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| viewpoints. Peaks that were common to each spectra, or analogous to -
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A number of different N-t-buty] -a-chloroacetamides and N-t buty1-a- .

f‘luoroacetamides were prepared. -These compounds were Jprepared in order to

s‘tudy the effect upon the fragmentation pattern by an 1ncreasing number

> L

~. of halogen atoms in the acyl portion of the mlecule. .

»

After i entificétion of the idns that produced peaks in the mass e

spectrum. the\ observed resu'lts were ana1yzed from a number of different -

o

3

each s’pectra were reviewed and sjgni ﬁcant,trends were Mentified and

.

cbméh,t"e‘d u’pon. Also the peaks 1n each spectrum were examined as to the -
pathway that led to thetr formation. The data were further analyzed by : .

cqnpqringjp%k 1nten51{1es of daughter and parent Lpne', selected rearran§ - ® .
ment 1oﬁs anid se‘lect’ed fragment fons. - ‘ | } - 5"
'y uass ‘spectral data are given in the Appendix in both figure and

“ b1e fO[l! L " Co L ‘;’," ‘
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Statement of the Problem

’- - ‘ :
¥ . ' -

1+ &~ R . [

3 v ,The'ai'uj of this investigation was to gain a_fuller understanding , |

’ \ of the electron impact induced fragmentation of. halogenated amides.. A~ . :

~

series of N-g_—butyl-a-chldro@cetm_ideg and lgf"g_-buty"l-a-ﬂuoroacetamides'

i

H

-, were chosen for study. ‘The fga]og’en atoms were incorporated into thz

!

ot -

L acetyl 'port?o'ﬂ of the amides so as to give an increasingly Strong elec- .

tronegative centre, which would affect the fragmentation pathway. !
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' In an early mabs spectral soudy. Gﬂpin reporvd two major \

- SN pathways of decomposi 1on in secondary and tertiarx amides. . R S
h . /
X, ‘ Ny o
Process I , S A\
' n\_ﬁ e H—0 ks
) ° R—@ (':-NH R' i ;:-NH-R' + RCH=CH,, o
ar .

‘:/\ . ‘—:ﬁ,—— || R : . . +' ' ‘4

) R-CENR-CH)R it 'HNR-.-CH;? e o o
] ‘

f . Process 11 ' ' : g"' . {
* s, . : o o ! DU - | ‘

. . 3 - ‘

«

‘ J

\

.

-
* . . -

N <
.

Process I oceurs when the acyl group contains a hydrogen atun y £
to the carbonyl group. A rearrangement that proceeds via the same mech- .
* anism has been observed ,n esters, ? and has been confirmed by labelling

e A

experiments. - S L, h | L

" . .
v r

Processes of fragmentation f\nalogous to Process II have been ob- . ~ 3
_served in the mass spectra of amines 3 and ethers 4 Pelah 5 cTerified -
ﬁrocess II, previously suggested»by Gﬂpin. N-t-butyl -d3-ecetunide gave ‘ ‘
2’ mast spectrun that showed the peak at n/e 30 (observed in N-n-bui;yl- N |
7 acétanide) changling & /e 31 1h the spectrum of, Non-buty) -d3-acetamde e
: f This "suggests thet tho migraﬂng hydrﬂsen -origfnates fron the acety1

Fagat
4’.kv"

fixqgtion. .Tw,o possme processes then cou]d be’ m'oposed.w : %

R . M ".*
u" '
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Additional- work on tertiary amidés has helped to confirm Process II. th; .
N,N-diethylacetamide the b_ése‘peak was at'm/e 58, and changed to m/e. 59

in ~N,N—&1ethyl-d3-acétamicie. and is split almost eqnually between mle 58 = -
.aqd m/e 61 in the mass spectra of N-ethyl-N-8 '.s B-d3-ethy1acetmh1de;

_ these observations are compatib]e with Process Il. . .

> Recent investigations into the frawentation pattern of N-sub-

stituted-u,a,a-triﬂuoroacetanide have been repbrted by Saxby 6’7 ;

These\ secondar:y amides were characterized by~p¢nks appgari’ng at m/e 69

and [M-69]*, corresponding to the [CF,]* fon and the loss of “CF; from - "

the molecular ion, respectively, Ions resu‘lting frow™ the loss of HF. |

followed by rearrangement are quite common. The base peak in the straight . .

chatn dertvatwes oceurs at m/e 126 due to alkvl udicﬂ loss from ﬁ‘ 5

i

“molecular fon.

-

“Prox: and Sclaid studiad a scries of ﬂ—tﬂﬂuomcetyl-a-uim
by
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-are observed in some of .the compounds. In a second study on some sub~-

. stituted N-methylbgniy]amides; Prox and Schmid S " noted a cleavage that -
1eads to the formation of N-methyl-a-acylamine carbonium "fons 1nd1cat~
1ng skeletal rearrangement; intensity of the rearrangement ions depended
upon the nature of the N-acyl group. Migration of the methyl group in
the mass spei:t(um of N-acetyl and N-p-chlorobenzoyl-N-methyl -"a-phenyl-'

" 1

ethylamide was also observed. : C -

10

‘ Zeman and Wirotama "~ reported the mass spectra of a series of

aliphaéic and aromatic trifluorocacetyl derivatives of amines. Chara‘ctelr-

istic péaks in the mass spectra of the amides were; m/e i‘26, m/e 114, |
: o v .

m/e 78, [M-CF3]+, and ”[CF3]+. "A base peak in the spectra for many of the

prepared amides, resulted from alpha alkyl spl1tt1ng to give the peak
v at m/e 126; or from a-alkyl spﬁtt'lng and transferdf a hydrogen atom to
g1ve the peak at m/e 127,

- 4

-
o

. . ] + ' .
o ’ mé-un-g-prl + *CH,-CH,-R
’ 0 . e~ ‘. ’ )
R-CH,~CHp~CH=N H-C1CF me 126 . - -
B 0 N ) \]l ( o" .
AR A o L e H :

. ‘ CHs-NH;C-CFa + CHZ-C/

' t -m/9127.,' SN SR
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' " The process of ionization

1

A mass spectrum will only vesult 1f,‘the molecule under stody

' : fonizes. lonization may occur through the \foHowing processe‘s.

g

o M + e- = M‘ '\ ’ (])
‘ o+ e = Mo+ 20 - (2) o -\
: Mo+ = MY e (m)e” (3) '

' .
5 ‘ .

p ) LY

Equations -(1) to (3) show the formation of negative, positive

and nulci.ple-positivel.mol’ecular fonS. For the mass speccna of organic
, ' compounds, the formation of a unipositively charged molecular fon is ‘
an important case, because of its frequent occurrence. ' *
' The removal of an electron from g molecule occur"s when the im-
p'lnging electron has an energy equal to or higher than the 1oniza’iion
- botentia‘l of the. mlecule in question. ‘For the case of bombarding elec~

=, trons having an energy equal to the ionization potential, a complete

T “  transfer of enérgy must occur before 1onizetd\on resu'lts. An increase in :
oo ' : the eneI:gy of bombarding electrons will increase the probabﬂity of fon- ' . ‘l
| 1zation occurring.' Hith a greater probabﬂity of ionization occurring. . )
a more 1ntense peak is observed. A plot of peek 1ntensity of the

- o mleculer ion versus 1ncreas1ng electron energy gives ar "1onizetion ,
o L efficiencycurve" n ' "f o o o
- ST With 1ncreasing electron hnergyk the excess energy?of the o
llolecu‘lar 1on wﬂ'l mch@' valne equal to. or Mgher than the enew

reqnﬁed to break a certoin bnnd mm the nolecu\e- then.tnis occm_ ‘
frewentation resu]ts. K & et y
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A theory put forth by Eyring “, tries to explain possible frag-
mentation patterns on the basis of a "statlstical theory of mass spectra . l

Co. . Eyring uses the working assumptfons that: (1) 1t is possible to remove .,

. any one.of the valence}electrons; (2) free and rapid:ﬁtravel" of excess
'energy'throughout_the moleculea.(3) fragmentation of a bond will occur -
when sufficient energy is located at a given bond. éimple‘molecules
have been tested using the statistlcal theory of mass spectra. The
mass spectra of propane, propane-z,z-d2 and g;butane have been ;Llcu- .
lated and found to agree well with e;perimental results. However complex

. molecules have calculated and experlmental results that agreed only-in
’ a qualitative fashion. o -". h
fhere arenvarious pathways by which fraémentation may occur. .
The probability of a particular fragmentat1on mode occurrlng will be
dependent upon the energy of the electron beam. Most spectra however,
*+are run under conditions in wh1ch the bombardlng electron beam has con- - - ]'
"'siderably mobe energy than requlred to rupture one bond. Thus a mose .

complex specirum consisting of-many neaks resylts.

] 3

e
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Fragmentation patterns . .

H

. / C ‘ i
The intensity of a peak,’ corrai_pond ng to a positively charged .

fra@mént. represents the number of L'.'lo'ns arriving at the ion collector

and notf the original number of ions pi'o:luced.\ The intensity of a pealg
. 1s found to depe'nd upoﬁ' the fon's stability versus its tendency to I
undergo further fra’gmenta,tlon.. Structural features will \determfne ’the.
stabiliiy of fragments. Elements of strﬁcture. that tet;q to stabilize
a positively charged fragment, Wil aid in the production of an intense
péak.‘ Stabilization of a po'sitive]y‘,charged fv‘agnenf is 'iidgd 'b.y the
production of a stable radical or a neutral molecule. : .

- 4 -

. In general “{t-has been found that the fol'lovyivng cleavages orf e

"

I}

rearrangeménts are r:esponsib]e for' the most intense peaks in the mass

spectra of organic molecules. B\ S

- » -
" t

-

A. Sifuple Cleavage
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TIt nu;st be noted that there are major factors which tend to

militate against a certain pathway for fragmentation. These factors may
be summarized as (1) the localization of a positivé charge on a certain -
atom rather than having the chargerdis‘sihted;throughout the m;)'lecu'le bj
electronic ef:fec.ts; (2) a :Hstr’rbution of the atoms in the molecule that : .

overrides the possibility of a rearrangementl’ pr'ocess; (3) formation of

a neutral fragment of high energy content. \

*
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E1"fects of Asotopes 6 f\j ' . ‘ - | .

1) Chlorination : ,
‘/‘, Chlorine has two naturally occurring isotbpes, 35¢1 and 371}1.

The relative abundance of these isotopes can aid in the interpretation
s ————-—— -of a'mass spectrum. If a number of chlorine atomslare incorporated into -
a molecule, the/relativ!e ‘i'ntensity of the isotope peaks can be predlicted
(a+b)“. where a = relative .abundance of the 1ight isotope, and b = rel- ) 3
//tive abundance of the heavy isotope, and n = the number of chlorine atoms

.

. s
DU 'by the binomial expansion. A binomial expansion can be expressed as _
present. - : , ‘ T
e J ’
t -Relative ' R LT ’
} - , Intensity ' ‘ T
| ) ~ .
—— ! . X .
j . - !
- o 1 * l _.
o ‘ . X x+2 ‘ X x+2 x¥ x+6 o
- N . :_, - 1 . "
> T For two C1 atoms For three C1 atoms - S

. ; .

, ‘The chur&cteristic 1sotope pattem of chlorine containing framts
Y07 make thes mdﬂy fdentifiable.




ﬁns will destroy the characteristic pattern being sought after. i . T

, premisei that complete deuteration has occurred at the desired position

"One must’keep' in mind the possibility of érrors -1;\ 1nter|5retation S

wheR looking at isotopic systems, as coincidenta‘l overlap of fragment -2

a

m Isotopic_labelling . ‘ e -

P'Ianned isotopic labelling can a1d in determining ‘the mechahism

~of fraguientat*lon. By specific deuterat1on of functional groups within ST
a molecule it often becomes possible. to determine the relative 1mportance

of competing fragmentation pathways. As an example, a peak appearing e |
at-m/e 43 has two couon possibilities, [CH3-ﬁ] or [(:38‘7] . A n?olecule |

o . ) " 0 .
with both of these functional groops 1s CH3-ﬁ-(CH'2)ZC|j3. | By speciﬂc. |
o -0

deuteration of the methyl group attathed’ to the carbonyl, the mass
spéctrum of Fna'ﬁ“_c“z)zc“a would no show‘ a peai y/e 4§.lfor [corﬁ*
. 0 0 : 0
and a peak at /e 43 Foi [C3H7]*. It nov} becomes possible to distinguishq

the formation of .each fragment. . -The conclusion reached is based upon the. -

and thqt no isotope scrambling has occurred. -

With thd technique of Specific deuteration, it then becomes pos-

sible to describe where]a particu'lar hydrogen abstraction occurs in a
rearrangement process. As an example the general process. Lo

K e Cn' .-+.,ux
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A g can be better understood by reviewing specifically. deuterated positions '
' within the alkyl chain. To further illustrate: this point the elimina-

et

’ tion of water from ethanol‘VPanfﬂ1ectron impact was thought to be a 1,2

pere

eljmination. The mass spectrum’ bf/ethanol-l-dz showed an elimination of

~

AR

N A

H,0 has occurred rather than HDO.
» B -

’ Metastable ions . ' ‘ .o

' If an fon is accelerated from near rest through a potential drop .
., of V and undergoes de‘compo'sition after acceleration, butl before ana}ys1s,
s . a.metastable transition may be observed. For example, if an ion of hass
m] and. charge q1 is accelerated through a potential drop and then-decom-
poses into an ior of mass m2 and charge Qs and a peutra] Species‘n, one
’ theh/hz§1the equation: |

m]q])-—'—-—» ma, + B . (%)‘

o The apparent mass, m*, of the daughter‘ion'is given by: o | o R

2 ®
t . (m) Qe .
moe—2 , (5) |
% m (qz)z ot Te e : ’ ,
' . ’ ’ . L ' ’ s ’
~ - where e is the charge of one electron. The most-commonly observed cases . .

-

are where; (1) ql'; q, = e and therefore I o

LN ;,‘ (‘ )2 ' , . . o (m )2 | | . ::‘1‘:‘;
.‘* 2, un qy =4, = 2¢ and therefore m = 2:1 T
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deflection type are used.

” veloped a technique to observe metastable ‘transitions that occur between . o

* ‘2('“2)2 N
(111) q; = 2e, qy = e, thenw = _'ii_ . These equations can be

applied when mass spectrometers of the sector, or semi circular magnetic

hCS

* ettt >
In a normal double focussing mass spectrometer the metastable

transit‘lons that are observed are those that occur between the electric
and the magnetfc sector. Thosg decomposit'lons that occur. between the
ion source and the electrostatic sector are normally observed Meta~

stable transitions occurring between the ion source and the electric

I3

~.

sector may however, be observed if appropriaye variations are made dn

L

the el ectronics of the electric sector. Struck and Major 13 have de- .

» the ion source and the electric sector.

Metastable transitions occurring between the fon source and the
electric sector may be observed by 1ncreasing the ratio of the acceler-
ating volltag'e to the ’-electric‘ sector vol tage, V/E, by the factor-m1/m2.
The mainﬁion‘beam will be defocussed, and only the daughter fon m, from
the decomposition” shown in equation’ (4) will be observed. ‘The ratfo of
"V/E may be _changed by varying the vol tage of the electr'lc ‘sector 1n a
continuous feshion from its noma‘l value of E . The ratio E]/E for a ,
ﬂrtfcular metastable don gives the ratio mzlm], since Ele = mz/m.l Z\ .
Then if the electric sector vol tage is set at the retio of - E‘/ where _—_—
a metastab'le ion occurred. and then a mgnetfc scan 1s taken. a peak wﬂl
be, observed for the trensition By " My + n. This peak w'm be found @
at the same m/e position on the. spectm. as the nétasteble _peak for th'ls :
transition 1n the noml spectm From the fonovdng re‘lattonship

E]/E = nzlh] “m /u1 vhere n = (nz)zlnl, onqw:en calcuhte‘nz anﬂ‘n‘

~"“
el
Ve

] %

"
e t‘j P S
9* ! ca;’:. Yo g‘
R g
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car

. " This technique focusses,thg metastablé daugﬁter ion so fhat the
) :"peak is more intense. The normal ion beamqwijl not be piansmittédito
' the magnetic sector. Since there are few péaks'1n such a spectrum it
1s*necessary to.calibrate the mass scale.'ejfher by using a mass marker
or by running part of {he normal spectrum so that it can be overlaid to
obtain the mass of the peak.resulting from the decomposition of the mita-

stable species.

<

\v

High resolution

Perhaps .the most powerful tecﬁnique in mass spectral work, is
that of high resolution. High resolution offers the possibi}ity of o
separating peaks of relatively small mass difference. Ap op:::¥49na1
definition of resolution yhat is oftgn used, is that two péaks"are fﬁlly
resalved ‘if the depth of the valley between the peaks is less than 10} B .

- of the height of either peak. The resolution‘réquired to separate peaks
is the difference in thiilasses of the two péiks'being consiﬂeréﬁ. AH{gho | !
resolution may be considired to be resolut1on above the level, R = 5000
Resolution that can be attained by a particu]ar mass spectroueter ,
o 1s'dependent upon whether the instrument is a.single focuss}ng or a
doubl; ?ocus§ing.1nstrument. quiable paramete}s of the instrument,
such as the slit widths® of- the sod?ce and collector siit, as well as
the position of the magnet can be. adiusted to. give maximm resolution.. »
. High reso]ution can be attained with a double focussing mass’ , .‘ '

spectrometer, the term doubla fbcuss1ng means that the 1on bean is -

fbcussed 1n two ways. electrostatieally. and nagnetical]y. a °;‘ o 1 L
E1ectrostat1c focussing of the ion‘heau invulves‘the uliniuation yt'?* -
‘bhll.»zlons arn'phssad throngh 2 radia!

¢

‘of an energy‘spraad 1n the 1qn
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electrostatié’}( field and undergo. velocit_y focussing, so -that fons of a i

@ < -

partfcu]ar k,inetic energy can then be selected by the use of a variable i S
s1it between the e'lectrostatic ana]yzer and the magnetic field.

Selected ioms then pass from electrostat'lc sector to the magnetic sector.

-

,Direction focussing is accomplished in a magnetic field Ions
‘are, accelerated from the ion source by a high voltage, the potential o
_energy (eV) that an ion fragment had the 1nstant before acceleration

will be equal to its kinetic epergy after 11‘. has fully accelerated.

- . 1
- . f

. ev = ‘M_!._ ) s o (6) ‘ EZ8
2 * . . N , - .

& A T ‘

The magnetic fielgi- will act upon the accelereted ;;article with a centri- .

petal force HeV. This will be counterbalanced by a c'entri,fugal force_

Mve/r where r is the radius of the semicircular pq’th of the magnetic

field. . T : T

. PR - e

-

’

T hey = M SN ) E. - o

The mass to charge ratio for the ‘particle hpon'el 1m1nat1n‘g' v will then = -
- y s N . N - . M

- M . ¢

s bes’ : L - - T
R I O BN () | S
e “ c “ 1
v | A

- {
"To observe thé conp\ ete spectrum of mass fragments either the 3 .
nagnetic field or the accelerating vo‘ltage is. var'led. - . /.
Using high Jresolut'lon detem'lne ‘the exact mass of particular - .

peaks. in mﬁijtion to specific deu’feratibn studies. one can elutidate A

-

very couplex probl em. .
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3‘ -~ solid sample inlet Since the compbunds were of such a volatile nature, DU

wo I ! Experimental

S e F |
*
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- 'ZS, ] " .1\

The preparatidn of the N-t-butyl -a-chloroacetamides ‘was actom-
plished without taking any special precautions in the synthetic methods
1_ g used However the preparation of the N- t-butyl -a-fluoroacetamides was
a more dif‘ficult task, as they evaporate easily. Crystailization of the
" crude product from the repétion mixture c%uld only be managed if the '
‘so1vent for the reaction was evaporated in a refrigerator, otherwise . o -
both the solvent and the prepared amide evaporated. i Purification of the
N-t-buty‘l-a-fiuoroecetamides was by sublimation alone, this provided a.
- sample pure enough for mass spectral studies. @

-

o Thé N-t-butyl --d9 used Jn the prepa+tion of the N-t-butyl -0
-~ f‘ruoroacetamides was most generously provided by T. Schulz.
A1l melting points o_f the prepared compounds were taken on e
. (‘M‘ett'ler'lneiting point appe&atus{ Melting points are uncorrected. )
The mass ‘spectra that were studied in this. work were obtained
using a double focussing Hftachi RIVUGE mass spectrometer. All -of the s

' compounds studied were admitted into the mass spectrometer through the

- they were enclosed in a specieny prepared sample tube. The sadple tube
was produced by sealing a glass tube at one end, admitti approxime‘teiy > |
“five milligrams of sempie. and then pertielly see'ling e other end of N\

N ‘the tube to form a pin ho‘le. Hhile the process of partially’ sea'iing the .
. sampie was carried out, the senple tube was partly imersed in liquid
nitrogen to prevent ‘vaporization of the salple. . Approxinate dimensions -

oo oof the. saepie tubes ere- iength 2 cm, inside dimter 1.5 mm, outside
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such as' nitrogen and oxygen are ei ininated; -another factor s that‘the*“»" o
first major peek in 2 number of spectra is at we 35* and finnlx the
work 1n this’ thesis could eesny be ouupcred mn thet of 'r. sciwu [

17 )

.
a -

diameter: 2.5 nm. ‘Using sample tubes /.prepared in this manher, a con-
trolled amoupt of sampie was aanitted into_thé ionization chamber of
the mass spectrometer. c

- A1 of the spectra were run under conditions that were as uniform
AS possible. The ionization energy was maintained at 70 eV for each mass

spectrum care was taken so that sampie vapour pressuré within the mass

‘ spectrometer remained af a constant level. A recording of the mass spec- ,

’ : , : .
atrun' was eccomp'lished by simultaneously running the mass spectrometer

'(speed 5), and a Bell vand Howell. visirecorder (at 2.5 x 10 mm/sec) con-

a

nected to the mass spectrometer.’ The resulting photographic copy of: the
mass spectrum was then developed in the 1ight, and finally sprayed with
a‘ yellow Kodak spray, to retard 'i‘urther light developing. The determin-
ation of i:he m/e values in each spectrum wes by reference to the peaks -
for nitrogen (m/e 28), end oxygen (m/e 32).

Presentation of spectrel data throughout this thesis is in terlns
of 1236 This simp'ly means that all. of the peak heights starting at ‘

.m/e 36 were totaled up to, and including the parent peak. This totai ‘is

then referred to as the total ‘ion current measured from m/e 36. ‘ Indi-.
vidua'l peak 1ntensities‘ are calculated by dividing the height of the peak,
by the total ion current measured from m/e 36; this then is multiplied

by 100% to give the 2., for that particu'lar peak. The choice of w/e 36
as a starting point was based upon a number of- fectors. one factor was.
that interferiné peaks which do not result from the fragmentation process




" Experiments

N
N-t-butylacetamide -

. o |

15,

This compound was prepared by the method of Spezia\e and Hamm
The white crystals ‘obtained were recrystalfzed from ngoin (40- 0°) and
sublimed twice; m.p. 98.6°, (11t..16 g. 99°). (Found: C, 62.4: H,

11,4 N, 12,1%. Caled. for CgHyN0: C, 62.65 H, 114, 12.6%). a
, ~ i v

-~

’
v ® : . “

N-t-butyl -a—chl oroacetami de

Y

N-t-butyl -o—ch'loroacetamide was prepared by the general procedure \
~ described by Spe_ziale and Hamm 15. The white crystals obtained were.
recrystallized from ligroin (40-60%) -and sublimed twice; m.p. 83.6°,
Qit. 15 (82+83%). (Found: ¢, 48.2; H, 8.1; N, 9.42. C’a'lcd. for

C'GHIZNOCI:C486H87,N 94%) ‘ ' I -

-
N-._;‘_-butyl-a,u—dichloroaoetamide . :

(2]

N-t-butyl -u.a—dichloroucetamide was prepared“o’y tﬁe general method -

of’ Speziale and Hamzs. The white crystals obtained were recrystalized

. from a ngoin-acetone mixture and sublimed twice to giVe the amfde. m.p. % 4“;
156.4%, (Found: C,-39.9;H, 6.0; N, 7.8%. Calcd.: for csuuuoclz., Iy
©, 3923 H 6.05 N.75%“) L SRR

N-t-butyl -a.a.a-trichloroacetmide
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\/110-1110 ) Found' Cs 32 6; H, 4. 3, N, G 5%. Calcd. for (JGHwNOC'I3

¢, 329 H 461 N, 641%)

S N-t-butyl-dg-acetamide -. ' ‘ ‘ S

-N-t-butyl-dg-a-chloroacetamide® ~ .

Acetylichloride (O. 156 g, 0.002 mole) in 30 ml of dichloromethane,

and t- but,y’l:;mﬁne-d9 (0. 164 g, 0. 002 mole) in 30 m} of dich]oromethane,

| were each added dropwise to a previously cooled (~10°), solution of tri-

ethylamine (0.202 g, O. 002 mole), in ]5 ml of dichloromethane. - The

temperature of the reaction mixturf was then allowed to rise to 25°.

_The solution was then washed twice with 30 m} of water. After separating
and drying (Na2504) the d'lchloromethane was evaporated and the remain~ )

ing crystall"ine amide was subl 'Imed three times; m.p. 98.3° (0. 16 g, 72%).

’

(

Chloroacetyichloride (0.224 g, 0.002 mo'le) in 30 ml of dichioro-
methane and t-bu\tyTamine dg.(0.164 g, 0.002 mo'le) in 30 m of dichloro-

methane, were each added dropvdse to.a previously cooled (-10° ) solu-

.tion of triethy'lam'lne {0,202 g. 0.002 mole), in. 15 m1 of dichloromethane.
The temperature of the reaction mixture was then allowed tor rise to 25° -
" The selution was then washed twice with 30 m! of 5%5odium bicarbonate

solution and once witp 30 m1 water. After separating and drying

. (Na2504), the dichloromethane was evaporated. and the reuajntng ‘crystal-i

line amide was sublimed twice; m.p. 82.7° (0.13 g, 45%).
| : \ . | ' 13 | 'l . ‘ i o ‘ { N ; " '
u-t-bntya-dg-a.a-dicmmamm o

_' Dich]oroacetylch!oride (o.zsz g, o.oqz mm m 30 -1 of :L:

[ TS




~ - . dichloromethane, and t-butylamine dg(0.164 g, 0.002 mole) in 30 ml of

Al -

‘ dichloromethane, were each added dropwise to a previously coplgd’ (-10°)
solution of triethylamine (0.202 ‘g, 0.002 mole), in 15 ml of di&:llloro-
methane. Thé temperature of the reaction mixture was then allowed to
rlFe to 25°. _ The solation was then washed twice with 30 ml. of sodlum
bicarbonate solution and once with 30 ml of water. After separating

" and drying (Nazédz). tlie~dfcl‘1“léromethane ‘was evaporated,and the rema;lof o

‘ ‘ing' crystalllnenamide was subTimed twice; m.p. 155.8° ((1'.28 g;’>73%).,’

EY

- N-t-butyl-dg-o,a,a-trichloroacetamide

+ [°d

. Trichlomacet‘ylchlorlde (0.360 g, 0.002 '..m'e) in 30 mt of "dlchlo.ro-“
. methane, and t-buty\@_niig (0.164 g, 0.002 ,;me)m 30 ml of - dichloro-
methane were each added dropwise t6 a previously cooled (~-109) solution
fazet” of triethylamine (0. 202 g, 0,002 mole), in 15 ml of dichloronethane. The
temperature of the reaction hixture was then allowed to. rise to 25° The

? - solution was then washed twice with 30 m1 of 5% sodfum blcarbonate sotu- |
- tion and once with 30 ml of water. After separating and drylng (Na2$04),

; o | | \ ‘the d'lchloromethaf[ was evaporated -and the remalnlng crystalline amide

| ‘ -was sublimed twice; m.p. lllG (0.~30 g 68%).

’ A ' L. . . ° . ', o

<

| N-t-bntyl-a-fluoroacetamde e . . - 1
. ., N vl 1

N
\

methane, and t-butylamine (0.73 g, O. Dl mole) in 30 m1 of dichloromethane. .
.y \we're )ch added dropwlse. to a previdusly Cooled (-70°) solption of tri-.
o l | | ethyla%he '(1.01°g,°0.01 mole) in 15l of d1chloromethane. The tmper<
\ Q - atdre of the reaction nlxture was then allomd to rise to 25° Tho solu-n
S ten was then washed twice mn L -1 of. satnrmd smm bwarhonm :‘

 Fluoroacetylchloride. (0.96 g, 0.01 sole) 1n 30 1 of dichloro- R




< ' 1
.
¢

T solution' and once with 30 ml of water. After 'séparating and drying over
L anhydrous sodium sulpha't’e, the dichloromethane was evaparated .at‘ -5°,

S ~ and the remaining crystalline amide was 'sublimed twice m.p: 38° (0.93
F ’ : ~g, 70%)04\ ” ' 7 . )’ é -

) ) Fluoroacetylchl oride

Fluoroacetic acid ~(0.78 g, 0.01 mole) was added over a period of
) fifteen minutes to previously cooled (_-250) phoéphorous pentachloride
: - a " (2.06 ‘g, 0.01 mole). After the additibn of; fluoroace't'lc'acid was com-
N plete, the ‘reaction mixtute was refluxed ‘for thirty 'minutes. Distil-
.. latfon of the fluoroacetylchloride occurred at 76° (0.43 g, 45%).

-

< .
1 . - e

‘Difluoroacetic anhydride

Difluoroacetic aphydride was prepared by the method of Sawicki 18.

" The liquid' had a boiHng,poinf"bf 125-:127°-and gave a yield of 65%.

-
“

N=t-014¢ a-difl uoroacetamide

{
" Difluoroacetic. anhydride (1 74 g, 0.01 mo1e) in 30 ml of dich]oro-

methane, and ;_-buty'lamine (0 73 g, 0.01 mole) 1n 30 ml of dichlomethane,
were each adfed dropwise to a pteviously cooled (-70%) - solution of tri-
ethylamine (1.01 g, 0.0} mole), in 15 ml of Qjchloromethane. The temper-. _

ature of the reaction mixture was then allowed to rise to 25°. The solu-* -

tion was then washed twice with 30 ml of saturated sodium bicarbo\gte o
solution and once with 30 ml of water. After separating' and drying over = - .

anhydrous sodium sulphate the d‘lchlomethane was evaporated at 52,

the remaining crystanina amide was subum eme‘ ..p. so.5° "ij.'.;g; ;
0.92 g, 61%). I T e




N-t-butyl-a,a,a-trifluoroacetamide.

0 ‘Trifluoroacetic anhydride.(z.lq,g‘, 0.01. mole) in 30 .ml of dl- . ]

‘ i”chlor\ahofhaﬁe,' and _t_-hotylamlne (0.73 g, 0.01 mole) in 30 m! of dichloro- _
hefhane. were each added d}opwise toa prevlously cooled (-70°) solution
of triethylamine (1..01-g,-0.01-mole)-in-15 ml of dichloromethane. The

temperature of the reaction mixture was then allowed to rise to 25°.

The solution was then washed twice with 30 ml of saturated §od1um bi~
carbonate solutlon and once with 30 ml of water. After separating- and '
drying over anhydrous sodium sulphate, the dichloromethane was evaporated

at ~5°. the ‘remaining crystalline amide was s}thliméd tvdce m.p. 45, 6°
(1.32 g, 78%). S ‘

N-_t_:_-butyl-dg-a-fluoroacetamlde ¥

L

Fluoroacetylchloride (0.19 g, 0.002 mole) in 30 ml of d'lchloro-
methane and t-butylamine d (0.16 g, 0 002 mole) 4n 30 ml of dichlord- ,
methane, werée each added dropulse to a prevlously cooled (-70°) solu- /
tion of trlethylamine (0 20 g, 0. 002 mole), in lS ml of dichloromethane.

"The temperature of the reaction mixture was then allowed to.rise to 25° e :
: The solution was then washed twice with 30 qnl of saturated sodlum bicar- ' .
. bonate solut‘lon and once wi th 30 ml of water. After separatlng and dryihg (
‘ over anhydrous sodim sulphate. the dichloromethane was evaporated at -5° .
the renaining crystalline amide was sub ﬂ twlce m.p. 37 8° (0 20 9. 702)

. B -
. £
b ‘ \ R -
. - .
™~
N

N-t-butyl-dg-a.a-d'lfluoroacetmide . ' Lo v\‘,'

Difluoroacetic anhydride (0.35 g, O ooz mla) in 30 -1 of dlchloro- RO
uethane. and t-butylulne cl9 (0 16 g, 0.092 mle) 1n 30 .1 of A




~

di chlorometl;’ane, were/each»added dropwise to a pr:evious‘ly cooled (-70°)
solution of-triethylamine (0.202g, 0.002 mole) in 15-m) of dichloro-
methane. The tempera of the reaction-mixture was then al‘lowed to
ri'se to 25%. The soﬁzzn was then washed twice with 30 ml of saturated

«

sodium bicarbonate soTutfon and -once with*30-nﬂ~of water. After separat-

i ng and drying over anhydrous sodium sulphate, the dichloromethane was

evaporated at -5°, the remaining crystal]ine amide was sublimed twice
m.p. 50.2° (0.18 g, 58%). . /"

-

N-t-butyl-dg-a,a,a-tri fluoroacetamide

3

q L}

Trifluoroacetic anhydride {0.42 g, 0.002 mole) in-30 ml of di-
chloromethane, and t-butylamine dg (0.16 g, 0.002 mole) in 30 ml of di-
chloromethane, were each added dropwise to a previously cooled (-70%)

solution of triethylamine (0.20 g, 0 002 mole) 15 ml of dichloro- -

. methane.” The temperature of the reaction mixturé was then aLllowei! to

ri se to 25°. The solution was .theﬁ washed twice‘ with 30 ml of saturated

' sodiun bicarbonate solutfon and- once with 30 ml of water. -After separat-

1ng and drying ‘over anhydrous sod1um su\phate, the dichloromethane was
evaporated at -5°, the crystall‘lne amide was sublimed twice m.p. 44.
(0.27 g. 80%) -
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- Results and Discussion -

"
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Part I Identification of peaks “ , , o

Tables 1,3,5,7,9,11, and' 13 Tist all of the mass spectral peaks
that were observed to be above 0.8% 236 for the compounds studied; the -
tables also contain the proposed elemental formula of the fragment peak

and the assumed structural formula of j:hat fragment. Some of the frag- = -

.ment peaks listed in these tables gave distinct doublets, in such cases

the percentage of the prominent peak at the nominal mass of this fragment .

peak is included 1n the table. The structural fon@of prominent ]3(: '

3761 isotopes of ion fragrnents is not given. SR
Fragmentation peaks which.were not accounted for in the' proposed

fragmentation patterns are underlined in the tables. There is little

evidence as to the orig"ln of these'species. Isotopic 1abelling was used

as a tool to 1dent1fy particular fragment peaks. Tables 2,4,6,8,10,12 .

and 14 14 st fragnent peaks, and the elemental fonnula of these fragments; ‘

also contained within the tables are the analogous nominal mass for the o

analoéous dg-deuteratéd compound. as wen.as the cori‘esponding assumed .

e?\emental formula of the deuterated fragment.

In cases where HbeIH ng was not complete in the deuterated conpound.

high resolution measurements uere used to confirm the partictﬂar peak's‘
1dentit\y .Any peaks\that were 'ldentif'led in. this manner are in Tab'les 9, ,
11 and 13, and are marked with an asterisk. S f‘; ‘ \ L ,
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A) N-t-butylacetamide q
Table 1 I ;
.3 o

.

A compilation of m/e, %236’ proposed e1erqenta1 formula and proposed .

| ' structural formula for peaks in the mass spectrum of N-t-butylacetamide

. P -
m/e . 1235 . Proposed Proposed Lo ’
y . elemental ‘Structural
3 . formula formula o oo
¢ . : .
2 SLEL A L v _
T . g e :
4] ) ) 4 . 1 ) ! Csus © ’ . CH3'C‘CHZ ! . ; N
l '. - K S l . .
42 3.9 Clgh = CHy-C=N-H : C ‘
a3 (8.2 C,Ha0 ' cn3-'k|:+ o
. a . - ) o . u
55 ].0 c H N . . . - <’
- . : 477 e |+ SN
, o
. 56 - 3.7 CyH, . -t
, o s / e Joeoy |
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D . Table 1_Continued - . ~ = .. .\
| ’ m/e %236 . . Proposed ‘ Propo . ,
| . . : . . elemental structural : $ .
i ‘ - fornula - formula o ‘ |
3 . ‘ o . ’ +. L }
: 59 Ca0  (42%)  ‘CHy-C-CH, R
S | s 0 CgyDN (s8%) L O-H - |
| <Y . ' an isotope of m/e - - |
¥ . . - ,
| \ - ! » .‘ .
; 60 13.8 - ,C H6N0 CH3-C-N-H .
| : . N, .
R . S -0 .

A ‘
CHa"lc"NH-c"‘ . .

. . ‘ o -

’ ‘| ‘ . ! | ]2.7 "‘ . CGH~|3m - ' "CH3"C"M':C§CH3 ' .

| : . B ' . NIV o - CH3 T N ) g :
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. 56
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"acetamide for. peak identification purposes e

A Proposed elemental

‘peaks -in the N-t-B.A.

P

A

\ N-t-B.A. formula of fragment

mass spectrum

+]

C3Hg -

Cyflg

CH0

C4H7

-

Colg

CaHg

caho

C4H,0 o

Cgh (2 1%
jsotope of m/e 58)

C4Higho

Table 2

Piopoéed

A comparison of /the mass spectra of N-t butylacetamfde and N-t-butyl -d9

4

Proposed analogous

analogous nominal elemental formula of

mass in the N-t-

B.A. dy mass spec- N-t-B.A. dg
trum . ‘Spectr‘um
v T e
% ),
o8 Coy
« . b
oo o
66 0%
% Gl
5 C4HDg0
6
@

e
4

S

TR

o,

EYd

fragment -peaks in the
mass




\ SO - Table 2 Continued - : N

1 . ; , ’ N i { ‘ - . . .
) m/e . ~ Proposed elemental  Proposed - Proposed analogous = . ;
" N-t-B.A.  formula of frag-  analogous nominal elemental formula of (
: .ment peaks in the mass in the N-t- fragment peaks in the .
N-t-B.A. mass B.A. dg mass spec- N-t-B.A. dg- mass -

: spectrum trum ~ spectrum T :

‘ ]]5 06'113N0 ' . 1‘26/:\\ . r ' i ca ' ’ )-

» . 4

9 . SR
. (acetamide: These symbols. will be used in tables where necessary. : |

o . w——re

N-t-B.A. 1is N-t-butylacetamide, and N-t-B.A. dé is N-t~-butyl-d - S N
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i . ] D e \J «
‘ B) N-t-buty]-a-chloroacetamide ‘ ) :
i r5 ; . \ o - N o - ’
e . ' ' - ’ . ‘ ,
‘ ‘ ! \ " s - : M ' ) : . » . . |

. ‘ i ' S : ~ -
Co " A compilation of m/e, %}:36, proposed elemental formula.and proposed. -

: . structural 'f’pnnula for, peaks in the mass spectrum of N-j:_-bufyl -0
T . - . chloroacetahide . . - )

=
¢ ‘\ B . ‘ o

©omle. . #Ea ; " Proposed . .Proposed o
P - BRI elemental structural - . .
. . , ' o formula .  formula¥

ie . ) B P ) b ‘ - X )

z .36 . 0.8 - . . orHY: - -c1]" :

39- . 2.] ¢ . v C3H3~ : < . " \ -
: 41 - / . 6.8 ’C3H5 (88%) . CH3'C=CH2 . ’
\kf ) - ’ -, . \ . ‘ )
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. ' Table 3 Continued - e

. m/e 5 Q}:js _ Proposed ' Proposed

:L - . elemental  structural
‘; \ : o formula formula K

| |
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3

n/e

N-t-B.ClA.

4 3

42
49

55

32

Proposed elementa] ..
formula of fragment-
peaks in the N-t-B.

Cl1A. mass spectrum

t
',
'

g

L]

L]

Y

Clg
Cafs ,

. CH,C1

| a 13.(: isotope of

) buty'l-dg—a-chloroacetamide_ for ﬁeak_.”identification purposes

Table 4. -°

A comparison of the’mass spectra of N-t-butyl-a-chloroacetamide and N-t-

Proposed Proposed-ana-

- analogous nomiinal logous elemental .

mass in the N-t- formula of frag-

B.ClA. dg mass’  ment peaks in .

spectrum the N-t-B.CIA.
‘d9 mass spectrum

a2 €0, ,
46 Ch -
4 - qzhnsu
Tt T ol
. 62 .
59
64
66
64

65




m/e ]
N-t-B.C1A. o

|

114
134

136

Table 4 Continued

Propdsed elementai
formula of fragment
.peaks in the N-t-B.
C]A mass spectrum

C,HGNOCT
GyHgNOCT

37c1 isotope of
m/e 94

~

CghHy oNO
CeHgNOCT
CoHgNOCT

7Cl isotope of
m/e 134

gﬁnlznoc%i r
CgHy 00T ,

R
0 m/e
D

Proposed W
analogous nominal

mass in the N-t-.

‘B.CIA. d ‘mass
spectrum

\

96 .

. 123

140

142 -

om

158 .

160

AN

N-t-B., ClA. 1s N-t—butyl-a»chloroacgtamide and N-t-béﬁyl-d

L

Proposed ana-
logous -elemental .
formula of frag- .
ment peaks in

the N-t-B.CTA.
d9 mass spec-
trum

CoH3DoNOCT ¢

C2H3DZNOC1

i

Dy

C5H30

Cs H3N0

6NOC] .

CSH306N0CI

-

c H309NOCI

CghaDghoC)

, .

g—a»chtoroacetamide

1s represented by N-t-B CIA. dg. These symbo1s wilf“be used 1in the tables

where necdssary.
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17, N-;g_-butyl-a,a-dichlo}oacetamide - ' ‘ o
. ™ ¢ s | N ‘ s ' ] ‘
Table 5 -
» , ‘ » )

A tabulation of m/e, %2:35. proposed elemental formula, and proposed struc-

¢ . . . )
. tural formula for peaks in the mass spectrum.of N-t-butyl-a,a-dichloro-,
~ racetanide S S D -
' m/e Mge Proposed . Proposed .,
: - elemental - -~ . structural :
. - formula .- formula '
N L - S | ' +. :
- - 36 1.9 . HC1. o [HC1] ,
39 27 C3H3 . e ) e :
41 . 4 R 957 . . c3H5 CH3"C=CH2 . ' B
. , . . , , .k . *
<//f"/74z ‘ SR> _ g .- CHy-C=N-H. '

55 1.2 By o
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Table 6

A comparison of the mass spectra of‘N-;:butyl-a.a-dichloroacetamide

and N-g;gutyl-dg-a,a-dich1oroacet§¥1de for peak fd?ntificatién purposes -

E .

.
.

‘

m/e’ . Proposed elemental  Proposed " Proposed ana-

NfE:B-C]ZA. " formula of frag- analogous logous elemental . ’ i
ment peaks in the. nominal formula of frag- ’ ‘
N--~B.C1,A. - mass in the ment. peaks in the

‘mass spectrum . NL-B.CloAdg  N-E-B.CTA.q
h . mass spectrum  mass spectrum . -

v

36 O o - 36 HCY
o / . :

39 _ A Dy

;n ’ CHg f 46 €D )
TR g . e CoDgHN

55. 7 . 62 ey
5 Cag | 64. Clg - . .

B
58 | C4HgN .64 | | C3HyDN . ’

65
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. > . Table 6 Continued :
| . ‘ L . , . .
m/e Proposed elemental Proposed Proposed ana- -
& N-t-B.C] ZA' formula of frag-- analogous _ logous elemental
' ‘ ) ment peaks in the nominal - formula of frag- -
N-_t_-B.C’IzA. : mass in the ment peaks in the

| L ) N-t-B.C1,A.d N-t-B.C1,A.d, . °*
mass spectrum mass spegtnﬁ mass speftrufi . :

170 - . cgigocl, | ‘ L
s Cow 176 - © CHDNOCL, &
\ 2 3701 1sotope 8 . sHa06M0C1, |
\ of m/e 168 . . .
8 . T gghynocty ;. 192 e,
b \ : B o , S

-

N-£-B.CIA. i N-t-butyl=a,a-dichloroacetamide and N-t-B.C1,A.dy 1s

N-t-butyl-dg-a,a-dichloroacetamide. These abbreviations will:be used SR
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A comparison of the mass spectra of N-t-butyl-a,a,a-trichloroacetamide
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. 7. ¢ . Table8

@

and N-;g-butyl -dg-a,u.a-trichlomacetamide for peak identification

purposés

m/e
N-t-B.Cl 3A.~

36

.Proposed elemental
formula of frag-:
ment peaks in the
N-t-B.CI,A. -

mass spectrum

HCl

© Proposed
. analogous
‘nominal
;  mass 1n the
¢ N-_t_:'_-B.ClGA.dg

mass spectrum

36

Proposed ana- ‘
logous elemental
formula of frag-
ment peaks in the
N-g_-B.C'I3A.d9

mass spectrum -
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| Part 11 Identiﬁcat'lon of peaks ~ - o : "
.- A) N-t-butyl-a—ﬂ uoroacetamide S , . : T ,‘_-
' - e " Table 9- o ) . .
‘A tabulat on of m/e, %1:36. proposed elemental *fomu]a, and proposed S
& N structura formula for peal](s in the N-t-butyl ~-a-fluoroacetamide mass . ’ ,
- A . .
LJ';\! . :, _ -spectrun . . - R
| in/é 5236 S Proposed ) Proposed-
‘ T ‘ elemental structural
x . formula | " formula
- -l 4 S
39 1.5 o -C3H3 : . Y
. : oo .+ . T
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- ' Table 10 . .
A comparisoq of the mass spectra of N-t-butyl -a-fluoroacetamide and N- : 5 \

t-butyl -dg-?u-ﬂuoroacetamide for the purpose of 'pgak jdent_ification .

<
Proposed elemental Proposed Proposed ana-
N-t-B.F.A. - formula of frag- analogous Jogous elemental
_ment peaks in-the nominal formula of frag-
N-t-B.F.A. ) mass in the ment peaks in the
s . mass ‘spectrum © . N-t-B.F.A.dg N-t-B.F:A. dg
mass spectrum -nass spectrum..
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A .compilation of m/e, 1236..ﬁroposed elemental formula, and proposed

structural formula for peaks in the N-t-butyl-a,a~diflucroacetamide

mass spectrum
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" Table 11 Continuéd i I
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- - Tablel2 . . ,

. ~ N
- A comparison of the mass spectra of N-t-butyl-a,a-difluoroacetamide and

| ’N-ﬁg—butyl-dg-a,a—difluoroacetamide for the purpose of peak 1de§1t1f1cg?on

W\ \
* ’ ' ' -
m/e Proposed elemental Proposed Proposed ana-
N-g—B.FZA. formula.of frag- analogous "~ Togous elemental
ment peaks in the nori nal ‘_R formula of frag-
N-_t:_-B.:sz\. o mass in_the ment peaks 1in

mass” spectrum - N;'E-"B'FQA’% the N-1-B.F,A.dg

- ‘ mass spectrum  mass spectrum
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’

Proposed elémental Proposed * . Proposed ana-

. e
h N-g_—B.F?_A.- " formula of frag- analogous - ‘Togous elemental :
) ment peaks he nominal formula of frag- ,
' . N-t-B.F,A. mass in the ment peaks in the ,
- mass spectrum N-£-B.FR.dg N'-t-'B'FZA'% ‘
o o ‘ ) mass spectrum mass spectrum -
. . B ( . - - . . )
. o . i . ' 0
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S ChyNOF, e .cst?zDgNsz&’, : i
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bbu’tyl -dg-a,a-diﬂuomacetamide. These symbols will be useéd _vihere necessarj . - :
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Table 13

13

A tabulation of m/e, ngs, proposed elemental formula, -and. proposed

.structural formula for peaks in the N-t-butyl-a.a,u-frifluoroacetamide
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_ A comparison of the mass spectra ‘qf'N-“g-butyl Ja,a,a-trifluomacetmide' s |

. ‘ and N-}_—butyl-dg-a.,_a,a-triflJoroacetamide peak identification purposes ) ‘
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o n/e " Proposed elemental Proposed”  Proposed-analogous . -
s ‘ " N-t-B.FJA.  formula of frag- analogous elemental formla of .
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Part III Spectra Anaiysis

A) Fragments comhbn to ‘%he N-t- butyl-va-chloroecetamide mass spectra it

L.

P

Tabie 15 lists fragments comnon to the members of the N-t- butyi-

A
!
Vi

) , owchlorpacetamide series f‘ Def[)nite trends for fragment peaks at m/(ﬂ,

- -
A T n/e 57, m/e 58 and m/e: 59 can be seen.

L B It is assumed in all cases that the peak at m/e 57 arises:from

the moiecui ar ion by a direct eleavage process. The. observation of the

appropriate metastabie transitions confirms, that the pegk at m/e 41, in” . "
. a all cases,'resuits from the peak at m/e 57. Intensities of both frag-

ment peaks 'm/e 57 and m/e 4}, are seen to increase' with' increasing

)514 ]
“a

ch]orinatiom particu]ariy the fragment peak at m/e. 57 v An im:reasing
eiectron withdramng tendency of the acyi portion of the mo]ecuie, with
‘ | increasing chlorination in the amide. may favor t’h"*fomation of a posi- }
tive‘ly charged ailgyl ion: As expected the trend in the intensity of '_J‘ g
the peak at m/e 41 paralle'ls the intensity for the peak at m/e 57. 3 C . f -
' The fragment peak obsefved at m/e 56 is seen to decrease giightly _
with increasing chiorination ‘however, there is not a firm trend A]- L 1
gh the formation of- Ei:\peak at m/e 56 s not compietely understood _ |

. the mssich of metastabie transitions in the spectra of
N-t-hut)%i ~-a~-chlo acetamide’ and N-t-butyi-a,a—dichloroacetamide, and the

-t - | definite preseuce of a metastable transition n the spectra of N-t-butyl-
%% o - o.o.a-trichioroacetamide. all seem to indicate that at least part of the .
T ' peak at m/e 56, results, Fron the process MY e me 56 : . J
‘ A gradual decreage in ‘the intonsity of the peak af’m/e 58 ’ |
\ . throughout the series is attributed to the fact that there am fewer hy-..
’“'*‘ o drogen ttms available for transfer to the nitrogen aton. The mechnnism

‘‘‘‘‘‘‘



N
59
¢ . - ‘ . ’
r S X for this rearrangenent is demonstrated with the parent fragment iop, .
- . . . ; 7 \ . . .
which originated from a molecular ion of N-t-butylacetamide. . 3 .
( . ‘J ‘ﬂ § , . . o
! CH
H 3 .
‘/{\w / %* H\-l- 8(013
CH,C=NH=( s o /‘b + | CHy=C=0
SR \_ ’ c
. 0. CH +H . CHy
. ‘05 .
oo 4{,\' ' b
- ‘ ' . A5 ) '
m/e 100 - . m/,e 58 L -

For a statisti cal distribution, one Md have expected ,the results;
36.1% for N-t-butylacetamide, 24.0% for‘?l-t-butyl ~u-chl roacetamide,
12,0% for N-t-butyl-a,a—dich'loroaceta}dde and 0.0% for N-t-butyl =050, 0
. (trich1oroacetamide (all reSults were given in %1236.) Observed ‘results ‘
‘ d”ecreased in i ntensit_y on'ly approximately in the same fashfon, and gave

5 results that were hi gher than the statistica} distribution predicted A
- In the compound N-t buty]-a,a,o-trfchloroaqetamide aH hydr;pgen atoms that (\:-

~migrate to the nitrogen atom resu] ting in the peak at m/e 58, must come .

-2,

o

- D)'"

from‘the tertiary butyl group. The fragnent ‘peak H){ oD observed
b ” Lt .. 3

@

’ - * 9
. . . }*«‘k - ‘ i
‘ #

at m/e 65, has been’ noted in the spé%m of f;he ‘deuterat‘ed ‘émalogue‘.
;s - " The proposed rearrangement that produ es the peak at m/e 59 is c

o mustrated in conjunction with the mss sp ctrum of‘ N-t-butyl-o.a-

" dichloroacetamide.
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-<ij'Fragments common to thevN-g;buty]-a}chloroiééiamide mass . N,

spectra

m/e ~

- -

3? (C3H3) | 1.4

¢

}1 (C3H5) 4.1

. 82 (CHN) 3.9

55 (Caf,) 1.0

Si.(C4H8) 3.6

57 {Cgtlg) 3.8

€

58-(C§ﬁ§N) 36.1

59 (C3H70), 939

100 (cghhgh) -

25
N-t-B.A.

N-t-B.Cl )
2.1
6.8 97 10.0 -
3.2 4.8 4.2 o
1.2 1.2 1.3 .
404 3“.? 3.7 ’
8.7 3.2 37.8
28.2. . 17.0 1.0 :
0.2 1.3 1.9 ,
s «
904 - \402 13 /300 . ,



\ B ¢ A ’ -

, .
}
\

B) Fragments common to the N—t—butyl-o-fluoroacewtainide mass spectra -

| . Definite trends\in the val:ues of %L, of Table 16-can be observed
} o only ‘for the peaks at m/e 56, m/e- 57 m/e 58, and m/e 59. The reerrange;
‘ment peak at m;Z 56 fncreases in intensity as the number of fluorine '
{ S atoms incorporated fnto the amide increases, it was noted previously
} - - that a definite "1ncreese 'ln %236 f,or the peak at m/e 56 ‘for the chlorine -
containing compounds was not observed. Differenees between the two oh- , ,
servations would seem to result from the fluorine atoms having-a greater
| electronegativity than the chlorine atoms. As nated for the N-_t;—butyl-.
: ‘ a-chloroacetamides, the peek at m/e 56 1s thought to arise from a re-
o arrangement process. ' ar' . gt ' - AU o
‘ Intensity of the i:eak at m/e 57 1ncre"ase§ as f‘l'uor'!nation in-
creéses throughout -the series, although ther’te, is a drop in intensity
. for N-t-butyl-a,a,u—trifluoroacetamdet ' S e
The fragment peak at m/e 58 in the N-t-butyl-a-fl uproacetamides s’
noted to decrease in 1ntensity as fluorination 1ncreases throughout the

series. This rearrangement 1on has a

aHer chance of occur)ring as

. fluorination increases, because the drogen atom that 1s transferred ,

T l comés f\r the acyl part of the ecu]e. Although the trend is the _'salne" , | ‘f |
" for Qothj"eries :of amides, the %Ly for W/e 58in the N-g-butyl-a- ,:‘

) chloroacetamides s greater than the “36 in the N-t-buty1-o-f1uoro-

] acetamides. \ S L.
: . The rearrangement process that results in the fomat;on of the peak D
- at m/er 59, 1is more prominent in the N-t-buty] -a-f'luoroacetamides. than )

ki

2. in the similar Na-t-butyl-u-chloroacetmides., The-proposéd process fs. .

mst evident for N-t-a.u,a-triﬂuoroacetamide. for‘ which the peak at ‘,',;L ;




\ Y

T : m/e 59 has a Ly, of 20.2. It is likely that the trend noted is not.as

+

: prominent in the N-;:_-butylchloroagetamidés, as the chlorine atoms in
- ‘ . - these mbﬁei;u‘lbs,&a not have as‘strong an felectronwithdra\;ﬁpg eff‘épt ,
| _as 4e”'the fluorine atoms in the analogous N-j:_-but,yl-'-a-‘f]uomacef&xﬁiﬂé‘s.f’::“"
Table 16 indicates that there is no definite trend in the in-
-tensity for ‘the fragment peak at.m/e 100. Peak 1nter;si_ty for the
’fnag‘ment at m/e 100 in the N-ﬁ-butyl.-;-fluoroai:etamfdéﬁ. 1s much 1ess,‘.

P A

" than the comparable 1ntehsit1es 4in the analogous N-_t_-but}l -a-chloro-

L

- acetamides.’ . - ) ) , Lo \
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L]

-

" 0..58 (C3HgN)

/e . N-t-B.A. N-t-B.FA. .

39 (C3H3) 1.5

N (CHg)- ;. 3.7

42 '(czuau) 2.2

4

’

55 (CyHy) 1.4

56 (CyHg) 3.8

57 (C,flg) .

59 (C3H,0)

100 (CgH, 540)

- N

Table 16

Fragments conmon‘to, ‘the N-i-butyl -a-fluoroacetamide mass spectr;a -

"

N-£-B.F,A,
3.6

10.4

6.8

’

¢ ’ :
. )

N-_t_-BQ F3Ao ‘ . ) .

0.9

”

4.8

4.0 T

15.4 | ’ |
5.3 - o |

6.4 3

202 o




C) -Analogous fragments in the N-t -butyl-a-chloroacetamide mass spectra

SR The process by which the peaks at m/e 43, w/e 77, m/e 111 and )
, " m/e 145, 14sted in Table 17, arise is not certain, but it can be seen
that the formation of a fragment peak of the type R-c-O is not a favored
N - process. o o
The rearrangement peak of the type shown at m/e 60 m/e 94, m/e
128 and m/e 162 (1isted in Table 17) is found in both the N-t-butyl-a- . .
chloroacetamides and the h-t;butyl-o‘-fluoroacetamides. Formation of
these peaks results from a mechanism that 1s most. favored when there
are no chlorine atbms present in the amide; it:is proposed that all of
the protonated chloroacetamide fragnents arise directly from the cor-
: responding molecular ion giving the appropriate peak. : R
Peak intensities for the peaks at m/e 49, m/e 83, and m/e ll7 (‘listed , P

in Table 17) are observed to decrease wi increas,ing chlorination sug- &

. gesting that the mumber of chlorine a ,' in the fragment R+ increases,
o _the” fragment is '{ess likely <to bea positively charged species. ‘
._ . . Chlorination seems to have little effect upon the formation of the -~ .

a

ments have low abundance. . ‘ . T

',analogous fragments at m/e 114, ln/e l48 and mle 182. Al] -of these frag--

- ‘ . -
v

" Formation of . the. peak -at [M-iﬂ* in the N—t-butyl -a—chloroacetanide!
1s not affected in a regular fashion by the presence of chlorine atolis s

o~
‘It is proposed that these peaks result from a direct cleavage process

. . 'from the molecular fon. = . S 2 o e
“Molecular fon intensity in the'if-t!-butyl-a—chloroacetnides is ' ' S
'noted to be strongly dependent upoh the huaber of chlorine atoms present. : *

' As ‘the nunber of chlorine atoms present in the series incmses. the ob-

s - —
Sw
. «

’ served intensity of the mlecular fonj decreases. ’
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- D) Analogous fragments in the li-i:_—butyl-o-fluoroacetamide mass spectra

&
Ly

' An‘a‘logous' fragments at m/e' 43, m/e 61, m/e,;Q.r m/e 97 (listed in
Table 18) are observed to follow a definite trend. As fluorination in-
creased in the ser’i'es. ‘the 'fragtneht peaks decv:ease in .intensif,y; the
N—t-buty] —a-chioroacetamides gave the same pattem.
I Protonated acetamide type fragments at m/e .60, m/e 78 m/e 96, )
, .m resuit from the same rearrangement process as described for
‘ the N-t-butyl-a-chloroacetamides. "Mith the increase of fiuorina.tion, g
- “the analogous fragments .at.m/e‘__ﬁﬂo, m/e 78, 'm/e 96 and m/e 114 are ob-
served to increase in intensity, except in the case of m/e 114.
' The process that gives rise to ‘thelanalogo‘us fragmen'ts at m/e 3%
" m/e 51, and m/e 69, i not known, aithough thjs process seems to be’,
\T"ss favored as fluorination increases. A comparab‘ie trend was noted
'fof the fragments +CH,C1, +cm:12 and +CCl,. o | i
Fragments at m/e ‘58, m/e 76, and m/e 94 are observed in the mass ‘ '
spectra of the N-t- buty]-a-fl uoroacetamides whereas ‘comparable fragments
‘are not observed in the N-t-butyl -a-ch'loroacetamide mass spectra. A
. proposed mechanism is the loss of HF from the corresponding protonated
L f'luoroacetamides to give the observed peaks. Saxby 7 first mentioned
“this mechanism. but he did not .observé the corresponding metastabie trani-
ition. Loss of HF becomes more iike'ly as- fluorination increases. the '
proposed mechanism. using the mass specthm of N-t-butyl-a,a.u-trif'luoro- ’
S , acetamide as an examp'le, is then' . . . P
efg’ﬁ_.,/*! RN, S CFZ c‘u/“
TN - R

M
%

B +

Q
N

- m/e 117 SO m/e



-The peaks at m/e 58, andiiﬁi 76 increased in intensity as fluorination

increasad ,

- ('.A N L¢)

Direct cleavage gives . the amalogous peaks at m/e 100, m/e 118, m/e 136
and m/e 154 but a particular trend in intensity was not ob erved as f1uor—
‘ination 1ncreased‘1n the series. A similar obsérvation was 'made for the
.analogous fragments in the Nhé-butyl-a—chloroacetamide series.«

Intensity of the molecu]ar—ion in the series m/e 115, m/e 133 and

m/e 169 decreases‘as f1uor1nation 1ncreases. The same tendency was noted

in’the N-t-butyl-a-chloroacetamides.
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SO 'E)” Peak5'resu1ting from cleavage or rearrangement processes , ST
- ’ L .\_ \ .\‘l'-“ - ) S ’( N;

- ., , F} - . . .,

-y -,

!

A : The proposed fragmentation pattern for ﬁach Wnnd is presented
. - in this sect1on. The ?ragment peaks for each of the propdsed fragmen- '
R ta Q. patterns. are grouped into two categories those that originated |

“through the procesg of c]eavage and those that resulted from a rearrange-

“

: ment process. Each of the categories (peaks resulting from c]eavage. ” ..
' and peaks resulting fr /:m rearrangement) are discusse : - )
; ' v v v i‘ AA, ’
- S Compounds of t‘ne N-t-butyl_—a- PﬁMcetmide eries are presented -

wca

“ © O first, foﬂowed by m’apprppriate d)spussion on c]anage peaks and re-

arrangement peaks. The same sequence 1s re eated for the N-t butyl -a-
0 P ; o , [
f]uoroacetamide series. :
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a)‘Peaks arising by cleavage

fhe“followihg"peaks probably result via direct cleavage. -
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. a).Peaks a,risin‘g by cleavage . .o 2
o , « The Tollgwing peaks probably arise via'simple c'l‘eavage.' T ‘
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tf) ﬁgak’s arising by rearrangement - . . I
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The following peaks xprol[:a'bly arise via the rearrangemeqiv:' processes shown.
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RS | The peak at m/e 39 is-seen to arise from two processes n the fr gmentation .. |
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NS pattern., m/e 57 ———;-u- m/e 39 and m/e 58 --—-’—m/e F. Tt is*assumed e

that both of A:hese processes are rearrangements. ' e
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a) Peaks arising by-cleavage - «

AN . , .
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The follow ng‘beaks probably arise by simple cleavage. - - - , . . a
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\ b)) Peaks arising via rearrangment : - ' . -
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S The fo_Howing peaks*‘;;r:obably‘ arise by a'arearrangement process. - | -
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B 1) Primary cleavage 'peeks'in the N-_ti—buty]-g:\:hwfoacetamide.mass spectra
i , BN _ . ' —

, AR [

A . Peaks that result from primary cleavade are of considerable interest
in the mass spectra of the N-g—butyl-u-chlbroacetamj des. Primahy cleav- . '
age peaks that are common to the N-t-butyl -a-chloroacetamide series are

L : the peaks. at m/e 57 and at m/e 100 The source of  the.'peak at m/e 57 is

T thought to be the molecular 1on. Metastable transitions have not been
found to support this assumption however similar compounds have been
observed to fragment in the proposed manner, and a .metastab‘le transition ‘

. was observed 9. Prox and Schmid observed the cleavage procéss ﬁresehted

beiow: -

, . c

N c ’/¢ i % b ° . - ) 4
i [ ( ~ ‘
0

+

-N-C=H = 4CH  +  CFyC-N- ' -
' \R ' \ . . \¢ - . . " l .

CH ~ . " * 0 CH ’ .

The proposed cleavage brocess. that“givesgﬁ'thé peak at m/e 57; goc'urs | .
' het\"een a tertiary carbon ond the nitrogen atonm, The}‘e is a definite‘
‘\g“ k A' . trend ini the formation of the peah at m/e 57, throughout the N-t-butyl-a-
- L chloroacetamide series; as ch1or1natioh 1@reases throughout the ser'les, R
the peak at m/e 57 1ncreases in 1ntensity. Fonnation of the alkyl frag- ‘ l-
ment would seem to be a more favprab‘le process as “chlorination increases . ,".ﬂ T

because the Chlorine atoms tend to withdraw eJectrons from the carbonyl;

and nitrogén functions, - thus giv ga greater electron shortage between

.. the tertiary carbon and the nit en atom. . As. fraguentation occurs beWeenr’“'f S ‘

;;;;;

the n1trogen and the t-butyl f nct1oh, 1t woukl! geati ‘that the t-butyl".
fragnent would be more alae to tabﬂ'!:e & Ms‘ltive charge. o

3
H e
e 3

P



- . . ) . O ’ ‘ -7
The formation of the peak at m/e 100 (C4H] ON) is observed to
- occur 1n the mass spectr'a of N-t- buty]éh'loroacetamide and N-t- ~butyl-
a,sa-trichloroacetapide. Metastable transitions are observed for both
. of the :;1 eavage processes that lead to the formation of .the ﬁeaks. at
m/e 100 for each of the above compounds. There seemsxto ‘be no trend in

°

1ntensity visible for the peak at m/e 100 1n..the N-t- buty] -a-ch]oroacet- Lo

-

qmide series.. The peak at-m/e 100 originates from the molecular ion in .

.both cases, a proposed cleavage process is: ,. .
o MY = HM-C(CH7); + RGO - .
. ‘ o ‘ Comparable pr-ocesses hav[ been observed by Saxby 6 in the compound - '

| - N-ethyl-a,a,avtriﬂuoma etamide . & , ) -
\ s o “ 0 . - i . . . |
| * , & . L, Lo N . . .
1 .o ) . . o . + ’ '8 ' - . |
} . 00 © ‘g ' . . J ’ .
| - . . 5
‘\ ‘ , . ~ ‘ . o ' a . i - . ' |
‘ S " The pgobable cleavage Jprocess that. gives the ana]ogous peaks ) ,j
. m/e 100, w/e 134, we 168 and /e 202 sy . . | ;
| - N o . e ' : .
| . ey o . 9. ° +r , ) E C] c c/CH3 R AP
| . CoNye 3 o (e + < .o MY

[pﬂxc1y t':l NH F(CH3)3] 0 -————-\-—-r— y CH y i NH- \H s

0 ‘ R 0 s

(?or mle 1éo, m.,



R a

’ . all of the observed peaks 'are‘just\ 35 mass units less than the moleciﬂar

1on,,whfch would suggest that a chlorine atom has been lost from the

molecular 1on. No definite trend 1s observable for the %‘236 va'lues, e

as the number of chlorine atoms 1ncreases throughoyt the N—t butylchloro-

acetagni de series.

. ‘ . The formation of the peak R-C=0 was affected by the presence of

T

. . chlorine atoms,. if no cMorine atom was present in the ion R- C-O, the
%236 was 8.2, however with the 1ntroduction of a eh]orine atom into the(
amide, the %):36 ﬂf‘a11s“considerab1y Pelah 5 suggested that the formation

<

of the peak at m/e- 43 [CZH30] for the compound n- butylacetamide was a

27 -

- ' result of a fission proc"ess.' Saxby mentioned that this fission process

o -~ . was absent in all of the triﬂuonbacetamfdes he studied. A metastable

‘ F]

~ ’

" in this work, o . : :

. . +
) ' transition is not observed for any of the transitions [M]+ e R-Ca()’




m/e 58 ——:->- m/e 39. 'Ityias difficult to .understand how these processes

+ ‘ .,
o . . t . 4 -
°

‘ii) Rearrangement peaks in ths N-_i:_;abutyi -a-chlo‘roacetamide mass spectra T

t

Rearrangement peaks that are common, to the N-t-butylchloroacetamide S

spectra, are the peaks at m/e 39, m/e 41, m/e 42 m/e 56 m/e 58 and m/e

59: The identification of these peaks was discussed previous‘l y for each
cOmpound. : ‘ .

The peak at m/e 39 (C4H,) 5 orighinates from different sbuhces in - ' -
the series of N- t buty] -a—chloroacetamides. The source of m/e ‘39 in
N-_t_—butylacetamide is not known. For N-t-butyl-a-chloroacetamtde m/e 39
was found .to originate-irom two sources; m/e 94 —_— me 39, and
occur, in tenns of a mechanism. The pathwa;' iay which the peak at, m/e : h

39 arises m the compound N-t-buty'l-a,a—dich]oroacetamide aiso is difficuit .

A M

to descr;ibe. Metastable transitions appear to support the transitions

. . oeear
"mle 58 ——» m/e 39, and m/e 57 .—#— m/e 39 in N-t-butyl-a,a-dichloro-

e N-t-butyi-a,a,a;trichioroacetamide; m/e 100 ~—» m/e 39, m/e 59

[ 4

a_cetamid'e. The foi'lowing pracesses are seen to give the peak at m/e 39

——-»—m/e 39, and m/e 57 -->— m/e 39 As with the previously discussed
compounds it is difficult to visualize how the peak at m/e 39 originates.

* " The origin of the peak at m/e 41 (C3H5) is thought to be from the N
fragment €,Hq (m/e 57). A metastable obServed at m/e 29.5 that substantiates ..
the proposed: pathway is observed in N-t-buty?acetamide, and ail of the N- -

t-butyl-a—ch‘f‘o%oacetamide mass spectra. The proposed mechanism is i:hen, - |




This process has heen conﬁrmed by the metastable defocussing technique i
- for N- t-buty'l-a,a—dich]oroacetamide. - o .

' The peak it m/e 42 (CoHgN), vesults from ‘the transition m/e 58
’ . . , , . B} N .
: -—*-'- m/e 42, This Suggested process is compatible w1th the obsewatior! -

g - of a metastable fon at m/e -30.4 in the spectra of N- t butyIacetamide _
- _ aﬂd the N-t-buty1-a-chlochetamides. & mechanism for the product1on of
ﬂ m/e 42 1s' ‘ | ' » N
VR S ‘
! 2 x : @_ : .
= '———————-—* =~ 5
) ji c C CH3 + CH4 . .
. H . , .
i H 3 o ' ,
AR S e
m/e 58 p : » m/e 42 .7 : L ,
' An analogous system observed by Prox s 1s, - T ‘ .
. ' . ‘ , 0 . ’ . " . . . . . ~

L : VAR . RS
o | 'CHJ —— \Kf.c:/¢ + 0 CHC=0 © v

. \ s : o 3

. L Y H CH3 , ' " H/ cu3 «:’.

- ‘4 , . ) S

| 'm/e ]62 N .' ‘ . . m/e ]20 ;‘ ® / . . —

| - ‘ | N ‘ - $ ’ ' l.
Co ) . T : ‘ -, ‘CH3-‘CEN-H' + ¢. ° TR

m/ e 42

* . - IS




v , . < o
_ » , . ?7 + L] +
, . ‘ ’ ,‘ ‘/5 O + - Co ‘ )
. CH," l .
. Y, . - >, “ 2 ! . ; ‘
> /c\ . —
: < CH 0o o
) . A 3 CH3 ‘ 1
v . R " - ‘. . . 6.- o
ow . . v m/e 56 - - L
B N o : ) ,cnxmy-ﬁ-rlmz R N .
- | N . - . ! . . 0. e
; 1 | e Possible metastable tri_msi tions appear in the mass specj:r:'q of ‘N=t-buty1-
i :i\ - a-chlorb‘acétamide and Nét-butfyl ~a,a-dichl br:oace 1:1e. but a def.iniufe ' )
A ~ metastab'le transition is noted in N-t buty]-u,a,a-trich]oroacetamide, for ;
m + the transition MY e m/e 56. A similar process givengby Saxby 7 :
| * ‘ , ‘ ’ . I o -
N a ‘for the peak at m/e 56 in l‘l_-p_-butyl-a,g,a-tﬁfi uorocacetamide is;: ‘ -
CH | ' ) P ¥ - i ‘ : . “}’, ’;
R\/"' | I
: “\1 s —~  [RCH=CH,] +o CRpeCeN-H, TN
i’ , - R RN i * N v o (’)\ e
CF3 < . ! o . . ! B 0 N ' c; ” N
\ ] ) . r g ‘ . . \ N 5 of .
- L : ’ . H © e
-~ ‘ . a . D‘ | ) ,: "' \ | . D . ?.< ﬂ’ . ‘,;\‘” ;‘, :
. m/e 169 . m/e* 56 - f g ST
B . The peak at m/e'58 (CHgN), s’ sugg%sted to resu'lt &’rom the process e
‘ [M-l §]" ———s— m/e 58, This process- has’ beén confiﬁned t}y' tﬁ’e metaﬂ- R "',

1 e stable defogussing techni que for the compound R-t-butyl-a,u«dich‘iomcetamiaeef
i, t The proposed pathvlay is further estabﬁ shed by the obse&‘vation:

oot ‘Q

af, mmtxbla'
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R-ﬁ-NR—CHz R o3~ HNR=CH, + R* _ Process II

1

.The study of N-ethy]acetamide by Gﬂpm 1, showed the peak at m/e'30 to

5 clarified the mechanism,of proceseII by studymg the

1,

be HNH'—’CH2 Pel ah

. mass spectrum of N-n- buty] -d3—acetam1de. The peak at m/e 30 was observed,

to change to m/e 3\ 1n' the mass spectrum of the deuterated amide.

~ i

N ' o »

. + an
ﬁ '*l-r i) "CH ’+ R
c

~C-NH- et ‘ {
CD5-C-NH-CHyeR —— o
I i (4’\:1‘
Jh ' o ! * 1\,
' ' * ) .’ N - ' \+ ’ ’
L c N R G
. \ Y% ,
D, ' .
S S ‘
X v - mle 3

© . '
! -

An analogous rearrangement has been observed by Prox 9. The

w5

rearrangement is:




. <

\

. Metastable transitions were “observed for the process [M-1 Sf | —— /e

55, for the N-t-butyl-a-chloroacetamides. The pr;oposed rearrangement is
7

»

f consistent with the rez;rrangement pr"oppsed by Saxby °, for the compound *Xé’}‘é
: - : . J .
N-t-butyl-o,a,a-trifluoroacetamide, :

ot 4

<«
f""

CH3 ' |
\-LC'CA\ -CF ‘

CH,-C-CH, .
. 3. 30
e y l

cH, - O L 0
3 \H c \

; B '
me 154, ° ] e 59

-
PTG

' D : ' s '. v ) % .
_ The probable r}e‘arr':a"ngement‘ procer that gives 'ghé a,na"#ggods peaks ;
" mfe ‘60, m/e 94, m/e 128, and m/e 162 1s; 5

. . 0., ' . ,'.CH: :
S LR f@i"‘:t
LH_CY.-C~N-H +. C

< X x ,. \H c ‘ .

v
H

-
N
. B

. e, Lo T T T

K BN L. r . SV "

¥ v 4 Ly N %. .

ALY " . . ¥ o
(/e 60,194,128,
. , R AR T A O -

M € % i . 4 . R
o Loy, . 3
. e

'




P \ PR | ‘. -
The proposéd pathway 1is substantiated by the ob ervation of metastable .
transitions in the mass spectra of N-t- butyIacetamide N t-a-chioro-
acetamide and N-t—butyl-a,a-d1chloroacetamide, for the rearrangement
,,?[M] — - ol y(':‘ Nn3 . ' Y
0

' The formation of the peaks at m/e 84 (C,HN0), m/e 98 (CH,NCI ).
| and m/e 138 (C4H6NC12), is found only in the mass spectra of N-t-butyl- B
u,a,a-trich1oroacetam1de. It would seem that these peaks are all formed -

by rearrangement prccesses- fﬁ?‘the peak at m/e 138, At 1s postu1ate3
. .+ that the _process generating 1t involves ‘the peak at m/e 202 A metastable
- - transition-was observed that. supports this prpposa}, most 11kely the re- ‘ . ;
arrahgement process is a concerted one invp1v1ng the loss of CO and HC1. |

No useful information could be gained as to. the origin of the

peak at m/e 98 1n the spectra of N—t-butyl-a,a,a—trichloro cetamide. Even
though there seems to be metgetgglgjtr§g§jtjons for m/e 21 —— m/e 77

and m/e 217 —»=— m/e 58 it is extremely difficult to'give meaningful .

. © mechanisms that would support these proposals. ' <\\’ . . y _:\;:f
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a) Peaks arising via simple cleavagé.

The following fragment peaks most 1ikely arise through a direct

Y

\
‘cleavage process.
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b) Peaks arising via a rearrangement process. -
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- # . : .
. The following peaks most likgly resﬁﬁt from a rearrangement process.
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b) Péaks formed by réanran\gement

_ ‘ The fraginent peak;thét result from.a rearrangement process are

- given in the postulated scheme shown below: -- ‘ , .
rK ? .('? * ) “
: CHF ,-C-NH c — CHZF- r\n + Lo
‘ N
/CH .
: 2 | CHy . Mz .
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The transitions w/e 136 ——s= /e 42 and mfe 59 ~—p= mfe 39 T ¢
are difficult to visualize in terms of a mechanistic. process, haw,evei‘, R

. 1t 1s most likely that they are rearrpngane‘nf.prqcesse;.; < S
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via simple cleavage
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" The following peaks most 1ikely
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SR 'b) Peaks resulting from a rearraﬁéement process

B

1

The following fragment peak§ are thought to arise via the postulated

routes shown below - .

Ry
et
R

st .y

P Sy e
o ' 3 PR TR »‘,'i“'«a"a:‘*-
= 1oae LI R
g Foan o Ere ik
LA 3 g s i f
PR Han i

DR &,

4
r » b)
S ¥ A o
Kirarie
PR R A Y
.3‘.‘5‘,;" Ly Wl
S LBt n

ik

AL o a8 Ik

S



“ : o
' CHaC=CH
’ Rl T i
T A
. - M
- mf/e 59

*fj[’ Hs
' < - CH2" '

o m/e 57

1

- ” ) . ~ . ‘
Y T - i
* I C .
o 2 . . ,‘_:f:
—_— CH3 C CHZ D . “
. o ! ¢ b - « © .‘ ’ e !
oo : . .
0y \ ° . I. 1

[} ~N ¢

* '+

> (CHy-C<CH o+ O o |
) _medl - : Ct

Y o
Kol , L
RN R

', %
2Rk M
S A

LA G,

3
% g
T <yt ‘u'»f&

V4
FLSRE a,é;ﬁ:

b

Dt
EA &
My

B
O

AR

LA



¢ | . . 113 . C T ‘ ‘
/- ' o B

. 111).5;1mary cleavage peaks 12/$h§ N-g:buty1-a;f]uoroacetamide fiass

rd
’

‘)spectra )

N »

<

) - — Primary cleavage peaks that'are.common in the N-t-butyl-a-fluoro-

ocetamide mass spectra are the peaks at m/e 57 aod m/e 100.t The peak at T
m/e 57 (C4Hg) is thouohi to be derived from the molecular ion, but as in

i o the N-t-butyl-a-chloroacetamide mass spectra, go metastable transitions

were observed that would confirm this proposed process. It has been

mentioned previous]y. that comparable cleavage processes have been ob-
served by’otﬁer workers. There seems to be a trend to increasing values
“of %L, for the peak at mﬁé 57 in the N-g;butyl-a-flooroaoetamide mass
spectra, with the exceptioo'of N-E;buty]-a,a.a—trt?luorodcetamide.L

) "The peak at m/e 106 occurs, however ‘the values of %236 are'very low,
the highest being noted in the spectrum of N-ﬁ}buty]-a}a,a—trifluoroécefamide
(0.7). Formation of the fragmeﬁt peak at m/e 100 is seen to be of much

less significance in the N-t-buty1-a—fluoroacetamide spectra, as compared -

‘to the N-t- butyl-a-butylchloroacetamide mass spectra,’ As in the'Nfgrbutylw
o~-chloroacetamide ;eries,‘the peak at m/e 100 is thought to be derived from:

the molecular fon. - ' o ' N ;

Peaks at m/e 118 m/e 136 and m/e 154 are analogous peaks that are x

4 “

[ - B ¥
. TS

all assumed to reSult from a cleavage process; metastab transitions
have been observed for the t}anﬁitionv[M]+ —>, [M- 1+ for all cases.
As previously noted: 1n the sect?on for- cleavage 1ons of the N-t-buty]-a— |
‘ hloroacetamide series. transitions of this nature'haVQ been observed by -

‘.other investigators.'
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The formation of the analogous peaks [M-F]+ and R-C=0 1s.not1cab1y‘

missing in the N-t-butyl-a-fluoroacetamide series. Saxby 7 made a °
. + i
simi]ar comment,, when referring to the peak R-C=0, -in his study of & number

4

of homologous trifluoroacetamides; perhabs'tﬁis process does not occur

because the fluorine atoms on the .acyl function have such an electfon with-

drawing effect'that the acyl function ‘can not stabildize a positive charge.‘
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fv) Rearrangement. peaks in the N-.-_t_-but);i-a-fiuoroecetamide mass spectra
. . ‘

3

»

Rearrangement peaks that are common to the N-t-butyl-a-fluoroacet-
amide mass spectra, are the pea'ks at m/e 39, m/e 41, m/e 42, m/e 56, m/e 58:
- and m/e 59, Identification of -these peaks'was qiscussed prevfously for -

each compound. ] . . \

-

The peak at m/e 39 (C3H3), originates from various sources 1n the

N-t butyl~-a~fluoroacetamide series, one source of,m/e 39 in the qpserved ’

mass spectra is from the peak at m/e.41. A possible mechanism for this

12 -

tranSit’ion in N-t-butyl-u-ﬂuoroa“cetamide is:

¢ ’ b

\EIC-CHZ . ~  H-C=-Chyr ¢ Hy
/‘ +
m/e.41 S mfe 39 e "

« ° B ., 0 .
Y {

A similar means of production of the peak at m/e 39 is thought to occur
in the compound N-t-butyl -u,a.a-trif] uoroacetamide. The most erly snurce
of the peak at\m/e 39 1n the mass Spectm of N-t-buty]-u,a—diﬂucroacetamide o
15 the process m/e 59 ~5-  we 39; it is diff'lcu'lt to visualize this ‘ 5 o
process in terms of a mechanism, " e ' -
A conmon source for the origin of. the peak at m/e 41 {s thought to )
resu'lt from the fragment C4H9 (m/e 57) Mass spectra* of a’ﬂ of‘ the N~t-' u,:‘
butyl -mﬂuoroacetamides show metasfqble transitions to support this

- propo;al.. A\ possible meghanism that mvolves J;he fommm of the neumn
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) Cﬂs @ /.H < —— _CHs-E CHZ + CH4 -

: CHy | j |

m/¢" 57 L e 41 S \

The beak a;>m/e 42 (EZH4N)’ is thought to régult from the process:

N+ 3 . - + .
- /N"C\C B e e H:—NEC-CH3 + CH .
. . R
H Hy 7 : - o )
© mess ' m/e 42 Lo

“

A metastable transition that would support the proposal for this process

has been observed fn the mass spectra of the compounds N-t-butyl-a-

f]uoroacetamide and N-t-buty]-a,a—dif]uoroacetamide. As mentioned pr viouSIy ‘

-2 similar process has been reported by Prox 9 | , T
f?'

For the mass spectra of the N-t -butyl—a-fluoroacetamides the peak

at m/e 56 is thought to result from the process : . g

| cu—fh .

H 3
C |'|-(I-*CH3 e e CHxFy?C-N'
I\ §“ SN
0 CH3 CH3 " ”AA ) ) 0 ,
et ah ng./e_ss. EILII

. o
P H ‘e

i ,u U:\

* Snxby.k Vproposed . smnq progasé fpr the;bi\gk}at mle 56 in N-,g-blgm"

‘/) "n
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The peak at m/e 58 (C3H8N) is suggested to result from the process
[M—ls] s m/e 58, as the mass spectra of N-t-butyl-a-fluoro-
' acetamide and N-t-butyI -a ,u-diﬂuoroacetamide show metastable transitions o
that support this proposal, The proposed process conforms to process I ! .
postulaéed by Gilpin !, ; ' St

The probable rearrangement process that produces the peak at m/e 59

v ‘ c is: . . ' : o 9
K ' S - . "
.- A /CH3 . + f) , .
CH F ~C=N- +\ —_— c“a"i‘c“a +  CHF -Ca
\ : - . : - .
0 CH3 T ’ 0 K
N\ ~ N\
“H ’ H

A | 1Sy NP we 59 - "

- -

Metastable transitions that would suggest this process to .occur, are found
in the mass spectra of N—t-a.a-difluoroacetamide and N-t-butyl-a,a,a—tri-
fluoroacetamide. Saxby has also proposed this mechanism for N-t-butyl- N ,: . .
PR \a,u.wtriﬂuor‘ouetamide. lir |

" AnaIOgous peaks at m/e 60 m/e 78, m/e: 96 ‘and m/e 114 are probably °

-

all produced by the same type’ of rearrangement'

The proposed pathww is subsuntiated by uetastelgle transiﬂons m the
ata s ind ‘!?Wl*q,n-d&ﬁubm-

IAER




¢

Formation of che analogpus peaks at m/e 58, m/e 76, and m/e % in’ !
the N-j;_-buty'l-a—fluoroacetamide mass spectra does riot have a comparaple
procéss in the N-t-bu'ty'l-u—ch‘loroacetamide mass spectra/. Thé observed
ana]ogous peaks are postulated to result from a process that involves

/ &

the loss of HF from the protonated f'luoroace%amfde. an’ examp]e of this

“ process is.
T Ty
)\l ‘ v /H
CF. NH —~————pin  CF,5C-N —¢—» #CF,-C-N_ - ‘
FaleMe AN zf'\
1} t - v 0+ H H
: h . o ¥ , )
m/e 114 . me 9% ' T S

0y
. @ ¢ - 1]

4

Saxby proposed this scheme in the mass spectrum of thé compound N-t-buty1-
a,a.u—trifluoroacetmide. In the mass spectrum of N-t-butyl -a-ﬂuomacetamide
‘the above process is an extreq)e1y ‘weak one, anq almost all of che peak at |
m/e 58 is attributed % the species C3H8N; ‘ , | , e |
.~ The rearrangement peak at m/e 84, C4H6N0,' is characteristig“of only .. | ‘

[ s . . . . o ‘
the N-t-butyl-a,a,p-trifluoroacetamide mass spectrum. No information could - -

'be obtained to suggest how this peak resulted. e | - ;
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" - F) Ratio of %236 for daughter‘and parent fons in the N-t-butyl-a-~

Y

L] o

chloroacetamide mass spectra . v

’

—m——

' The ratio of the %E36»f0r the daughter to the parent ion, generally
shows that as chlorination is increased the ratio of the daughter fon
to the parent ion increases.in value; this is evident in the ratios 59/M-15,

« +
56/M, 57/M,J¥GNH3/M and M-15/M., For each of the cases listed above (see

—

Table 15) it would seem that as chlorination increases, the"daughter
. jon becomes horg stable and therefore more abundant than the parent ion.
?or the cases 41/57, and 58/M-15, the parent pehk is more intense
) - ' than the dayghter peak throughout ;he series. Thq ratio 51/57 decreases
in value as chlorination increases in the mass spéctra of the N-t-butyl-

. 7 )
a-chloroacetamides; this happens as a résult of the peak at m/e 57 -in-’

creasing in intensity fas;er than the peak at m/e 41. The ;atio 58/M-15
decreases in value,as a result of the nature of the formation of the peik
at' m/e 58,.since the peak at m/e 58 resulfs from a rearrangement process
that 1éllegs 1ikely to occur as chlorination 1ncreqse§; the ratio would

‘then be e;pectéd tb decrease as chlorination increases. This can bé seen

from the proposed mechanism:
. .

VA % - o

+

3 H |
cnc1ft|;?-un-c+\ SO S >N-C\/ S >c-cso
. + L . .

0 My S el TR

' N : N L
The ratios 42/58 and M-35/M-are unaffected by alpha chtoriqgtiﬁﬁ.,j,;vnlzﬁ

S . . . Teow . D 1 R . N
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Ratio of%r.. for
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> chloroacetamide mass spfﬁﬁ ‘
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. Peak ratios =  N-t-B.A.

: ~ ' Table 19
Table 19
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L . 4157 13 0.8
) J 42/58 ' T 1 < 1.1

‘2.9
0.1.

10.8
0.3

o 58/[M-15]
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-“ - !
| © T B6M - 0.3 . 0.8
. b . f
/
: 57/M 0.3 1.7
. ] . .
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G) Ratio of %236 for selected rearrangement peaké in th'ehN-’g_-butyl-

V- pa ‘ .
a~chloroacetamide mass spectra

Competition between varic':us fragmentation routes that involve re-
f NN
arrangement peaks can be demonstrated by reviewing the ratio of %236
for two rearrangement peaks. Formation of the peak at m/e 42 versus | ,

the peak at m/e 56 is shown in Table 20 to be unaffected by ch]orinﬁion. , :
. + :
No noticeable trend for the peak at m/e 58 versus the peak at R-ﬁ-NH3 ‘

was found. - - 0

R o " The ratio of the %ZI,c for .two rearrangement peaks ::?a definite - = .

~ , +
| , . ‘trend for the ratios 56/58, 58/59, and 59/R—ﬁ-NH3. For rearrange-
k .

-
/\A . o

ment process that gives the peak at m/eé 56 versus the peak at m/e 58, one °

- -

; - | can see .that chlorination has a definite effect; as chlorination increases.
‘ | throughout the serie;, the value of ’Ehe ratio falls, demonstrating that’ |
g)g:heh process giving the *ion at m/e 56 is a more favored 6ne. The same
| analysis, aqd results, may be obtained for the ratio 59/R-C-;H3., A
r;a\#o of the peaks at m/e 58 and 59 is interesting fn the sense that
o T they ;’f‘e both de”rilved from the same parent ion, [M-1 ?]” As chlorinntit;n, .
s increased throughout the|series, the value of the ratio 58/59 shows =~ . .

that the rearrangement process giving the peak at m/e 59 As more favorible‘,h

-

The ratio of 41/42 shows no.consistent trend. . h k bl




: . Table 20 y - ‘ v

. - 3 * Ratio of %2‘.36 for selected rearrangement peaks in the N-j:_-but_yl-a- i oo

: chloroacetamide mass spectra . .

. ! , ”~ v
o . .

: Rearrangement  N-t-B.A.  N-t-B.CIA. = ' N-5-B.CI,A.  N-t-B.CI;A.

. g .
N

‘ . ., ) ; . . N [y
41/42 0.1 . . 21 a0 2.4
y B
. - 42/%6 S L 0.7 1.3 - 1.2
. 56/58" S0 0.2 02 3T I
- 58/59 42.0 2.0 . M2 . 0.5 |
L ’ ' S
. 58/R"lcl"NH3 » 2-6 . . 3-6 o ]9.0 . - ]54 e
.’ 0 - F— ‘ ’ . L -- ’
B + e S . \ g
e 59/R-Ic-rm3 L0 - 04 1.5 . 2.5, o
.b,‘ R . ’ L ‘ » . | . . ! ~. ' . : - . ‘ :\f,
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S H) Ratio of 153_6 for selected fragment peaks of the N-t-butyl-a- . .

T

-
- v . I3

SR o chloroacetamide mass spectra R : A .
y , , o . .

-

. ) ‘ Tab'le 21 shows R‘e ratio of 1236 for fragment peaks (where it 'ls
' understood tha fragment peak means those peaks that are generated

: ,. _from a simple cleavage process) indicating that the ratios 57/CI-I y
- 57/[M- 15], and 57/CH,CI, C are affected by chlorination. <In each of the '
. ° ) |

e T
"

. above cases, it can be seen that the more stable fragu)ent'is the alk.yl -
fragment, rather than the chlorine conta'lning fragment. Perhaps this
B . phenomenon results since the positive »charge that is associated with the |
fragme}‘t is most readily stabﬂized by an electr‘on donating group rather .
o than one_that is electron withdrawing. . ‘
| < The presence of a chlorine atom in a fragnent peak does .not pro—

dice ‘a-definite ‘trend for the ratios CH, c1y/100 and CH Cly/[M-l 5].

‘ \

[




: | ‘ - Table 21 . v

1
]
1

f ' Ratio\\qf %236 for selected fragment ﬁeaks of the N-t-butyl-o-. . ’ :
- chloroacetamide ‘mas#”spectra o ' . ‘
. | T . " ‘ ) ® ' }
| . Ratio of fragment . . . It 4o +-R
. B Coeaks . e N-t-B.A.  N-t-B.CIA. N _1_:_B.C\12A..  N-t-B.Cl, :
| / ' ) B o . < .
CHxC1y/'|00 L 4.9 | 0.4 0.5 |
57/CHxCl.y -- /‘4.9 e 18.7 26.6 |
57/[M-15] a1 - 09 1.7 . 125 -
57/CH C1-C 2.2 A L " ® :
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. I) Ratio of %236 of fragment peak to rearrangement peak for the N-t- e

butyl-a-ch]oroacetamide mass_spectra o .

3
— e

' A comparison of the intensities of peaks formed b,\) fragméntation ﬁ .
versus those that arise via a rearrangement process showsnthat ch]drjn-
ation effects  the ratins 57/56, 57/58, 57/R-ﬁ-§H3 and [M-1 5.]/R-|(l:~§ﬂ3.h

! 0 0 AR

In all of the ratios previously mentioned, it is noted that the ion re- * u
sulting from simplé cleavage beconies more ;intense throughout the series.
This is of special significance for the ratios 57/56, 57/R-C-§H3, and
«» 0
. + ‘
LM-]S]/R—C—NH3 as ench of the ions in the ratio Qair result from the same
. ~ '
p;rent peak.’ It would seem then, as ch1or1n§tion‘1ncreases throughout
. the seri_es, simple cleavage is the preferred npro;:ess ‘of breakdown rather
than a rearrangement process for ions resulting from the mol ecn{ar fon.
\ For the ratio.57/59 there is only a noticeable trend for the chlorine
- . Eonta'ining compounds. The ratio shows that as chlorination increases
| throughout the series, the rearrangement ion at m/e~ 59 becomes more im-" .

portant. although not as 1mportant as the fon at m/e 57
. : Chlorination does not Kave an effect upon the ratio [M-35]/R—ﬁ-NH3

K3
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v L. : ‘Table 22 o -
. “"Ratio of %236'01’ fragment peak to rearrangegnent- peak for the N-t-butyl-

o ‘ a-chloroacetanide mass spectra | » N

Ratio of fragment- .. - -
~  peak to rearrange- N-t-B.A,

o

. . ment peak .

»

N-4-B.CIA- . - Net-B.CIAA. N-£=B.CTA.

. 57/56 L0 - 20" 8.1 - 10.2 -

57/58 0.1 0.3 | 1.9 37.7 -

57759 - 4.2 T 43,5 " 24.8 19:8

[ =1 R 0.1 " 0.8 0.5 K
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J) Ratio of 1236 for daughter ions and ;;arent fons for the N-t-butyl-

a-fJuoroacetamide mass spectra

As for the N-t-butyl-a—ch]oroacetamides the N-t-buty1 -0~
ﬂuomacetamidec mass spectra show many sign‘ificant trends in the va'lue
of the ratio of intensities for the daughter peak to the parent peak
These trends are found for the foﬂowing‘cases, 59/[M-15], R-‘(:‘-NH3/[M],

+

and [M-15]/M (see Table 23). For each of the abov% ratios, the daughter
.peaT( became more intense than the parent péak. The same pattern was

noted in the mass spect;'a of the N-t-butyl -a;chloroacetamides., As fluorin-
.ation increases in the series, tné daughﬂter.pe,ak became the more abundant

because it was a more stable species than the parent peak.

As was noted for the N-t-butyl-a-chloroacetamides the ratio of in-
tensities for 58/[M-15] decreased; in.the N-_t_:;butyl}ﬂnoroacetgmides the
ratio 58/[M-15] decreases for the same reason; that is, as fluorination

increaies the rear‘rangement process that gives the peak at m/e 58 has a

v

much smal'ler chance of occurring. \ : ¢
Theré s no. consistent change in the value of the ratio of daughter -

S AN ' .
peak to parent peak to parent peak for 56/ [M] and 41/57 ' . ;

{

\

\
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.1

0

y
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0.9
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- . B :.‘ . +
a1l show a significant pattern; in each of 41742, 56/58, and 59/R-ﬁ-NH§

) 1s increased. For 59/R-ﬁ-NH3, the value of the ratio 1ncreases because

R-C- NH .
T

-
r
&
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o Y _ _' ,

K) Ratio of %2y for sglected rearrangement peaks of the N-t-butyl-a’

fluoroacetamide mass spectra . . .

. . ‘e . +
The ratio of the peak intensities for 56/59, 58/59, andn58/R-ﬁ-NHé

J

’ ’ o . . . -
(see Table 24) the effect of inéreasing fluorination is to increase the
value of the ratio. The ratio value- 1ncreases for 56/58 because the

fragment peak at m/e 58 decreases sharp]y in intensity, as f]uorination

. 0 '
the process generating the fon fragment m/e 59 becomes more fevdraple.- '

o r
Both of the ratios -58/59 and 58/R-f-NH3 show that as fluorination

[

is decreasing through the series. the rearrangement ﬁéak at\h{e 58 eecomesf

less signifﬁcant than the peak at m/e 59, and the ana]ogous peak at,ﬁ

0 ' . . ' o . '«

. + . NN
For the ratios 56/58, $8/59 and 59/R~f-NH3. the same trends were:

~ o

‘

observed in the N-t-buty\-u~chloroacetam1des. Only the' ratio 42/56 shows | :,ug K

no consistent effect upon the 1ntroduction of an 1ncreasing number of '_ﬁ.pﬁﬁ By

fluorine atoms into the prepared amides.-
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. Ratio 01""?",’»2:36 for selected rearrangement peaks in the N-t-butyl-a-
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Rearrangement .  “ y:4e'np N B FAL
peak ratios - - |

. " L}

. 41/42 S0 1.7 1.5 ,

42/56 10 0.6 N W 0.3
56/5%86 . 0.1 0.2 . 0.4 40.5
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L) Ratio of %236 for selected fragment ions of the N-t-butyl-a- .

b

A fluoroacetamide mass spectra ‘ &
! An examination of Table 25 shows that the only ratio to give a o :
—_— ’ ’ - « '
+ -~ r consistent trend is for the case 57/ECHxFy'ﬁ]' This particul;r case
- ' ‘ ' - [ SR .

P

' demonstrates that the siﬁple cleavage process that results in the formation

of the peak at m/e 57 is a breferreq process, compared to the process.

that would give the peak that would be observed at m/e [cuxFy-ﬁ], ‘ ‘
. . ~ . 0 .

-

. The ratios 57/[M-15] and 57/100.5how no definité trend. Not enough
. _ //,in?bnmation is available to state whether or not a trend‘gxists for the

L ratios 57/CHxFy,

e
CHy

Fy/[M-ls] and CH,F /100. S
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| ¢ ' Ratio of %Ly for selected fragment fons of the N-t-a-fluoroacta- S

wide mass spectra - - . :

; ' . Ratfo of © N-t-B.A.  N-T-B.FA. . N-t-B.F,A. ' N-t-B.F,

S fragment ions oo ) -t , - R
N 57/CH,F, - -- 2.0, 1.4 o

| " 57/[M-15) 1. - 0.3 0.6 0.2 o
- : . 3.4 93.7 ‘ 2L : .
57’““{,' ﬁ 0.5 | -4 ) -

‘ . . 0 " . . -
r CHFy/IN-15] T T 0.3 0.2 -
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M) Ratio of 2236'for fragment peaks to rearrangement peaks in the N-t- -

bdtyl—a—f]uoroacetamide masé spectra

v

. +
The ratfo of the peak intensities\for 57/58, 57/59, and [m~15]/R-ﬁ-NH3
| ' 0
(see fTable 26) all show é consistent change with 1ncreasinglf1uorinat10n.

A the mass spectra of the N-tfbuty1—a-chioroacetamides. the ratio.of

,57/58 1ndicatesrthat the more:fluorinated the amide’molecule Becomes: the

more abundant the peak at m/e 57 becomes with respect to the peak at m/e 58

The opposite trend becomes evident for the ratio 57/59, that is the peak reo
at m/e 57 is more predominant, than the rearrangement process giving the

peak at m/e 59. This was not tte case for the N-t-butyl-a-chloroacetamide

series.

Ratios 57/56 and 57/R-ﬁ-§ﬂ3, which'each contain a peir of ions that {

(. 0 ' | “ l
result trom/the~seme parent ion (the molécular ion), ‘do not show the same’ i

.o ' ‘definite trends that were noted for them in section I. Only the ratio (

[M 15]/CH F -ﬁ NH3 shows a definite d. This trend is as before, the

’

. 0 LY
. alx cleavage fragment seems to be'pt greater 1mportahce than the rearrangement

PO

fragment. ) EO - N
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| : :
' In the preceding sections, fragmentation pathways common to a number

of a-halo-N-tert-butyl acetamides have been described. Of pa{ticul'ar “in-

’

terest in this work are those fragmentation processes which i’nvolze'.halo-

genated precursors; such processes may be (a) frqgmentai;ions- of the molecular

ipn prior to rearrangeneﬁt, (p) frggmentations-of the rearranged molecular
ion and (c) secondary fragmentations involving ha1ogen.containing species.. -
- The'ease.with which a partiéu]ar fragmentation occurs will depend on the

stréngth qf the bond cleaved and on the'stability of the product(s) formed.

It is to be expected that both of these factors will be 1nf1uenc§d by the . . .

' presence of one or more a-ha]ogen'substitueﬁts in the precursor ion. .we\

ﬁow consider six of the principal fragmentation processes‘in the comﬁaunds

studied in an a;tempjktﬂ isolate and 1gentify the role played by the sub-

’ ~ . : ‘ /<

stituent. ) ’ y -

e

1. Fragmehtatdons of the molecular iod prior to marrangemuﬁ:'-

. ( ’ ‘ Two éompetitive._dissdciatjons of the molecular jon are observed

in all of the compounds studied: °

. + + "3 . 8 . ‘ i » ‘
L M .+ C(CH;) + R-C-NH - (Al . :
+ " ’ ok . ' ) L : (1.,!'1

M+ (M-15)" + cur; . 8]

: A1though'the carbonani trbgen bond. is somewhat weéker than. the, carbon-carbo‘f\
f’-'\bond (on the basis of average bond energy va1ues) these\ two dissoc tions .
are of approximately equa\l 1mportance 1n the unsubst'i tutad (R = CH3 amide h

b f) (Table 27) " 1In the o‘chloro series, the 1nportance of [A] increases Co

LA O "" vy
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# -
.

>

significantly with increasing halogen substitution. Thus, the intensity
~ratio for (M/e57)/(M-15) increases in a regular fashion from approximately
unity when R = CH3 to a va]ue of 8. 5 for R = CC]3, for the di- and tri-
“chloro compou\:ls the peak at M/e 57 is the base peak. This trend is con-
sistent with a weakening of the carbon-nitrogen bond-as a result of the 3
-long range inductive eéffect of the chlorine atoms. The intensity of the
(M-15)- peak (expressed as %236) rgmain§ essentially constant throughout -'th s ¢
series; it is rea;onable to expezct that the inductive effect of the dcy] |

L3

chlo’rines on the carbbn-carbon, bond of the tert-butyl"group will be consider- -

ably ‘less than the effect on the carbon-nitrogen bond..
The effect of fluorine substitution on the two dissociations under.

consideration is somewhat surprising. ' Methyl radi cal loss fmm the mole-
&£

cular ion (process [B]). 1ncn=.ases significantly in relative importance in

Y

going, from the unsubstituted to ihe mono-substituted amide. Sdbsequent
fluorine éubsti tution, hwever,.has only a minor influence on thi_s dis
sociation. Thus the nteénsity of the (M-15) peak rises from:3.4 in the un-
sulltituted ami de to_ 8.1 in the mono-fluoro compound; for the tri -fluoro'
amide the value(is only 23.2. -The.increase Ml radi caa elimination °
that results from mon?-subs/ti tution is consistent with the inductive effect
discuss;ed prevf ously; because of the greater electronegati vity of fluorine

one might expect the e]egt&m withdrawing influence to be,felt farth from
the site of substituti on thau.u.guw be the case . for chlor ne substit ion. 7.
On this bas1s, a regu1ar increase in methyl radical loss with increasing

fluorme subst1 tution might be expected; as indicated above such an 1ncrease | .': -

3

was not observed s ‘, e \

-

A similar situation exists with, regard to the 1ntens1ty of the peak}

at M/e 57. By anangy wi th the a«dnoro series a regular "and simiﬁcant

4




. " would be expected. The observed increase in the intensity, a factor of
o 2 -3, is markedl,v less than the ten-fold increase observe/{ in the a-chloro
— series, in spite-of the considerable difference in electronegativity between .

-

fluorine and chlorine.
{'\\ These results suggest that the ‘indictive effect of the a-fluorine'
atoms is not felt so]ely at the carbon-nitrogen or carbon-carbon bond With
‘ 1ncreas1ng electronegatin ty of the a-substi tuent rearrangement of the mole--
- ' cular ion prior toffragmentah on becomes an effective conpetitlB fate for the

- molecular ion.

- ¢

e

mwe

2. Fragmentations of the‘molecu]ar'ion after rearrangement:-

Rearrangement of the mo]ecular ion prior to cleavage is involved o
in the formation of the ions at M/e 56 and M/e (R+45) ‘
S oy 9+ “:”z ) T
| M R-C-NHg  + CHg-C=CH, - - [€]
s ’ ' o Mo R-E-NHZ +  (CHy),C=CH, 1) S
Y | | wess e

It is somewhat surprising that in the unsubstituted amide ‘process [C], y
. which invplvee t'ransfef of two hydrogen atoms from the tert-butyl group,
is favouped over the single atom transfer process, [D]. Presumably in this,

‘ case the drwing force is the greater stability of the. produ% fo_rmed

via [c]. ¢ ) N o
5 In the a-chloro series there is a marked decrease in the mtensity
o , of the ion at M/e (R+45) with increasing halogen substitution, reﬂecting ‘

the preference - for nitrogen-carbon bond cleavage as the fate for the mle— 'L‘

. cular ton. The intensity of. the peak’ at M/e 56 remains essential’.!y constant
throughout trns series. : The 1ntensity of the peak at M/e (R+45) also de-




. — . ‘ ‘ /!-

crease with 1ncreas1ng substituhon in the a—fluoro series; however, there
‘ .«is only a 40% decrease in peak intensity in gomg from R = H3.to R = CF3 }
. " compared to the 90% decrease observed in the chlorine comp unds.lY Fluorine -
| substifution results in a significant increase in the peak ! nten\eity at M/e

| 56, with the- %236 for this peak rising from a value of 3.6 Pn thc% unsub-
, . stituted amide to a value of 15.4 when R is CF3. It shou]d be no(‘.ed that | ‘

the major 1ncréase is observed on going from the di- to thel tri-substi tuted . -

N . ) 11 ) |
|

members of the series.

These results are consistent with the greater e1ectr<%negativ1’ty of .
~f]uour-ine as compared to that of chlorine, and with fhe stron\g electron
wi thdrawing influence ‘of a-halogen substi tuents: In the a—chloro ‘compounds
this influence "is reflected in easier bond br?aakmg. partmularly at the =~ 7

mtrogen carbon bond. In the a-fluoro series thé nitrogen atom becomes ‘pro-

’

gresswely more and more “"electron poor” with 1ncreas1ng substitutmn, thus

\

&
favouhng hydrogen atom transfer to the nitrogen.

v

.3. Secondary fragmentations of halogen-containing specie‘*s:-

£

; The -ion formed by methyl radical loss from the mo]ecular ion-

undergoes a number of further’ fragmentations, usua]‘ly accompanied by some

- ‘ rearrangement. We cons1der two of these\ secondary. fragmentations\ihene : ’
| _ v s / \_ h o
[E] N

(M-15) . HO-C(CHy), -+ R-CaN - ,
i

\ . Fl

(;) -

M/e 59 - ' o

PR . + ' ' . [
: . (M-15) . » HoN=C(CHj}, + CHy=C=0 (R = CHj) | oL

(CHR'~C=0; R{ =R~ H)

In both series of coqnpounds,'the fntensify of' the peak at M/e 58;decieases‘ :

. ¢ . .
o -y t . e



b

s a

with increasing a-substitution. Th%s appears to be mainly a statistical
effect, the number of hydrogen atoms available for trans fer decreaeing with
increasing a-sub;titution. In the unsubst1tuted amide the peak at M/2 58
‘ . £ approx1mate1y 18 t1mes as intense as the peak at M/e 59; this presumably ‘
reflects both the greater stability of the product in [F] and the pre-
ference for a)sidple hydrogenaatom transfer as opposed to the more,compii- gi‘
Y cated, group transfer required by pathway [E]. |
' | The intensity of the peak ae M/e 59 ?emains essentially constant
throyghout'the a-chloro series, but increases significantly in the fluorine
c substituted compounds. It sheuld'be noted that the largest increase is |
observed in going ffom the di~to the tri~fluoro compodnd; in the latter <o,
case the peak at M/e 59 has a %236 of 20.2 and is the seCOnd most 1ntense o
peak in the spectrum. A possible explanation of the observed results is

inditated in the following scheme: B

t

2

‘ % + - 8H + R :
R- -rll-c(cna)2 + ‘R- =N-C(c)r|3)2 > Ho-C(fd3)2 + R-C=N

‘ - H « ’ -
\ When R = CF3 the a-carbon 1s "electron poor". and there will be a ,".“;
° strong tendency for loss of an electpOHNK1thdraw1ng substituent. . ‘ 'a’xff

From the preceding it is clear that the difference observed between .
the ‘a-chloro and the a—fluoro compounds is largely one of degree._ In both o .:}}

cases the observed trends can be explained in terms of the e]ectron with-

drawing tendency of the a-ha]ogen subsgizuent In the case of a-chlorine"
subst1tution. this 1nductive effect is reflected in the ease with which the

v

:_nitrogen-carbon bond is cleaved. Fbr the a-fluoro series. the greater

i ’.*“/

“‘1%’ U A3 : 58
GairsaaR si%@%é&@!gjzaﬁﬁﬁﬁ%ad' :



r ]

en 3
oA

-
' [T 3 e ::*
‘g}: e o %, i ';35
2 O ‘». el ,.f ‘50 VIS
¥ RN AL 3;""

sy
‘Q\ﬁm")‘*;x Py Ly o)

.,1&



-

Suggestions for future work . ~— . - - LRI

. , .
'_ . . ‘ - , ' 6"

s

' Future investigation of:similar'compodnds could be accomplihhed

at a faster rate if speedier methods for identification of the frég— ° .
,‘, ment ions were available. .Thi$ would be accomplished with the aid of |
a computer. ’ . ’ I ) ’

A surer stance could be taken on/Ahe proposing of a fragmentation "

* LN

pattern for certain molecules with much greater use of the metastable

defocussing technique. Frequent use of this techniqueﬂwould be essen- . K

_tial to future studv of these same compounds. L . -

t “

The resu]ts of mass spequal fragmentat1on of the N-t- butyl-a-

¢hloroacetamides and the,N~§;bu§yl-uafluoroacetawjdes could be compared .

. 3
to fragmentation products of the pyrolysis of these same. compounds.

7

s ) + b N (ﬂ-
v Ix; “aiéu
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. F%bures 1to?7 ;hogithe %iag fof ail peaks that g%iurred in' each :
spectrum, iﬁ the peak wds above the 0.8%236 level. L ' ' ’
. Tabies 26 to -39 contain dbminal m/e values, 2236 and % base peak. }
‘The va]Les of %236 were calculated by adding u;‘the peak heights from
thé peak at m/e 36 to the parent peak; then the peak height at a pa;-
ticular value of m/é was ca]cu]ateﬁ by putting the‘péak height over the
total peak height ;;dimultipTying by 100%. ‘ihé % base peak was found |
by putting the height of a particular peak over the height‘of the,tq]]ést
peak in the spectrum, and then multiplying by 100%. | . .
For purposes of spectra comparison only the values of'%z36 can be.
used ;6 compare ﬁpcctra'of different compounds, since different combqynds

-

may not have the same base peak.. .
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