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Abstract—The ratio of isomers obtained in the synthesis of quinoline derivatives commencing from m-toluidine
and 3,4-dimethylaniline has been studied. Introduction of additional 2- andfor 3-alkyl substituents into the
heterocyclic ring has little effect, whilst introduction of a 4-alkyl substituent, either alone or in combination with 2-
and/or 3-alkyl groups, causes the proportion of the 5- or $,6-isomer to fall to zero. In the Beyer synthesis with
butanone, 3-condensation predominates, although 1-condensation does occur to a small extent. The quinoline
producls have been carefully analysed by GLC NMR and fractional crystallisation techniques, the vajue of
peri-substituent effects in the interpretation of 'H NMR spectra is propounded.

Unlike the detailed studies'” of the orientation effects in
the Skraup reaction with m-substituted- and 34-di-
substituted aniline derivatives to produce S- and 7-sub-
stituted and 5,6- and 6,7-disubstituted-quinolines respec-
tively, a comprehensive systematic investigation into
similar effects to produce quinolines substituted ad-
ditionally in the heterocyclic ring has not been under-
taken. Although a number of isolated studies have been
reported, much of the work dates from the very early
period before reliable techniques for the separation and
identification of the isomeric quinoline products became
available, hence the results need to be viewed with
caution. As an illustration, the Skraup reaction with
m-ethylaniline, which was originally claimed®* to
produce 7-ethylquinoline only, does give rise to a mix-
ture of products as a recent re-investigation, using GLC
and NMR techniques, has shown.” A summary of the
work reported to date, for reactions commencing with
m-toluidine and 3,4-dimethylaniline, is given in Table 1.

It is evident from Table 1 that few data concerning the
precise isomer ratios for compounds substituted in the
heterocyclic ring are available. Certain workers have
commented that one parucular isomer was present in
greater proportion>” whilst in other cases the product
was assigned as a single isomer, without consideration of
the possible presence of the alternative isomer.”*®'4"
In other cases the presence of the second isomer was
considered unlikely, however, no experimental evidence
was presented to substantiate this assumption, other than
the sharp melting pomt of the product or of its picrate
derivative.”®'® Harz"' concluded that the Doebner - von
Miller reaction of m-toluidine and propionaldehyde
could lead to a mixture of products, however, since the
picrate derivative gave a sharp m.p., the product was
considered as a smgle substance of unknown identity.
Berend'* and Merz"’ performed the Doebner-von Miller
reaction with paraldehyde and 3,4-dimethylaniline to
obtain a product referred to as “‘dimethylquinaldine”, the
compound was later listed in *“Beilsteins Handbuch” as
2,5,6- andfor 2,6,7-trimethylquinoline."”

In view of the lack of conclusive experimental data on
the isomer ratios obtained in the above syntheses,
together with the doubts that exist concerning the pos-
sible presence of one or two products in certain cases,
these reactions have been re-investigated under con-
trolled experimental conditions, since it is not unusual
for the recorded properties of a compound to vary by
more than reasonable experimental error when deter-

mined by different investigators. To facilitate comparison
of results the additional substitutents introduced into the
heterocyclic ring were generally Me groups, except that
for preparative convenience propionaldehyde was used
as a reactant in the Doebner-von Miller synthesis to
provide the 2-ethyl-3-methyl-substituted quinoline."
Alternative preparations of the 2,3-dimethylquinolines
are less readily performed.'” The syntheses and reactants
employed are summarised in Table 2, and the results
obtained are shown in Table 3.

Two experimental difficulties were encountered in this
study. Commercial samples of 3-methylpentan-2,4-dione
§ were generally found to be contaminated with pentan-
2,4-dione, a synthetic sample®' was similarly impllre. An
impure sample of § was rigorously purified via the cop-
per salt; the quinoline products obtained using this
purified material then exhibited no signal for the H-3
proton in the NMR spectrum. The physical properties of
samples of 2,34-trimethylquinoline and of 2j thus
obtained were considerably different whcn compared
with those obtained by earlier workers.’®* It is con-
sidered that these latter samples must have been
obtained from impure samples of 5. Such discrepancies
were not experienced during the synthesis of 4j,
however, since the earlier preparation of this compound
involved a SkrauP reaction commencing from 3-methyl-
pent-3-ene-2-one.

For the preparation of 3,4-dimethylquinoline deriva-
tives, the Beyer synthesis was used, with butanone 6a as
reactant. This asymmetric ketone, in which both alkyl
groups contain a-H atoms, could lead to two possible
reaction pathways. Ardashev and Tertov® have reported
that reaction of aniline with 6a gave 3,4-dimethylquinol-
ine 7a as the predominant product; it was claimed that
the alternative product, 4-ethylquinoline 7b, was also
formed, however, this was not supported by any
confirmatory evidence, other than that repeated crystal-
lisation of the crude 7a product removed the 7b impurity.
The predominance of the 3.4-disubstituted product is
consistent with the known interaction of ketones of the
type 6 with aldehydes in the aldol condensation, since in
acid medium all methyl n-alkyl ketones have been repor-
ted to participate in 3-condensation.”**

1 23 R =alkyl, aryl or H
CH,COCHRR' R'’=alkyl or aryl
6 a:R=H,R'=CH,
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R, Re
R2 Rs

JOIE (L.

| R, =CHy Ry=Ry=H @ R,=Ry=Rg=H
2 R3=CH; R =R,=H b Ry=CHjz Rs=Rg=H
3 R, =R,=CHy Ry=H ¢ R =CH; R,=Rg=H
4 R2=R3=CH3 Rv':'H d RG= CH3 R4=R5=H
@ R4=Rs=CHz Rg=H
+ R,=C,Hs Rg=CH; Rg=H
' R4=R6=CH3 R5=H
h Ry=Rg=CH; Ry=H
} R,=Rgs=Rg=CH,
CH,R?
R® R' @ R'=CH; R%*=R*=R‘=H
4 O b R?=CH, R'=R’=R%=H
R N ¢ RZ=R3=R%=CH, R'=H

7

Table 1. Orientation effects in quinoline syntheses

Isomeric alkylquinolines Composition of

synthesised product (%) (a) Date Ref,
1/ 2b 2b (b) 1884 6
1b (8) 2b (G) 1942 3
16 / 2¢ 1¢ (10) 2¢ (90) (o) 1942 3
1¢ (8) 2¢ (G) 1343 7
1d/ 24 24 (b) 1913 8
2d (d) 1942 3
10 / 2e - - -
1f / 2f 2 (o) 1885 11
18/ 2 2g (d) 1950
1th / 2h 2h () 1342 3
15/ 2 23 (a) 1946 10
3u/ 4b - () 1884 12,13
3¢ / 4e - - -
3d /44 44 (b) 1965 14
3¢ / 4e - - -
3f / 4f - - -
3g /48 45 (b) 1358 15
30/ 4h 4h (@) 1962 16
33/ 4} 43 (@ 1963 16
- G - Grater, 8 - smaller,
b - Froduct considsrad us isouwer shown, no mention nade of

other isomer,

¢ - Tentative result.

d - iroduct conslderud to be substantially the isouer showm,
vo58iLility ol foration of othier isomer considered, bmt
thought to v absent,

e =~ Possivility of isomeric products considered. Product
thou,;"'t Lo be a singlc couwrowwd, identily not ssiablished.

f - Possibility of isomeric products not considered.
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Table 2. Synthesis of quinoline derivatives

Heterocyclic ring

Litereture references (a)

Substituents present  Synthesia and reactants used p-toluidine  3,4-dimethylaniline

nil Skreup (glycerol) 1-3 2,3,20

?-methyl- Dosbner - von Miller (acetaldehyde) 3,6 12,13

3-methyl~ von Miller ~ Kinkelin 3,7 -
(propionaldehyde/pareformaldehyde)

4~mothyl- (1) Skraup (methyl vinyl ketone) 3,8 14
{11) Knorr (ethylacetoacetate)

2-ethyl-3-me thyl- Doebner - von Miller 1 -
(propionaldehyde)

2,4~dinethyl- Combes (pentan-2,4~dione) 9 15

3,4-dinethyl- Beyer (butanone, paraformaldehyde) 3 16

2,344~trimethyl- Combes (3-methylpentan~2,4-dione) 10 16

a

References are given to reactions commencing from the amines indicated to give

the appropriate quinoline products. The preparative method used was not

necessarily the same as in this work.

Table 3. Isomer ratios of 5-/7-methyl- and 5,6-/6,7-dimethyl quinoline derivatives

Heterocyclic Composition of Composition of

ring nixture (%) (a) nixture (%) (a)
substituents 5-Me T=Me 5,6-Me2 6,7-Moz
nil 30 70 25 75
2-Me 30 70 29 al
3-Me 27 73 28 72
4-Me (via Knorr) o 100 1 (b) 9
4-Me (via Skreup) 0 100 1 (b) 99
2-ethyl-3-Me 27 73 21 79 (o)
2,4-Me, 0 100 ] 100
B,A-Mez .0 100 0 100
2,3,4-Me, 0 100 0 100
L-ethyl excess {c)

a

by NMR and GIC.
b

c

by NMR only.

In order to assess whether any l-condensation does
occur in the Beyer synthesis, leading to the 4-alkyl-
quinoline, a synthesis using 6a and 3,4-dimethylaniline
was examined. This particular amine was chosen since
the appropriate 6,7-disubstituted quinoline products
would exhibit simple singlet first order NMR spectra for
the carbocyclic ring protons which could be used quan-
titatively with the minimum possible chance of signal
overlap. The main product obtained was 4h (6% yield),
supported by the low field singlet for H-2 at 8.375 in the
NMR spectrum which confirmed that both positions 3

by GIG (see discussion).

and 4 were occupied. No 7¢ could be detected in the
initial product, a careful quantitative fractional crystal-
lisation of the picrate derivative from ethanol was then
performed. When, eventually, no more 4h picrate
separated, the remaining liquor (which was of low bulk)
was evaporated to dryness. Decomposition of the resi-
dual picrate and analysis of the liberated bases by NMR
then indicated the presence of some 7c. The familiar
AsB, pattern for the Et group was readily apparent and
in the low field region two H-2 signals were present, a
singlet and a doublet, J = 4.3 Hz. The former was due to
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residual 4h whilst the latter resulted from 7¢ which was
confirmed by the presence of an additional doublet for
H-3 at 6.9656 (J=4.4Hz). From a comparison of the
areas of the respective H-5 and H-8 signals the com-
position of the mixed product was assessed as 98.3:1.7 in
favour of 4h. The proportional of the 4-alkylquinoline
formed in the Beyer synthesis is therefore very small
and, as previously reported by Ardashev and Tertov®
this may readily be removed by simple recrystallisation
of the picrate derivative.

The major problem encountered in the earlier studies
of the orientation effects in quinoline syntheses was the
estimation of the composition of the mixed isomers
obtained. Although the possibility of two isomeric
products was originally noted in 1884 by Skraup,? very
few of the early attempts to evaluate the ratio of isomers
produced were successful or reliable. The fact that often
the 7-substituted quinoline only was reported may be
attributed to the frequently greater solubilities and lower
m.ps of the S5-substituted quinolines and their salts,
compared with those of the corresponding 7-isomer. It
was not until 1962 that the composition of the products
in the classical Skraup reaction with m-toluidine were
eventually reliably clarified by Palmer® through the use
of GLC and IR techniques. In addition the properties of
2a (m.p. 37-38°, picrate m.p. 245-246°, see Tables 6 and
7) have frequently been quoted in error in the past,
emphasising the many occasions when samples of 2a
were obtained and considered as pure,’ but which were
no doubt still contaminated with 1a. In the present study
it was therefore considered essential that the analytical
methods used be unequivocal and hence three in-
dependent techniques were employed, (a) GLC; (b)
'"HNMR; (c) fractional crystallisation of the picrate
derivative. The respective merits and deficiencies of these
techniques will now be considered.

Palmer? has previously employed GLC for the analysis
of isomeric quinoline mixtures, with a poly(pro-
peneadipate) column. Fitzgerald® has concluded that the
most useful phase for the separation of quinoline mix-
tures was diglycerol, however, the volatility limits of this
material meant that good separations could only be
effected at the cost of time and gradual loss of phase,
however, this highly polar material did produce very
symmetrical peaks. Rez)*® has also reported satisfactory
separations of methylquinolines on a digiycerol column.
Diglycerol was therefore chosen for the present in-
vestigation. In all cases the 7-substituted isomer eluted
before the corresponding 5-substituted isomer, but even
with this column a complete separation of the two
isomers could not be achieved. Although variation of
instrument operating conditions did produce better
separations, the increased tailing and broadening of the
peaks made these alternatives unrealistic. Peak areas
were estimated by comparison of the zones on either
side of a perpendicular dropped from the base of the
valley between the highly symmetric peaks. Although
diglycerol afforded the best separation of the quinoline
products, it did not prove possible to resolve the mixture
of 3t and 4f by GLC, however, the alternative analytical
procedures did indicate the presence of both components
and a satisfactory estimation of the isomer ratio was
obtained. With the diglycerol column 2-substituted com-
pounds exhibited shortened retention times due to the
“ortho effect” as noted by Fitzgerald.”””® The chroma-
tographic data for the alkylguinolines are collected in
Table 4.
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'H NMR spectroscopy proved to be the most valuable
technique for the analyses of the isomeric quinoline
products, the presence of a single or of multiple com-
ponents was usually immediately evident. Mixtures of
the S- and 7-Me isomers featured two well resolved Me
singlets, from which a satisfactory estimate of the isomer
ratio was then obtained by comparison of peak areas
from suitably expanded spectra. The identity of the
products was assessed from the carbocyclic aromatic
region, the 1 series isomers gave rise to a complex
second order 3-spin multiplet whilst a readily analysed
AMX spectrum was obtained for the 2 series isomers.
For reactions commencing from 3,4-dimethylaniline the
NMR spectra of the quinoline products were particularly
simple. The carbocyclic ring protons of the 3 isomers
appeared as two doublets, whilst those for the 4 isomers
appeared as two broadened singlets. However, the alkyl
signals from these isomers frequently overlapped, due to
their greater abundance and similarity, accordingly the
isomer ratios were obtained by comparison of ap-
propriate aromatic signals. The NMR spectra of the
quinoline products are shown in Table S. Since the range
of quinoline derivatives studied was quite extensive cer-
tain characteristic features of the spectra, which concern
the peri positions 4 and 5 and which do not appear to
have been rigorously established in the quinoline series,
have been demonstrated. The H-4 proton generally ab-
sorbed at 7.6-7.86, introduction of a S-methyl substituent
resulted in a downfield shift to ca 8.0 8. Similarly the H-5
proton which generally absorbed at 7.3-7.58, moved
downfield to 7.5-7.78 when a 4-Me substituent was
present. The above shifts of ca 0.2 ppm are examples of
peri-deshielding effects, which have been noted for other
substituents in polycyclic systems,” and also in the
methylcoumarin series.” The recognition of peri-
deshielding effects is important for the assignment of
certain signals, particularly that corresponding to the H-4
proton, which may occur either upfield or downfield from
H-8 in alkylquinoline derivatives. Two examples are
provided by 4f (H-4: 7.528, H-8: 7.676—each broadened
singlets) and 3b (H-4: 7.965, H-8: 7.656—each doublets,
peri-deshielding effect present). A peri-deshielding effect
should also occur in the NMR spectrum of 5-
ethylquinoline, accordingly our published partial spec-
trum® for this compound is incorrect, the signal at 8,148
should be re-assigned to H-4, and the coupling constants
re-designated as J;s=8.7Hz, J.x=18Hz, and Jus=
0.8 Hz.

The third technique used in the identification of reac-
tion products was fractional crystallisation. This is an old
established method®® which is nevertheless capable of
excellent results, Fractional crystallisation of the mixed
picrate derivative from ethanol presented a convenient
and reliable technique for the isolation of pure samples
of the 7- or 6,7-substituted isomers which were present in
the larger proportion and always separated first from
ethanol. These crystallisations were performed only in
order to secure an authentic sample of one pure isomer
for identification purposes, no attempt was made to
obtain the other isomer in a pure state. The results
obtained are shown in Table 6. Comparison of the melt-
ing points of the initial and final samples of the picrates
permits the presence of one or more compounds to be
deduced as exemplified below. In the case of 4g picrate
the increase in m.p. was slight (1°) and represented
recrystallisation only, accordingly only one isomer was
present. The m.p. of 4a picrate increased quite
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Table 4. Gas-liquid chromatographic data for alkylquinoline derivatives (20% diglycerol column at 140°)

Substituted Relative retention Ratio
quinoline time (a) 1/2o0r3/4

1a 1.43 1.17

la 1,22

1 1.22 1.17

2b 1.04

1c 1,75 114

2¢ 1.53

14 2.31 (b) 1,22 (b)

2d 2425

1f 0,95 1.11

2r 0,25

2 1.7¢%

2h - (o)

23 - {e)

3a 2,54 1.11

4a 2.28

3t 2,05 1.1

A 1.85

3c 3.01 1.09

4e 2,75

3d 5.35 (b)(a) 1.32 (v)

44 4,05 (&)

3f 1,65 (e)

T2 145 (o)

g 3.19

Zh - (o)

43 - {e)

a - Belstive to quinoline = 1,00,

b - Tentative reavlt only,

¢ -~ Retantion time too long, single neal only
obtained with 10% silicone SES2 column at 225°,

d - Very broed peal,

e - 3f / /f d4d not separate,

significantly from 260-262° to 278-279° which indicated
that a separation had been achieved and that the original
sample must therefore have been a mixture of 3a and 4a,
as subsequently confirmed by GLC and NMR analyses.
Similar increases in m.p. (in the range 8-18°) were
obtained for all of the other 1/2 and 3/4 couples pre-
pared, including 3 and 4f which were not separable by
GLC (see Table 4). Certain results from the fractional
crystallisation experiments were, however, of little value.
The initial sample of 4c picrate melted at 198-202°, whilst
the final m.p. increased considerably to 245-246°. Since the
von Miller-Kinkelin procedure is known to groduce a
mixture of four potential products in this case*>** it was
not possible to deduce the proportion or even the exis-
tence of mixed 5,6- and 6,7-isomers. Hence the necessity
for the use of GLC and NMR techniques. However, in
the majority of cases, consideration of the m.ps of the
picrate derivatives presents a reliable method by which
the existence of one or two isomeric products may
readily be established, without the need of other analy-
tical equipment. Since the technique of fractional crys-

tallisation is well established® it is perhaps surprising
that more reliable results were not obtained by some of
the earlier workers.

The results of the orientation effect studies are collec-
ted in Table 3 and the properties of the synthesised
quinoline derivatives are shown in Tables 7 and 8. It is
apparent that the ratios of 1:2 and of 3:4 are largely
unaffected by the introduction of substituents at the
2- and/or 3-positions only, but that the introduction of a
4-Me group caused the proportion of the S- or 5,6-sub-
stituted isomer to be reduced to almost zero. (A very
small quantity of a product suspected to be 3d was
detected by GLC). In the presence of 2,4 and 3,4
dimethyl- and of 2,3,4-trimethyl-substituents, none of the
1 or 3 substituted isomers could be detected. This last
result was also substantiated from the results of the
orientation effects studies (1-condensation vs 3-conden-
sation of methyl ketones 6) in the Beyer synthesis with
3,4-dimethylaniline. The initial product obtained was
mainly 4h (98.3%); after careful fractional crystallisation
of the picrate derivative, a residue remained which con-
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Table 5. "H NMR spectra of alkylquinoline derivatives (a)
SE:E&E:}_Ehiff (s) Methylene groups and
Compound He? He3 K-/, H-5 Heb H-7 H-8 coupling conatants
1 (2.64) 7,08 7.93 (2.55) 724 - 7048 (B)  ca. 7.2 (B) T, 8.6 Bz
ir (1.33) (7,29) 7.79 (2.47) (v) (v) 7,20 CH, : 2,86 §
J 7,5 Hz
CH,CHy
b (2.63) 7.04 7,80 7,50 7.15 (2.51) 7.49 JBL 8.3 Hiz, T, 2.3 He

368 1,7 Hz
2 8,56 (2.45) 7.67 .47 7.18 (2.52) 7.73 Toy 201 Hay Jgp 204 Wz

Jﬂ,g 1,7 Hz
2d £.55 6.94 (2.52) 7,66 7.18 (2.47) 7.78 J’23 4e2 Bz, Jgg 8ol Hz

Jgp 1.2 Rz
2¢ (1.34) (2,37 7.59 7.42 7.12 (2.49) 7,70 CH, 1 2.% f

J 7,5 Uz

CH,CH,

o 7e3 By Jp0 147 Be
2g (2.53) 6.81 (2446) 7.59 7.1 (2.46) 7.66 T Su4 Hzy Jp4 148 Ha
%h 8.43 (2.34) (2.49) 7.68 7,16 (2.45) 7.63 Tsg €05 Uz, Jpo 1.7 He
23 (2.56) (2.26)  (2.44) 764 7,12 (2,43) 7.62 T 006 He, Jpo 1.8 Re
3b (2.40) 7.0? 7.% (2.40) (v) 7.27 7.65 Ja, 85 Hay T, 8.5 He
3t {1.34) (v) 7.83 {2.46) (b) 7.27 767 CH, 1 2,86 §

J 7.5 Hz

CH,CH,

Jpg 802 He
4a .64 7,13 7.23 7.3% (.40, 2.43)(c) A Ia3 4.2 Rz, JBI‘ 2.3 Hz

J24 1.2 Hz
4% (2.60) 7.00 7.70 7.30 (2.33, 2.38)(c) 7.67 3y, P42 Ha
4o .51 (2.39) 7,62 7,32 (2444, 2.45)(c) 7.1 Ty, 22 e
4 .48 6,93 (2,54) 7.50 (2.38)  (2.38) 7.7 Jy9 4e3 Bz
it (1.34) (2.37) 7.52 7.27 (2.37, 2.40)(c) 7.67 CH, : 2,85 &

JCH20H3 7.5 Hz
4g (2.55) 6.84 (2.51) 746 (2.39) (2.39) 7.63
4h 8,37 (2.33) (2.44) 7.50 (2.38) (2.38) 7,64
43 (2.54) (2.25) (2.43) Vb (2.37) (2.37) 7.55
7e 8.50 6.% (1.34) 7.55 (2.38) (2.38) 7.72 CH, : 2,97 &

JCH26H3 7.5 He

o - 100 i%z, €01, § p.p.m. from T.V.S. Sempourds 1b, 1f, 3b, 3f end 7c were
studied in admixture wvith ?b, 2f, 4b, 4L and Zh recpzctively. Velues in
perentheses are for the anpropriate substituted methyl group.

b - Peak(s) obocured by mujor isouer present in admixture,

Txuet 2ssignients uncertain,



Orientation effects in the synthesis of quinoline derivatives

2837

Table 6. Melting points of quinoline picrate dgrivgtives before and after fractional crystallisation

Quinoline Initial picrate Final picrate Iit, m.p.
Derivative m,p. m,p. {a)

2 235° (c, 1) 245-6° (o) 242° (3)
25° (2)

2b 120-2° (c) 194-5° () 1%° (3)

2¢ 197-202° (c,¢) 239-40° (o) 240.5° (7)
244° (3)

2 (b) 233-4° 235-6° 230° (8)

2t 211-3° (c) 222-3° (o) 219-20° (1)

2g 233.4° 235-6° 234-6° (9)

2h 227-8° (h) 228-9° (o) 229° (3)

24 215-6° 217-8° -

ia 260-2° (a) 278-3° (o) 278° (3)

4b 202-5° (d) 221-2° (o) -

Le 198-202° (4, g) 245-6° (o) -

MW (v 264-5° %6-7° -

4 220-1° (@) 228-3° (o) -

4e 238.9° 23%-40° -

4h 249-50° (h) 251-2° () -

4§ 225-6° 227.8° -

a - See Trble 2 for elementel analyses.

b ~ Similar results obtained for products from the Knorr

and Skreup reactions.

¢ - Also contains 5-isomer (GIC after decomposition).

d - Aleo contains 5,6-1somer (GIC after decomposition).

¢ - Single pure isomer (GLC after decomposition).

f -~ Manske ot e.tl.3 give m.p. 235° for 2a nicrate before

recrystallisation,

2
g - Also containg 2-ethyl substituted by-producta.'g

h - Also contains trace of 7c (see discussion),

tained the second product 7¢. Since the minute propor-
tion (1.7%) of the latter compound could readily be
detected but the presence of any 3h was still not ap-
parent, then the extent of this alternative mode of cycl-
isation must be exceptionally low, and most probably
zero. The lack of formation of the 1 or 3 isomers may be
attributed to steric hindrance by the peri-substituted
4-Me group. Clearly ring closure by process “A” is much
less subject to steric hindrance than by process “B” as
illustrated in Scheme 1 for the case of 3j/4j. It should be
remarked that where a choice of cyclisation routes is
possible, then the least hindered pathway occurred
exclusively. However, in those cyclisation reactions
leading to products in which both 4- and 5-Me groups
were present, but where no alternative pathway was
possible, then ring closure did still occur with little
significant decrease in yield, as shown in Table 9.

The Skraup reaction has been considered” to be com-
patible with attack by a fully charged carbonium ion (e.g.
9) on the position of maximum electron density.

X H
\/

+C
Qb
R N /CH2

o H

9 X=NHAr or OH

With m-methyl- and 3,4-dimethyl-substituted aniline
derivatives the enhanced proportion of the 7- or 6,7-
isomer may be accounted for by several factors. Statis-
tically, either isomer is equally possible, and electronic-
ally the weak inductive effect of the Me substituent(s)
would not be expected to favour either route. It is
therefore probable that the 7-isomer predominates
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CHy CHy
NORER O
CHy n CHy CH4 N ~CHy

4] (100 %)

CH; CH; CH; CHy
CHj 0 CHy ‘B’ CH3 CH3

—_— O
u CHy N“~CHy

3] (Oo/o)

Scheme 1. Steric hindrance in quinoline syntheses.

mainly through steric effects since para-cyclisation is the
least hindered pathway. That the ortho-cyclisation
pathway is completely ineffective in the presence of an
additional Me group leading to a 4-substituted quinoline
clearly demonstrates the extreme sensitivity of the
Skraup reaction to steric effects, and the exclusive

selectivity of the least hindered pathway. It may there-
fore be concluded that unhindered para-cyclisation is
always preferred, when possible, except when a para
electron withdrawing group (such as m-nitro)® is present
which can exert such a strong effect as to outweigh the
steric hindrance.

Table 7. Properties of quinoline derivatives (a)

Compound  Yield (%)(b) Initial m.p. ILit, m.p, Final n,p. (e,d) 1it, m.p.
2 7 bep. 255-60°/760 mm, bap. 257.6°/760 mm. (34) mep. 37-8° 39° (34)
n20 1.6147 e20-8 1,6149 (35)
2 19 bupe 264-6°/760 mam. bop. 265°/745 mn. {(36) B.p. 5350° 61° (3)
2¢ 17 - bov. 270-1,5° (7) mep. 78-9° 80° (3)
24 i (o) bep. 280-5°/760 rm, bap. 283° (37) b.p. 284°/757 mm. b.p. 223° (37)
2d 52 (£) bepe 280-5°/760 ma, - Bpe 283-42/760 mr. -
2f 3 25-32° 40-1° (11) 40-1° 40-1° (11)
2 g5 bev. 283-5%/760 . - bep. 283-5°/760 ma. bep. 103-4°/1.5 mn.
222 1.5990 20 1.5%97 (9)
2h 9 73-6° - 76-7° 7° (3)
2j 17 114-6° 79° (10) 119-20° -
da 68 50-5° - 57-8° 58° (3)
4b 16 60-70° 69-70° (12) 73-4° -
4e 22 80-95° - 1m1-2° -
“ 37 (o) 30-5° - 95-6° -
4 i (0 92-5° - 95-6° -
ar 20 95-103° - 113-4° -
ig % %-9° - 79-80° 79-80° (15)
(b.p. 308-9°/772 rm,)
4h 3 118-22° - 124-5° 124-5° (16)
4 22 1446° - 145-6° 144-5° (16)

a - For NMR spectrel data see Tablo 5, for properties of picrete derivatives
see Table 6.

b -~ Initial yleld of (mixed) quinolines,

¢ — Purified produot, from decorrposed picrete derivative after fractional
crystallisation,

d - For elenental analyses see Table 8,

e - Via Knorr synthesis { % yield from 2-chloro-4-methylquinoline given).

f - Via Skreup synthesis.
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Table 8. Elemental analyses of quinoline products

Molecular Cale. (%) Pound (%)
Compound Formula C H N C H N
2f G1 3H1 SN 8.3 8.2 7.6 8444 7.9 7.7
2f picrate 019H18N‘07 55.1 Lok 13.5 5543 4.3 13.6
23 C13H15!\' 8443 8,2 7.6 84.2 8,2 7.5
2§ picrate 619"18"407 55.1 bed 13,5 55.3 4e? 13.7
4b CqoHy gt 84,2 7.7 &2 84,5 7.8 8.3
4b picrate C1 8“16“407 5440 4.0 14,0 5349 4o 13.8
4e 0121113}4' 8442 7.7 8,2 B4.6 7.9 2,3
4¢ picrate 01 8"16"1.0’7 5440 4.0 14.0 53,9 41 13.9
4d C12H13N 84¢2 77 8,2 8444 7.7 7.9
44 picrate C1QH16}1407 54,40 460 14.0 53,8 4e? 14,0
4f CMI!WH Bhed 8.6 7.0 8443 8,4 6.9
4f picrate 02011?0)\’4 - 5641 47 13,1 56.3 47 13,1
4Lg plerete 01931 QN/.O,? 55.1 Lol 13.5 5540 hed 13.6
4h piorate 019315,.‘!/07 5541 beli 13.5 55.2 43 13.7
L} pierate CQOH?OFLOq, 5641 47 13,1 55,9 4. 12.2
Table 9. Synthesis of polymethylquinolines
Anjlire reactant Quinoline product Yisld (%) Ref,
3,/4=Mnethyl- 2,4,5,6-tetrenathyl- (3g) ol a
3, J-dirothyl- 2,4y5, 7-tetremethyle  (4g) % .
?,5-direthyl- 2,4y5,8-tetrarethyl- 90 22
2,4,5-trimothyl- 2,4,5,6,8-pentancthyl- (8) %0 a
a -~ This work.

It has also recently been shown in these laboratories™'
that similar orientation effects occur with the Pechmann
reaction between an asymmetric methyiphenol and malic
acid which leads to a mixture of the S- and 7-methyl-
coumarin, whilst with ethylacetoacetate the 4,7-
dimethyicoumarin only is obtained.

The present study has been limited to steric effects by
Me groups upon quinoline syntheses commencing with
asymmetric methyl substituted anilines. Similar resuits
have also been reported® for certain reactions starting
with m-ethylaniline; the Skraup synthesis produced a
mixture of S- and 7-ethylquinoline, whilst the Combes
reaction afforded 7-ethyl-2,4-dimethylquinoline only.
Similar considerations would also be expected to apply
to m-(higher alkyl) anilines, hence the reaction with
m-(n-butyl) aniline would be expected to lead to a mix-
ture of 5- and 7-n-butylquinoline rather than the 7-isomer
only as previously indicated by Long and Schofield.* In
order to obtain more substantiative conclusions further
studies employing alternative substituents need to be
performed. Roberts and Turner™® have reported that the
Combes reaction with m-chloroaniline leads to the
exclusive formation of 7-chloro-2,4-dimethylquinoline 10,
which has also been confirmed in the present study.

Accordingly, the suggestion of Campbell et al.* that the
product of the reaction between m-chloroaniline and
1,3,3-trimethoxybutane was a mixture of 5-chloro-4-
methylquinoline and 7-chloro-4-methylquinoline should
therefore be viewed with caution. A re-investigation of
this reaction is in progress and will be reported at a later
date.

The direct synthesis of peri-substituted quinolines
from m-alkyl- and m-halogeno-anilines via the hindered
pathway is totally ineffective. Such a lack of formation
of these derivatives could nevertheless prove to be of
synthetic value. If a pure 7-substituted quinoline was
required, and should in the particular application an
additional 4-Me substituent be of no consequence, then
introduction of such a group would result in the
exclusive formation of the desired isomer and eliminate
the need for a subsequent separation technique.

EXPERIMENTAL

M.ps were determined on a Kofler hot stage apparatus. 'HNMR
spectra were recorded at 100 MHz using Varian HA-100D and
Jeol INM-MH-100 instruments, chemical shifts are reported as
ppm (5) downfield from TMS. GLC analyses were performed on a
Perkin-Elmer model 800 gas chromatograph fitted with a flame
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ionisation detector and operated isothermally at 140° with a 4
column of 20% diglycerol on celite (60/80 mesh) and a nitrogen
carrier gas flow rate of 80ml/min. m-Toluidine (b.p. 203-
204°/760 mm) and 3, 4-dimethylaniline (b.p. 226-227°/760 mm, m.p.
50-51°) were freshly redistilled before use.

Synthetic procedures

(i} Heterocyclic ring unsubstituted {the Skraup synthesis, pre-
paration of 1a/2a and of 3a/d4a). The general procedure of Clarke
and Davies® was employed using the amine (0.2 mol), FeSO.
(8g). glyceral  (68.7ml,  094mele), arsemic  pentoxide
{45.9 ¢, 0.2 mole} and conc HyS04 (40 mb). .

{i) 2-Substituted quinolines (the Doebner-von Miller synthesis,
preparanen of 1b/2b and of 3n/db). The general procedure of
Milis er al*' was emploved using the amine (0.2 mole), conc HCJ
(68 ml), freshly distilled acetaidehyde {22.0 2. 0.5 mole) and ZnCla
(5e).

{iil) 3-Substituted quinolines (the von Miller-Kinkelin syn-
thesis, preparation of lcfzc and of 3cldc). The general procedure
of Claret and Osborne™ was employed using the amine
(8.3 mole}, freshly redistiled propionaidehyde  (30ml),
paraformaldehyde (16g), FeCl6H:0 (56g), and fused ZnCl;
{5 g) in ethanolic soln.

(v} 4-Substituted quinolines (a) (the Skraup synthesis, pre-
paration of Zd and of 4d). The general procedure of Campbell
and Schafiner” was employed using the amine hydrochloride
(0.0625 mole), FeCly6H O (27g), anhyd ZnClh (1g), EtOH
(45 ml} and methyl vinyi ketone (9%, 4.2 ml, 0.05 mole).

4 Substituted gainolines (b) {the Knotr synthesis, preparazwn
of 2d and of 4d). The general procedure of Ewins and King® was
employed using the amine {0.22mole) and ethylacetoacetate
(30 g, 0.23 mole) to produce the aceto acetanilide derivative which
was cyclised with conc H2S04 (25 m) to give the intermediate
4-methyl-2-quinolone. The appropriate 2-chloro-4-methylquinol-
ine derivatives were synthesised by the general procedure of
Michaitov® using the quinolone (0.05mole) and POCH (9.3,
0.06 mole}.

2-Chioro-4,7-dimethylguinoline (8.6 g, 909%) crystailised from
EtOH as colourless needies, m.p. 49-50°. (Found: C, 68.%;
H, 5.3: N, 7.4; Ct, 18.7. Calc for C,\H:«wNCl: C, 68.9; H, 5.3;
N, 7.3; Cl, 18.5%) NMR {CDCls): 2.51 (3H, 5, Me~7), 257 (3H, s,
Me-4}, 7.01 (1H, s, H-3), 7.24 (1H, d of 4, I5¢ 8.2 Hz, I 2.0Hz,
H-6}, 7.64 (1H. bs, H-8), 7.68 (1H, d, J«. 82 Hz, H-5).

2-Chiore-4,8,1-trimethylguinoline  (2.71g., 75%) crystallised
from ELOH as colourless needies, m.p. 137-138°. (Found: C, T0.2;
H. 6.1: N, 6.9; C1, 17.0. Cale for Ci-H2NCI: C, 70.0; H. 38, N
6.8; C1, 17.2%) NMR (CDCly): 2.42 (6H, 5, Me-6 & 7), 2.56 (3H,
s, Me-4), 6.99 (1H, s, H-3), 7.51 (1H, 5, H-5), 7.62 (IH, 5, H-8).

The 4methylquinoline derivalives were obtained from the
2 chloro—&melhquumohnes by the general procedure of
Michailov® using the chloroquinoline (0.83 mole), conc HCI
(30 md) and Sn dust {35g).

(v} 2,3-Disubstituted guinalines (the Doebner-von Miller syn-
thesis, preparanon of 162t and of Miaf). The general procedure
of Mills et al.*’ was employed using the amine (0.2 mole), conc
HC! (68 ml), freshly redistilled propionaldehyde (29.0g, 0.5 mole)
and ZnCl; (5 g).

(vi} 2,4-Disubstituted quinolines (the Combes synthesis, pre-
parztion of zg 4g, 8 and 18). The general pmcedure of Bonner
and Batnard® was employed using the amine (0.1 maole} and
pentan-2,d-dione (11.0g, 0.11 mole) to produce the intermediate
crude anil which was then cyclised with conc H.SO. {30 mi).

24,56 S-Pcnlamelhquumolme 8(15.5¢, 80%} crystallised from
hexane as colourless prisms, m.p. 72-73° (lit.” m.p. 75°) NMR
{CCL): 2.33, 2.54, 2.57, 2,60, 2.74 (15H, Ss. Me), 6.83 (1H, s,
H-3), 7.44 (1H, s, H-7). The picrate crystallised from EtOH as
yellow needies, m.p. 183-184° {lit.”® m.p. 171-1729).

7-Chioro-2 4-dimethylquinoline 10 {17.22, 90%) Eryslalilscd
from light petroleum as colourless plates, m.p. 47-4%° (ht m.p.
46.5-48.5) NMR (CDCI3): 264 (3H, s, Me=), 2.68 (3H, s,
Me-2), 7.03 (1H, s, H-3), 7.40 (1H, d of d, Jss 8.8 Hz, Jas 2.0Hz,
H-6), 7.81 (1H, d, Js 8.8 Hz, H-5), 7.95 (1H, d, Jes 2.0 Hz, H-8).

(vii) 3,4-Disabstituted quinolines (the Beyer synthesis, pre-
paration of 2h and of 4h/7c}. The general procedure of Ardashev

A. (5. OSBORNE

and Tertov™ was employed using the amine (032 mole),
butanone (0.5 mole), FeCl:6H,O (50g), fused ZaCl, {5g) and
paraformaldehyde {9.2g) in ethanalic HCI soin. The presence of
Tc was detected as described under “Analysis of reaction
products” below and in the discussion,

(vii} 2,34 Trisubstituted quinolings {the Combes synthesis,
preparation of 23, 4j and 23 4trimethylquinoline). The general
procedure described in (vi} was emploved using especially
purified § (12.5g, 0.11 mole).

Synthesis and purification of 5. The method of Shepherd®
afforded a product which was analysed by GLC and found to
contain pentan-24-dione (5-10%) as an impority. The crude §
(32g) was dissolved in MeOH (35 ml) and a hot filtered soln of
copper acetate {90.8g, 0.5 mole) in water (RO0 ml) added. The
precipated Cu salt was dried and recrystallised several times
from MeOH to gwe the compiex as greyish-green piates, m.p.
197-204° (dec), (lit.* m.p. 200-230° (dec)). The purified salt was
shaken with dil H,SO4 {600 ml), extracted with ether and dried
{MgS0y). Removal of the solvent left pure § (21% rccovery] asa
pale yellow liquid. bp. 169-171%739 mm e b p. 170~
1721750 mm). The product was analysed by GLC and found to
be free from pentan-2,4-dione. NMR (CCL): 1.20 (195H, 4. J
THz, central Me keto), 1.7 (105 H, s, central Me enol), 207
(6H, s, terminal Me keto & enol), 3.52 (0.65H, q, ] 7Hz, CH
keto), 16,25 (0.35H, s, OH, enol),

23 4-lnmelhquumolme (6.5g, JB%) cryslalhsed from hexane
as colourless prisms, m.p. 94-95° (it m,p. 920 NMR (CCL):
225 (3H, 5, Me-3), 244 (3H, s, Me-4), 2.56 (3H, 5, Me-2}, 7.28
(1H,m H-6L. 74 0H. m BN 753 (H, m, B-5, 784 (1H, m,
H-R), H-5 to H-8 formed an ABCD spin system. The picrate
cryslalhsed from EtOH as long yellow needies, m.p. 225-226°
(.7 m.p. 2167

Analysis of reaction products

A sample of the initial product was analysed by GLC and
NMR. The picrate derivative was prepared in E1OH sols,’ col-
lecied, and washed with a litle EtOH. The m.p. was then
determined. The imlial picrate was usually obtained as small or
microscopic vellow needles. Decompaosition with warm NaQOHaq
and analysis of the liberated bases by GLC usually indicated thatl
no separation had been effected. However, in the case of the
2-substituted quinoline picrates, which were particularly soluble
in E1OH, a partial separation was indicated. The initial picrate
{1 g} was dissolved in boiling EtOH (200-2000 ml) and a frac-
tional crystallisation performed to afford, after 2-3 days as the
least solubte fraction, the pure (GLC, after decomposition) 2 or 4
picrate as slender long yellow needles. Decomposition
of the pure 2 or 4 picrate with NaOHaq gave the appropriate
quinaline base which, in the case of solid samples, was recrystal-
lised from hexane. The propenties of the quinoline bases and of
their picrate derivatives are shown in Tables 6-8.
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