standard 1on1zatlon

technlques. ThlS prov1des another reason for poor reproduc-

- ibility of fleld‘desorptlon. rThe “ion productlon from a .

certaln compound greatly depends on. 1ts 1onlzatlon effic-
iency. In order to effect. ion formatlon process, alkall
metal ion attachment has been found to be useful in some ©:
cases: h4 47. Addltlon of an equlmolar amount of substlﬁuted
sodlum benzoates to some nucle031des 1ncreases the total
lonlzatlon by 10 to 100 tlmes,ﬂnlth the 1on current carrled

malnly by catonlzed molecular speozl.es.q'8

It has been-knOWn,
that 81lver ion is readlly bound-to unsaturated sites. Thus;
Ag -attachment can: serve as an alternatlve catlonlzatlon._
Addltlon of Ag to. some nucleos1des glves intense. but com—‘
pllcated spectra,_contalnlng malnly'catlonlzed molecular
spe01es and some clusters of molecular species plus 1norgan1c
s1lver salt 4? This Ag attachment technlque needs more
thorough 1nvest1gatlon before it can be applled generally.

Doubly—charged alkallne earth metal 1ons ‘have also been used S
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,.j;%successfully for the analy31s of certaln Polymersljo‘sle:ﬁm

' iThlS method not only enhances the 1onlzatlon bu also expandsf_br,~ B

:the mass scale to a range beyond the usual mass llmlt of ﬁ;“‘-idf" é_'”

; most mass sPectrometers.. ThlS is 1mportant or the analys1s .

' -of hlgh molecular welght substances.;

Attempts have also been made to 1mprove the 1on1— )

'zatlon of ‘the sample by precoatlng a layer of’ charge trans-

Ry

m—h

_‘fer complexes onto tﬁe anode prlor to dlpplng - The resultsi

*1nd1cate that there is some klnd of condltlonlng of the :
‘anode.' The 1onlzatlon is: enhanced by 2 to 5 fold w1thout
T:chahging the appea:ance of the spec‘trum.s2 The phenomenon
.éan;be explained as the partial transfen of.an electron"
from the sample to the electron:acceptOr;donor:pair.Without'
- formation of.sepafafe_ions. \Thds; the;ioniaatdon_hanfier . Tf- S

is reduce
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| - CHAPTER TII
-+ EXPERIMENTAL . .

A, Instrumental
| The mass spectra were recorded w1th a Varlan MAE’

CH5 DF mass spectrometer equlpped w1th an EI/FI/FD source

_and an INCOS 2000 data system. . Ton source temperature was .

.kept at 50 ?00 . A potentlal dlfference of 11 kV ?ﬂ-
fleld anode and -8 on extractlon plate) was applled to” the
electrodes. The secondary electron multlpller was set at

2 kV for'computer acqu1s1tlon.- The magnet was scanned

quadratlcally from 900 to 10 amu 1n 12. seconds.‘ Fleld anodes‘

were. actlvated w1th low benzonltrlle vapor pressure at hlgh
: temperature 1n a Varlan dev1ce. Heating of. the | anode was |
manlpulated by an ECP (Blomedlcal System Spe01alt1es, Model

ECPtlo)gaccurate to 0.1 mA.
B. Chemicals A o
1iC1, LiBr, Lil, Nacl, NaBr, NaI, KCl, XBr, KI,
1i0H and KOH were purchased from Flsher‘Scientific Companyc
| Sodium tosylate (NaOTS) and p;toluenesuifonic acid were pur-
chased from Eastman Kodak Company. A1l these'chemicals
were used w1thout further purlflcatlon. NaBPhurwas purQ
chased from Aldrich Chemical Company.and recrystallizedifromj
agueous acetone before use. [2 2.2]-, [2.2. 1]- and [2.1.1]-

cryptate Were purchased from E. Merck Laboratorles Inc.‘and
' ' 16
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used w1thout further purlflcatlon._

-
Q .

LlOTs and KOTS were prepared by m1x1ng an.equlmolar
_;amount of the correspondlng hydrox1de w1th p-toluenesulfonlc.'
e old in water. The salts were recovered by . evaporatlon of
water under vacuum at - 500 The re51dues were then recrysL'
_'taﬂlzedfrom aqueous methanol thhlum and-pota351um tetra~

- ad

phenylborates were prepared accordlng‘to methods descrlbe&'-. T

sh .

in the: llterature..

l&ﬁﬁh@. To a solutlon of 0.5 g of NaBPh4 in 3 ml of tetra—
: hydrofuran (THE) was added a solubion of 66 mg Licl (5%_
.excessD in zfml of THF 'The'preoipitafed NaCl' was reuoved |
by‘centrifugation : LlBPh4 was recovered by evaporatlng the . R .E“
'solveht.‘ The re51due was recrystaﬂlzedtmree tlmes from
‘ethylene dlohlorlde/cyclohexane, and phen dried under vacuum |
at P | o L .. |

'ggghu? An aqueous solutlon of NaBPh4 (ca 5%) was treated
with an aqueous soluilon (ca 5%) contalnlng an equlmolar

{
' amount of KC1. The insoluble KBPh4 was flltered;and washed

w1th water. 5The'cryStals Were recrystelliaedthree times

from aqueous acetone, then dried under vacuum ; at 500,

| Cryptates were prepared by mixing an/equlmolar amount
of the corresponding salt with a solutlon of 50 mg of cryp-

tand in 3 ml of chloroform. The mlxture was stirred at

e T e e e d B e !

room temperature overnlght and ‘solvent evaporated The |

residue. was redlssolved in 2 ml of chloroform for FDMS | - Lo ii

analy51s.




RESULTS AND DISCUSSION

In this work"a'é X 3 X-S'matrixlcomPOSed~of the

o complexes from cryptands I, II, and III w1th Ti” v ‘Na ;-and
‘!K+ salts of Cl v Br . I ,_OTs ; and BPhu was studled. _‘
Thlrty nlne out of the forty flve complexes were made and

studled under‘FD condltlons - The:. results w111 be dlscussed

in terms of ease of ionization and stability of these com~
plexes in FD. The study of fhe anioh effectiﬁﬁs initiﬁ%ed
by some prellmlnary experlments whlch showed a strong anion

effect on the catlonlzatlon of nucle081des. These prellm—

"-',1nary results will also be discussed.

v

2
A, Prellmlnary Studles on Anlon Effects in Field ‘Desorption
Under FD condltlons, nucle051des generally desorb

smoorhly and-glve reasonably con31stent spectra of_low

intensities. The smooth desorption process-is\knOWn‘to be -

interfered with by contaminating alkali metal ions. The

smooth FD process is restored after the contaminating lon is
. > WOL N

reduced to aftolerable level by special treatment of the
sample. | .
Attempts at catlonlzatlon of the ‘pure compounds w1th-

1norganlc salts proved: unsuccessful. In contrast, addltlon

of equlmolar amounts of substltuted sodlum bénzoates to thel

18
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rjfsamplés was shown to 1norease the total 1on current (TIC)

and to result in 1ntense catlonlzed molecular sPecles 1n -

some cases.-_,: IR K '_- _ ’.”-

1

The: magor ions coukalnlng the molecular spe01es from :

| the catlonlzed spectra of cytldlne and some substltuted

- sadium benzohtes. are llsted in Table 2. Addltlon of sodlum
'_ggjgg-nltro—l meta-nltro-m Egr_—nltro—” and grjgg ohloro—
benzoate results 1n a drastlc 1ncreaseJ11TIC. Both.M-+Na.and
2M- + Na are: observed with. larger intensities than 'the M+ 1 peak
in the spectrum of pure Cytldlne. Catlonlzatlon-ls also

| observed for sodlum ortho-methylbenzoate, however, the TIC

is not~1mproved. ‘

| The spectra of adenosine'andcvarious‘sodium benzo-
ates are_shown;in'Table 3. The spectrum of adenosine is

also imﬁrored‘by the additionfxfggxggénitroSuostitutmisalt.
However, all the other'salfs prove to be lneffectiue and giue
_essentlally the same spectrum as untreated aden051ne. . '

The addltlon of these salts to guanos1ne results in

both catlonlzed and noncatlonlzed moleoular sPec1es. - The

speotra show no significant 1ncrease in TIC but less frag—

mentation. The spectra of these mixtures are shown in

Table 4. | - L

“From these‘results, a significant anion effect on-the.

f cafionization of nucleosides is obvious. 'However; we are not
able to correlate the observations-with'simple-chemical and
'phys1cal parameters. 'These obseruatious lead us to searbh

_ for the existence of an anion effect in the stability of

>
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: 'Table-zf-f

"Field Desorptioanasé'Spectra,d¥50ytidiné and ‘
SubstitutedjSodium Benzoate Mixtures

*

7

9

'?‘sample 597FQ2 V;m—NOé Q-NOZ 0~Cl ‘ gigHB

Pure

o .

Cx

__'b.a.t./TIc?
—b.a. /116"

JTons ‘

18/2 '19/216 19/147 16/34 20/99  14/<1 .

S

M

M

M+ Na

2M + Na.

M+ 2N + ArC00-
M+ 3Na+ 2ArCO0
28+ 2Na + ArC00

15
10

100

82

100 |

56
23

9

100

55

b1 -

6
10

- 100

42

17

99 100
100
28

14

a. TIC= total ion current in arbitrary unit;

b.a.t. = best anode temperature in mA.
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. - Table 3

.*!,.‘Field:DesorptioniMass Spectfa of_Adenoéine
and Substituted Sodium Benzoate Mixtures

 COONa

Pure. . S X

samp_le'--g_—NO2 m-NO, - p-NO, o-Cl

w 19/1 17.5/43 d47/1 18/1 18.5/1
.~ Ions | R - - |

s - S 13 2 B

o

M 95 100 100 100

M+ 1 100 N T 1 22
M +Na S 100 2’ |
2M'+Na . 3 h
M +2Na +Arc00 - ° 1

M +3Na +2ArC00 - 2

100

a. TIC =total ion current in arbitrafy unit;
b.a.t.= best anode temperature in mA.
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~ Table 4

. Field Desorption Mass Spectra of Guanosine A
" and Substituted Sodium Benzoate Mixtures. - ¢ .

- Pure = X

sample 0-NOp 'm-NOs p-NO, - 0-C1 g—cHB"

b.a.t./TIC* - 18/7 19.5/7 21/8 . 21/F 19.5/6 18/2
m o e T
Na = . o o 67 | -
BH | 8 o - |
M+1 100 100 . 100 bz - 20 |
M+Na - b7 o 22 100 - 100 - 100
. M+2Na-1 . : 27 12
M+ Na -‘ . ‘j~ . _ | - ”‘ ,2

af_ TIC = total jon current in arbitrary uhit;
b.a.t. = best anode temperature in ma.
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eryptates underdFD?conditicnSsz‘;

_tion. From this exceptlon together with the failure to

L+C1 and L+C%2: After the adaustment for 3¢, 18, :E
| hiK, and 6Ll 1sotopes, only L+C-2, correspondlng o the S ?;?
loss of two hydrogen atoms, remains significant. This //'/
apparent loss of “two hydrogen atoms from the ligand is ///”lw

L AR T

B.. Fleld Desorptlon Mass SpectBaxxEAlkall Metal CryptateS'- ’
. Among the thlrty—nlne cryptates studled three of _ fe
them, I-KC1, I\L1c1 and IT-KCl, failed to give FD spectra.
The Spectra of the remalnlng thlrty six complexes are pre-'
sented 1n Tables 5:\6 and 7 accordlng to the cla851flcat10n

of the llgands. -The TIC are also presented for comparlson.

The unrt\of TIC represents ca 1 000 lons recorded by the
computer under the condltlons descrlbed in: the experlmental
sectlon.' Due to poor 1on statlstlcs and sometlmes, ‘unstable

Y

desorption behav1or, scan to scan reproducibility drops'

rapidly at low TIC (<1) values. The b.a.t, is also listed
in terms of‘anode heating current (mA) All of the complexes :‘;

studled give clean and 51mple spectra except [2 2. 2]-cryptand

."7‘\:
He
&
-
4
- i\
4
L
i
o

w1th KCl ‘and L1c1 and [2 2.1]- -cryptand with KCL from which

no sPectra were obtalned - The F¥D spectra of tne a;kall metal

L2.2. 2]-cryptates are listed in Table 5. Of the thirteen = . S
complexes; almost all of them give the cryptate catlon ‘ %

(L +c)* as the domlnant ion, with I. NaBr as the only excep— ' E

obtain the FD spectra of‘I‘Li01 and I-KCl, the operation of

an: anion. effect seems likely; Minor peaks are recoxded for ?ﬁ
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[2.2.1] ~cryptand. . E

2R

'_s_further supported by the L 2 peak 1n the spectra of T+ KBr ?fﬁf 7
and I- NaBr. ' n

a
»

-at g/z*523, which is ass1gned to Ir+2C-+OTs-7O where the

‘loss could be 04H60‘ Some more-examples of the 1ons of th;s

kind w1ll be seen; 1n the spectra of the complexes from s

h

%

The accomodatlon of two small Ll '1ons to the over~

s1zed llgand appears only in the spectrum of I LiT as

L*—ZCZ (relative abundance-lS%) The-ex1stence of thls

: doubly charged ion is supported by the appearance of an

isotope peak at one half mass unlt hlgher throughout the

scans. However, this ion 1s mlss1ng in the spectra of -

"llthlum [2.2.2]- cryptates with other anions.

The spectra of alkall metal [2 2 1]- cryptates are

presented ‘in Table.§. The general features of these spectra

resemble those from the [2.252]~cryptates. Fifteen of these

complexes were méde and only IT-KCl failed to give a'spectrum;

- In the remalnlng.fourteen ‘complexes of+ “this set, II KBr and

II:KI fall to give L*-C as the dominant ion. After-correct~‘

ing for_lsotopes, there remain significant L+ C#*1 ions

TR

which correspond'to the gain'or loss of a hydrogen atom, The

L)

L+C- -2 iom is still apparent in the lithium complexes and in

some of_the 1ntense‘spectra_of so@lum complexes.

The protonation‘of'the ligand, a well known reaction -

.‘in.solutioh, is observed in the spectra of II-XK0Ts and

The anlon shows up only ln the spectrum of I NaOTs L

r
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Ca

" n/z. 505 Whlch is° as31gned to L-+2H-+0Ts. The ex1stence ofjhré
.“tosylate anion is conflrmed by the relatlvely hlgh m/zf50?.
'hwhen a sulfur atom 1s present ‘in the 1on. Ions at E/ZEBSZ’
‘-and 536 represent addltlonal examples of llgand decomp081-"

‘tlon. The former lon 1s ass1gned tc 2L+—C - 146 where

-

 loss may be 21{(64H o). The 1atter ion is asslgned“tO"

Iw+20-+0Ts-45 where loss may be 02H5 . -. The (L*-l)z Clon 1nl

j the spectrum of I1: LlOTssis another ‘example for the protona~"

'tlon of the llgand Formatlon Of\thlS 1on can be ratlonallzed

as the protonatlon and 1onlzat10n of the llgand at the same
‘tlme. . " _‘ | ‘ ) |
For the final set of‘these‘complexes.only nine mem—
bers were attempted The sPectra of. all flve Li complexes
and representatlve Na and XK complexes are llsted in Table ?

Although a,+CT is stlll the domlnant ion in these sPectra,'

_only ITY. LlBPhq and IIT. LlI glve relatively 1ntense spectra. -

The L+C -2 lon appears agaln 1n the spectra of III »LiBr and

-III~L11. Accomod tlon of the potassium ion to thls under-

sized ligand is surpr1s1ngly good. The ocmplexatlon of K'Y

e

. o two molecules of [2 1. 1]—cryptand is seen in the spectrum

_ of III. KBPh4 as @L+cf (relatlve abundance 20%)

v

SR B ﬁiOTs;~ Tn the spectrum of II KOTs. a peak is observed at_:%%inf.'

ﬂ)
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.‘f';Cri Toss of Selectlvlty of Cryptands 1n Fleld Desorptlon -
f-.»_. Perhaps the most surprlslng result from the FD ]
"spectra of the complexes studled is the lack of correlatlon

w1th the select1v1ty of the llgand 1n solutlon, 1 e., toward

the partlcular catlon that most nearly fits 1nto 1ts cav1ty.

 Tpys in solutlon, [2 2. 2]-— [2 2. 1]— and [2 1. 1]—cryptands

. dlsplay hlgh select1v1ty toward K Na- and L1 respectlvely.r..i-

len FD, this "best fit" selecthlty is reflected only in’ the ,
“average anode heatlng currenx of the complexes U51ng the
“mathematlcal 1t clu81on symbol,c: fo represeni all complexes
wrth common catlon and cryptand “the value of fhe average
anode heatlng current for [K c 2.2, 2] complexes is 19 mA,'
compared to 16 mA.for both Na* and L1 complexes of the same
l'ligand. The value for [Nalc 2. 2. 1] is only 1 to 2 mA hlgher
than for the other complexes 1n the same set. The value for
[1ifc 2.1, 1] is 2 mA higher than for [Na*c2.1.1] and 6 mA
k hlgher than for the [K c 2. 1 1] complex in this set. ﬁom— _
_ever, in terms of ease of 1onlzat10n (from TIC) and stablllty
(from relative abundance. of L andZL+C:peaks) of “the com-"
plexes in FD, the “mlsflts“ are held as well as the “bestflts"
‘as long-as the llgamd is big enough‘to 1nclude the cation
completely. Thus [Li+c:2.2;éj is as sﬁable.as [K%:Z.z.zj,
‘in spite of the stability‘consfant of the K -complex in |
.'solution is more than 10° times biggeerhan that of‘the it com-
"'plex;' fln‘solutiomi Stability and selectivify:resultefrom
a balance between ligation and solvation of the cation since
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+for the same llgand, the solvatlon energy of the cryptate
;catlons remalns the same.5 The d1s5001at10n process 1n FD 17
. ‘can thus be apprax1mated\by the reverse of the llgatlon

;reactlon..

+

[C = L](aq) — Laq) ‘ G -OH

‘The thermodynamlc parameters of this reactlon are
e presented in Table_S;: The select1v1ty is not found 1n the
J;enprepies.pf'ligation (ASl) whlch are‘essentlal;y constant :
for every ligand regardless of the caﬁion{  However, the -
enthalpies ef‘iigation (AHl) iﬁcrease With'sﬁallrcatiench
Thus’ for every 11gand transfer of a it fram the.liganﬁ ‘
cav1ty toxrhe gas ‘phase costs 20 kcal/mol more. than the |
same process for Na' which in turn costs 17 kcal/mol more
than for K ’ regardless of the stablllty of the complexes‘
in solutlon. - Thus the select1v1ty of the cryptands must
come malnly from the solvatlon of the cation in solutlon,

'and the loss of se;ect1v1ty of these ligands in FD_cond;tlon

s related'to a lack of solvation of the extruded cation.




| Enthalpy QﬁHl) and Entropy GQSl) of. ngatlon
of Alkall Metal Catlons by Cryptands I-III

Thermodynamlc SN . Cations

Zigapd parameter 5 F g Na+‘ : "K+:

fzez2l L e T - 113 g

1t [2.2.4] M 13201 93
| | -ASy . 2160 19.8 217
III’-‘EB‘il-LIJ o -AH; e 137 111 -

a. ‘AHi: -enthalpy of ligation; in kcal/mol.
V_ASl; entropy of ligation;'in entropy‘unit} e.u.

-

‘D' Anion Effect on the Stabllltles of Alkall Metal Cryptates
in. Fleld Desorptlon .

From Tables 5 ?, a marked anion effect is observed ’
lln the FD SPectra of the cryptates The average anode

heating current inereases in the-seriea-Cl" to'Br; to I”

from 14 to'16 to 19 mA resPecfi#ely. In addltlon the

generally low TIC and hlgh relative abundance of L¥ “ion in-




g
5

'the‘spectralof'chioridee and bfomidesggiuefetrohg;euidence;1~‘~:':
for. an operatlve anlon effect. 'As a'reuised'apﬁrokimationd'
 j_to “the FD condltlon, the catlon released from the molecular
jucav1ty of the llgand, 1nstead of enterlng the gas. phase, may
. be v1ewed as 301n1ng the waltlng external anlon on the '

' emltter surface-

correlation on- the efability of the'crypfate iﬂ:FD'to_ﬁhec

‘1I kcal/mol higher than 1od1des Although the thermodynamlc

Ey

"1e54;f' -

N,

.From this approximation, one anticipates,a-negative :

ionic lattice eheréies of alkali metal saltsﬁv As Shown in
Flgure By the recomblnatlon energles of chlorldes are

9 kcal/mol hlgher than those of bromldes whlch 1n turn are
1nformat10n for tetrapheﬁ}igo;age;fza not complete, exper-
imental and theoretlcal -results allow one to estlmate that

the lattlce energy of alkali metal tetraphenylborates are

ca 65 kcal/hol lower than the correspondlng 1od1des 54155

Thus a reasonable origin for the anion effect on the cryptate “
stablllty in FD has been located. The larger the recom-

bination energy of the catlon'and anion; the larger the'

dr1v1ng force to push the complex to decompose, and thus the

,‘less stable the complex. It is thus concluded that the stab-

111ty of the cryptates under FD is at least partly an 1nverse

functlon of the 1oh1c lattlce energy of the salt.

[
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Figure 3:'- .

Lattite Energies of Some Alkali Metal Salts.
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o  CHAPTER V
7 - . CONCLUSION

_ In solutlon, a’ cryptand dlSplays hlgh select1v1ty |
toward the catlon that flts well 1nto its molecular cav1ty
"However, under FD condltlons, the llgand loses 1ts selec- _:-
: t1v1ty and_complexes with "misfit" cations as well as the N
"best fit“ one;iwhenever ir.can-include.the caticn com—7

| ppiptely.A Mbst of the alkall metal cryptates glve 1ntense

- spectra Wlth the cryptate catlon, (Li-C) ; as the_base peak.

o ~ The . desorptlon process is relatlvely smooth and occurs at

ER
T
4

frelatlvely low anode heatlng current. These~characterlst1c85
may make the llgand useful 1n the analys1s of . trace amounts
'of alkall metal :Lons.56 Addltlon of a cryptand large enough
to hold up the blggest catlon 1n questlon may result 1n a

fsmoother desorptlon process and more 1ntense peaks related

: to the catlons

A flnal remark has to be made on the 'anion effect

whlch is. negllglble in solution. A marked ahion effect is -

RS SRR |

',observed in the stability of the cryptates-undethD condit-
‘ions. The larger anion, uhich has a smaller recomblnation J
energy with,fhe cation; stabilizes the cryptates._.This
anion effect is correlaﬁed with the lattice energj of the

VSalt-used' The hlgher the lattice energy of- the salt, the
less. stable the complex formed. In a study of L3t attacument;' %

to organic molecules in FD, LlBPhu_was used as the cationiz- i
R . - L . . 1
' 37 _ . R
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3;ihg'reééént. The resultS-werésSﬁccéésfui"~but'the;chbicéiof'f.

;'Lthls blg anlon was not explalned From the- above results.

1t is suggested that for a glven catlon, the use of an.anlon

that glves a small salt lattlce energy may fa01lltate the .

catlonlzatlon process (1 e: stablllze the complex) under FD

e =T

. .condltlons. Thus for . cataonlzlng nucleos1des, a blg anlon,
| e, g BPhu ; may be- the flrst ch01ce. However, as descrlbed
_prev1ously, a 31gn1f1cant structural effect was- observéarigf“mu“
f_the catlonlzatlon process for nucle081des, suggestlng that
substltuted naphthoates may well be worth trylng.' Effect§
from sllght structural changes of the anion may- help in-

understandlng the role of the anlon on the catlonlzatlon.

'jprocess (1 e, stablllty*of"the COmplex)

—




R T P R ; " T TR 5,

‘REF-ERETNCES‘ -:- \ Cnl T T

1

.9.
- 10,

11,

12,

13.
14,

15,

16,

" N. Mak, M. Sc. The51s, Unlver81ty of Wlndsor, Wlndsor.<

‘Letters,‘2889 (1969).

'Eggl- ’ l§:538 (19?7

H ? Sc?ulten, Int. J. Mass Spectrom. Ion Ph xs., j_,;
97 (1979

., G. W. Wood, P. Y, Lau, andTN..Mak,,Biomed,'Mass §pectrom.,"‘ :
1, h2s (1974). o : ‘ = |

Ontario, 1975, ‘ _
J. M. Lehn, Acc. Chem. Res_; 11 49 (19?8)

. B. Dietrich, J M., Lehn,'and J. P. Sauvage, Tetrahedron

Letters, 2885 {1969) .

B. Dietrich, J. M. Lehn and J. P Sauvage, Tetrahedfbn

' . Ly - .
.%. Me?z, D. Moras, and R. Weiss, Chem. Commun., 217
1970 s . I ,5

J. M. Lehn, J. P. Sauvage, and B. Dletrlch Jr., Am,

Chemn. Soc , 92, 2916 (1970).
J. M. Lehn,‘Struct. Bonding (Bérlin),'16;:1 (1973)}

J. M. Lehn, and J. P. Sauvage, J. Am. Chen. Soc.}‘gz,
6700 (1975).

E. Kauffmann, J. M. Lehn, and J. P. Sauvage, Helv, Chlm
Acta, 59, 1099 (1976): :

D. Freaklns, and P..J, V01ce, Js Che Soc., Faraday
Trans. 1, 68, 1390 (19?2) '

B. G. COX, Ann  Rep, Prog. Chem., Sect. A, 249 (1973)

J. Gutknecht H. Schnelder, and J Stroka, Inorg. Chem.
17, 3326 (1978) . - . . :

W. S8imon, W. E. Morf, and' P. C. Meler, Struct. Bond;_g,
16 113 (1973).

K. Henco,‘B. Tummler.S and G Maass{i%ngew. Chem. Int CE4.

b

39




18,

o

O T

40

B G, Cox, H. Schnelder, and J. Stroka, J Am Chem.

Soc., 100, 4766 (1978). o T T -f;";-

J. M. Lehn. and J.. P, Sauvage, Chem. Commun.,_bho (19?1)

H. D, Beckey, Int J Mass Sgectrom Ion Phys., 2 500 :

20,
21
- 22,

24,

25,

26.

27.

28,

29.

(19697

-

H. D. Beckey, “Prlnclple 6f Field Ionlzatlon and Fleld :
Desorptlon Mass Spectrometry", 2nd ed., Pergamon Press,

1977. . . e

‘H. R. Schulten, in Methods of Biochemieal Analv81s, vol.;

24 D Glick ed., Wlley,‘New York, 197?, p._313

E. W. Muller, x Rev., 102, 618 (1956)

R. Gomer, J. Chem. ths., j;, 341 (1959)

T F. Holland, B. Soltmann, and C C. Sweele , Blomed.

-Masgs Spectromn., 3 340 (19?6)

¢, ¢. Sweeley, B. Soltmann, and -J. F.-Holland, in Fngh

. Performance Mass Spectrometry", M. L. Gross ed., American
© Chemistry 8001ety Sympos1um Serles Washlngton, D, . C.y-

1978, p. 21k,

‘H. D. Beckey, and F. . Rollgen, g Mass Spectrom., 14,

188 (19?9) ,
J. F. Holland, g_g ‘Mass: Spectrom., 14, 291 (19?9)

H. D. Beckey, Org. Mass Spectrom., ;&,_292 (19?9).

R. Olinger, J. Dye, and J. F. Holland, "‘American Seciety
for Mass Spectrometry, 28th Annual Conference on Mass
Spectrometry and Allied Toplcs, New York, New York (1980),

Paper FAMOBS6.

© 30,

.31‘1

R. J. Cotter, Anal, Chem., j_, 1589A (1980)

B. Soltmann,“C. C. Sweeley, and J F. Holland, Anal,

Chem., 49, 1164 (1977).

32.

33.

34,

D. R. Hunt J Shabanowitz, F. K. Botz, and D.. A..Brent, :

R. J. Cotter, and A, L. Yergey, d. Am. Chem. Soc., 103,
i59? (1981).

R. Stoll, and F. . Rollgen, . Mass Spectrom., 14,
642 (1979) . =




iy

42,

”*f35.

_‘3?.

—

8.

39

40,

R

41.

- Jde No Gerber, and C. C. Sweeley, Anal..Chem., &ﬁ 42?

S

S

A

R. J. Cotter, and C. Fenselau, Amerlcan 8001ety for Mass

‘Spectrometry, 28th Annual Conference on Mass Spectrometry o o
_and Allied Toplcs, New York, . New York (1980); Paper RPMP17e,

- 'Spectrome, 12y 710 (1977).

H, J. Helnen, To Glessmann, and Fo W Rollgen, Org; Mase _

Fe W Walne, B._Soltmann, J. F._H011and, N. D. Young,___
(1976).

2_3 2290 (1980).

P. Y. Lau, Ph. Ds Dlssertatldn; Unlver81ty of Wlndsor,

D. F. Fraley, W. S Wbodward, and M. M. Bursey, Ana?' Chem.,'r'

. Windsor, - Dntarlo, Canada, 1976, . .

S. Perklne, M. Sce The51s, Unlver51ty of Windsor, Windsor,
Ontarlo, Canada, 1981. '

G. W.-Wood, ‘and W. F. Sun, Amerlcan Soc1ety for Mass

. Spectrometry, 29th Annual Conference on Mass Spectrometry

43

and Allied Topics,. Mlnnespolls, Mlnnesota (1981), Paper
RPMOA9. X

-E. Je Oldenburg, M. Sce The51s, Un1vers1ty of W1ndsor,

Windsor,.Ontarlo, Canada, 1977 -

Ge W Wood, E. J. Oldenburg, P. Y. Lau, and D. L. Wade,

-‘.Can%\.J Chem-’ i, 1572 (1978)0 s

Ll

F. W, Rollgen, ¥, Borchers, U. Glessmann, and - K Lersen,

: _g;g. Mass Spectrom., 12, 541 (1977)

45

46

49,
50,

1094 (19?6)

He J. Velth, sngew. Chem. Inty Ede E g .5 _5, 696 (19?6).

U. Glessmann, and F. W. Rollgen, Orge Mass Spectrom., 11,

“

Jds Ca Prome, ‘and G. Puzo, O'g Mass S ectrom., 12, 28 _;
(197?)- . s

G. W. Wood, M. K. Au, and P Y. Lau, American Society for
Mass Spectrometry, 26th Annual ‘Conférence on Mass. Spectrom—
etry and Allied Topics, St. Louls, Missouri (1978)

G. W. Wood, and M. K. An, unpublished daté.

G. We Wood, “and W. F. Sun, American Society for Mass
Spectrometry, 28th Annual Conference on Mass Spectrometry
and Allled ‘Topics, New York, New York (1980), Paper RAMOB8.

13




51.>G W WOod and W. F Sun, B;ome . Mass Spectrom., 2, o
399 (1980). " - _ o

‘52. G. W Wood, a:.rld M. K. Au,' unpubl:u.shed results.

53,77, H. Block in "Chemlstry ‘and’ Phys:.cs of SOlld Surface" '
_ R Vanselow and S. Y. Tang eds., CRC West Palm Beach, :

Florlda, 19??, P- 49.

" 54, D. N. Bhattacharyya, C. L. Lee; d. -Smid, and M..Szwarc,
' J. Phys. Chem., 6 ’. 608 (1965) ‘

‘ 55- M. Salomon, Q hx » Chem- ?_AL, 25]9 (19?0).

 56. Y ( 26)Wu, and H. L. Frledman, J. Phys. Chem., 70, 501
19 . ) . ) .

57 H. R. Schulten, U. Bahr, -and W. D. Lehmann, MlkI‘OChlm.‘Lca
- ACta: 1: 191 (1971)

ar

A R R s e s L S R A TR R P U

3 m et

P




Vi

PART II .

S
. Bty
4 .
o .
L]
-
-
-
-
™
-
-
-
k)

" STEREOCHEMICAL DIFFERENTIATION OF ALCOHOL DERIVATIVES
. " BY VARIOUS MASS SPECTROMETRIC TECHNIQUES
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CHAPTER I

INTRODUCTION

A Stereoohemlcal Studles in Mass Spectrometry

" The dlfferences in the fragmentatlon pattern of

‘electron 1mpact (EI)~mass spectra of stere01somers was flrstq?

x

necognlzed 1n the flftles 1-3 The stere01somer1c effects

" may arise from the dlfference in energy- contents between )

: 1somers and/or rearrangement reactlons of the molecular 1ons

that are. affect%d by the- access1b111ty of the two groups ‘

partlclpatlng in the reactlon. The unlmolecular rearrange— '

ment reactlon is espec1ally useful for structural problems L

due to Its hlgh dependence on sPatlal relatlonshlps in the.

molecular ton durlng the bond maklng stage. Such reactlons,f'
e.g. ellmlnatlon of a small molecule from the molecular ion,

prov1de 1mportant information about the conflguratlon of the

molecule and has been used for structural ass1gnments.

'nSpeclflclty of a rearrangement reaction- can be seen from the

‘ellmlnatlon of a water molecule from the acycllc alcohols _
‘The C - 4 hydrogen atoms are preferentlally ellmlnated (>90%) .
In contrast the stereospec1f1c1ty is lower in the loss of .

water from cyollc alcohols 5 6

u .

¥




) ;—T;;f;——is'. hﬂ F42() __—_
T (14 1 3 85 15)

“In 1, 4 ellmlnatlon of water from cyclohexanol the -
.'013-4 hydrogen is transferred to the hydroxyl group v1a a
rlng—lntact boat conformatlon, and thus 1s hlghly stereo- ;r‘
- SpGlelC In the 1 3 ellmlnatlon, a prlora-cleavage scambles o
‘the dlastereotoplc hydrogens on C-3 and c-5 and thus is .

6-'. . - K .o s ~
non—stereospe01f1c R o : E -

7

Lo b
ﬂ :} | .TfM*Hﬁ)(L3) |
l ~ nonstereospecific

Nd H,0 o
| stereospeclﬂc |



In FD, stereochemlcally dependent ellmlnatlon‘reac-;
tlons have also\peen observed The ClS— and trans aldrln-h w‘fi
5- d101 have been studled by FD and- have shown dlfferent
1ntens1t1es for the M H 0 peak The ion is more 1ntense.l
in the trans 1somer than 1n the'01s one.? The reason for

.the dlfference was not explalned However, 1t could be a
\'because of the avallabllaty of an actlvated hydrogen in the -
-_fadgacent carbon in the trans 1somer.' |

A It is not the purpose here to - outllne every stereo—;
chemlcally dependent mass spé%tral reactlon._ There are -a '-
B few review artlcles that dlscuss this maitertulmore detalla 13
Be51des the‘hlghly stereochemacally sen31t1ve rearrangement
-'reactlons, there is another type of reactlon that has perhaps
. small but‘real,effects on-the appearance of”tnermass spectra
of stereoisomers. Under ﬁI; fhe_simple cleavage-reaction
.of diasvereomers that'leadsveach'of thé isomers to a common
product 1on,‘the dlfference of the appearance potentlals (AP)
~of the product 1ons reflects the dlfference between the ,
heats of formatlon (- AAHf) of the 1somers (Flgure 1). 14 15
';-PA+ and PB are structurally identical spec1es.' I the
‘1somers 1ncorporate slmllar amounts of energy 1n the 1on—
ization process, the decomposed 1on from. the less stable
irsomer, PBfl should undergo.faster‘fmrther degompos1tlons..
‘As a conSEquence; diminished-ion intensipy of-PB+‘results.

Figure 2 showsusupport'for this idea.

. o ' . - E " - '-H\;\\.' _ N "LM ' )7' ‘- .
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Figure 1

T e gad

Simple model predicts:
(1) YERsYER

(2) AP, (R*)>(Rg)

where - A'&‘B are diasteredmers and.
Py & By ‘are structurally identical

Scheme for Relatmg Appearance Potentlul
leferences And Product lon Intensities
to The Relative Heats of Formatlon of
Dlasteregmers ‘And Constltutlonul ,l,sor_ners
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Flgure 2. Relcttonship between Thermochemtcel
- Stability and lon Intens:ty for Loss of
Methyl Radical. Data Presented as.
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| ‘In 1923, BECkey and Schulten showed that the 1somerlc ;_[755 
"ijggly0051dee(1a,lb,11a and IIb) glve dlstlngulshable ED

16

spectra. ~- The cleavage of the glyc051dlc bond of the a~

: “”1somers was enhanced by a factor of 2 “to 5 over the B-lsomers.L

Ay

ib, R= 'NOZ.-
The difference was explained. by the fact that less stable

Q-gly0051des were more subgect to cleavage to release the

steric hindrance in the molecu}ar ion.

- B. EI Studies of Dlalkyl Phthalates
Homologous dlalkyl phthallc a01d esters have been
Vstudied by EIMSIand a fragmentatlon'pattern has been pro-
posed.17'19 The fragmentation pattern was divided into two
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' fmaln steps- (1) from molecular ion: to m/z 16? and then

_ 'ld/z 149 (Scheme 1), (2) from m/s 16? to. m/z ?6 (Scheme 2)
' Mbst of the esters studled gave weak but observable peaks T

-_for the molecular 1ons The molecular 1on lost one of the

 two hydrocarbon chalns by a double McLafferty rearrangementzo',

:|.nvolv3.ng a transi‘er of two hydrogen atoms to. glve -{AT
~ (Scheme 1) A McLafferty rearrangement of [A] gave rise to
_/z 16? whlch then lost a water molecule to give m/z 149,
Loss. of a water molecule from [aT" gave [B] Whlch underwent
further decomp081tlon to give g/z 149 (Scheme 1) h

- Loss of carbon monox1de from m/z 149 furnlshed
__/z-iZl which decomposed to m/z 93 Loss of a COOH radlcal-
..from n/z 149 led to m/z 104 which decomposed o co and
[CéHaj (n/z ?6) (Scheme 2). - .

“Loss of a COOH radical from m/z 16? gave [c H602]+'

\

L '(g/z 122) whlch followed the decompos1tlon pathway as

 benzoic acid (Scheme 2)

CP-EI.Studies of Dialkyl Carbonates |

( . Dialkyl carbonates have been studied?by Djerassi et
al.. 2t The spectra obtalned were s1mple. The molecular -
ﬁpeaks were small but notlcable. Fragmentatlon of these com—
pounds was 31mple.' The molecular ions lost both of the alkyl
‘groupS'in steps; a:\ fragmentatlon pathway for these compounds

'is given in Scheme 3.
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D Statement of Problem f: oL

A& T ' =
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ffmetrlc condltlons have recelved 1nten81ve study, especlally
under electron 1mpact 1onlzatlon. However, reactlons under

_FD condltlons have so far’ recelved _Sparse attentlon. The

:prlmary requlrement for samples belng done by fleld desorptlon ﬁ.

. is. that they must be nonvolatlle under worklng condltlons

_;In addltlon, structural features favorlng fragmentatlon must o

~ be bullt in so that any dlfferences due o stereochemlstry

, w1ll be clearly expressed. Wlth these two cr%Ferla 1n mlnd' __

aCld phthalates and . hlgh molecular welght carbonates have
'been prepared from 1somer1c cyclohexyl alcohols, and(haVe

‘been studled under ¥D, FI and BI. condltlons.
) . , T

Reactlon§ w1th sterlc dependance under mass spectro—fqvjf,

ne

L .
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CHAPTER 17

.

EXPERIMENTAL o

A Instrumental _ . N
'Thé FD Spectra were recorded as descrlbed in the

experlmental sectlon 1n Part I of thls dlssertatlon. TThe S

~ FD spectra are an average of at least 15 scans at an anocde

heatlng current of 12 to 15 mA. S af

The FI and EI spectra were recorded with the same B

mass spectrometer and data system as descrlbed in Part I.

~The samples were 1ntroduced into the 1onlzatlon chamber from

a dlrect 1nsertlon probe. In both cases, the 1on source

temperature was kept at ca 150° and the-probe temperature

was kept at 100 120° . For the FI spectra, no heatlng o
. current was passed through the anode. Tbr the EI spectra,

" energy fcr the bombardlng electrons was ?0 eV.

Meltlng p01nts. determlned wmth a Flsher Johns melt- |
ing apparatus, and b0111ng p01nts were uncorrected.

The NMR spectra were recorded on a Jeol 60 1nstrument

-w1th tetramethyls1lane as 1nternal standard The IR_spectra

were recorded with a Beckmann_Ilez.

*

B.‘Chemlcals

The trang— 1- decalone, Cls—-l decalol 2 decalol

(mixture of cis and’ trans 1somers), trlphenylmethyl chlorlde,

55
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:' ; d_ a565‘

:llthlum alumlnumrhydrlde (LAH), tr1-sec-buty1borohydr1de (as
a il M solutlon in tetrahydrofuran (THFD and 4- tertﬂbutylcyclo~
hexanol (mlxture of cls and trans . 1somers) ‘were purchased
from Aldrlch Chemlcal Co. The trlphenylmethyl chlorlde was |
recrystalllzed:trom.acetyl chlorlde/petroleum ether (1/10)
_!before use. The 9-—fluorenylmethy1 chloroformate was pur— ‘
" chased from Plerce Chemlcal Co.‘ Phthallc anhydrlde was :'7 f f—
_purchased from Flsher Sc1ent1flc Co 'and recrystalllzed from ‘

) benzene before use.

=

Tfiphenylmeth§i.sadium - :
LTS . ‘ :
In a. cru01ble contalnlng 10 ml. of mineral oil was

~
‘placed 0.25 g (11 mmol) of freshly cut sodlum Heat was .
i applled until the sodlum had melted, and 8 5 g of mercury
‘Mwas added slowly. ~ The amalgam was hroken 1nto small plecesA
d while it was still soft, The sglut;on was-then.allowed‘to-
'cooiaté rooﬁ-tempefature. Tha=amalgam Qas washed twice with
petfolaum-etaEr,foace_with die%ﬁyl aﬁhef and tﬁen'tranaferred‘
‘to'a 125 ml Erlénm&er flask. To this-flask-was addedfluu g
(5 mmol) of trlphenylmethyl chloride and 350 ml of dry dlethyl
ether Tha flask was then~f1tted_w1th a rubber stoppar and
was shakeﬁffor at least 8.hr.,'during which‘period;the'sol-,.
“ution sloﬁiy became deep red in coldur.‘aThe flask was refrig—'
‘erated for one hour to allow the solids‘(éoddum chldfide and

A

mercury) formed in .the f%action'ta.sattle..‘ -




Preparatlon of A01d Phthalates

s

‘.

= . »

C e — ] . e . s R

The acld phthalates were prepared ﬂrom phthallc'

hfanhydrlde and the correspondlng alcohols accordlng to the‘

method descrlbed by Proklpcak 21. A

} . R

as follows . : o ': L

To an ethereal solutlon of 1 25 mmol of an alcohol

E

 was added the_trlphenylmethyl sodlum solut;on~wrth st;rrlng :
_'under nitrogen until a persisting red solutionfuas ohtainedﬂe:
::(ca 25 nl) lTo this solution, 1. Sémmol of'phthalic anhydride Q'
“was added 1n one portlon and- the mlxture was stlrred at room
1temperature for 3 hr., after whlch perlod 10 ml of water:
.?was added. -The aqueous layer was separated and added into a
‘crushed 1ce and . concentrated hydrochlorlc ac1d mlxture. The_‘b
-aqueous solutlon was then . extracted three tlmes w1th dlethyl ‘
; ether.A The ethereal extracts were Fomblned, washed with
" water and drled over anhydrous MgSOu. Evaporatlon of: solvent

h.afforded a solid whlch was then recrysta!llzed from petroleum

ether (90 110)

v

For 1nd1v1dual a01d phthalates, only a brief descrlp—

i\

tion for the separatlon of~1somers, af necessary, and melting

p01nt of the compound w1ll be glven, Each a01d phthalate

was reorystalllzedQStlmes from petroleum ether (90 110)

" before mass spectral analy51s.

..

>

,general procedure is given g

P4
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-ifcls— and trans 4—tert-Buty1cyclohexy1 ACld Phthalates(l.amdz)

o | 4 teri-Butyloyclohexanol was purchased as a. mlxturef_'a’ﬁ“
Lof 1somers.; The mlxed ac1d phthalates were prepared as des~
~cr1bed above. The 1somerlc a01d phthalates were separated _f

':'_by fractlonal crystalllzatlon from petroleum ether, (90 110)

_Inleldual isomers were then recrystalllzed from the same

,_solxent at least 3 tlmes.' Lo —,;"

| ~.cis- -4- tert butylcyclohexyl ac1d phthalate (l) "__1 L .
L e Cmep. 18O - 11 I
. o +22 14 —‘142' | '

*trans b- tert-butylcyolohexyl aold phthalate (2)
' ' m.p. 146 - 147 | S
-iitgg,lué.z-ius,? I

- Decalvl Acid Phthalates | |
| | The 2 decalol was purchased as a mlxture of 1somers |
The ml@ture separated 1nto “two fractlons——the solld anhd
s 11qu1d fractions. The two fractlons were thenfseparated
and a01d phthalates of both fractlons were pre“ired.~ ‘
| . Two aold phthalates were separated from the solld -
fraction reactlon=product by fractional crystalllzatlon from o
petroleum ether (éO—liO) ) | I _‘- A (A
L cis~ trans 2- decalyl aold phthalate (?) ' | ‘
m. P-; 153- 155
11423 153

e e T S T L Vo T e AR T Pt S i e 4 22 LSS T T



.o R ~ C A . . : . L L
- - : L . . ! - L * Lo ooy

Ai'trans trans-g decalyl ac1d phthalate (A) R
11t23 180 q:o‘ o

Only one. acld phthalate was obtalned from the l;quld
fractlon.' ‘
: !

o 01s ~-cig- z-decalyl acid phthalate (6)
“ mep. 115-117%

I ,116..-7 |
,_c1s ClS—erecalyl Aold Phthalate (5) : .'f, o r_i[,,'
| Thls ac1d phthalate was prepared from cis-cis- 1— -

P—

‘decalol and phthallc anhydrlde by the general procedure. e

m.p. 182~ 182, 11t23 176 - )
A ' 'y
trans 01s~1,Decalyl Acid Phthalate (4) | ;
i To 5 ml of 1 M trl sec butylborohydrlde in THF-
_solutlon was added a solutlon of 1 25 mmol of trans 1= .

| decalone 1n 2 ml of THF at ?80 w1th stlrrlng under nltrogen._
The solutron was stirred for an additional hour and 1 ml of
water was added. During‘thegaddition,.tne‘mixture was s
;;allowed to warm to ambient temperature.' One ml of 3 N‘NaOH |
'solutlon was added followeéd by cautlous addition of 1 ml of

30% H,0,. To the mixture was: then added 2 g of cho3 and tgeg?
) aqueous layer was separated and extracted tw1ce w1th THF .

‘The ‘ organlc layer and extracts were oomblned and drled

'oVer anhydrous MgSOQ Evaporatlon of solvent gave whlte



o crystals, m p, 44 45 The aCld phthalate was then pr

T

'pared from the general procedure, m, p. 120~122 llt23 121:

.

"fntrans trans 1—Decalyl A01d Phthalate (3)

A solutlon of 30 mmol of trans 1- deoalone 1n 5 ml
-ﬁof dry ether was added slowly to a suspen51on of 10 mmol of
LAH in 10 ml of dry ether at a rate to malntaln gentle .-
M reflux The mlxture was refluxed for 3 hr. after the _
_addltlon, and 2 ml of ice’ cold water was added- oautlously to
destroy exoess hydrlde Dllute hydroohlorlc acid was added
.untll all sollds\dlssolved. " The aqueous layer was separated
8nd; extracted 3 tlmes w1th ether The ethereal 1ayer and

a

1extracts were then comblned washed w1th water and drled L

over anhydrous Mgsou : Evaporatlon of solvent afforded white '

" crystals’ which melted at 4o- 55 A The crude product was then

* used for the preparatlon 6f acid phthalate w1thout purlflca-

: tlon, follow1ng the general procedure, The trans trans-1-
decalyl a01d phthalate was then sgeparated by fractlonal
crystalllzatlon from petroleum ether (90 110) The orystals

. were recrystalllzed 3 tlmes w1th the same solvent, m, p. 166—

168 11t23 168,

Separafion of oigr and tnans-ﬂ—teri butylcvclohexanol )
A mlxture of 1 g of the isomers was ohromatographed

‘over 15 g of 81lloa gel (35-70 mesh) | The oolumn was eluted

with pentane/CHzClz (941), 50 ml portlons belng taken., Frac-

tlons 5~8 gave ca O 3 g of the cis- isomer while fraotlons
5 :

R



'*wgave mlxtures of both 1somers.

CNMR: 86.5—?.1 (multiplet,.SH)

12 15 gave 0. 4 g. of the trans 1somer.-'Iﬁiermediate-ffaejloﬁé;ﬁggxf;ﬂ:

." J .

. .
~—

01s 4 tert-Butylcyclohexyl 9 fluorenylmethyl carbonate (9)

To a solutlon of 0. 286 g of 9 fluorenylmethyl chloro~:

formate 1n 2 ml of chloroform was added a solutlon of 0 214 g

of ¢ cis-~ 4 tert-butylcyclohexanol w1th stlrrlng at ~20° | The
,solutlon was then stlrred for 15 mln._ A solutlon of 0. 166‘g; N

- pyrldlne in 4 ml of ohloroform was added dropw1se, durlng

whlch period the solutlon was allowed to rlse to amblent tem- o

perature. The_solutlon was then stirred forganother 2 hr.

:followed by-the'additlon of 10‘mI chloroforms -The solution ,;

was washed w1th water until washlngs were neutral, and thenT‘
dried over MgSOAh Evaporatlon of solvént gave a whlte
's0lid which was then run through a column of 15 g 3111ca _
gel (35 -70 mesh). The oolumn was eluted with petroleum
ether (35- .60)/CH Ny (4/1) The carbonate obtalned was then
recrystalllzed w1th_petroleum gther (90- 110), m.p. 118 1199
IR : 13060, 3040 (m), C-H stretchlng, aromatlc '
: 2950 {s), 2860 (m),_C:;H stgetohlng, eaturated.
1730 (s), =0 stre?ching.‘ - |
11270 (s), C=0 stretching.

84,1 (multiplet,  3H)
-30.95e2.15o(envelope, 10H)
$0.85 (singlet, 9H) . |




The 1dent1ty of thls compound was further conflrmed

..‘by the mass’ speetral results to follow: g/z 3?8 (3%).

w178 (100%), w/z 165 (8%) Bl ha

© e

'e_trans 4~tert—Butylcyclohexyl 9 fluorenylmethyl carbonate(io)
' A The trans—4-tert~butylcyclohexyl 9- fluorenylmethyl
carbonate wag prepared by the method descrlbed above by u31ng _
.trans -4~ t—butylcyclohexanol 1nstead of c1s-4—t—butylcyclohexanol.j_.
,After chromatography, trans-4 t—butylcyclohexyl 9-fluorenyl ‘
- methyl carbonate WaS obtalned as a v1scous 0il whloh refused
to glve solids ‘upon crystalllzatlon.':. f | |
 513" 3080 3050 (m), C-H stretchlng aromatlc

| 2960 2860 (s), C-H stretchlng, saturated. 

1738 (s), C=0 stretchlng ' ﬁﬁ;
1275.(5),_0-0 stretching S
NMR : 56,6—§L2 fmuitipiet; 8H)” T
S - \\,_' ~

Sh1h (multiﬁlet,ejH)

30.95-2,2 (envelooe,flOH).

3o, 85'(singlet. SH). |
 The 1dent1ty of this compound was further conflrmed

by the mass sPectral results to follow n/z 378 (3%),

n/z 178 (100%), m __/z 165 (8%). I




CHAPTER III
RESULTS AND DISCUSSION

BN

A Mass Spectra of Isomerlc 4 t Butylcyclohexyl ACld Phtha_lates '

The 01s-and trans -4 t~butylcyclohexyl acid phthal-
'jates (1 aho 2 respectlvely) were studled under FD and’ EI

'oondltlons. Under FD, both isomers glve 31mple and 31mllar
' spectra with [Mﬂ-H] as the base peak 'The FD spectra of

'1 and 2 are presented in Table 1. Fragmentatlon of the

’.1somers lS 81mple. Cleavage of the butyl group glves an ion

at m/z 57, [C4H9] ' Ellmlnatlonrof a butane molecule from
;the protonated molecular ion glves m/z 24?. [M-bH Chﬁ&O]
Cleavage of the s1ngle bond at either. 51de of the ester _ ~
~oxygen gives m/g 149, [CBH5_3] 4‘and--_/g-139{ [CIO 19] .
-'Eliginatlon;of.a wateramolecule from-[M4?H]+ fornishes g/z
'287;.[0 8H2303]+' The fragmentatlon pathway of these isomers
'under FD is presented in Scheme 4 There is no 1nformatlon
- on position for the attached proton 1n the molecular ion.
However, for meohanlstlc ratlohal,fthls proton ;s placed
wherever convenient. . )

The isomers display similar EI spectra, The molecu-
lar ion is missing ih both cases, . The dominant ion in both.
speotra is m/g 149, [08H503]+.' The.oeak corresPonding to
the elimination of a phthalic'acid from:thé molecular ion at

- n/z 138 is small The isomers follow a 81mllar pattern to

known fragmentatlon pathway for the dlalkyl phthalates.18

Y
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ACld Phthalates (1 and z)a

» FD Spectra of 01s~ra_nd -l:ra_ns—ll' 't Butylcyclohexyl f'.‘

- n/z o

ions-

."zm

_—

. “'j139
. 1h0

b9
150 .

2l
287
305

306

'+

begged™

T
[CyoHigl"

[c8H503]+

BT TUMAS
- [0y gHa5001 "
- [m 4 H]Y

S

22

29

100
17

4o

a. Speqtra are presentéd”iﬁ“%?relativé'abundancet
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'5The EI SPectra of 1 and 2 are llsted in Table 2 and a frag- S
-*mentatlon pathway 1s-presented 1n Scheme 5 In the spectrumi
‘-*of 1 “there ex1sts a small but noticable peak at _/z 248

-Whlch COrre8ponds to the loss of CuHB from the molecular 1on;l?f

'However, thls peak is m1531ng 1n the spectrum of 2 ThlS '

' 'can be explalned by the pOSSlble close contact between the;"~

fester oxygen and the 4-t butyl group 1n the 01s 1somer.

Such an- arrangement is 1mp0331b1e for. the trans 1somer

0 o
- A

I /C l;. [
HOOC~ - *

&



. fable 2 -

'"EI Spectra.of c1s- and tran&ﬂmt ButylcyclohexylA

 acia Phthalates (1 and z)a .

. m/z  lons 12 : 5

R
76 Teg, 7™ 2 3
o el EEE S
e et 10 2 R
93~ [Logi0l” |
Cok [oomyol™ 1
105 [c7ﬂso]+ 2
121 [CoH0,0% 3
‘122 EC§H602]*' “ 2 -
8
1

[N

aa

123 Lopg0,]

138 [ogHgl" . L1

149 ECéH563]+ | 100 - 100
155 0 [oggelt 2 1

167 [ogH0]" .. 78 = 55

a8 [oHye0]T e e

Moo N w BN

"a. Spectra are presented in % relative abundance. . - N
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B. Mass Spectra of Decalyl Acid Phthalates

Iy

Six 1someric deCalyl acid phthalates were prepared

: ~anpd their FD and EI spectra were obtalned.A The six isomers'

" are trans—transs1 decalyl acid phthal?te (3), trans-c i g=1- .

' decalyl acid phthalate (q), gis-gi -4-decaly11ac1d phthalateff

(2), C1s-cls-2-decalyl ac1d phthalate (6), 01s-tr§ns-a-_
decalyl acid nhthalate (?), and trans c1s—2-decalyl acid .
| phthalate (8). |

I
I i'_
o




v .

e phthallc acid molecule TFom. the molecular on furnlshes the Y

' Scheme 2.

A of the six isomers display similar FD spectra

_and follow a similar fragmentation pathway as for and 2.

The FD spectra of these 1somers are listed 1n_Table 3

protonated mol,ecular ion, [M+ H] "appears as the dominant ;
- ion in all of the spectra. Cleav qe of the estér’ llnkage“ N
) at either 31de of" the oxygen glves g/z 137, [010H17] ’ or f.~'

/2 149. [C8H5 3] A gnall peak is formed at g/e 285.
[018H21° ] ' from the: ellmlnatlon of a water molecularr:rom
C[m+H]  In the spectra of itrans-1-decalyl acid phthal-
ates, 3 and h a relatlvely 1ntense molecular peak at g/e
302 1s‘observed. The M . peak xs either small or m1351ng
from the spectra of other 1somers. ' .

-«

The EI spectra of these compounds are llsted in-

Table L, The molecular ion appears only 1n Spectra of 2 and

4 1n observable 1nten51t1es. Fragmentatlon of these isomers
follows the same pattern as for L and 2. Cieavage of the
- ester llnkage gives m _/z 149. [08H5 3] » which 1s the base_
peak in the” spectra of’ 4 6 .7 and 8. Ellmlnatlon of a

®

base peak in the sPectra of 3 and 5 at m/z 136, [010H16]

) whlch 1a.also a major ion 1n $he spectra of other 1somers.

Q

whlch then fragments under the same pathway as’ glven in

&' -
¥

n

A double McLafferty rearrangement gives m/z 16?, [08H 04] ,f

o

o



P T

.Table 3

FD Spectra of ‘Isomeric Decalyl Acid Phthalates®

;m[am;.

Sdons . . 3.
: - 3,

_.15§_
137
ey
U
" 150 |
285 -
'3oé ..M
303 ’_}
304 -

e
LCyoligl" 8. . 2

+ .‘ - .:
[clonl?jﬂ LT 63

PO : .
e LC 8H50 3] _ e s i 28
B s
. . + .
o [ogghp05 2
-l

=+

[u+r]" -~ ; -100-
1y

11
100

.14

r -

100 100. 100 - 100
‘:14 "

\,13 

-

11 16

_a. $@ectfa;ére presented in %'rela%ive abundance.‘
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. Table &

" EI 'Spectra of Isomeric Decalyl Acid, Phthalates®

- -~

_y_z_.ll.j,ions 2 u':’sv i . 1 ,8,,

7 eIt B s .3 s s .3
7o fegns Tt . 30 w20 33 3

JEC [C7H46]+' - _._‘-4-_‘_'6 'f_ 2" 5 ;'5'rlp.4 .
105, 0 [eHOT . oz k. oz 30 3.2
121 ;,..[é7H5oéJ* .13 a2 11"{_1; 10
d22  [CHE,IT . T 5 il 5. 5 5 b
136 - EbiBHi6]+" : ¥1oo' 80 100 57 55 50
1. - 13 12 11 7 - 7 7
;149 . _[08H5Q3]+ - f 91 100 .57 100 10Q. 100
s . 12 b0 "9 15 13 13

S wn [ogno 0t 57 ke 28 58 57 58
- 168 . .5 & T2 5 5. 5

302 oM™ - 2 1 em e mm

93  [egu0l” w4 18 14 - iz"_'13_ 12

. _ﬁ1_53_‘_,__ W—EclaHl'ﬁo:'t“—_‘“‘“”‘S o 48 L _“3...”_,__,___7 6 S -LF__. .. .3,.‘,‘____,_‘ o

a. Spectra are presented in % re_:l.a.tive' abundance, °
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c. Mass Spec‘tra of 1&-t-Butylcyclohexyl 9 Pluorenylmethyl

i

Carbonates SR : T e T -“~ ‘ jfae,_;

Isomeric bt -butylcycIOHExyl 9-fluorenylmethyl oﬁr-
bonate (9 and 10) were, prepared and studled hy FI and EI.

The spectra are presented 1n Table 5 The FI spectrum‘oflg

shows ellmlnatlon of 9 fluorenylmethyl hydrogen carbonate at

Q/z 138 (?%) whlch is- m1331ng in theFﬁ:spectrum of 10. Also

e~;1nten31ty of_d/z 196 is much. hlgher in the sPectrum of 9 (38%)

than 1n the spectrum of 10 (8%) Both 1somers fragment o0
glve m/z 1?8 whlch 1s sllghily more JAntense in_ thewspectrumo_i
of 10 (69%<i$ 10 compared to 4?7 in 9) In the trans 1somer,

. 10 the 9 methyne hydrogen is transferred to the carbonyl

oxygen preferentlally Whlch leads to the fbrmatlon of g/zl?S.
However. in the cis 1somer, S transfer of the a-hydrogen in-
the cyclohexyl ring is enhanced by the release of sterlc

hlndrance 1n the rlng after fragmentatlon. Base peak for

both. spectra is the molecular ion at.m/z 378. A fragmén-

A
tatlon pathway is presented in Scheme 6. b :

4



<7 mable s | _‘: ‘
. Mass‘Specfféaqf‘gig— and?trans—hég-agﬁyléycléhexY1_1j:'
, 9-Flupténylmethyl_Carbdnate“(9 and'lg)g ' 2
@z, dems, 9 10 9 10
57 ['C,;Hg]‘ck o 52 16 .- 11 10 |
58 | [C.‘;.],H]_Q:'f. | - 15 19 S . -- -
138 [GgHelT 7 - - s
w5 DT e e
178 B [014}{1:0_]%-; - 47 69 - 1007 100
. 179 e 12 12 2k 21 Y
N RN C o el S K
196~ [ogH, 010 38 8 1 1
97 - -6 1 —
‘ T e L. ‘ . ™
. 3_78*,__-_,_”___;E?gsﬁiz..__o_‘.’:3l;._.... 0. 100 - 3 3 .

39 25 26

[ . N . ——

a. Spec'tra are presented in % ‘relative abundance.

% .




m/z138° m/z 196
( not seen) , :
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Isomers 9 and 10 give similar EI Spectra i‘he base

_}peak for both specu-a is fomed at g/z 1?8. ‘The mlecular

-+ ion and g/z 196 are. small. The peak at g/z 138 is missing
 in both spectra._

| A peak at g/z 165 which corresponds to the
cleavage of 'l:he benzylic bond is observed

¥

~r
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—
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-
~
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-
A
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—
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S '_ CHAPTER v
L CONCLUSION
The use of acld phthalate derivatlves of cyclic

;.alcohols fbr stereochemlcal differentiatlon in mass spectro-

metry ‘has provedhto be unsuccessful  Isemeric acid phthalates._,

give similar FD spectra with pro%onated molecular ion as the
-base peak. Fragmentatlon malnly 1nvolves 81mple bond clea—
‘vages. The EI spectra of these compounds are also 1ndlst1n—
: guishable.-_ The i‘ragmentatlon follows closely to that
proposed for dialkyl phthalates. 7
The FI spectra of cis- and trans h- -butylcyclohexyl

:9 fluorenylmethyl carbonate have a’ dlfferent appearance.

‘The peak at g/z 138 appears in the speétrum of the c1s-‘."
1somer but is absent in the spectrum of the Arans- 1somer.;
-The- 1nten31ty of m/z 196 is much hlgher in the Cls- than 1n

'trans~1somer, These dlfferences are'malnly due to the ster—

ically crgy@sdwenvirenmenr inmtpe,cis:isomer;mgBothwisomerg;‘m
give simple and indistingnishable EI spectra with n/z 178
as. base peak. The molecular peak 'is small in both EI spectra.

'ﬁfw~%Therefore, it _nay be pos31b1e to use the acid chlorlde

reagent to convert 1somerlc ‘alcohols 1nto carbonate deriv-

_.atives. and 1dent1fy them, -

[ S I
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