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

Unlike the detailed studies’.2 of the orientation effects in 
the Skraup reaction with m-substituted- and 3,4-di- 
substituted aniline derivatives to produce 5- and 7-sub 
stituted and $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 claimed3*’ to 
produce ‘I-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&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 particular 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. 3*6~8*‘4*‘J 
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 point of the product or of its picrate 
derivative.“9.‘0 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 sin@e substance of unknown identity. 
Berend’* and Merz’ performed the Doebner-von Miller 
reaction with paraldehyde and 3,4dimethylaniline to 
obtain a product referred to as “dimethylquinaldine”, the 
compound was later listed in “Beilsteins Handbuch” as 
2,5,6 and/or 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.19 The syntheses and reactants 
employed are summarised in Table 2, and the results 
obtained are shown in Table 3. 

Two experimental dit%culties were encountered in this 
study. Commercial samples of 3-methylpentan2&dione 
5 were generally found to be contaminated with 

f 
entan- 

2,4dione, a synthetic sample2’ was similarly imp re. An 
impure sample of 5 was rigorously purified oia 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 2,3,4_trimethylquinoline and of 2j thus 
obtained were considerably different when compared 
with those obtained by earlier workers.‘“‘n 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 Sj, 
however, since the earlier preparation of this compound 
involved a SkrauP6 reaction commencing from 3-methyl- 
pent-3-ene-2-one. 

For the preparation of 3,6dimethylquinoline 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 Terto?’ have reported 
that reaction of aniline with 6s gave 3&dimethylquinol- 
ine 7s as the predominant product; it was claimed that 
the alternative product, dethylquinoline 7b, was also 
formed, however, this was not supported by any 
confirmatory evidence, other than that repeated crystal- 
lisation of the crude 7~ product removed the 7b impurity. 
The predominance of the 34disubstituted product is 
consistent with the known interaction of ketones of the 
type 6 with aldehydes in the aIdol condensation, since in 
acid medium all methyl n-aIkyl ketones have been repor- 
ted to participate in 3-condensation.24’2J 

123 R = alkyl, aryl or H 

CH,COCHRR’ R’ = aIkyl or aryl 

6 a:R=H,R’=CH, 

2831 



2832 A. G. OSBORNE 

I R, =CH, R,= R,= H 
2 R,=CH, R, = R,= H 
3 R,=R2=CH3 R,=H 
4 R2=R3=CH3 Rt=H 

7 

R6 
R5 

R4 

a R4=R5=R6=H 
b R,= CH, R,= R,= H 
c R,= CH, R,= R,= H 
d R,= Cl-i3 R4=R5=H 
l R4= R5= CH:, R6= H 
t R,= GH, R,=CH, R,=H 
g R,=RpCH, R,=H 
h R,= R,=CH, R,= H 
j R4=R5= R,=CH, 

a R ‘= CH, R2=R3= R4= H 
b R2=CH3 R’=R3= R4= H 

c R2==R3=R4=CH3 R’=H 

Table 1. Orientation effects in quinoline syntheses 

Isanaric alkylqulnolines Canposition of 

synthesiaed product ($1 (4 Date Ref. 

lb / 2b 

lo / 2c 

Id / 2d 

lo / 20 

If / 2f 

1E / 2& 
lh / 211 

1.i / 2j 

3b / 4b 

3c / 4c 

3d / 4d 

3r / 4e 

3f / 4f 

3e / 46 

Sh / 4h 

33 / 43 

2b (b) 
lb (S) 2b (G) 

lc (10) 2c (?Jo) (0) 

lc (9) 2c (G) 

2d (b) 

2d (d) 

? (0) 

2g (d) 

211 (b) 

2.i (d) 

- (f) 

4d (b) 

1884 6 

13.G 3 

1942 3 

1343 7 

1913 8 

1942 3 

1885 11 

1950 9 

1942 3 

1946 10 

1% 12,13 

1%5 1.4 

4r; (b) 1355 15 

4h (d) l%C 16 

4j (d) l%C4 16 

0. - 

b - 

c - 

d - 

8 - 

f- 

G - iir:atcr, 5 - si~mller. 

Zroduct coxidar>d as imxer shown, no nention mde of 

otiwr isoxr. 

To1.tative result. 

L rodnci cou;ida~d to 54 su~taz~tially the ismer s:lowl, 

;mssiXlit:: oi foFlatioli of ot'lcr ismer considemd, brlt 

thou&t to .w l bse::t. 

?oosiXlity of ic.omrIc mcducta conAdored. Product 

thou,,'lt to '50 a niiiglc cou~o~td, identily not aoiablinhod. 

Posribility of ismeric products not considered. 
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Table 2. Synthesis of quinoline derivatives 

Het4rccyollo ring Literature mfemnoes (a) 

Sutxltlturnt pmrent synthesis end ma&ante used ~toluldlae 3,44!.methylanlllne 

nil 

7-methyl- 

3_methyl- 

&methyl- 

Z-ethyl-Fmethyl- 

2,4_diclethy1- 

3,bdinethyL 

2,3,btrimethyl- 

Skmup (glyoerol) 

Dcetmer - von Miller (ncetaldehyde) 

“on Miller - Klnkelin 

(pmpionaldehyde/pamfolmaldehyde) 

(1) Skmup (methyl vinyl ketone) 

(ii) Knorr (ethylacet0acewB) 

Doebnrr - van Miller 

(propionaldehydo) 

Canbee (pentan-F,Gdione) 

Seyer (butanone, pamfomeldehyde) 

Co&es (3-methylpentan-2,Bdlone) 

l-3 2,3,20 

3,6 17,13 

397 

3,S 14 

11 

9 15 

3 16 

10 16 

a - References cre glvan to reactions commencing frw the anines indicated to give 

the appropriate qulnollne prcducts. he preparative method used MS not 

necessarily the same as in this vork. 

Table 3. Isomer ratios of 5-/7-metbyl- and S,b/6,7dimetbyl quinolme derivatives 

Hetanxyollc 

fing 

aubatituenta 

Cmpoeltion of 

mixturn ($1 (4 

5-M* 74te 

c~poslt.&m oi 

~ ($1 (4 

5,6_Me, 6,7-X0, 

nil 30 70 

2-Me 30 70 

MIe 27 73 

4-Ne (via Knorr) 0 100 - 

4-Me (via Skmup) 0 100 - 

?-ethyl-3-ble 27 73 

2,4-Fe2 0 100 

3, L-Me2 0 100 

2,3,W!e3 0 100 

L-ethyl 

a - by NMR and GIC. 

b - by GLC (see discussion). 

c - by NMR only. 

25 75 

39 71 

28 72 

1 (b) 99 

1 (b) 99 

21 79 (c) 

0 100 

0 100 

0 100 

excess (c) 

In order to assess whether any l-condensation does 
occur in the Beyer synthesis, leading to the 4-akyl- 
quinoline, a synthesis using 6a and 3,4dimethylaniJine 
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 8.376 in the 
NMR spectrum which confirmed that both positions 3 

and 4 were occupied. No 7c 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 4b 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 
A,BI 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 7c which was 
confirmed by the presence of an additional doublet for 
H-3 at 6.966 (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 Calkylquinoline 
formed in the Beyer synthesis is therefore very small 
and, as previously reported by Ardashev and Tertovt3 
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 S-substituted quinolines and their salts, 
compared with those of the corresponding ‘I-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 la. 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) 
‘H NMR; (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. Fitzgeraldn 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. Rezl” has also reported satisfactory 
separations of methylquinolines on a diglycerol 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 31 and 41 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.27.m The chroma- 
tographic data for the alkylquinolines are collected in 
Table 4. 

‘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 5- 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+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 sliown in Table 5. 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 7.3-7.56, 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 41 (HA: 7.528, H-8: 7.67S+ach broadened 
singlets) and 3b (H-4: 7.%8, H-8: 7.656-each doublets, 
peri-deshielding effect present). A pen’-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 Jw= 8.7 Hz, JZ4= 1.8 Hz, and Ja= 
0.8 Hz. 

The third technique used in the identification of reac- 
tion products was fractional crystallisation. This is an old 
established method32 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+ubstituted 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 I(ati0 

2835 

qulnolino time (a) 1/201.3/L 

la 1.13 

7a 1.27 

lb 1.37 

2b I.04 

1C 1.7’; 

7c 1.53 

ld ?.% (b) 

7d 2.25 

If 0.95 

7f 0 “5 .i 

7;: 1.7? 

?I1 - (c) 

3 - Cc) 

3n 2.54 

In ?.?!? 

3b 7.05 

Lb I.?5 

3c 3.01 

LC 3.75 

3d 5.35 (b)(d) 

.Ld L.05 (C) 

3f I.(>5 (e) 

Lf 1.65 (cj 

Lg 3.19 

Lh - (4 
hj - w 

1.17 

1.17 

1.11 

I.?? (b) 

1.11 

1.11 

1.11 

1.03 

1.32 (b) 

0 - ?L!lativc? to au?Pol.‘.llc = 1.00. 

b - P.ntat!.ve result orJy. 

c - Petmtion time too long, ainglc peal- only 

ob+ained with 10$ allJccw SE52 column at 225’. 

d - Very brocl ges!<. 

e - 3f / /+f did 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 l/2 and J/4 couples pre- 
pared, including 3f and 41 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 4e picrate melted at 198-202’, whilst 
the final m.p. increased considerably to 245-246”. Since the 
von Miller-Kinkelin procedure is known to reduce a 
mixture of four potential products in this case E *33 it was 
not possible to deduce the proportion or even the exis- 
tence of mixed $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 established3’ 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 I: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 
6Me group caused the proportion of the S- or S,Csub 
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 (l-condensation vs 3-conden- 
sation of methyl ketones 6) in the Beyer synthesis with 
3,4dimethylaniline. 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 akylquinolin~ derivatives (al 

Chemicnl shirt (6 ) Hethylene &gvups end 

H-3 w s5 H-6 H-7 H-S ooupllng 0onskAa 

lb (2.64) 7.08 7.36 (2.55) 

If (1.33) (3.?8) 7.79 @.i?) 

7.2L - 7.4R b) 2. 7.P (b) J34 8.6 AZ 

(b) b) 7.f!a 

7?l (2.63) 7.04 7.pI) 7.50 7.15 (X.51) 7.69 

2C e.56 (2.45) 7.67 7.47 7.1E (2.59) 7.73 

2-d e.55 6.94 (2.52) 7.66 7.15 (2.47) 7.78 

2f (1.34) (2.37) 7.59 7.42 7.12 (2.49) 7.m 

26 (2.53) 6.M (7.466) 7.59 7.11 cu6) 7.66 

2h 8.43 (2.34) (2.49) 7.68 7.16 (2.455) 7.63 

7j CL%) (2.26) (2.44) 7.64 7.12 (2.48) 7.62 

3b (2.60) 7.03 7.% @.4@ b) 7.27 7.65 

3f (1.34) b) 7.83 w66) (b) 7.27 7.57 

4a P.64 7.13 7.0 7.3? cL40, 2.433) (4 7.74 

4b (2.60) 7.00 7.70 7.30 

40 E.51 (2.34) 7.62 7.32 

4d 8.4E 6.93 (2.54) 7.50 

4f (1.34) (2.37) 7.52 7.27 

(2.33, 2.38) (c) 7.67 

(2.44, 2.45) (0) 7.71 

(2.38) (2.38) 7.71 

(2.37, 2.40) (0) 7.67 

4e (2.55) 6.54 (2.51) 7.46 (2.39) (2.39) 7.63 

4h 8.37 (2.33) cL4.Q 7.50 (2.38) (2.38) 7.64 

4j (2.54) (2.25) cwt3) 7.44 (2.37) (2.37) 7.55 

70 8.50 6.% (1.34) 7.55 (2.38) (2.38) 7.72 

CH? : 2.Ki 6 

Jcsp, 7*5 Hz 

J34 
8.3 Ik., Jx, 5.3 Hz 

JsR 1.7 He 

J 14 2.1 Hz, JS F.4 Uz 

Jhg 1.7 Hz 

J23 4.2 Hz, Jsb 8.4 Hz 

JQ l.? n-2 

CH2 I 2.96 d 

JCH,CIi3 7*s '*' 

J56 
7.3 Hz, Jhq 1.7 Hz 

J56 3.4 Hz, Jss 1.e Uz 

JS c.5 !iz, Jsg 1.7 Hz 

J56 C.6 Hz, Jl,s 1.3 Hz 

J34 P.5 Hz, J7B 8.5 Hz 

CH2 I 2.g d 

JcryH) 7-5 Hz 
J7g t'.? Hz 

J23 4.2 Hr., J34 ?..3 Hz 

J24 
1.0 Ha 

J34 
P.2 Hz 

J24 2.2 Hz 

J23 4.3 Hz 

Cii2 I 2.85 6 

JCH2CH3 7*5 'a 

CR2 t 2.976 

JCACA 7.5Ha 
3 7 

a - 

b- 

c - 

100 :Yiz, CC!. L' A p.p.m. fM?! T.Y,'.S. 
30~1~0untl~ lb, If, 3b, 3f end 7c wem 

atudled in adnixtum rrith 7b, ?f, Ah, /,f nnd 1.6 ms:>octivcly. Vslues In 

parentkac3 nm for the a:~p~prictc! suhstitutad wethyl emup. 

Peak(s) obscured by najo? ~SWWJ~ pm?ent In admixtrIm. 
Txwt zsslgrvnts wcertiln. 
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Table 6. Melting,,points of quinoline picrate derivatives before and after fractional crystallisation _ . 

Qulnoline Initial piolute Final plclrto Ltt. m.p. 

Derivative m.p. m.p. (a) 
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2a 235’ (c,f) 

2b lEo-2O (c) 

2c 197-2O2o (c,g) 

2d (b) 

2f 

2g 

2h 

2.i 

233-4’ 

711-3O (c) 

233-4’ 

227-E’ (h) 

215-60 

4a 

Lb 

IC 

M (b) 

.sf 

be 

4h 

4.l 

260-2” (d) 

202-5’ (d) 

136202’ (d,g) 

264-5’ 

220-l’ (d) 

23%9’ 

24%50° (h) 

225-60 

W-6o (0) 

?354O 

222-3’ (e) 

23%’ 

22%9’ (e) 

217-8’ 

?78_9O (0) 

221-?O (0) 

24%O (0) 

266..7O 

22690 (0) 

239-40’ 

251-2’ (0) 

227&O 

242O (3) 

245O (2) 

l%O (3) 

248.5O (7) 

244O (3) 

230’ (8) 

219-2o” (11) 

2366’ (9) 

229’ (3) 

278’ (3) 

a - See lble E for elemental analyses. 

b - Similar msults obtained for products from t+ lbrr 

and Skmup mactions. 

C- Also contains 5_isomer (GU: after deccnposition). 

d - Alco contains 5,6-Isomer (GE stir decomposition). 

c - Single pun ironer (GIL aftor deccqosltlon). 

f - Manate et a1.3 give m.p. 235’ for 2a picrate before -- 
mcrystalliaation. 

g - Also contains ?-ethyl substituted by-products. 79 

h - Also contains tmce of 7c (see discussion). 

tained the second product 7c. Since the minute propor- 
tion (1.7%) of the latter compound could readily be 
detected but the presence of any 3b was still not ag 
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 p&substituted 
6Me group. Clearly ring closure by process “A” is much 
less subject to stetic 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 S-Me groups 
were present, but where no alternative pathway was 
possible, then ring closure did still occur with little 
signiticant decrease in yield, as shown in Table 9. 

The Skraup reaction has been considered2 to be com- 
patible with attack by a fully charged carbonium ion (e.g. 
9) on the position of maximum electron density. 

x H 
\/ 

0 X= NHAr or OH 
0 Ii 

With m-methyl- and 3$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 74somer predominates 
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C”3 

‘A’ 

Scheme 1. Steric hindrance in quinoline syntheses. 

mainly through steric effects since para-cyclisation is the selectivity of the least hindered pathway. It may there- 
least hindered pathway. That the ortho-cyclisation fore be concluded that unhindered para-cyclisation is 
pathway is completely ineffective in the presence of an always preferred, when possible, except when a para 
additional Me group leading to a Csubstituted quinoline electron withdrawing group (such as m-nitro)* is present 
clearly demonstrates the extreme sensitivity of the which can exert such a strong effect as to outweigh the 
Skraup reaction to steric effects, and the exclusive steric hindrance. 

Table 7. Properties of quinoline derivatives (a) 

Cmpamd Yield (%)(b) Ititial m.p. Lit. m.p. Filyl n.p. (0.d) Lit. m.p. 

28 71 

2b 19 

2c 17 

2d 44 (0) 

2d 52 (f) 

2f 6 

2g 85 

2h 9 

25 17 

4a 66 

4b 16 

4o 27 

4d 37 (0) 

4d u (f) 

4f 20 

4e 90 

4h 4 

43 22 

b.p. 255-60’/760 mm. 

3 1.6147 

b.p. 2666°/7M, m. 

b.p. 29h5°/760 m. 

b.?. 2LXL5°/%0 ma. 

25-32’ 

b.D. %83-5o/76O m. 

73-6O 

lltiO 

50-5O 

toa0 

m-95O 

w-5O 

92-5O 

95-103O 

%-9O 

(b.p. 30%0”/772 ma.) 

11~220 

WA0 

m.2. 37-B’ 39o (34) 

m.p. 59-m” 

m.p. 7w” 

b.p. mo/v57 ml. 

5.p. 25*4*/7&J PD. 

40-l O 

b.p. 783-So/760 cm. 

$2 1.5990 

76-7O 

11~20° 

61° (3) 

xl0 (3) 

5.~. 283’ (37) 

Lo-l0 (11) 

b.p. 103-40/1.5 ma. 

$1.5997 (9) 

7Q” (3) 

57-8o 

?3-40 

11wo 

.%A0 

9%O 

1%4O 

79..mo 

5e” (3) 

7%eO” (15) 

124-5’ 12&5’ (16) 

14wi0 W.-so (16) 

b.p. 257.6’/760 m. (34) 

20’S 1.6149 (35) 
‘D 

b.p. 265’/745 m. (36) 

bp. m-1.5O (7) 

b.p. 293’ (37) 

LO-10 (11) 

79O (10) 

69-70” (12) 

a - For IbcR syctrP1 data BOO Bblo 5, for prppertire of p1oxrt.a derivatives 

SW lhble 6. 

b - 1niUn.l yield of (mlmi) qulnolines. 

o - Furiflod pmduot, inn deo~sed plcnte dsrlvatlve atiter fmcUoml 

crystalllsation. 

d - For elaaental analysas soo lbls 8. 

l - Via Knom synthesis ( % ylsld bon 2-oblom-4-mthylqalnollna gloen). - 

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

Molecular Calc. (S) Found (%I 

Folmula C B N c A I 

2839 

2f 

2f picrate 

2j 

2j pioFatA 

Lb 

4b picrate 

4o 

4c picroto 

4d 

4d picrate 

4f 

4f picrate 

4g picrete 

4h piorate 

J-j picmto 

c13H158 

c1 9Hl &O7 

C13H15h’ 

c1 ?A1 sR407 

c1 2? 3r’ 

‘1 #l sN4’7 

C,2iI,3F 

‘1 8H16N407 

C12H13N 

C , ?,6~407 

C14’!1713 

c20rf20K4@7 

C19xrJ407 

C1.?H1??407 

c70'w407 

84.3 8.2 7.6 84.4 7.9 7.7 

55.1 4.4 13.5 55.3 4.3 13.6 

84.3 8.2 7.6 84.2 8.2 7.5 

55.1 4.4 13.5 55.3 4.2 13.7 

84.2 7.7 8.2 N.5 7.8 6.3 

54.0 4.0 14.0 53.9 4.1 13.8 

84.2 7.7 8.7 84.6 7.9 8.3 

54.0 4.0 14.0 53.9 4.1 13.9 

84.2 7.7 8.2 84.4 7.7 7.9 

54.0 4.0 14.0 53.8 4.2 14.@ 

84.4 8.6 7.0 84.3 8.4 6.9 

56.1 4.7 13.1 56.3 4.7 13.1 

55.1 4.4 13.5 55.0 4.4 13.6 

55.1 4.4 13.5 55.7 C.3 13.7 

56.1 4.7 13.1 55.9 4.6 17.9 

Table 9. Synthesis of polymethylquinolines 

Anjli~.e reactnnt Qulnollnr! product Ylold ($1 Ref. 

3, J,-“inethl- ., ?,4,5,6-tctrentt’?yl- (3g) 0 a 

3,4-dirr.btCyl- ?,4,6,7-tatreaethyl- (I,&!) xl a 

7,5-di~xthyl- 7,4,5,%tctrxlctLyl- 90 22 

2,4,!Ltl-imothyl- 7,4,5,6,%pcnta-xthyl- (8) ‘K, a 

a- Thiswork. 

It has also recently been shown in these laboratories” 
that similar orientation effects occur with the Pechmann 
reaction between an asymmetric methylphenol and malic 
acid which leads to a mixture of the 5- and 7-methyl- 
coumarin, whilst with ethylacetoacetate the 4,7- 
dimethylcoumarin 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 results 
have also been reported5 for certain reactions starting 
with methylaniline; the Skraup synthesis produced a 
mixture of S- and 7-ethylquinoline, whilst the Combes 
reaction afforded 7-ethyl-2&dimethylquinoline only. 
Similar considerations would also be expected 10 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 ‘I-n-butylquinoline rather than the ‘I-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&dimethylquinoline 10, 
which has also been confirmed in the present study. 

Accordingly, the suggestion of Campbell et aLX9 that the 
product of the reaction between m-chloroaniline and 
1,3,3+imethoxybutane was a mixture of S-chlor& 
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-halogen*anilines oh 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-substituied 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 

Mps were determined on a KoRer hot stage apparatus. ‘H NMR 
spectra were recorded at 1OOMHz using Varian HA-IOOD and 
Jeol JNM-MH-100 instruments, chemical shifts are reported as 
ppm (6) 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 (60180 mesh) and a nitrogen 
carrier gas flow rate of 80ml/min. m-Toluidine (b.p. 203- 
204°/760 ram) and 3,4-dimethylaniline (b.p. 226--227"/760 ram, m.p. 
50-51 °) were freshly redistilled before use. 

Synthetic procedures 
(i) Heterocyclic ring unsubstituted (the Skraup synthesis, pre- 

paration of la/2a and of 3a/4a). The general procedure of Clarke 
and Davies ~ was employed using the amine (0.2 moll FeSO4 
(8g), glycerol (68.7ml, 0.94mole), arsenic pentoxide 
(45.9 g, 0.2 mole) and cone H2SO4 (40 ml). 

(ii) 2-Substituted quinolines (the Doebner-von Miller synthesis, 
preparation of lb/2b and of 3b/4b). The general procedure of 
Mills et al. 4~ was employed using the amine (0.2 mole), cone HCI 
(68 ml), freshly distilled acetaldehyde (22.0 g, 0.5 mole) and ZnCI: 
(5 g). 

(iii) 3-Substituted quinolines (the yon Miller-Kinkelin syn- 
thesis, preparation of le/2c and of 3c/4e). The general procedure 
of Claret and Osborne ~ was employed using the amine 
(0.33 mole), freshly redistilled propionaldehyde (30 ml), 
paraformaldehyde Cl0g), FeCls-6H~O (50g), and fused ZnCI2 
(5 g) in ethanolic spin. 

(iv) ,l-Substituted quinolines (a) (the Skraup synthesis, pre- 
paration of 2d and of 4d). The general procedure of Campbell 
and Schaltner 4: was employed using the amine hydrochloride 
(0.0625mole), FeCI3.tH20 (27g), anhyd gnCl~ (Ig), EtOH 
(45 ml) and methyl vinyl ketone (95%, 4.2 ml, 0.05 mole). 

4-Substituted quinolines (b) (the Knorr synthesis, preparation 
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 cone H,SO4 (25 ml) to give the intermediate 
4-methyl-2-quinolone. The appropriate 2-chloro-4-methylquinol- 
ine derivatives were synthesised by the general procedure of 
Michailov '*~ using the quinolone (0.05 mole) and POCh (9.3g, 
0.06 mole)• 

2-Chloro-4,7-dimethylquinoline (8.6g, 90%) crystallised from 
EIOH as colourless needles, m.p. 49-50*. (Found: C, 68.9; 
H, 5.3; N, 7.4; CI, 18.7. Calc for CHHmNCI: C, 68.9; H, 5.3; 
N, 7.3; CI, 18.5%) NMR (CDCIs): 2.51 (3H, s, Me-'/), 2.57 (3H, s, 
Me-4), 7.01 (IH, s, H-3), 7.24 (1H, d of d, .Is, 8.2 Hz, .I~ 2.0 Hz, 
H--6), 7.64 (IH, bs, H-g), 7.68 (IH, d, J~ 8.2 Hz, H-5). 

2-Chloro-4,6,7-trimethylquinoline (7.7tg., 75%) crystallised 
from EtOH as colourless needles, m.p. 13%t38*. (Found: C, 70.2; 
H, 6.1; N, 6.9; CI, 17.0. Calc for Ct.,H~.,NCI: C, 70.0; H, 5.9; N, 
6.8; CI, 17.2%) NMR (CDC13): 2.42 (6H, s, Me-6 & 7), 2.56 (3H, 
s, Me--4), 6.99 (IH, s, H-3), 7.51 (IH, s, H-5), 7.62 (IH, s, H--8). 

The 4-methylquinoline derivatives were obtained from the 
2-chloro-4-methylquinolines by the general procedure of 
Michaitov 't3 using the chloroquinoline (0.03 mole), cone HCI 
(30 rot) and Sn dust (15 g). 

(v) 2,3-Disubstituted quinolines (the Doebner-von Miller syn- 
thesis, preparation of 1t/2t and of 31/41). The general procedure 
of Mills el al. 't was employed using the amine (0.2 mole), cone 
HCI (68 ml), freshly redistilled propionaldehyde (29.0 g, 0.5 mole) 
and ZnCIz (5 g). 

(vi) 2.4-Disubstituted quinolines (the Combes synthesis, pre- 
paration of 2~, 4g, $ and 10). The general procedure of Bonner 
and Barnard was employed using the amine (0.1 mole) and 
pentan-2,4-dione (11.0 g, 0.11 mole) to produce the intermediate 
crude anil which was then cyclised with cone H.,SO4 (90 ml). 

2A,5,6,8-Pentamethylquinoline $ (15.5 g, 80%) crystallised from 
hexane as colourless prisms, m.p. 72-730 (lit. t° m.p. 75 °) NMR 
(CCh): 2.33, 2.54, 2.57, 2.60, 2.74 (15H, 5s, Me), 6.83 (IH, s, 
H-3), 7.14 (IH, s, H-7). The picrate crystallised from EtOH as 
yellow needles, m.p. 183-184" (lit. t° m.p. 17t-172°). 

7-Chloro-2 4-dimethylquinoline 10 (17.2 g, 90%) crystallised • s Y . 8  

from hght petroleum as colourless plates, m.p. 47-.48 ° (hi. m.p. 
46.5-.48.5*) NMR (CDCI3): 2.64 (3H, s, Me.-4), 2.68 (3H, s, 
Me--2), 7.03 (IH, s, H-3), 7.40 (IH, d of d, Jss 8.g Hz, J~ 2.0 Hz, 
H-6), 7.81 (IH, d, J~, 8.8 Hz, H-5), 7.95 (IH, d, Jes 2.0 Hz, H-8). 

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

and Terror z'~ was employed using the amine (0.32mole), 
butanone (0.56mole), FeCI36H20 (50g), fused ZnCI2 (5g) and 
paraformaldehyde (9.2 g) in ethanolic HCI spin. The presence of 
7¢ was detected as described under "Analysis of reaction 
products" below and in the discussion. 

(viii) 2,3,6-Trisubstituted quinolines (the Combes synthesis, 
preparation of 2j, 41 and 2.3,4-trimethylquinoline). The general 
procedure described in (vi) was employed using especially 
purified $ (12.5 g, 0.11 mole). 

Synthesis and purification of 5. The method of Shepherd 21 
afforded a product which was analysed by GLC and found to 
contain penlan-2,4..dione (5-10%) as an impurity. The crude $ 
(32 g) was dissolved in MeOH (35 ml) and a hot filtered spin of 
copper acetate (90.8g, 0.5 mole) in water (800 ml) added. The 
precipated Cu salt was dried and recrystallised several times 
from MeOH to give the complex as greyish-green plates, m.p. 
197-204 ° (dec), (lit. '~ m.p. 200-2300 (dec)). The purified salt was 
shaken with dil H2SO4 (600 ml), extracted with ether and dried 
(MgSO,0. Removal of the solvent left pure 5 (21% recovery) as a 
pale yellow liquid, b.p. 169-171°1759mm (lit. 4~ b.p. 170- 
17201760 ram). The product was analysed by GLC and found to 
be free from pentan-2,4-dione. NMR (CCh): 1.20 (1.95 H, d, J 
7 Hz, central Me keto), 1.79 (1.05 H, s, central Me enol), 2.07 
(6H, s, terminal Me keto & enol), 3.52 (0.65 H, q, J 7 Hz, CH 
keto), 16.25 (0.35H, s, OH, enol). 

2,3,4-trimethylquinoline (6.5 g, 38%) crystallised from hexane 
as colourless prisms, m.p. 94-95 ° (lit) 2 m.p. 92 °) NMR (CCh): 
2.25 (3H, s, Me-3), 2.44 (3H, s, Me-4), 2.56 (3H, s, Me-2), 7.28 
(IH, m, H-6), 7.44 (IH, m, H-7), 7.73 (IH, m, H-5), 7.84 (IH, m, 
H-8), H-5 to H-8 formed an ABCD spin system. The picture 
crystallised from EtOH as long yellow needles, m.p. 225-226 ° 
(lit. rz m.p. 216"). 

Analysis o[ reaction products 
A sample of the initial product was analysed by GLC and 

NMR, The picrate derivative was prepared in EtOH spin, ~ col- 
lected, and washed with a little EtOH, The m.p, was then 
determined. The initial picture was usually obtained as small or 
microscopic yellow needles. Decomposition with warm NaOHaq 
and analysis of the liberated bases by GLC usually indicated that 
no separation had been effected. However, in the case of the 
2-substituted quinoline picrates, which were particularly soluble 
in EtOH, a partial separation was indicated. The initial picrate 
(1 g) was dissolved in boiling EtOH (200-2000ml) and a frac- 
tional crystallisation performed to afford, after 2-3 days as the 
least soluble 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 
quinoline base which, in the case of solid samples, was recrystal. 
lised from hexane. The properties of the quinoline bases and of 
their picrate derivatives are shown in Tables 6--8. 
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