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ABSTRACT OF THESIS

._RELATIGN OF SHIFT MAGNITUDE OF ALKYL SUBSTITUENTS
TO AROMATIC SUBSTITUTION PATTERNS
Michael E. Evans, M.S.
‘Morehead State University, 1972

Difector of Thesis. Dr. Verne A. Simon

Thig study was conducted to correlaté-shift
magnitude with structural features of a moleéﬁle. The
shift reage@t Eu (fod)s, tris (1, 1, 1, 2, 2, 3, 3-
heptafluoro-7, 7-dimethyl-i, 6-octanedione) Europium (III),
was used in fhé investigation. In the preseﬁce of the
Eu (fod); shift réagent, the induced shift tH;J of a'chosen
substrate was linearly related to the mole ratio of shift
reagent td'subsﬁrate. A deviation from linearity was noted
at high [shift reagent]/[suﬁstrate] values. A values,
equal to the induced shift divided by the mole ratio of
. shift reagent to substrate, were calculated for various
substrates'ﬁsing [Eu (fod);)/{substrate] values no larger
than 0.40.

A preliminary investigation was conducted using
substituted methylindoles. The compounds 5-bromo-2, 3-
dimethylindole, 2, 3-dimethyl-5-nitroindole, and 5-

amino-2, 3-dimethylindole were prepared by Fisher ring



closure. A_cpmparison of A values for variaug_substituted
methylindoles indicated the upfield methyl péak in 2, 3-
dimethylindoleé was due to 3-substitution and the down-
field methyl peak to 2-substitution. .

Subétituted anilines were chosen as sﬁhétrates for
thé primarf research. Three basic conclusions are apparent
from this research. The induced shift will decrease with
increasing distance between the paramagnetic_éenter and the
affected metﬁyl substituent. A pattern becaméiapparent in
which the stubstituted anilines had the largest A values,
followed by the 3-substituted anilines, and the 4-substituted
anilines had the smallest A values. The strongest Lewis
bases produce the largest induced shifts_of'all methyl
substituents. The basicity of the aromatic anilines were
affected by substituents on the ring. An eié&ﬁron—releasing_
substituent such as -0CH; increased the basiqiﬁy of aniline,
and an elecpron—withdrawing substituent such as -Cl or -Br
decreased the basicity. A shift rate decrease for N-
substituted and 2-substituted anilines is due to steric
hinderance of the metal complex attack. The peaks of the
N-substituted anilines were broadened appreciably by
addition of Eu (fod)s, while those of the other substituted
anilines remained well resolved.

The relation of shift magnitude to structural features
of substituted anilines is analytically valuable if one has

a basic idea about the ring substituted atoms or groups



preseﬂt, and howfthéir structural position affedts shift

magnitude.
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INTRODUCTION

The purpose of the investigation reported herein was
to‘correlate.shift magnitude with structural features of a
molecule. A:

It has been known since the early studies of nuclear
magnetic resdnance'(n,m.r.) spectroscopy that prﬁton resonaﬁce
peaks will be spread across a broader range of.magnetic field
strength by addition of a paramagnetic species to the solution
being studiéd,' The general expectation is that the shift
produced wii} decrease with increasing distance between the
pargmagnetic center and the affected protoﬂ {1). Most of
work thus far has centered around the questiﬁﬁ of which
metal will permit the observation of high-reédlution NeM.T.
spectra of its coﬁplexes without objectionable peak broadening.

' Qonéiderable interest has been sﬁown in lanthanide
shift reagenté since Hinckley (2) has shown that the
paramagnetic complex tris (2, 2, 6, 6-tetramethyl-3, 5-
heptanedione) Europium (III) econtaining two_mqlecules of
pyridine, Eu {dpm)s3{py),, can be used to produce shifts of
proton resongnces in the ‘H n.m.r. spectrum of cholesterol.
The metal chelate, Eu (dpmJ3, can be prepared by the method
of Eisentraut and Sievers (3), and the adduct; Eu (dpm),(py),,
obtained by recrystallization from pyridine.. Narrow 1H NeM.T.

lines may be'eipected for solutions containing complexes of



2
all the rafe earths with the exception of gadolinium. The
very short electron relaxation times of these metal ions in
solution at normal temperatures can result in ‘narrow "H NeMeT.
absorptions (4). This is in contrast to thqiftequently
‘extensive brdadening caused by paramagnetic:transition ions
of the first and second series. -i |

. Sanders and Williams (5) reasoned that the pyridine-
free adduc%; Bu jdpm)3, would bé a superior shift reageht in
coordinating more effectively with organic Lewis bases. The
new Eu (dpm)j; shift reagent increased protontshifts observed
in cholesterol (2) by a factor of four at comparable concen-
traﬁions. Most important, it was illustrated that Eu (dpm} 5
can producé”dfamatic shifts in 'H n.m.r. spectra. Eu (dpm),
is also abbié&iated Eu (thd),. ' |

A quantitdtive study of the action of trivalent
lanthanide‘chelate complexes of 2, 2, 6, 6-tetramethyl-3,
5-heptanedibne, Ln (dpm)3, Ln=Pr, Nd, . Sm, Eu;:Gd, b, Dy,
Ho, Er, Tm, and Yb, has been reported (6). Upfield substrate
ligand resonance shifts are obtained for the systems involving
Pr, Nd, Sm, Tb, Dy, and Ho, while downfield:shifts are observed
for Eu, Er, Tm, and Yb. The later lanthanidég, though better
shifters, are also more efficient dipolar broadeners. The
shifts caused by lanthanide shift reagents are exclusively or
nearly exclusively dipolar in origin, but the mechanism of
action of lahthanide shift reagents has not been definitely

established.’
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Very recently, Rondeau and Sievers {7) have discovered

new, vastly superior shift reagents, which are éxpected to have

a great impgct‘on the entire field of materiaié characterization
and“analysis}-'The new shift reagents, Eu (fbdr3 and Pr (fod)3,

eris (1, 1, 1, 2, 2, 3, 3-heptafluoro-7, 7-diriethyl-l, 6-

octanedione) Europium (III) and Praseodymium (III) have a
structural formula as follows:

' CF,CF,CF,
.‘ o .
Pr or Eu
o)
C(CH3) 3

Figure 1

Europium and praseodumium chelates are supeiior to the dpm
adducts with respect to both Lewls acidity and Soluability.
‘Substitution of fluorocarbon moleties in B-diketonate ligands
increases the solubility of the metal complex, and the electron
withdrawing-fluorines increase the residual acidity of the
cation, making it a better coordination site for weak donors.
The fod chelates can be prepared by the method of Springer,
'Meek, and Sievers (8). The fod chelates of Eu (III) and

Pr (IXII) are superior shift reagents and are highly desirable

1 .
for H n.m.r. research.



DISCUSSION

' A search of Sadtler N.M.R. Spectra (1971) revealed
that in substituted 2, 3-d1methylindoles there was considerable
doubt_as to which methyl peak appeared upfield. An
investigation was undeftaken using Eu (fod)j shift reagent.

It hss been observed (9) that in thekﬁresence of a

shift reagent the induced shift of a substrate is linearly
related to the mole ratio of shift reagent to substrate.
The shifts sre concentration dependent which indicates a rapid
metal complex-substrate exchsngé. This rapid labile equilibrium
(6) may be represented as S* + Eu (fod)3S = Eu (fod)sS% + §
where S represents a substrate molecule and tbs asterisk denotes
the exchange of identical ligand molecules. A deviation from
linearity (7f.has been noted at high [shift reagent]/[substrste]
values. This deviation from linearity indicates that tbe_
spectrum is sdu essentially that of a coordinated ligand rather
than that of the average of the free ligand asd complexed
ligand.

. The compounds 2~methylindole, 3-methylindole, and 2,
3-dimethylindole were obtained commercially while 5-bromo-2,
3-dimethylindole, 2, 3-dimethyl-5-nitroindole, and 5-amino-2,
3-d1methy11ndole were prepared by Fisher ring closure. All

attempts to prepare 5=iodo=-2, 3-d1methylindole were unsuccessful.

b



1H n.m.r. spectra were obtained using deuterioéhloroform

solutions of the substituted indoles.
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Figure 2

Induced Shifts of Methyl Resonances of 2-Methylaniline as a
Function of Added Eu (fod),.
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‘A linear plot of the induced shift versus the mole ratio
of shift reagent to substrate for 2-methy1ahiiine is shown in
figure 2. This graph is typical of those obtaiﬁed for
various substrates throughout this research.” Induced shifts
are in hertzaffom TMS, the internal standard;':The'A value
equals the induced shift divided by the mole rgtio of shift
reageht‘to suBstrate; [shift reagent]/[substfate] A
deviation from- linearity was noted at mole ratios greater than
0.40, and A values throughout this research were calculated
using [Eu tfgd)g]/[substrate] values no largep than 0.40.
The various ;néuced shifts for different mole ratios and the
A-values are given in Table 1. |

The'éompounds 2-methylindole and 3-methylindole were
chosen as sﬁaﬁdard compounds from which to obtain the A values
for the 2-methyl and B-Qethyl positions. The A values from
_Téble 1l show that for 2-methylindole no shift éccurred while
-fdr 3-methylindole a shift was detected. Th§~A values for
2, 3-dimethylindole and 5-bromo-2, 3-dimethylindole fit the
pattern of the:previous experimental data. The upfield methyl
peak of 2, 3-dimethylindole had a A value of 6.50, and the
correspondiﬁg peak for 5-bromo-2, 3-dimethylindole was 1.30.
No shift wasfobtained for the downfield methyl peak in either
case. Induced shifts were observed for the downfield methyl
peaks of 2, 3-dimethyl-5-nitroindole and 5-amino-2, 3-dimethylindole.
The upfield methyl peak A value for both compounds was larger
than the A value for the downfield methyl peak and were also



Taﬁ;e 1, Shift Data for Substituted Indoles

IEg (fod)s] Induced
Substrate Substrate ] Shift (Hgz). A (Hz)

0

2-Methylindole ' 0.24 0
0.47 0 -
0.70 0
_ - 0.98 0
3=Methylindodle 0.23 0.75 3.30
0.43 1.65
0.68 2.10
0.89 3.45
2, 3-Dimethylindole 0.30 1.952. o®  6.50¢ o9
0-46 2-‘*0 ) ‘O'
0.79 3.00 0
0.95 3.75 0
5=-Bromo- b d
2, 3-Dimethylindole 0.24 0.308 0 1.30¢ ©
a 0.45 0.60 0
0.59 0.90 - O 1
0.89 1.20 0
5=Nitro- _ b d
2, 3-Dimethylindole 0.1 0.902 0.60° 5.30° 3,50
0.60 _ 2.70 . 1.65
0.77 3.00 . 1.65
1.41 3.90 1.80
5-Amino- . b c q°
2, 3-Dimethylindole 0.20 0.90% 0.22° 5.60° 1.80
_ 0.41 1.80 0.45
0.8 3.00 1.35
1.09 3.45 1.80

8TInduced shift for upfield methyl peak. PInduced shift for
gownfield methyl peak. €4 value for upfield methyl peak.
A value for downfield methyl peak.
larger than the & value obtained for 3-methylindole. The
shift of the downfield methyl peak in 2, 3—dimethyl—5nitroindole

and 5-amino-é, 3=-dimethylindole may have been caused‘by



Table 2. - Shift Data for Methyl Substituted Anilines

e EEu (fod)s] Inducedf |
Substrate Substrate] Shift (Hz) - & (Hz)
N;Methyleniline' 0.39 165.6 i 425
S 0.59 216.3
0.74 264.9
0.96 303.6 -
2-Methylaniline © 0.18 105.15 581,
_ 0.36 189.15
0.73 291.45
o 0.91 319.95
3-Methylaniline 0.26 37.8 - 145
0.40 53.7 .
0 . 67 7"- . 1 )
_ 1.00 8L.45
L-Methylaniline 0.29 2.3 42
' 0.55 20.4 ‘
0.75 24.9
1.03 27.0

'The trend in the halogen substituted anilines
generally followed that of the meﬁhyl substituted anilines.
The 2-substituted position shifted most, followed by the
3-position, and the 4=position shifted least; This agreed
with the éeneral expectation that the shift produced will
decrease w1th increasing distance between the paramagnetlc
center and the affected proton (1).

. The availability of the unshared pair of electrons
on the nitrogen atom appeared to have an effeet,on shift

!
|
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Table 3. Shift Data for Halogen Substituted Methylanilines

|Eu {fod), Induced
Substrate Substrate Shift (Hz) s (Hz)
2=-Chloro-
6-Methylaniline 0.34 L4L7.55 140
0.42 56.25
0 B 62 71 . 88
0.89 90.45
3-Chloro-
2-Methylaniline 0.22 115420 524
0.35 165.45
0.56 220.05
0.85 267.90
5-Chloro-
2 -MetrhYlaniline 0, 21& 99 . 75 h.l6
0.46 162.45
0.81 222.75
0.90 236.55
L-Bromo=-
2-Methylaniline 0.32 137.55 L30
0.53 202.05
0.85 269.55
0.92 311.85
L-Chloro-
2-Methylaniline 0.29 134.55 L6
0.60 221.55
0.75 248.85
101 280.35
L-Bromo-
3-Methylaniline 0.31 5.7 115
0.44 48.0
0.70 6L.8
0.90 70.8
2-Chloro-
L-Methylaniline 0.24 7.05 29
0.37 10.35
0.63 15.15
0.90 19.05
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Table 3. (continued)

o [Eu_(fod)a] . Induced
§3_1h§§za;g [§g, strate] Shift (Hz) s (Hz)

2-Bromo-
' A-Methylaniline 0.22 5.3 » 25
003‘!- 70 o
. ) 0.86 3 65
" 3=Chloro-
L-Methylaniline 0.20 9.00 . - 35
N A 0.24 19.20 '
0.66 2L .45
0.89 28.058

magnitude. The low basicity of éromatic amines is due to

the fact that the amine is stabilized by resonance. The pair

Figure 3

of electrons on the nitrogen is partly sharéd with the ring
and less avaiiable for sharing with a Lewis acid.- The
basicity of an aromatic amine is affected by substituents
on the ringi' An electron-releasing substituent such as
-CH, increases the basicity of aniline, and an electron-

withdrawing substituent such as -Cl or -Br decreases the



‘basicity. kﬁ electron-releasing group pushes éiectrons
toward nitrbggp and makes the palr more available for sharing
with ahLeﬁis-acid, whereas an electron-Withdrawing group
helps pull electrons away from nitrogen and makes the pair
less available for sharing. A list of pKa<va1Ueé for

various substituted anilines are given in Taﬁié 4.

Tébie 4,- ﬁKé=Values of Substituted Anilines in Aqueous Solution

Compound : _ _ P éﬂg
N-Methylaniline o - 4.85
2-Methylaniline _ o Lobd,
3-Methylaniline . | b.73
y-Methylaniline | 5.08
2-éh1§roanilihe :‘ 2.65
3—Ch16f0aniliné_ o 3.46
L=Chloroaniline ‘ _ o ; L.15

_ é-Bromoaniline, . f:.. 2.53
4~Bromoaniline ) 3.86
N-Ethylaniline _ 5.12
2—Methoxyaniline | L.52
3-Methoxyaniline he23
L=Methoxyaniline ' 5.34

- Aniline ‘ ‘ 463
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Generally, the halogen substituted methylanlllnes
-had lower A values at equivalent substituted positions than
A d1d the methyl substituted anilines. The halogen substituted
anilines have smaller pKa values than does eniline and are
- weaker Leﬁis ‘bases. The larger induced shifts for stronger
Lewis bases 1ndicated that the rapid metal complex-substrate
i equilibrium was shifted in favor of the metal complex. The
l compound h-chloroaniline has a larger pKa value than 4-
bromoaniline, and h-chloro-z-methylaniline had a larger A
value than h-bromo-z-methylaniline. Presumably in the case
of chlorine, this is due to thefgreater importance of
resonance forms in which the halogen has a double bond.
Electrons.are.donated to the ring in these forms. Also,
2-chloroaniline has a larger pKa value than 2-bromoaniline,
and 2-chloro-4-methylaniline has a larger 4 value than
2 -bromo-z,;nl_ethylaniline . |

The‘shift magnitude of the halogen substituted
meth&lanilines was also affected by the proximity of the.
halogen of the methyl group. The A value was larger the
closer the halogen to the methyl substituent. The substrate
3-chloro-2-methylaniline had.a larger A value than 5-chloro-
2-methylaniline, even though, the chlorine is meta to the
amino group. in both compounds. |

A discrepancy in the shift.pattern appeared to occur
“with 2-chloro-6-methylaniline. The shift rate decrease was

due to the ortho effect (10), which seemed prlmarily steric.

o Electron relea51ng substituents weaken basicity when they
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are ortho to the amino group, and electron:w;éhdrawing

=substituenﬁe do so to a much greater extentffrém the ortho
position thanffrom'the meta Or para position. The chlorine
and methyl“greup flanking the amino group in 2-chloro-6-
_methylaniline sterically hindered the attack of the Eu (fod),
and lowered the basicity of the anlline. Bromine is larger
than chlorine and should provide more steric hindrance.

The: substrate 2-bromo-h-methylaniline has a smaller 4 value-
than 2-chloro-4-methy1aniline.

The ‘spectra of other substituted anilines, incliding
the anisidines and ethylanilines, were recorded. The
various’ shifts for different [shift reagent]/[substrate]
ratios" and the A values are given in Table 5 The induced
shifts.for the-ethylanillnes were measured frqm
tetramethylsilane to the highesﬁ ﬁeak in the methylene
qﬁartet. The peaks of N-ethylanillne were broadened
appreciably; - |

The anisidines were chosen with the hope that an
électron-releasing substituent such as -OCHs_would increase
the basicity of aniline thus producing a larger shift.

The compound 4-methgxyaniline has a larger pKa value than
4-methylaniline, and 3-methoxyaniline has a smaller pKa
value”than'3-methy1aniline. One would expect an increase

in the A value of the 4-methoxyaniline compared to 4-
methylaniline end a decrease in the A value of 3=-methoxyapiline

compared to 3-methylaniline. Experimental results showed
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Table 5. 'Shift Data for Selected Substituted Anilines

L : EEu !fodlal Induqéd.
Substrate . Substrate] Shift (Hz) s (Hz)
~ 2-Methoxyaniline 0.38 204,45 538
' 0.58" 308.70
0066 346.20‘
‘ | s 0.87 L47.30
- 3-Methoxyaniline 0.15 15.90 106
: : . 0.39 35-30,
0.39 46.80
0.88 58.35 . °
4-Methoxyaniline 0.24 22.05 92
T 0.44 37.95
0.90 62.10.
| 0.94 63.60
N-Ethylaniline 0.22 88.50 4,02
' - 0.49 150,00
0.79 202.65
. 0.94 226.05. .
2-Ethylanilin€ 0.32 168.60 527
‘ , 0.52 249.00
0.69 297.30 -
, . 0.91 .335.40
L-Ethylaniline 0.16 10.65 - 66
0.35 19.80
0.58 30.90
0.78

36.30

an increase in the 4 value of a—methyoxyanilihe compared’ to
'A-methylaniiine and a decrease in.the A valué of 3~
methoxyaniline compared to 3-methylaniline. |

The éubstrate h-ethylaniline had a larger A value than
L-methylaniline. By the inducti%e effect alone, the order

of electron release for simple alkyl groups connected to an



A _ | 1€
ungatufatéd éystém.is ethyl greater than methyl. The
ethyl grouﬁ,éhowés a larger shift due to increased aniline
basicity.;_Thé A values of N-ethylaniline and 2-ethylaniline
were in the.épproxihate range of the A values for N-
. methyiéhi}ine_and 2-methylaniline respectively-but in
contraét, Were'smaller. The larger ethyl group provided
more steric hindrance to the Eu (fod)3 than: the smaller |
methyl substituent._ _

' The substrates 2, b, 6-Qrimethylanilihe and 2, 4, 5-
trimethylahilihe were selectedeS test compqunds to determine
if structural assignments of the methyl peaks could be made
“on the bésié of the calculated A values. The various induced
shifts and A values:are reported in Table 6. o

‘Thé two 4 values for 2, 4, 6-trimethy1gniline appeared
v-to cor?elatéiw;th‘prévioﬁs experimental A valﬁes. The A
value of mééhyl peak 1 (Table 6)-porrespond§d to experimental
A values of the E-posiﬁion, and the methyl péak 2 A value
corresponded to those of the 2- or 6-position. The ‘A value
for the 2- and 6-methyl groups wﬁs lower than the 4 value
for 2-methylaniline. The two methyl grouﬁs‘flanking the
amine group sterically hindered the attack of the Eu {fod),
and lbwered the basicity of the aniline.
| The A values for 2, 4, Sftrimethylaniiine also
correlated with previous experimental A valuéé. The A
| vaiue~6f”methyl peak 1 (Table &) corresponded to experimental
A values of the L-position, methyl peak 2 to the 5-positiop,
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Table 6. Shift Data for Trimethyl Substituted Anilines

S IEu (fog)al Induced
Substrate Peak ' [Substrate] Shift (Hz) a (Hz)

r

2, 4, 6<Trimethylaniline 1a 0.20 6.15 31
) . 0.48 13.05
0.71 16.95
1.02 20.25
2 0.20 64.95 325
0.48 14,3.25
2, 4, 5-Trimethylaniline 123 0.24 8.40 - 35
: 0.49 16.20
0-71 21-15
0.96 24.75
2 0.24 23.40 98
0.49 42.75
0.71 52.95
0'96 59025
3 0.24 120.15 501
0.49 226.20
0.96 . 318.00

8Most upfield peak after Eu (fod); addition.

and methyl peak 3 to the 2-position. The steriec hindrance
observed in 2, 4, 6-trimethylaniline was not as great in
2, 4, 5-trimethylaniline, and the A values approached those

of the toluidines.



EXPERIMENTAL

| _1Hpn.m.r. spectra were recorded on a JEOL C-60HL
high‘resoluﬁion instrument operating near 250.
Deuteriochloroform was the solvent and lines‘were-meaSured
relative td tetramethylsilane, TMS, as an internal spandard.
All substrates used, except certain indoles, were obtained
_comﬁerciallx and not purified further. Eu (fbd)3 was
purchased ffom Norell Chemical Co., Inc., and stored in a
deséicator; All weights were taken on a Sartorius analytical
balance. :'- h o

Abpfoximately 0.02 g. of substrate‘waﬁ dissolved in

excess deuteriochloroform and the initial spectrum taken.
\?he cap of the thin-walled n.m.f. tube was reﬁoved to allow
escape of vaporized deuﬁeriochloroform. The caP was replaced
and a new weight obtained. A Predetermined amount of Eu (fod)3
was added, the weight obtained, and a spectrum taken of the
complex. This process was repeated three additional times.
The Eu (fod); was returned to the dessicator after each
addition. The induced contact shifts of methyl fesonances
from tetramethylsilane were obtained by inspection, and the
mole ratios, (Eu (fod);]/[substrate], were calculated. A

plot of mole ratioc versus induced chemical shift in Hz was

18
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- linear, andﬂthé slope (A value) of the lipélwaé_calculated.
Well-resolved spectra were obtained for all adduets studied

with the exceptioﬂ of N-substituted anilineé;,~
Prépération of S-Brodb-z, 3-Dimethilindole

p-Bromqgniling‘(ll)

‘A-éqlutién of promine (16g.; 0.1 mole) in dioxane

' (160m1JJ was added dropwise with good agitation at 5 to a

" solution of predistilled aniline:l9.3g.; 0.1 ‘mole) in dioxane
(30ml.) andfpgtassium hydrOxide¢(5.6g.; 0.lm§le) in water
-'(20ml.l. The addition was made over two hours. The |
prganiq 1ayer was washed with potassium hydroxide fls ml.;

L0%) ana distilled under reduced pressure tq remove the solvent.
The residue y@s collected and crystailized from aqueous |
ethanol to'give 9.46 g. (55%) of white needleé with a melﬁing

- range of 65-66°. '

Q-Bgomophenilhxgrazine Hydrochloride (12)

In a 3-liter, 3-necked flask equipped with a mechanical
stirrer, a condenser, a thermometer, and a dropping funnel,
were placed p-bromoaniline (17.2 g.; 0.1 mole), hydrochloric
acid (750 ml.; sp. g. 1.19; 36%) and water (250 ml.). The
mixture was heated to dissolve the p-bromoaniline. The
reaction flask was placed in aAdry ice-acetone bath and cooled

. 0 _ ~ :
rapidly to -25 . The temperature was maintained at -20 to -250
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while a.soluﬁion of sodium nitrite (9 g.; 0;1§ mole) in
water (200 ml.) was added through a dropping“funnel, the
tip of which extended nearly to the bottom of the flask.
The diazotization required about ten minutes after which
a positive sﬁarch-iodide test was observed. iThe cold
diaz&nium ;dlﬁtion was allowed to warm to Oosénd poured
veryfslowifj with vigorous stirring into a cbld lOoJ solution
of staﬁnoﬁé!chloride (38 g.; 0.2 mole) in hydfochloric
acid (500 ml.; sp. g. 1.19; 3€%). The resﬁiting mixture
was stirred vigorously for onethbur and stored at 00 over-
night.- The white solid was collected on a fritted glass
filter, washed with saturated salt solution (200 ml.) and
with 2:1 petroleum ether-ether {150 ml.). The solid was
crystallizéd;from aqueous ethanol, with charcoal treatment,
to yield ﬁhité negdies. The yiéld of whité needles was
AL.OS g. (lg%); the decomposition range was 12}}5-1250.

2-ButanoneQQTBromophenzlhzdrggong (13)

p-Bromophenylhydrazine hydrochloride (6 g.; .027
mole), sodium acetate (4.1 g.; 0.05 mdle), glacial acetic
acid §20 ml.; sp. g. 1.06; 99%), and water (500 ml.) were
placedlin a l-liter, 3-necked flask equipbed with a
mechanical éﬁirrer and thermometer. The solution was heated
to 850 and the temperature was allowed to drop below 800,
the boiling péint of 2-butanone. 2-Butanone (4 ml.) was

" added with vigorous stirring. The mixture was placed in
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a separatory funnel and sodium chloride wasoa&ded to speed
up separation;of the layers. The organic layer was removed

and used in the next step without further purification.

5-Bromo-2, 3-Dimethylindole

Mggﬁgé'g. lth p-Bromophenylhydrazine hydrochloride
(8.9 g., 0. 0] moleJ, absolute ethanol (100 ml:), and 2-
butanone (7 ml } were placed 1n a 300 ml., 3-necked flask
equipped w1th a mechanlcal sblrrer, a reflux-condenser, a
nitrogen 1nlet, and a dropping funnel. Hydrochlorlc acid
{20 ml.,_sp g 1.19; 36%) was added dropwise and the
mixture refluxed for three hours during whlch time a stream
of dry nitrogen was passed through the apparatus. The
reaction wasgpoured slowly, with‘stirring, onto a mixture of
crushed ice (100 g:) and water (200 ml.). The solid that
precipitated ﬁes collected and recrystallized from aqueous
ethanol with charcoal treatment, to yield 3. 52 g. (38%)

- of white crystals. Sublimation of the solld ylelded white
crystals whose melting range was 141-1420. The indole

was gquite readil} oxidized by air and was therefore stored
under nitrogen.

‘Method b. ({15) In a 250 ml., 3-necked flask
equipped with a reflux-condenser, a nitrogen inlet, and a
thermometef.were placed 2-butanone-p~bromophenylhydrazone
(2.7 g.; 0.01 mole), 1:1 M aqueous ethanol (71 ml.), and
sulfuric acid (22 ml.; sp. g. 1.84; 96%). A stream of

dry nitrogen was forced through the system and maintained
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throughout the reaction. The mixture was heated under reflux
for thirty minutes at 100-1150. The hot solution was then
poured slowly with stirring into an ice-water mixture (200 ml.).
After the ﬁixture had cooled to room temperature, it was
extracted twice with 100 ml. portions of chloroform and the'
combined chloroform extracts dried over sodium sulfate. The
resulting solution ﬁas boiled to expel chloroform and c¢oncentrate
the solution. An aqueous suspension of the product was
filtered and recrystallization, with charcoal from 1:1
petroleum ether-ether yielded .1 g. (4%) of the white indole.
Sublimation:of the compound ylelded a white solid with a
melting raﬁge of 141-1420. |

Attempted Synthesis of 5-Iodo-2, 3-Dimethylindole

p-Iodoaniline (16)

Predistilled aniline (11 g.; 0.12 mole), sodium
carbonate (15 g.; 0.14 mole}, and water (100 ml.) were
placed in a 250 ml. beaker equipped with a magnetic stirrer.
A small amount of ice was added to keep the temperature
constant At 150 throughout the reaction. Powdered icdine
(25.4 g.; 0.1 mole) was added, with stirring, in small
portions over a thirty minute period. Stirring was continued
an additional twenty minutes, at which time.crude p-iodoaniline
' was separated by filtration. Petroleum ether (65-11001 was

added to the residue and the resulting mixtufe_was heated to



23
obtain a solution which was then treated with charcoal and
filtered. The yield of light tan solid was'6{93 g. (26%)
of pure pppdﬁct which melted at 63—640.

p-Iodophenylhydragine Hydrochlopide (12)

In a 3-liter, 3-necked flask equipﬁgdzwith a
méchaniéél-stirrer,‘a ¢condenser, a thermometef, and a dropping
funnel,.were placed p-iodoaniline (21.9 g.;;o.l mole), |
hydrocblqric acid‘(750 ml.; sp. g. 1.19; 36%), and water
(250 ml.).nghe mixture was heated to dissolve the p-
iodeaniline. The reaction flask was placed»in;a dry iée-
acetone bafh and cooled rapidly to -25°, Thé temperature was
maintaineqaét -20{to -25o while a solution'qffsodium nitrite
(9 g.; 0.133polé) in water (200 ml.) was added through a
dropping dunﬁel, the tip of which extended nearly to the
bottoﬁ=oflﬂhenflask. The diazotization required about ten
minutes after which a positive starch-iodiqé test was
observed. 'The cold diazonium solution was”ailowed to warnm
to O0 and poured very élowly, with vigorous:étirring, into.

a cold (00) solution of stannous chloride (38 g.; 0.2 mole)
" in hydrochloric acid (500 ml.; sp. g. 1.19; 36%). The
resulting ﬁixture was stirred vigorously for one hour and
stored at 0° overnight. The tan solid was collected on a
fritted glass filter, washed with saturated éalt solution
(200 ml.) and with 2:1 petroleum ether-ether (150 ml.).

The filtered solid was added to a solution of sodium hydroxide
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(20 g.;'O,s mble) in water (500 ml.) and the hydrazine
. extracted three-times.with 100 ml. portions-ofdether. The
combined ether extracts were washed with waﬁdr (100 ml.),
dried over sodium sulfate, decolorized with dharcoal, and
saturated with dry hydrogen chloride gas at-ice-bath
temperaturé,AAThe crude product was dissolved in hot 1l:1°
| methanol-cﬁlofoform'and ethér was added to the cloud point.
The light tan solid that separated on coollng was collected
and more ether was added to the mother liquor to obtain an
addltiqnal_qrop of material. The preclpltatgrthat formed
was collected and air dried. The yield of*téﬁisolid was

L.0 g. {15%); the decomposition range was 190-1910-

2-Butgnone-prodoghenzlhxd;agog;‘{13J'

p;iddOphenylhydrazine hydrochloride;jB_g.; 0.01 mole),
sodium acetate (2 g.; 0.024 mole), glacial dégtiq acid (10
- ml.; sp. g. 1.06; 99%), and water (250 ml.) wéfe piaced in
a 500 ml., 3-necked flask equipped with a medhanical stirrer
and thermometer. The solution was héatdd to'850 and the tem-
perature was allowed to drop below 800, the boiling point of
2-butanone; “2-Butanone (2 ml.) was added witﬁ vigorous
stirring. The mixture was placed in a separatory funnel
and sodium chloride was added to speed up'éepération of the
layers. The organlc layer was removed and used in the

next step without further purlflcatlon
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5=Iodo=2, 3 Dimethylindole .
Met hod {14) p-Iodophenylhydrazine'hydrochloride

(3 g.; 0.01° mole), absolute ethanol (50 ml.), and 2-butanone

{3 ml.) were placed in a 300 ml., 3-necked flask equipped

with a mechanical stirrer, a reflux-condenser, a nitrogen

. 1n1et and a dropping funnel. Hydrochloric acid (10 ml.;
sp. g¢ 1.19; 36%) was added dropwise and the mixture

‘refluxed for three hours during which time a stream of dry

nitrOgen was_passed through the apparatus.. The reaction was
poured slowl?, with stirring, onto a mixture of crushed
ice (50 g.) and water (100 ml.). The black solid that

precipitated was collected and attempted crystallization from

~_ aqueous. ethanol was unsuccessful., The solution was

concentrated by evaporation giving a black residue. Further

attempts to recrystallize the solid from various organic

_solvents.and purification by sublimation were unsuccessful

and ylelded a 301id whose nelting point was greater than 2750-
Method b. (15) 1In a 250 ml., 3-necked flask with

a reflux-condenser, a nitrogen inlet, and a thermometer,

were placed 2-butanone-p-iodophenylhydrazone (l.42 g.;

0.005 mole), 1:1 M aqueous ethanol (50 ml.}, and sulfuric

acid (10 nl.; sp. g. 1.84; 96%). A stream of dry nitrogen.

was foroed through the system and maintained throughout the

reaction. The mixture was heated under reflux for thirty

minutes at 100-115". The hot solution was then poured slowly,

“with stlrring, into an ice-water mixture (100 ml.). The
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- black éolid that formed was dpllected and drigd overnight_
to givé a crude product with a decomposition range of
80—850. Atte@pts to recrystallize the solid"from various
organic sol%ents and purification by sublimation were
unsuccessfﬁi; 

h Eggﬁgg.g. (17) A 300 ml., 3-neck¢d'flask was
-equippéd wiﬁh a meéﬁanical stirrer, a nitrqgén inlet, and
a refqu-cbndénsér, To the flagk were addedﬁgthylene )
glycol (1OQ m1,) and 2-butanoneTp-iodophenythdrazine
»(l.hl'éi; 0.005 mole). The resﬁlting solution was refluxed
for three ﬁours during which time a stream of dry nitrogen
was passed'thfough‘the'apparatug. At the ¢ﬁd,of the reaction,
the-§ooled-golutiqﬁ was poured_slowly,-with”sﬁirriﬁg, into
water yielding no'precipitate. The water ﬁaélextracted with
two 100 ml. portions of ether, and the combiﬂed extracts
dried over sodiuh"énlfate. Evaporation of the extracts
gé*e a black tar which could not be purified.

Mgth6d7g. (18) A mixture of 2-butanone-p-
iodophenylhydrazonei(l.7 g.; 0.006 mole), powdered zinc
chloride (9 g.; 0.07 mole}, and absolute ethanol (100 ml.)
were placed in a 300 ml., 3-necked flask equipped with a |
ﬁecﬁanical stirrer, a reflux-condenser, and a nitrogen inlet.
The mixture ﬁas stirred vigorously and heated to reflux
temperature. After four hours refluxing, the solvent was
removed by distillation and the water-insoluable residue

collected by filtration. The residue was dissolved in ethanol,
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. treated with;charcoal, filtered, and allowed;to crystallize.
The tan needles appeared to be priodophenyih&drazine based

on n.m.r. spectra identification.
Preparation of 2, 3-Dimethyl-5-Nitroindole
p-Nitrophgnxlhxdrazing {(12)

In a 3-liter, 3-necked . flask equlpped with a
mechanlcal stirrer, a condenser, a thermometer, and a
dropping funnel, were placed p-nitroanillne (13.8 g.; .0.10
mole), hydrochloric acid (750 ml.; sp. g. 1.19; 36%), and
water (250 ml.). The mixture was heated to dissolve the
p-nitroaniline. "The reaction flask was placed in a dry
;ce—acetone_bath and cooled rapidly to -25°. "The temperature
was maintained at -20 to -250 while e solutiOn of sodium
n1trite (9 g.; 0.13 mole)} in water (200 ml. l was added
- through a dropping funnel, the t1p of which extended nearly
to the bottom of the flask. The diazotization required
about ten ninutes after which a{positive starch-iodide test
was observed. The cold diazonium solution was allowed to
warm to Oo and poured very slowly, with stirring, into a
cold'(0°)<solution of stannous chloride (38 g.; 0.2 mole)
in hydrochioric acid (500 ml.; sp. g. 1.19; 36%). The
resulting nixture was stirred vigorously for one hour and
stored at 0° overnight. The solid was coligoted on a

"frittéd glass filter, washed with saturated- salt solution
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(200 ml.IAaﬂd with 2:l petroleum ether-etherfilso ml.).
The filtered eo1id was added with stirring to\a solution of
sodium hydroxide.(zo g.; 0.5 mole) in water_(500 ml.}.
The material ﬁas collected and crystallized from ethanol to
give 8.1 g. (53%) of orange-red needles with' a decomp051tion

range of 156- 158 .

geBupgnongqg-Nitrophenxlhxdrgzong (19)

| p-Nitrophenylhydraoine (5 g.3 0.0Qj:mole) and 2-
butenoﬁe (ﬁfml.) were heated together for ohe hour at;950.
~ The materiel Was collected and crystallized:from agueous
| ethanol; with charcoal treatment, to.yield 6.18 g. (91%):jr'
_of yellow'needles with a decomposition range of 123.5-1250.

2 3;Dimgthxl—5eNitroindolé (19)

2-But&nooe-p-nitrophenylhydrazone (10 g.; 0.05
mole} and hydrochloric acid (100 ml., SP. & 1.19; 36%)
were heated together at 95 for four hours. The product was
collected by filtration and washed with hydrochloric acid’
{25 ml.). The product was dissolved in aqueous ethanol,
treated with charcoal, filtered, and allowed to cool, The.
yieldpof yellow needles was 5.63 g. (60%); the decomposition
r;née was 189-1900.

Preparation of 5-Amino-2, 3-Dimethylindole
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5-Amino-2, 3-Dimethvlindole -(20) .

2y. 3-Dimethyl-5-nitoindole (1 g.; ObeS-mole) in
absolute aiaéhpl (100.ml.) was Hydrogenatedjfor one hour
at roomnteﬁberature and 2 atmospheres pressgﬁe over Raney
ML (1 g.)e fThewcapalyst was filﬁered and‘tﬁélethanol
- evaporated under feduced'pressure. An aquepﬁsﬂguspension
] of_the?pfdduc@ was filtered and recrystallizéﬁion, with 'f
charcoé.l, ‘fr‘om aquéous ethanol yielded .58 é;_.':|(72j%) of |
white flakéé_with a-decompositién range of 177.5-1790.
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CONCLUSIONS

A'significant correlation of -the sbift magnitude to
structural features of substituted anilines'hss been
-determinéd.'AThis correlation can be analytlcally valuable

if one has a basic idea about the ring substituted atoms or
groups.. present ‘and how their structural p051tion can
affect shift magnitude. |

Three basic conclusions are apparent from this
research. ;Tbe induced shift will decrease with increasing
distaﬁbe between the paramagnetic center and-the affected
methyl substltuent. The strongest Lewis bases produce the
'largest 1nduced shlfts of all methyl substltuents. A shift
_raterdecrease for N-substituted snd 2-substituted anilines
is due to stefic hindrance of the’metal cOmplex attack.

| Further work 1nvolv1ng this 1nvest1gation could be

very rewardlng. Values of PKa's should be determlned where
there are no literature values, especially for the 2, 6~
disubstituted anilines. Research involving many different
"activating and deactivating substituted anilines should be
carried out.. Also, one could extend this work to other
Lewis bases. Additional study along these lines may
establish sn important analytical method fbr structural

identification of organic compounds.
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