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I. INTRODUCTION

There is & considerable quentity of materisl to be found

" in the literature on the reactions of organometalllc compounds
with quinoline, isoquinoline, snd pyridine; but there is not
mucﬁ informetion available on the reaetians.ef organometallle

- compounds with the snalog of quinoline, benzothiazole. Most
of the work on the former heterocycles has been llmlted to the
addition of the more active orgenometallic types (RLi or RMgX)
to the azomethine linkagﬁ.l In sddition, some halogenemetal
1nbaraeﬁveraion resctions have been effected in the 2- and 3-
positions of pyriﬁiaag enﬁ4alsa in the 2« and 3- posltions of
quinoline.® Quinocline has also been mercurated in the 6- and
8- positlons by mernuria aeetate.‘ With the exception of the
aearquuinalines, to whiech aryllithium reagents add forming

2, 2-diaryl-l, 2-dihydroquinolines, there is almost nothing in
the literature about the reesctions of 2-substituted quinolines
with orgsnometallic campeunﬁa; This 1s rather surprising in
view of the interest in Quinelihe chemistry resulting from the

wartime antimalarial programs.

I. For = review of this material see Gainer, Doctoral Disser=
tation, Iowa State College, Ames, Iowa, 1946,

2. Proost and Wibaut, Rec. trav. chim., 59, 971 (1940).

3¢ G1llmen and 8133‘&5, ‘gc _Aﬁe Chem. S0C., §§_' 1583 (1941) .

4. Uksl, J. Pharm. Soc. Japan, No. 548, 873 (1927)
/C. A, 22,7785 8)/.



Courtot end Tchelitcheff® have briefly mentioned the met-
alation of benzothlerzole in the 2« position by ethylmagnesium
bromide, but have nelther reported a yield nor any reactions of
the 2«benzothlazolylmagnesium bromide. They have also metalated
2-meth ylbenzothlazole laterally with ethylmagnesium bromide,
sodamide, and phenyllithium. This is the extent to which orgasno-
metallic compounds of benzothiazole heve been investlgated.

As a consequencs of these factors ahd the physiological
anitivity6 of campoun&a‘cantaining the benzothlazole nucleus,
it was consldered of intereszt to prepare some organémetallie
compounds of benzothlagole which would be useful In the prep-
aration of hitherto unknown derivetives. The similarity of
Eanzothiazele to quinocline also indicsted the posslbllity of
adding organometallic compounds to the ezomethine linkage in
benzothiazole. In attempting to throw some light on the
course of the resction between benzothiazole and phenyllithium,
certaln related z—substituted quinolines, for example, p-tolyl
2-quinolyl sulfide, were subjected to simllar experimental

conditions. An extensive cleavage of thls compound into

5. Courtot and Tehelitcheff, Gompt. rend., 217, 201 (1943);
ibid., 217, 231 (1943). '

6. Bogert and Hess, Rec. trav. chim. 48, 904 (1929); Newberry
and Viaud, British Patent 517, 272 (January 25, 1940§ /C. A.,
35, 6741 (1941). ; Rose, Shonle, snd Chen, Pharm. Arch., 11,
81 (1940) /C. A., 85, 1522 (1941) ; Ballowitz, Arch. exptl.
Path. Pharmekol., 163, 687 (1931).




p-thiccresol and 2-phenylquinoline led to an investigation of
the reactions of smme organometallic types with other 2-

electronegatively substituted quinolines.



II. EISTORICAL

A The Activating Influence of the Agomethine Grouping on the

 of= and Y- Positims of Some Nitrogen-containing Beterocycles.

The outstanding feature of the aromatie nitragan—éantainw
ing heterocycles is the increased activity of substituents in
the positions (- and Y= to the szomethine grouping. Thus the
2« and 4~ positions of pyvi&ine and qaihali&a, ﬁh@ 1= position
‘of isoquincline, and the 2~ position of benzothlazole sre much

~more active than the other positions towsrd nucleophilic

re&g@ntaa
6 1
2
8\2kﬁ
5 . 4
3
Pyridine Quinoline o Isoguincline - Benzothiszole
(1) (1) (111) (Iv)

- In earlier work tha'eh§miaal properties of quinoline, isoquino-
1ine and benzothiazole were explained by aseepting Erlenmeyer’a
statlic bond structures (I, II, III, and IV), while the eéuivm
alence of the 2- and 6~ positlons end the 3~ and 5- positions

of pyridine was explained by Kekulets shifting bonda.v ‘

7. Marckwaid, ANn., 274, ool (1893).



Bergatrome used Franklin's smmonisa aystems to explaeln or
.. at least to prediet the courss of reactlions by analogy to the
carbonyl compounds of the aquo system. Table I is a brief
‘reviaw of compounds 1n the ammonia system and their aquo

system snslogs.

Table I
Comparison of the Ammonia System with the Aquo System

Aquo eompound Ammonia analog

Basils ofieyatam géﬁ NHg
Base KOH  KNHy
| 0 NH
—
Acla ~ R-CZ0H R-G<NH, (smidine)
Aleohol R-0B R-NHy (amine)
-Ether RS R-OR RzN (tertiary amine)
A2
Aldehyde . R=-C=-H R-CH=NR (ammono alde-
- hyde ether)
Lo //Q R
Ketone R-C<R ‘R=C5N-R (emmono ke-
‘ , tone ether)
/MR .
Ester Ruézﬁwﬁ E«Céikg (ammono ester
: ether)

" From this table it can easily be seen that gyridine, quino-

8, Bergstrom, (hem. RevV., 85, 77 {1944).

O. ,Franklin, "fhe Nitrogen Syatem‘cf Compounds,® A.C.S. Monoe
graph No. 68, The Reinhold Publishing Co., New York, 1935.



‘lina, and isaquineline. are cyclic smmono aldehyde ethers.
Benzothiazole 1s a c¢yclle ammono thio ester ether. The alkyl
derivatives of pyridine, quinoline, and isoquinoline are
‘cyclie‘ ammono ketone ethers, whille the 4-alkyl derivatives

10

of pyridine asnd quinoline are vinylegs as exemplified by

the pyridine derivatives.

S
[ >
N~ CHg Nz

2-Methylpyridine ' 4-NMethylpyridine

B-Ghlaréquinalina is an exemple of a cyellc ammono acid

chloride ether, and 4-¢hlara§uimlim is 1ts vinylog.
SO &
NP 1 oy
2-Chloroquinoline 4«Chlorogquinoline

The 2~-amino derivativéa are cyclic smmonc acid ethers,

and the 2«hydroxy derivatives sre e¢yclic smmonc aquo acid ethers.

A X

2-Aminopyridine 2«-Hydroxyquinoline

0. Angeil, Atti acced. Lincei, /6/ 3, 371 (1926) /C.A., 20,
2090 (1926)/; see ulso Puson, Chem. Rev., 16, 1 (19¢35)%




Qvu
The corresponding 4- dariﬁatives are vinylogs and thus
behave gimilerly.
2-Ethoxy quinoline 1s & cycllic ammono aquo ester ether

and Z2-phenylemino-gquinoline 1s a cyclic ammono ester ether.

eczxs @D” '

2-Ethoxyquinol ine Q-Phénylaminoqninalina

These eampeunda‘ahaald and do exhibit the propertlies of
the correspondingaquo ﬂerivatives, with a lower reactivity due
to the stebllizing effect of resonsnce in the various ring
syatema; |

?he varent substances have consliderable resonance snergy.
For quinoline Paulingli gave a value of 69 kilocalories per
mole, while Wrinchlz gave & value of 91 kilocalories per mole.
For pyridine values of 4&31 5&,12 and 5?,13 kllocalories per
mole are to be found in the literature. This resonsnce energy
is sbout the same as for the carbocyclic analogs, benzene and
naphthalene, thus refuting the ldea of bond fixation in the

unperturbed molecule.

11. Pauling, "The Nature of the Chemical Bond," Cornell Uni-
versity Press, Ithacs, New York, 1945, pp. 136-138.

12. Wrinch, Science, 92 79, (1940).
13. Maccoll, J. Chem. Soc., 670 (1946).



Electron diffraction studiasl4 show that the atructure of
pyridine is nearly identicsl to benzene. In sddition to stabili-

zation by the Kekuie structures (V and VI), & lerge electric

X | /
o — “ |

N , ' %
(v) | (V1)

mamantls (2.2 Debye units) indicstes an apprecisble contribution
of the electromers {VII and VIII). There should, as & conse~
+

5 O

- {VII) , S | (VIII)
quence, be centers of low electron density et the 2- and 4-
'pasitionsilﬁ This is also evidenced by the rate and course of
substiﬁutiun in pyridine nucleus by the majority of cationold
resgents, which reset only with difficulty end iﬁvhhﬁjgﬂ
position, and anionold reagents, which react easily in the o(-

and Y- positions.

14, Shomsker snd Pewling, J. Am. Chem. Soc. 61, 1769 (1939).
15. Middleton end Partington, Nature, 141, 516 (1938).

16. Leis and Curren, J. Am. Chem. Soc., 67, 79 (1945).



Longuet-Higgins and caulsaﬁlv celeulated by the method

of molegular orbitals the bond orders and electron densities

in pyridine snd found the values indicsted In figure IX.
822

/586
(mX)

The values agree well with the qualitative resonance picture
showing low eléetran dens it les on the 2,'4; and 6 carbon atoms.
By the ozonization of pyridine at -30° Kooyman and Wibauti®
provide the only chemical evidence of the resonance in pyridine.
They found pyridine to be more stable toward ozone than thres
double bonds would garmit and lsolated products which indicated
that the 2« snd 6~ positions and the 3~ and 5- positions are
identicel. This shows & resonance between the Kekule forms
(V and VI).

The formatiomm of 2~ and 2, 6« halogen derivatives by high-
temperature halogenetion er'pyridine suggests the poasible exist-
ence of eieitad forms (X snd XI) in which the nitrogen has only

six electrons in its outer 5&911.16

17. Longuet-Higgins snd Coulson, Trans. Faradsy Soc., 43,
87 (1947).

18. Kooyman end Wibaut, Rec. trav. chim., 66, 705 (1947); see
also Bhi‘?e, B‘ll‘aber, ﬁnﬂﬁk@mann; ‘__3¢ é—@.” Chem. SOG-, §§3
2144 (1946).




o — O

(X) (x1)

However, highetemperature halogenation mey occur by a different

mechanism, for example, by way of halogen atoms, thus elliminat-

ing the necessity of postulating the existence of such forms.
The electron densities and bond orders of benzothiazole

sre shown below;lg

L00¥ 1676

Here again & low electron denslity in the 2« position
indicates enhenced reactivity toward nucleophllic reagents.

20 measured the dipole moments

Bergmann, Engel, and Meyer
of.quinaline and 1soquinoline and found them to be -2.14 and

| -2,53 Debye units, respectively. These values are larger than

A e ——————

1§. Pullmen snd Wetzger, Bull. Soc. Chim., /57 15, 1021 (1948).
20. Bergmenn, Engel,and Meyer, Ber., 54B, 446 (1932). |



«lle

cen be attributed to the azomethine grouping alome. The
higher dipole moment mey be attributed to the conjugated
double bondas for & similar effect 1s found in the case of
diben#al acetone which has & much higher dipole moment than
‘benzophenone. Le Fovre and Le Févregl in an inves;igatian
of dipole moments in relation to the structurs of gquinoline
derivatives found that the forms XII and XIII exist pre-~
dominently in 6« methylguinoline, S<nitroquinoline, 6-nitro=
QRinaline and in 8-nitroguinoline. In all the derivatives

—
(X11) {x111)

examined exeept the c-methyl derivatives the bond mobilities
- of quinoline are so diminished by ring fuslion théb the skeleton
1s best formulated by XII or XIITI.

The coupling resction hes been widely used to determine
’the bond structure of vaerious compounds, and Renshaw, Friedman

122

and Gajewsk studied this resction with aminoquinolines.

The results of thelr work are tabulsted in Tsble II.

21, Le Fdvre and Le Févre, J. Chem. Soc., 1470 (1835).

22. Renshaw, Frledmen, and Gajewski, J. Am. Chem. Socc., 61,
2322 (1939). ,



«lCw

Table IT°C

Coupling Resmctions of Aminoquinolines

Position of -ﬁﬁg -fExpéeteé coupling Observed coupling
2 2 (diazoamino) 2 (diazoamino)
3 ' 4 4
4 ‘ 3 Falled (no

reaction)

2,4 P 2 (1)
5 8 or 6 8 and 6
6 5 5
7 8 8
8 5 or 7 ’5

The agreement with the statlc Erlenmeyer structure
(XIV) 18 good.
EpN N
NZ
(x1Iv)
Thn‘ealculatsd bond orders and electron densities of gquino-

line and isoquinoline by Longuet-Higgins sﬁd Coulson are shown
below. -958 TI1&




1B

A high electron density at eny position facllitates the
rate end ease of cablonold substitution at that point whille
anionold substitutlon is facilitated at positions of low
electron density. Quinoline has positionsz of low electron
density in the 2~ and 4- positlions and lsoquinoline shows a

low value for the l- position.

ﬁaterzes in 8 discussion of the transition state re-

marked thakb:

«ssBond fixation or varlations in local electron
density in the normal structures of heterocyclie
systems are of significance only so far as they
glve & clue to the easse of the initlial polsriza~
tion of molecules on the approach of an eleetriec
charge. Thils necessarily occcurs before the quasi-
bonded state (which involves asp® hybridization)
is formed, and, since en easily polarized state
usually indlicetes an ensuing transition state of
relatively low energy level, these caleulatlions
when they can be made, which is, unfortunately,
but seldom, are of great value.

ﬁo w&t@ra, _lz‘ E i:iem; g__?ﬁ’i W {1943)1
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In addition to the activity of these positions of low
electron density in ths free bases toward nucleophilic re-
agents, groups subétitﬁbeﬁ in these positions are also ex-
ceptionally reactive. Thus, methyl groups are easily ox-
1dized and ere reedlly condensed wlth carbonyl groups;
,‘;halogen, hydroxy, snd alkoxy groups are moblle, and carboxyl

groups are easily removed.

B. Reactions of Hslogens (- and Y« to the Azomethine Linkage.
1. Preparatimm of Amines. Halogens in the 2- and 4-
positions of pyridine sare sctlve whille those in the 3- position

are as inactive as In benzene. 4-Halogenated pyrldines sre

24

uns teble end mve to be prepared just before using. On

standing they darken and become solid acocording to the pro-

posed mechanism,24
= — — =
8 cr + -&(::j>61 — 4 >b1
C1

This resction may, 0f'caurae, be repeated indefinitely to form

molecules of undetermined size. Steric factors may prevent &
similar resctlon with 2~hs1eganatéé,pyriéinas. ‘
2~6hlar¢pyridine reacts with aquecus smmonia snd copper

catalyst®® at 250° or with zine chloride and agueous am-

24, Wibsut and Broekman, Reec. trav. chim., 58, 885 (1939).

25. Rath, German Patent 510, 432 (March 8, 1927) /C. A., 25,
974 (1931)L
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mon1a®® at 250° to fom 2-aminopyridine while 2-chloroquino-
line forms Z2-eminogquinoline (in poor yield) and carbostyril
by treatment with aqueous ammonie and ammonium earbonatozv
at 200-210°. 4-Aminopyridine®® 1s prepared from 4-chloro-
pyridine, smmonls, and zinc chlorlde at high temperature.
Ammonis bubbled inta a hot phenol solution of 4-chloroquinale-
dine forms 4~amineqnina1dineag almcat/qu&ntitatively; under
the same conditions 2-chloroclepidine ylelds the smine in
about 10% yleld, the rest being converted to 4-phenoxylepidine.
2-Aminopyridine and B,S-diaminapyridine can ba preéepared
by th@ ammenolysls at elevated temperatures of 2-bromopyridine
am 2,6-d£brcm9pyriaine, raapaﬁtivelygsa 4~aminopyridin351 can
be simlilerly mrepared from 4-bromopyridine. 2-Bromoguinoline

reacts with liguid smmonis in the presence of copper gswdersg

§6- ﬁi'@her’ Eﬂr&”i—gj i§§§ !18‘99).

27. Claus and Schaller, J. kt. Sham,. 2/ 56, 204 (1897);
see also Fischer, Ber., 38, gE?I" [17' '

28. Emmert end Dorn, Ber., 48, 68? {1915).
29. Backeberg aml Mareis, J. Chem. Soc., 381 (1942).

30, den Hertog and Wibasut, Rec. trev. chim., 51, 381 (1932);
ibid., 55, 122 (19386).

3l. Wlbaut, Overhoff, end Geldof, ibid., 54, 807 (1935).
32. Jsnsen and Wibaut, ibid., 56, 709 (1837).
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at 70° to form Z2-aminoquinoline. It is interesting that 3
aminequinolin633 can be prepared in the same manner from 3-
bromogquinoline though the bromine stom in the 3~ position 1s
less reactive.

Hydrazine hydrate refluxed with 2-chloroquineline forms
B-hyérazinoquinoline,aé which is slso formed 1f Z2-chleoroquino-
line 1is héated wilth hyﬁraziha hydrate in & sealed tube.ss
.However, in the latter reactlon some sym.~di-2-quinolylhydra-
zine 1s also produced. Marckwald end Meyeras reported that
4~hydrazinoquinaldine and 2-hydrszinolepildine were formed by
heating hydrazine hydrate with 4-chloroquinaldine and 2-chloro-
lepidine, respsctively, for five hours at 150°, but Koenlgs

send von Lossch56

reported thst 4-hydragzinoquineldine and s 4i-
eminoguinaldine were rroduced by heating 4~chlcrcquihaldine
with hydrazine hydrste. 2~Eydrazinepyriéina37 may ealso be

prepered by heeting Z2~chloropyridine with hydrszine hydrate.

38, Renshew end Friedmen, J. Am. Chem. Soc., 61, 3320 (1939).
34. Perkin end Robinson, J. Chem. Soc., 103,1973 (1913).
35, Marckwald end Meyer, Ber., 33, 1885 (1900).

36. Koenlgs end von Loesch, J. prakt. Ghem.,‘[%] 143, 59
(1935). T

37 Farghar and Fﬂrmsﬂ; g;o Chem. Soc., 107 688 (19}.5)-
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These hydrazines combine with aldehydes end keiones the same

as phenylhydrazine. Galonnaﬁs

reported that the halogen in
s-chlareuﬁ-niﬁrabanzskhiazgle was more reactive than the ex-
tremely mobile hsalogen in 2-chlorobenzothiazole snd that it

reacted almost quantitatively with hydrazine.

S

O o1 + Vol OgN C~NH-NH,- HC1
1 — L/

?hanylhjdrazine.r&aaha with 2-chloroquineline on heeting
to form z-pHEhylhydrazinaguinalinagg in 60% yield. Backober340
reported that 2-chloroguinoline hﬁateﬂ with phenylhydrazine in
an inert solvent to 200° yielded eapheﬁyihyéraz1nuqu1nsline,
but when heated to the same ta&paraturé in & sealed tube with-
out a auivant, 1t yielded the isomeric 3-anilino-4-sminoquino-
line. Q-Chlerolapidineﬁi and 4-chloroquinaldine slszo react
with phanylhyﬁrﬁz&ne to form the corresponding hydrezino come
pounds. '

2,6-Dibromopyridine rescts with giperiéina to yleld 2-

38, colannn, Pubbl. 18G. ehim. univ. Bologns, No. 6, 3 (1943)
C. A., 41, 755 (1947). |

39, Ephraim, E@r.,jg, 2817 (1891).
40. Backeberg, J. Chem. Soc., 1083 (1938).
4l. Ephralm, Ber., 25, 2706 {1892); ibid, 26, 2227 (1893).
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However, 2«bromopyridine and sulfanilasmide with anhydrous
potessium carbonate and aaﬁp&§ péuﬂer,yialﬁ 2-{41-aminobenzene-
aulfenamide)~pyridin$48 {(XVI). Analogous predugta ~are oObw
tained from 2-c¢hleroquinoline. ;

Heated to 200° with snlline, 2~ or 4-chloroquinoline may |
be converted to 2~ or &~aniiingquina11ae.4g ‘4-Chloroquinocline,
2,&~éich1craquineliaa; and Z2«ethoxy~4-chloroquinoline yleld
4~anilinoguinoline, 2,4~dlanilincquinoline and znathoxynéa
enilinoquinoline, respectively, when heated with aniline at
120«133°.41 Other arylamines give corresponding resctions.50
2,4~Dihalogenated quinolines treated with arylamines gialﬂ

2~arylamino~4~haloqainal1nea,sx

Zﬁu %hiiii?n;ii %@&; ,g@,e*;; 9 (1§1‘1};
490. Backeberg, ibld., 1051 (1933).

50. Meyer and Drutel, Compt. rend., 295; 143‘(195?).

'51. Curd, Raison, and Rose, British Patent 585, 362 (February
5, 1947) /‘ A., 41, 4173 (19:5?_}7,
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1-Chloro~3-phenylisoquinoline heated with aniline forms

41

l-anilino=3phenylisoquinoline. 2-~Chloro=6-nitrobenzothia-

zole reacts quantitatively with eniline, p-sminobiphenyl, p=-
enisidine, and prhenetidine.aa

2, Preparstion of Ethers. The chlorine in 2- or 4-
chloropyridine 1is elso easlily replaced by the methoxyl group
by refluxing with sodium ﬁsthexi&e in methyl alcehul.s2
Renshaw and Conn53 reported that sodium alkoxides and sodium
aryloxides reacted with 2-bromopyridine to form alkyl and eryl
éepyridyl ethers. |

By heating 2-chloroquinoline with sodium phenoxide to the
boiling point of phenol (180°) Q-phenaxyguinalihe 1s fcrmed.54
Sodium methoxide and 2-chloroquinoline in boiling me thanol
yield E—maﬁhnxyquinoline;ss 2-sthoxyquinoline 1s obtained in
the same manner by employing sodlium ethoxlide and ethanol.
However, sodlum isoamylate and 2-chloroquinoline form 2«1so-
amyioxyquinoline (Xv1iI) (80%) and N-1sosmyloxy-2-gquinolone

(XVIII) (20%).

B2, Haitinger emi Lleben, Monatsh., 6, 27¢ (1885).

83. Renshaw and Conn, J. Am. Chem. Soc., 59, 297 (1937).
54. Friedlander end Ostermaier, Ber., 15, 332 (1882).
55. Bogert and May, J. Am. Chem. Soc., 31, 507 (1909).
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: Q(:' 1 T+ NaOCH,CHoCH(CHg )y —
N , |
X | o X |
A7 OCHpCHpCH(CHg )y + . =0

(XVII) | (anfﬁsﬁﬁzﬁﬂwﬂs)a

2«Chloro-4-quinecline carboxylic aeiﬁsﬁ reacts with sodium

methoxide in one-nalf hour to form ﬁi—methaﬁyquiaalmw%«aarﬁaxr«-
‘ylic' seid (XIX). It is interesting to note that this compound
on heating to 180° rearranges to methyl 2~hydroxyquincline~4-
carboxylate (XX). The ethyl ester mey be formed in the same

ey
. Soor  gooH
XY + NaOCH AN
c1 T8 e——y | |
3/ ﬁ/ %Ks
(X1x) 180
CCOCH3
&,768
(xx).

56 . Kuiart » EQ!’ » ‘, ”§§ » igay z EQGG Yo
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Sodium alkoxides slso react with 4~chleraquinoline to
form i-alkoxyquinalines.5? These resctions hsve been extended
to other derivatives of quinoline. For example, 2-phenyl-4=
' chlareﬁuincline’heaﬁaﬁ with potsssium phenoxide to the bolling
point of phenol for ten hours yields Z2-phenyl-4-phenoxyquino-
11na.5$ Q-Ghlars~4~mathqu&inélins dissolved in hot phencl is
converted to 2~phenoxy»4~ﬁethy1quinel1ns.29

1,4-Dichloroisoquinoline refluxed for three-fourths hour
with sodlum methoxlide inyméehyl alechol forms l-methoxy~4-

ahloreisoquinsiine§s (XX1).
=  NeOCH

Cl

l-Alkoxy-3-propyl (or isopropyl) isoquinolines cen be
prepared in the same mannsr.ao The halogen in 2-chlorobenzo=
thiagole is more reactive then that in 2echloroquinoline and
'is easily converted to the alkoxy group; 2-chloro-6-nitro-

. 6
benzothiezole 1s even more resctive.

8%, Wenzel, Hénatshg, 15, 455 (1894).

58. John and Wunche, J. prakt. Chem., /2/119, 43 (1928); see
also Lockhardt end Turner, J. Chem. Soc., 424 (1937

59. Gabriel and Colmen, Ber., 33, 980 (1600).
60. Lehmkuhl, Ber., 30, 889 (1897).

6l. Colonna, Pubbl. ist. chim. univ. Bologna, No. 5, 3 (1943)
Z_é_, A., 41, 758 (1947)/. ©
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3. Preparation of Hydroxy Compounds. 2-Bromo-&-hydroxy-
pyriﬁinﬁaa is obtained from 2,6-dlbromopyridine by heating for
three hours with 80% phosphoriec acid or by heating to 90° in
elkeline water-alechol solutlion. 1In the former reaction the
rate 12 increased by the positive charge on the nltrogen of
the dibromopyridine phosphata. This ahsrge wmay be dlistributed
by resonance to the 2- and 4~ garbon atoms, theredby increasing
the mobillity of halogens iIn those positions. Either acid or
alkall causes replacement of the hslogen in 2-chloropyridine.

" The chlorine atam in 2~chloroquinoline 1s removed by |
heating with water in & sealed tube to 120°.%% The 4-chlorine
in 4-chloroquinsldine is easily removed by boiling with potas-
sium hydrexids‘6$ 2-Bromoquinoline can be hydrolyzed by pro-
longed bolling #iﬁh water ,5‘4 but 1s more easlly hydrolyzed by
heating with dilute acids. These reactions are in sharp cone
trast to the 3-halogenated quinalines which require fusion with
potassium hydrﬂxids‘to remove the haleg@n.55‘§ha‘exeaptianally
mobile halogens in 2-chlorobenzothlazole and Z2-chloro~6-nitro-

benzothiazole are removed by dilute potassium hydraxids.al

- 62, Wibsut, Haayman, am van Dijk, Rec. trav. chim., 59,
202 (1940).

63. Knorr ani Antriek, Ber., 17, 2870 (1884).
64. Claus and Pollitz, J. prakt. Chem., /2741, 41 (1890).
€5. Frledlénder and Weinberg, Ber., 15, 2679 (1882).
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4. Prepersation of Hercaptans. %—Ghleyapyridine,sa 2
t1odopyridine 87 amd 2-bremopyridine®® form pyridine-2-thiol
by heating in an slecocholile got&sgium”hydraaulfida aolutiﬁn.
In 1ike manner 4-ahlor0§yridinayf@ras pyridina~4@shiol.69
2-Chloroquinoline and 2-chloro-é-methylquinoline react with
potassium hydrosulfide at 150° under pressure to form quino=
1ine-2-thiol end a-mthyaquinélmwa-tmel,' respectively.2C
2-Phenylquinol ine-4-thiol is formed from 2-phenyl-4-chloro-
" quinoline end slccholic potessium hydrosulfide.’C

Tha‘préparasian of thiocls from asctive halogen compounds
1s usually better carried out by using thiourea. ?hua, quino-
line-2-thiol (XX1I)} is prepared from 2~eh1§raqu1naline and

71
thiouresn,

, R 8 N toT
: - ; ] gﬂl
N 3 WH,
NH. or N ‘ ,
v 3 s -+ Gﬁﬁﬁé

(XXI1)

86. Marckwald, Klemm, end Trabert, Ber., 33, 1556 (1900).
67. van Gastel and Wibaut, Rec. trav. chim., 53, 1031 (1934).
68. Thirtle, J. Am. Chem. Soc., 68, 342 (1946).

69. Xoenlgs and Kinne, Ber., 548, 1357 (1921).

70. John, J. prakt. Chem., /2 /119, 49 (1928).
71. Rosenhauer, Hoffmann,end Heuser, Ber., 62B, 2730 (1929).




Under the ssme conditions Z2-methyl-4-chlorogquinoline forms 2,2'-
dimethyl-4,4'-diquinolyl disulfide. Substituted quinocline-2-
and -4-thia1372 heve also bean‘prapareé by this method; the
quinoline-4~thiols are more deeply colared end mare reactive
then the quinoline~2«-thiols. The reaction may be used to pre=-
pare benzothiaszole-~2«thiol by treating 2~chlorobenzothiazole
with thiaureava in alcohol and decomposing the resulting
thiouronium sslt, Some 2,2'-dibensothiazolyl sulflde is also
obtained. Recently 4,7-dichleroquinoline was subjected to the

sane cmnmditions and formed ?Lehlcroguinaline~4-thi¢l.?4

6. Reduction. 2-Chloropyridine can be hydrogenated to

form pyridine which can be further hydrogeneted to piparidina.75

2,6~Diamino~4-bromopyridine is reduced to 2,6-dleminopyridine
in alkeline solution by catalytlic hydrogenation in the presence

76

: 59
of nickel. 1~Chloroisoquinocline  and 1,3-dichlorolsoquino=-

line,vv respectively, by red phosphorouas and lodlne at 170~-180°,

2. Renfrew, J. Am. Chem. Soc., 68, 1433 (1946).
75. Watt, J. Org. Chem., 4, 436 (193.

74. Surrey, J. Am. Chem. Soc., 70, 2190 (1948).
75. Grave, ibid., 46, 1460 (1924).

?6. fibaat, Bickel, and Brendon, Rec. trav. chim., 58, 1124
1939).

77. Gabriel, Ber., 19, 1653 (1886).
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The 3-halogen has to bs heated to 200° with the same reagents
before 1t can be removed.

Cuprous cyenlide hested with 2-chloropyridine forms 2-
eyanepyridine.% Aryl quinolyl sulfones ere prepsred by heat-
ing 2-chlorogquinoline snd sodium aryl sulfinates to 100° for
several days.?g

6. Preparation of Orgenometallic Compounds. By using
the entrainment methal of Grignerd 1%t 1s possible to prepere
2-pyridylmagnesium tromide as evidenced by 40-55% ylelds of
phenyl-2-pyridylmethencl aﬁ;ar treatment of the Grignard with
henzaldehydo.eo Pyridine-2,6-dimagnesium bronide cen be pre-
' pared from 2,6-dibromopyridine, and the reaction has been ex-
tended to 2-chloro, 3~bromo- and 4-ehlbrepyridina.2

81 and ﬁarrissg refluxed 2-bromopyridine, 2-bromoe

Banner
and 3-bromoquinoline with 1ithium in ether for twenty hours and
obtained only‘ tars. However, 3-quinolyllithium can be pre-

pared in 52% yleld by halogen-metal interconversion from 3-

78, Craig. J. Am, Chem. Soc., 56, 231 (1934).
79. Troger ani Meinecke, J. prakt. ,ﬁlwm‘,[%] 106, 203 (1923).
80. Overhoff snd Proost, Rec. trav. chim., 57, 179 (19838).

?‘1. ?anner, M. S. Thesis, Iowa State College, Ames, Iowa
1939). , , .

82. Herris, Iowa State Coll. J. Sel., 6, 425 (1932)/C. A.,
27, 279 (1933)/.
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bromoquinoline and n-butyllithium. Under the same conditlions
BZ-bromopyridine gives & 70% yield of 3-pyridyllithium.

2-Chloroquinoline amd n-butyllithium at -36° yleld: a amell
smount of & 2«chloro-x-quinoline carboxyliec acid subsequent to
carbonation, but no 2-quinclyllithium 1z formed. Methyllithium
and 2«-chlorogquinol Ine do not react at -35°, and 81.5% of the
2-chloroquinoline can be recovered. 4-Chloro-é-methoxyquino-
line adds p-chlorophenyllithium to form 2-{p-chlorophenyl)-
4~eh1are-ﬁ-mnﬁhﬁxyqainﬁlint.8*' The halogen 1s not affected,

nor does 1t deactivate the azomethine linkage.

7. Relative Reactivities of Halogens. Though there is
convinecing evidence that the 2« and 4-halogeneted pyridines
are more reaétive then the other isomers, there are not many
studies by the same worker comparing the reactivities of the
2~ and éahalegangtod pyridines. However, a study of the work
of different euthors might indicate a gresater reactivity of
the E-halégpn; 2,4,6-Tribromopyridine reacts with smmonia to
form 2,6-dlamino-4«~bromopyridine in poor yield,vs indiceting
é\graater reactivity in the 2« position. The caleulated

electron densities of Languat—Higginsl?

gshowed 2 s1lightly lower
value in the 4~ position than in the 2- or 6~ positions, sug-

gesting a grester activity toward nucleophllic reagents in the

83, Gilman and Spatz, J. Am. Chem. Soc., 62, 446 (1940); see
also Spetz, Doctoral Dissertation, Iowa State College, Ames,
Iowa (1941). :

84, Gilman snd spﬂtz; g’- .A_‘E& Chem. Soce., ‘6__6” 621 (19%).



4~ position. However, in s more recent work den E’ertagﬁs sug=-
gestedthat the 4- positionwss more sctive. 2,4-Dibromopyridine
reacts with ammonls to give a prepondsrance of Z2«bromo-4~amino-
;)yriﬁine though some 2-amino-4«bromopyridine 1s alaé formed.
2,5,4~Tribromopyridine aml smmonia yield primsrily 4-amino-2,
S-Gibramcgyridimc The reactivity of the 2- or 4-halogen is
considerably grester if there sre other halogen atoms on the
‘nucleus. | | -

The eleciron demsities are relatively the same for qulno-
lim as for pyridine, i.e., lower on the 4-carbon than on the
zwcarbm; agein s‘hewiag}a alightly;gz;éater retivity in "'é;he 4
poaitién; Ghﬁmiaally Z,é-ﬁiﬁhleraqﬁiﬁaliné reacts with potas-
sium hydroxide in }'*éthﬁnel to y'iald 2—§hler§~4~ethaxyquinalma
(31%), éu-chlerféuznathaxyqumalim (32%), and 4~chloro-2-
hyaramumunm (5.5%), thus infem*ing, that the 2-chlorine

atom is more reactive than the 4-chlorine am.“ 2:3,4~

Tri ch10m~6émathquuinaliaa3? 1s quantitatively converted
to 3,4-dichloro-6-methyloarbostyril (XXIII) by dilute hydro-

chloric acld et 180 . 2-Chloroquinocline is converted to

85, den Hertog, Rec. trav. chim., 65, 129 (1946).
86. Buchmenn and Hamilton, J. Am. Chem. Soc., 64, 1357 (1942).
87. Rugheimer and Hoffmenn, Ber., 18, 2879 (1885).
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carbostyr11° by water at 120°.

A hydroxyl grouping in the same heterocyclic ring of gquino-
line deereases the activity of asny halogen atoms in the ring.
Aniline end 4-chloroquinoline heated to 120° yleld Z2-anilino-
gquinoline, but 4-ehléra~2~hydraxyquinal1ne end aniline do not
resct .41 2,4-Dichloroquinoline, however, ylelds 2,4-dianilinoe-
quinoline. The halogen in 4-chloro-2-hydroxyquinoline is in-
ert, but in 2-chloro-d4-ethoxyquineline snd 2,4~diahleroquin9~
line the halogens are active. The halogen in 4-chloro-2-
sthoxyquinoline 1z almest inert. 4-~Chlero-Z2-hydroxyquinoline
does not react with boiling slcoholie solutions of sodium al-
koxides and with NeOH oﬁly 1f fused.®® Thus the hydroxyl group
in the 2~ position deactlvates the 4-halogen, but ether groups
do not have much effeot. B&rgatroma explalned the deactivating
-effeoct of the hydroxyl grouping by the ﬁsacnnnae'or the un-
perturbed form (XXIV) which may be an intermediste in the re-
sction. This resonance so stabilizes the unperturbed form

that further resction is greatly hindered.

| - c1 1
AN N
@ij@‘ — =
§ | ~

(XX1V)

=

N

88: mﬂr ana mllar,p ’BTQPQ’ gg’ 2009 (188?) .




| Though 1t does have some effect, the corresponding resonance
involving en alkoxy or phenylamino group will not be as ime

portant as Bergstrom showed .a

1 +
—N=C—0R ¢«——> —-g—é:fm

C. Reactions of Methyl Groups &~ andY- to the Azomethine
Linkage.

1. Tautomerism. The A-methyl groups in these hetero-
oycles exhlbit the imsreased activity of methyl groups at-
tached ‘to a carbonyl group (=C=0) or & nitro group (-ﬁilg).
‘Because of this reactivity, it was thought for 2 time that
two isomeriec oemethylpyridines (XXV) and (XXVI) should exist,
of which one (XXV) should be reactive and the other ((XXVI) in-

active. However, two i‘brms could not be isclsted, and, indeed,

N

{XXV) (XXvI)

89

. Shuster gave graphic evidence of resonance in these structures

89. Shuster, Ber., 25, 2408 (1892).
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when he mrepared 2,6-distyrylpyridine by condensing 2,6-dimethyle-
pyridine with benzeldehyde in the presence of zine chloride. It
was thought that the mobllity of the bond could be redueedgo by
fusing with a benzene ring whereby the isomericK-plecolines

(XXV) and (XXVI)} should give l-methylisoquinoline (XXVII) and
Z-methylisoquineline (XXVIII), respectively, or by replescing

N CHg
7%

(XXVvII) (XXVIII)

two of the carbons by & saulfur atom. As will be shown later,
l-methyl 1soquinoline is much more reactive than 3-methyl 1lso-
Quinoline. Replécament of two adjacent carbon atoms by sulfur

glves Z2-methyl~ (XXIX) and 4-methylthiazole (XXX), of which

k'CHf’s\ Gﬂ/ﬁ
I C-CHy | /pg
8E\\/ °336~\
(XXIX) | (XxXx)

80

the former is much mare reactive. This was teken as evidence

for statlic bonds.

$0. Hentzsch, Amn., 250, 267 (1889).
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91

The studlea of Lapworth ™~ and Dimro‘bh% on the relative

reactivity of keto and erol desmotropes, which related the
actlvity of the methyl groups to the formetion of the enol,[
were appllied to these campounds. This suggested the possle
bility that reectivity was a result of tautomerism as il-

lustrated by quinaldine.

O e, = )

Differences in reactivity of 3.»- and ‘a-methyliaaqulnoline were
explained by the c oncept that lumeﬁaylisaqaincnne‘was capable
of tautomerism, snd that 3-methylquinoline was not. The same
raasohihg was applied to the mthylthiaxeléa,

Chichibabin®® suggested that the enol forms of 2- and
4-methylpyridine were the reactive forms In resmctions with
benzoylchleride, benzaldehyde, and benzyl chloride. These
enolic foarms have never been lsoclated, and in thé light of
modern theory, it 1s not necessary to postulate teutomerism,
at least In base-ceatalyzed reactions. The base picks a proton

from the methyl group, leaving the negative carbanion (XXXI)

91, Lapworth, J. Chem. Soc., 85, 30 (1904).
92. Dimroth, Ber., 40, 2404 (1907).

93. Chichibebin, Bull. scc. chim., /5/3, 1607 (1936); Ber.,
60B, 1607 (1927). - =
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which 1is then free to react. This electromeric (tautomeric)

effect 1s brought into play only on the approach of & nucleo~

)
N7 Ofz

(XXXI1)

phllie reaganto94

Hopkina and Enntargs found Z2-methylbenzothiazole to be
completely unassoclated ayml therefore assumed thet the hydrogens
of the methyl group were incapasble of tautomeric transfer be- |
cause hydrogens which are capeble of tautomerism willl take part
~ in -8~H-N-bonds. On the other hand, benzothlazole-2-thidl is
highly essocla ted.

2. Aldol Condensation and Claisen Reaction. Methyl groups
in the 2~ and 4~ pozitions of pyridine and quinoline, the 2=~
positbn of benzothiszole, and the l- position of isoguinoline
under go the aldol condensation, but the reactlions are not ss
rapid as with open-chained ketones. A high temperature and &
catalyst are usually required, The aldol 1s formed in some
cnses, bﬁt in meny cases the unsaturated compound fesults.

2-Picoline and 4-pleocline react with formalin at 130-

150° for fifteen hours to yield a mixture of mono, di, and

94. Remick, "Electronic interpretations of Organic Chemistry,"”
John Wiley and Sons, Ine.,_ﬁew York, 1943, p. 136.

95. Hopkins and Hunter, J. Chem. Soc., 638 (1942).
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96, 97 .
tpimethylolpicoline ' (XXX1IX1).

N
[ otosgom,

(XXXII)

4-Methylquinoline forms only the dimethylol derivative; however,

2-mothylquinoline forms q(/tyy‘imethy;§1quin9§‘ine.98 2,3,8=Trl-

methylquinoline and formeldehyde form 3,8«dimethyl-2-dimethylol-

methylquinoline (XXXIIT) A

~

NF CH(CH,0H)go

CHy

(XXXIII)
Aeataldehycie%’ 100 and prapionaldehyde% resct with
2-picoline to form the corresponding carbinols in rather poor

yield. However, chloral condenses to form trichloromethyl-2-

96. Loenigs end Happe , Ber., 35, 1343 (1902).

97. Ledenburg, Ann., 301, 117 (1898); Ladenburg, Ber., 22,
2583 (1889). ,

98. Koenlgs, ibld., 34, 4322 (19801).

99, Poth, Schulze, King, Thompson, Slagle, Floyd, snd Bailey,
gc é‘_@_‘ Chem. gec!‘ _5__%, 1239 (1930}«

100. McElvaln snd Johnson, ibid., €3, 2213 (1941).
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‘ . 100
picolylmethanol (XXXIV) in 70% yield. This is easily con-
verted to/3-(2-pyridyl)acrylic scid (XXXV) by refluxing with

potesslium hydroxlde in ethaaal.lgl

~ N
+ CC1CHO s | ]
@ CBy @ CHpCHOHCClg

~
(XXX1IV)
KOB l/ ~
CoHgOH sz CH=CHCOOH

(XXXV)

Quineldine can be converted to Y=-trichloro=@-hydroxy=ol
{2-quinolyl)propane (XXXVI) undsr the ﬁame conditions. This
compound can be traﬁsfarmed by milﬁ hydrolysis to3~(2-quinolyl)-
lactie &eiﬁ102 (XXXVII) or by stronger hydrolysis to s-(2-quino=~
lyl)acrylic acid (XXXVIIE).IQ@

| ~ CCl,CHO_ ~ h
) QH; 73 S | g CHpCHOHCC13
N :

(XXXv1)

I01. Tullock end Mokivain, J. Am. Chem. Soc., 63, 2213 (1941).
102. Einhorn, Ber., 18, 904 (1886).
103. von Miller end Spady, ibid., 19, 130 (1886).
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AN z | AN
“§Z 33203@33515 —_ S > caecmﬁgaea
{(XXXV1) \\\\\\\$ , {(XXXVII)
AN .
/,EH:QHGQGH
N

(XXXVIII)

‘Lepldine and chloral react to form the aldol condensation
produetle5 which cen be hydrolyzed by aleoholie potassium hy-
droxide to/3-(4-quinelyl)acrylialaeid.164 2,4-Dimethylquino~
1ine forms 4-methyl-2-(y,Y,r-trichloro-3=-hydroxypropyl)quino-
1ine or 4~maﬂayl-ﬁ—(Y}Y}thriahiereprepenyl}q&inolina depend-
ing on the conditions, thus showlng thet the 4-methyl group
is less reactive then the 2-methyl graup.las

The coxdensation of aremakie aldehydes wlth methylpyridines
has been carried out by raflux%gg in acetic anhydride, with af
without zlne chloride. The preparation of pure aldol condensa-
tion products of the pyridine s;ries can be asccomplished by
heating aromatlec aldehydes sand 2-m§thylpyridine in water at
140-160° for ten houra,lgs In the quinoline series potassium
bisulfate, zinc chloride, sodium hydroxide, =sodium alkoxides,

acetlic anhydride, and concentrated hydrochloric acid have been

104, Clemo end Hoggerth, J. Chem. Soc., 1241 (1939).
105. Spallino snd Cucchisroni, Gazz. chim. 1tal., 421, 517 (1912).

106. Bach, Ber., 34, 2225 (1901).
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used as condensing agents In the preparation of styryl deri-
vatives. These condensing agents plus & higher temperature
and & longer time are necessary for ccnversion}of the initiel-
ly' formed cerbinol to be converted to the styryl derivative.

hn107

However, Jo reported that zine chlorlde may be harmful

to the condensation. Eidgwiaklea

on the other hand, suggested
that zine chloride could attach 1tself to the nitrogen by a

coordinate 1link as in the zinc smmine compounds.

N T %> PR r/\T/AT
-1 CHz CHg

S,

— - HC1
|
ZnC1

Probably the latter step would be better formulsted as
the following.

‘\Al% — ()
énﬁlg gnﬂlg

A

/Tﬁﬁ. John, Ber., BUB, 722 (1026).

/

J 108. Sidgwick, Taylor, and Baker, "The Organic Chemistry of
’1 Nitrogen,"” The Clarendon Press, Oxfoard, 1837, p. 561.



Potssslium blaulfate and concentrasted hydrochloric acid
mey resct similisrly to form the positive ion which then dis=-

soclates,

, + ”
CH, —_—
H
{(XXX1X)

This indicates that the tautomeric form (XXXIX) 1s an
intermediate in the acid-catalyzed condensation.

Benzaldehyde and other arometlec aldehydes undergo the
Claisen reaction with 2- and 4-methylpyridine in ascetic an-
hydride to give better ylelds than with zine chloride., With-
out any condensing agent a& mizture of sldol condensstion pro-

109

‘duet end the dehydrated product is formed, though Rothl1C

could not dehydrate 3-(2-pyridyl)~-o-(o-nitrophenyl)ethanol
with zinc chloride. 2,4-Dimethylpyridine refluxed with benzek
dehyde and ecetic anhydride ylelds Z2-styryl-4-methylpyridine
and 2,4-distyrylpyridine in a two to one ratio,lll while with
zine chlorlde as condensing agent only Z2-styryle4-methyl-

pyridine is formad.llg A similar reaction g@curs with p-

106. Shaw and Wegstaff, J. Chem. Soc., 77 {1933),
110. Roth, Ber., 33, 3476 (1900).
111. Clemo end Gourley, J. Chem. Soc., 478 (1938).
112. Bachér, Ber. 21, 3071 (1888).



tolusldehyde, and here agein we have an Indication that the
2-methyl group 1s more reactlive then the 4-methyl group.

Meny resctions of aldehydes with 2~ and 4-methylquinolines
are reported. Because of the higher boillng point of the guino-
line compounds a catalyst is not always necessary. By condens-
1ng quineldine with p-dimethylaminobenzaldehyde in coneentrated
hydrochloric acid 2~(2¢d1methylaminaetyryl)qu1n011n3113 is
formed. If quinoline-2- and 4-sldehydes are refluxed in
ethanol for six hours, sldols sre formed with all but quino-
line~4~-aldehyde and 4-methquuinaline,ll4 thereby providing
further evidence for lower reactlivity in the 4~ position.

1156

m-Nitrobenzaldehyde and quineldine condense to form only

the styryl derivative while o~ snd p~nitrobenzaldehyde heated
for five hours with quinaldine at 130° yield carblnals.llﬁ
Leter work has shown that the m-nitrophenylquinaldylmethanol
can be formed at 120° in three hours if minersl scid is com-
pletely excluded; refluxing in scetle eanhydride ylelds the

styryl derivativa.ll? 2,4-Dinitrobenzaldehyde snd quinaldine,

115, Noeiting end Witte, Ber., 39, 2749 (1906).

114. Kaplan end Lindwell, J. Am. Chem. Soe., 65, 927 (1943).
115. Teylar and Woodhouse, J. Chem. Soc., 2971 (1926).

116. Flscher end Merkel, J. prakt. Chem., /27 100, 96 (1920).

117. Walton, Tipson,end Cretcher, J. Am. Chem. Soc., 67,
1501 (1945).




refluxed in aeetic anhydride, yield 2- (2',4'-d1nitrostyry1)-

quinoline (XXXX) .
@iﬁ.mQ

(XXXX)

2,3,8-Trime thylquinoline and benzaldehyde ‘reaet to form
2«8tyryl-3,8-dimethylquinoline, which can be oxidized by potas=-
sium permangsnate to 3,7-dilmethylquinoline-2-carboxylie acid .‘99
2,4-Dimethylquinoline rescts with benzaldehyde to form E-styryl-
4-methylguinolino.llg If five grams of gquinaldine and flve
grems of lepldinme plus an equal welght of benzaldehyde are
heated to the bolling point for three hours, sbout eight grams
of 2estyrylquinoline and one gram of 4-styrylquincline are
formed. The methyl group in the 2~ position i1s therefore more
reactlve then the one in the 4- pesikian.me

Tipson has recently reviewed all previous work on the pre-
paration of styryl derivatives. After trying ell procedures,
he settled on the method of heating the aldehyde end the methyl-

quinoline to 275° for two hours and, after removing the product,

118, Bennett snd Wiills, J. Chem. Soc., 1960 (1928).
119. Fischer and Scheibe, J. prakt. Chem., /2 /100, 81 (1920).
120. Eibner, Ber’, gz, 3605 {1@04}4
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reheating the unreacted materisl for two hours Ienger.lgl He
found acetlic anhydride unsatisfactory as a condensing agent
and ginc chloride and hydrochloric acid satisfactory but 4if-
ficult te remove.

1-Methylisoquinoline reaects with benzaldehyde at 100° in

the presence of gine chloride to yleld l-styrylisoquinoline
- (xxxxr) 50

o ZnClo | \gl
. ks
GBs ; ag:ca<i::j>
{(XXXXI)

The 2-methylbenzothlszoles are also easily condensed;
for exsmple, Z2-~methylbenzothlazole and benzaldehyde react 1n
the presence of zinc chloride to form 2-styrylbenzothiszole
. (XXXXII) which has been catalytically reduced to 2-phenyl-
| eﬂaylbenzeth&azala.leg

PN
C-~CH, + o 2ZnCl
@2{/ o+ (o 2o,

121, Tipson, J. Am. Chem. Soc., 67, 507 (1945).

li!lm ;;;c~cﬁzcsé<_~>$

(XXXXIT)

%22, )Gehiai and Nizizawa, J. Pherm. Soc. Japan, 60, 132
1940) . ,




S Mliscellaneous Condensations. 2-Plcoline and quinaldilne
Jhave been condensed with oxomalonic ester, diphenyltriketone,
ethylbengoyloxalete, benzil, end alloxan in ylelds from 4% to
74%.106 As an example, the resction between quinaldine snd

oxomalonic ester 1s shown below.

‘ 00CoHg 7 AN
g | et & : | crgCion 2 °
e K/ 335 Gﬂegﬂs = B 24

CO0C,Hg

Quineldine rescts with phthalic anhydrideleo on gentle
heating to form quinisophthalone (XXXXIII) which on further
heating 1s converted to quinophthalone (XXXXIV) as fallowa.lzs

o. .
x o
entle
[::::I:j\:Jcas [::::f / heat - W7 cgg-,/[::::}

OH
(KXXXIV) (XXXXIIXI)

Kuhn apd B§r124 prefer (XXXXV)}, or the tautomeric form

I128. Wanske, Chem. Rev., §Q; 113 (1942).
124, Enhn and Bar, Ann., 516, 155 (1935).
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of (XXXXIV), as the structure of quinophthelone. 4-Methyl-
quinoline, incldentally, does not give this reaction.

Ht c
{XXXXV) : 0
Bieﬁhylaxalatalzs and quinaldine resct in the ﬁresenee

of potassium ethoxide to form ethyl O-(2-quinolyl)pyruvate
{XXXXVI). |

, X ?fgcggé Ei::]::f§1 |
@% Go00gHy —— BBy L oy 8-focen,

(XXXXVI)
- Lepidine forms the corresponding ethyl (3-(4-quinolyl)pyruvate.

4. Bromination. Quinaldine can be brominatedl®® to form
2~tr1bromomnﬁhquninaliné (XXXXVII) which 1s readily hydrolyzed
by dilute sulfurie scld to quineldinic acid (XXXXVIII).

2-Tribromome thylquinoline can be reduaedlgv by stannous
ochloride to 2-dichloromethylquinoline (XXXXIX), which hydroe

i28. Wislicenus end Kieisinger, Ber., 42, 1140 (1909).
126, Eﬁmmiﬁk, J. Chem. Soc. » 122}’ 2882 (}.925) .
127. Hsmmick, ibid., 1302 (1926).




wbde

§ 8 Xy~ %Brs
/ {(XXXXVII)
SnCly |

dilute
\
e 5%
A ¥ 2 .
| Z S
(XXXXIX) l&gﬁﬁg " ~ | > COCH

37039 . (XXXXVIII)

(L)
lyzee easily to quinoline-2-aldehyde (L). By further reduction
with stennocus chlorlde Z2-monochloromethylquinoline can be

formed and hyﬁroiyzed to 2«=quinolinemethanol.

5. Metslastion. Pyridines with & methyl group in the 2-

or the 4~ posltion reasct with sodamide or potessium smide to

93, 1
form a sodium salt. » 128

s

28. Chichibabin, Rec. trav. chim., 57, 582 (1938).
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The sslt apparently 1s much llke the salt of acetoacetlic
ester and without solvent reacts with alkyl halides to form
alkyl derivatives of pyridine in yilelds of 50% to 60%. Both
guinaldine and lepldine react with alkali-metel emides either
In liguid ammanialgg or without aolvenﬁ;lga these alkall-metal
- saltes of quinoline alsoc resct with alkyl halides to yleld alkyl
quinﬂlinesolzg 2-Methylbenzothiazole is readily converted to
the sodium salt by the action of sodemide.®

Quinaldine and 2~methylpyr1d1nelsg can be converted to
what might be termed the corresponding lithiomethyl compounds
by the action of phenyllithium in ether 151 2-Methylbenzothlia«
sales unﬂargoés the same reactlion end slso reacts with ethyl-
magnesium bromide to form the Grignard reagent. 2-Lithio-
methylbenzothlazole can 2lso be prepared by heating 2-methyl-
benzothiezole with lithium to 200°,

129, Bergstrom, J. Am. Chem. Soc., 53, 4065 (1931).

130. Recently Mr. J. L. Towle prepared 2-pyridylmethyllithium
in good yleld by the actlon of phenyllithium on 2-methylpyri-
dine. Because of the similsrity of 2~pyridylmsthyllithium to
- benzyllithium snd benzylmagnesium echloride, he attempted to
demonstrate a resrrangement with Zepyridylmethyllithium an-
alggous to that of benzylmagnesium chloride, which 1s known
to form o~ and p-tolyl derivatives rather than benzyl deriv-
etives. ~He was unable to show a rearrengement and found the
reactions of Z2-pyridylmethyllithium to be normal. However,
neither Z2-pyridylmethyllithium nor gquinaldyllithium gave &
positive Color Test I.

131. Ziegler end Zeiser, Ann., 485, 174 (1931).
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These alksli-metal salts show many of the reactlons of
organometallic compounds. As mentioned previously, they react
with alkyl halides. 2-Picolyllithium reacts with benzalde-
wwaeuwmm wwamewwaww@%wmwwwwm aa@wmwaawam¢~wum acetic anhy-
wmm_paa oawuwbnmwnwuwa* to yleld the expected products.

128 quinaldylsodium awmw 151

dride,;
msw»ocw%wuoawma« quinaldyllithium,
and 2~bengothiazolylmethylmagnesium bromide react with benzo-
phenone to yield the corresponding carblinol as 1llustrated

with quinaldyllithium (LI).

* anolg%wn out
~ CHglLi

KN

_Abmv F20

5 cen be car-

- The Orignard reagent of 2-methylbenzothlszole
bonated to give 2«-benzothiamzolylacetic acid, and it slso reacts

with acetone to form m:mwgcvmnaewﬁ»wnowwwnaawwwvswawwavmuaw.

.wmm. Vmawmswsu and Rosenthal, J. prekt. Chem., \m&w 135, 267
1932).

M.Mvﬂi vﬁ””ﬁ@ﬂ-‘ Hunt, end mguwaﬁnﬁb ‘Mi EQ Chem. meﬂiv s@mb 2771
1941).

1%4. Beets, Chem. Weekbled, 39, 187 (1¢42).




Phenyllithium end 2,6~-dimethylpyridine yield the dllithlo
darivativa.155 An improved method for the preparstion of 2-
ethylpyridine from 2~-plcolyllithium and methyl iodilde has been

recently rapartad,las

and several new derivatives of pyridine
have been prepared by treating alkylpyridines, which must have
at least one alkyl group in the 2~ position and at least two
hydrogen atoms on the carbon linked directly to the pyridine

nucleus, with phenyllithium and then with/9~1anone.157

6. Oxidetion. Selenium dioxide 1s an excellent oxidiz~
ing agent for compounds which contain e methylﬁna group acti-~
vated by proximity to a negative graup.ias Thus acetone can
be converted to me thylglyoxsl in 60% yleld, and acetophenone
to phenylglyoxel in 50% yleld. Because of the similerity of
the azomethins grouping to the ecarbonyl grouping 1%t was thought
that the methyl group adjacent to the azomethine might be at-
tacked specifically by selenium dioxide to yleld the alde~
hxéa.lag However, Hﬁnzalag found thet 2-methylpyridine in

I35, Kloppenburg end Wibaut, Rec. trav. chem. , 65, 393 (1946).

136. Gregg end Craig, J. Am. Chem. Soc., 70, 3138 (1948).

137. van Dorp and Arens, Dubtch Patent 61, 159 (June 15,
1948) /C. A., 42, 7544 (1948)/.

138. Riley, ﬁarlay,and Friend, J. Chem. 8cc., 1875 (1932).
139. Henze, Ber., 67B, 750 (1934). |
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xylene was converted to pyridine-2-cerboxylic acid with only
g trace of the aldehyde, 2,6-Dimethylpyridine réims the di-
carboxylic acid. , ' . e
Quinaldine end selenium dioxide in boiling xylene form
quinaline»ﬁ*aléehydevand quineldinic socid, but 2~ethyl-3-
methylquinoline 18 converted under the ssme conditions ex-
clusively tof5-mathquuinélinﬁ-z-aarboxylie 801d. 5% gwartier
and Linduall,zie however, were able to convert ;-mathquaine~
line in xylene to quinoline-4-aldehyde in 61% yield by the
use of selenium dloxide. 6-Methoxy-4-methylquinoline forms
the corresponding aldehx&a in 52% yleld. th}an;41 attributed
- the fallure of other work to the selenium dioxide, which must
be freshly prepared. If not freshly prepared, 1t converts
quinaldine to quinsldoin, 2-hydroxy-1,2-d1-(2'-quinolyl)e-
thencne (LII), snd lepidine to 1,2-di-(4'-quinolyl)ethylene
(L111).

' bV
-¢H \\ S
(L) | (LIII)

140.” Kwertler end Lindwall, J. Am. Chem. Socc., 58, 524 (1937).
141. Kaplen, ibid., 63, 2654 (1941). |



Since the Z2-methyl group is mare active than the 4-methyl
'greap. there would be more gqulnoline~2-aldehyde in the reaction
mixture at any time and, therefore, more quinaldoin (LII)
would be formed. In the reaction of 4~-methylquinoline and
aaleﬁinm dioxide there would not be a&s much quinoline«4-
eldehyde, and the Clasisen reaction between quinoline-4-slde-

141 A procedure

hyde =nd é-mathyiquinoline would predominste.
for the oxidation of 4-methylguinoline by selenium dloxide in
acetic acid and acetic anhydride at 85-90° has been recently
published together with reduction of the sldehyde to quinoline-
4-methanol by snhydrous 1l-propyl aleochol and aluminum l-propy-

late. The yields of the two reactions are 50»66%,142

?‘ Mannich Reaatiaa.léﬁ

The Mannich reaction 1s the
reactlon between an mctive methylene grouplng, formaldehyde,
end & primary or secondery smine (ususlly as the hydrochloride).

- The folléwing is a representative equation.

1 0 :
a~g-c32-ai-+ HCHO + aﬁicﬁs}g-Eﬁi-——»awﬁ—ﬁﬁ-a* +  HpO
_ CH,-N(CHz )2 HC1
- o{=Picoline and 2-methylquinoline have been condensed with
dimethylamine, diathylsminﬁ, methyldiethylethylene ﬁi#mina,
piperidine and me thylanlline, either as the free amine ar as

142, WeoDonaid, J. Am. Chem. Sog., 68, 1219 (1947).

143. Blicke, "Orgenic Remctions,” (Roger Adams, Editar), John
Wiley and Sons, Inc., New York, 1948, Vol. I, p. 303.
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‘the hydrochloridse .14% g-Methyl-4~-hydroxyquinoline, 2~-methyl-
va-nitrnquinglim, and .2~athaxy-4~methquuinalim ha‘ve‘ been

| condensed with the seme amines. ®> According to Tseou Héou-Féo,
the most probeble mechenism is the following, using piperidine

end quiriald ine ag an example.

’< | \?' H-HC1 + CHe0 — mfgxg—og
O — e
' O 352*332*- 329

142
McDonald  wss uneble to condense gquinoline-4-methanol

with formaldehyde and piperidine.

8. Quaternsry Ammonium Salts. The formetion of quater-
nary ammonium salts, for example, 2-methylpyridine methiocdide
(LIV) increases the resctivity of the methyl groups. The posi-

+
\ AN
Y ﬁ/ CHgy I~
CHg
| C(nav) |
ﬁ%._ Tseou Héou-Feéo, Compt. rend., 192, 1242 (1931).

145. Bartholomaus, German Patent 4'!9 807 (May 8, 192?}
f;f A., 24, 4056 (19:507
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tive charge of the lon is distributed by resonance to the 2=
gend 4= pasitiens making them more sctive toward nucleophilie
réagants.8 The styryl derlvatives of 2- and 4-methylpyridines
are fcrmad‘mefely by refluxing the alkiodide for five hours
in ethanol solution using piperidine as the catalyst¢146 The
- same is true of quinaldine, lepidine, and 4-methylisoquinoline
‘methiodides. A large number of substituted styryl derivatives
have been made in thils way.

2~Plicoline will not react with penltrosodimethyleniline,
but the methiodide of 2«plcoline reacts readlly 1& the presence
of piperidine es rellcwa.14 ‘

(Jeormsd Sening]|
57 CE="- _\ ~N(CHz)p| I~

CHg

Parallel reactionas sre obtained with quineldine, lepidine,
and l-methylisoquinoline methlodides. The reactivity of 2e
methylquinoline methiodides is higher than that of 4-methyl-

T46. Wills ard Pope, J. Chem. Soc., 121, 946 (1922).

147. Kaufmenn and Vellette, Ber., 45, 1736 (1912); ibid., 46,
49 (1913).




w§2-
quinoline meﬁhiedidna.lia
The ethiodides of Z2emethylbenzothlezole, 2emethyl-, and
4-methylquinoline are reactive enough to condense with ammono
dieldehyde ethers of the genersl formula, R-N GK(GE:GH}&-ERQ.E
For exsmple, [-anilinomcrolein anil (LV) reacts with Z2-methyl-

qninalina}ethiedida as follows.

| 7 N v |
! | ~CHg I + ¢ ~NHeCH—CH-CH—N
RN

Ggﬁs

(Iv)

1t

Coly

The free bases, of course, do not give this reaction.

D. Reactions of Other Substituents o« end Y= to the Azomethine
" Linkege.

1. Hydroxyl Groups X~ and Y= to the Azomethine Linkage.
As would be expected, teutomerism has been postulated in these

compounds; for example, 2-hydroxypyridine tautomerizes to 2«

148, Brooker and Sprague, J. Am. Chem. Soc., 63, 3203 (1941).
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pyridone (IVI).

N —_

- {1vI)

In the pyridine series derivetives of both structures sare
known, though the ultraviolet absorption spectra of the N-
alkylpyridones indicate that the aromstic ring of pyridine
is still prasent.}"ég They are consequently formulated as N~
alkyl derivatives of the dipolar forms (ILVII) and {I.V’:}:II).8

' 0
[ N
J=0" |

CH, oy
s (LVII) CBy (virD)

Methyleation of 2«hydroxypyridine with methyl ilodide at
100° forms Nemethyl-2-pyridone; the same product is obtained
by the reamction of methyl sulfate and metheanol with Z2«hydroxy-
pyridine .150 From the slilver salt and ethereal methyl iodlde,
howsver, 2-methoxypyridine is formed in sddition to N-methyl=
2-pyridone. Nevertheless, i1t 1s not possible to predict which

isomer will be formed as the substituents on the ring effect

749. Arndt end Kelischek, Ber., 63B, 587 (1930).
150. von Pechmenn and Baltzer, ibid., 24, 344 (1891).
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(1x)

_ethsrs,'heuavar, ere converted by dilute minerel acids or by
alkylhalldes eand alkali into K»alkquuinozenas‘lsv
The abscrption speoctra of 3~, B-, 6+, 7-, and 8-qulno~-
1inols end 5~ and ‘7-&soqvino’1inala are in general agreement
with the phenolic structures, while the sbsorption specirs of
2« ahd 4-guinolincls snd l-isoquinclinol are predominently
158

ketonic (lactemic) in nature. Chemical evidenna indicates

that 4-quinolinol is more phenolic than E-Qﬁinelinal.lﬁa’ 159
' ; 54 : 160 '
2«Quinolinol®™ and 4~guinolinol react with phosphorous
‘;pentachlerida or phosphoryl chloride at a higher tempersture
then is required for pyridinols to form the corresponding
chloro derivatives. 1,4-Isoquinolinediol reascts with phos-
phoryl chloride st 160-170° to form both lechloro-4-isoquino-

, 59
1linecl end 1,4-dichloroisoquinoline. g-Methyoxy-2-quinolinol

157, Keufmenn snd de Petherd; Ber., 50, 336 (1917).

158. Ewing and Steck, J. Am. Chem. Soc., 68, 2181 (1946).
169. Reltsems, Chem. Rev., 43, 43 (1948).

160. Backeberg, J. Chem. Soc., 618 (1933).
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and Z2-mothyled-guinolinol react with phosphorous pentabromide
to yiela 6-methoxy~2«bromoquinoline (42%) and 2-methyle4-bromo~-
quinoline (25%), r&apeativaly.lsx 4-Methyl-2-quinolinol heated
one anﬁ one-half hours at 120° with phosphoryl bromide gives s
0% yield of 2-bromo-4-methylquinoline. ‘

' The preparation of thiols is carried out by treatment

of the 2- or 4~halogen compound by potasaium hydrosulfide or
“better byrthiauraa a8 has been discussed esrlier. These com~
ppunds~wauld be expeoted to exhibit the same rescnance farm&

s the corresponding hydreiy compounds. These thiols sre more
diffieult to oxidize to disulfides than other aryl thiols_

- Weak mxidizing agents like ferric chloride end iodine in
sodium hydroxiﬂo had no effeet, according to Raos.lsg Hydro-
igen~psr0xida is, however, effective in converting 2-qﬁihelina—
thiol and 4-methylquinoline-2-thiol to corresponding diaulfidaa.
Renfrew'® had converted #»msthqunin&lineaeuthial, 7-methyl-
quinoline~4~thiol, ?-éhlaraué-mathylquinnline~2»khial, and

- 6-methoxy-2-methylquinoline~4~thlol to the corresponding di-
gulfides by mesns of 19d1na and potassium lodide, though the
resction with V*mathquainéliaa-éwthial was slow. The quiha?

line-4-thicls are, however, more reactive than the quinoline-

I61. Kasiow and Marsh, J. Org. Chem., 12, 456 (1947).
162. Roos, Ber., 21, 619 (1888).
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2-thiols. The sodium salts of 2-gquinolinethlol, 4-methylquino-
1ine~2-thiol, and 2-methylquinoline-4-thiol form 2-quinolyl
ethyl sulfide, 4-methyl-2~quinolyl ethyl sulfide, and 2-methyl-
4-quinolyl ethyl sulfide, respectively, when treated with ethyl
dodide., 6~-Methylquinoline~-2-thiol forms the disulfide by treat-
ing with methyl 10dide®® and sodium methylate in methanol solu~
tion at 60-70". |

5-Nitropyridine~2-thiol reacts with ehlor&esti& acld to
| form 5ﬁnitra#2-pyridylmareapteaeatia acid in 89% yield by re-

fluxing for one hour in uatar.‘l

| %3| N s Qgsl >
S s * O1-0Hp=000R —— || _Ls-che-coon

7=Chloroquinoline~-2-thiol also rescts with chloracetis
éeid to fc@ﬁ V»ehlaraué-quinalylmaﬁaapke&eetia aaid.?4 This
is at variance with 7-chloro-4-~hydroxyquinoline which gives
&(1)-quinalana-l~acetie aeld (LVI).

i

By
CHpwCOOH

(1XY)

188, Surrey and Lindwall, J. Am. Chem. Soc., 62, 1697 (1940).



w58

2-Mercaptobenzothiazole, heated to 150° in a sealed tube
with smmonium sulfite, ylelds 2-sminobenzothiazole in 52%
yield.

AN . ’/ N - B
N X N | -

@8\3/83 + 333‘;’ @i\c"m" — O/ 3\‘3"1‘39
g/ éosm | g/ | N \{/

This reaction hes been extended to other primsry amines,

~ but ssebndary amines do not réact.164 | |
2. Moblllty of Alkoxy éﬁd’krylexy Groups q& and
Y- to the Azomethine Linkﬁga. Both 2« md 4~alkoxypyridines

should have labile alkoxy groups since these substances sre
cyclic ammono aquo ostars,a but they are not as reactive as
might be expected. The low reactivity may be assoclated with
the high resonance enorgy af the pyridine ring. At 200° 2
methoxypyridine 1s partielly converted to Humskhyl~2~pyr1dona%65
By heating to & dull red hest 2-phenoxypyridine may be con-

166

verted to N-phenyl-l-pyridone. By heating with hydrochloric

i64. Ubaldini end Fioreza, Gezz. chim. ital., 76, 215 (1946).
165. Key&r » Kmatah¢, gﬁ, 47 (198?} .
166. Chichibabin and Jeletgky, Ber., 57B, 1158 (1924).
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acid 2-phenoxypyridine is cleaved to phenol and Z~hydroxy-
pyridine. 2-Methoxypyridine hested with concentrated hydriodie
acid for forty-eight hours et 100° forms methyl iodide end 2«
hydroxypyridine, but the resction is slower than methyl ether
cleavage in the regular Zsissel‘gﬁterminstien.sg
In the quinoline aer&agxﬁga 2~ or 4-alkoxy group 1is more
. active thsn an ether grauﬁ, but less active than an eater.lsv
2~Ethax§ﬁainﬁ1&na heated to 100° with methyl iodide for forty-
eight hours forms N-methyl-2-quinolone in good yleld.l168

169

Meyer™ ' reported that 2-alkoxyguinolines were converted to

¥-alkyl-2-quinolones by hesting to 100" ; the 4-alkoxyquinolines
hed to be heated to 280° to form %he~§-a1kyi~4-qninelones.lvg
) Ghiehibabin and Jbletskylﬁs reported that 2-allyloxy-
quinoline rearranged to N-allyl-2-quinolone by distilling
{b.p. 325-320°) at atmospheric pressure, but, in a more recent
work, ﬁuﬁ»ﬁoi and ae-warkarsl?l reported no resrrangement at
© 200° and suggested that, beéaﬁaa of the relatively low bolling
- point, the product cdbtained previously could not have been the
quinoclonse., ’ ‘
2-Ethoxyquinoline is not affeeted by bolling in dilute
potasaium hydroxide, but 1s converted to 2«-hydroxyquinoline

I67. Meyer, Monatsh., 27, 2656 (1906).

168. EKnorr, Ber., 30, 929 (1897).

169, Meyer and Beer, Monstsh., 34, 1173 (1913).
170. ZXnorr, éga.,\ggﬁ, 69 (1886).

171. Buu~-Hol, Hiong-Ki-Wel, snd Royer, Bull. soc. ghim., 12,
886 (1945).



and ethyl echloride by heating to 120° with dilute hydrochlorie

asid.lsv

2-Chloro-4-ethoxyquinoline 1s converted to 2-chloro-
4-hydroxyquinoline by heating for ten hours with 70% hydriodie
acld, and 4~-chloro-2«ethoxyquinoline forms 4-chloro-2-hydroxy-
quinoline quentitatively by refluxing for thirty minutes with
6N hydrochloric acta.’®

‘ Beﬁgst§cﬁ replaced the methoxyl group in gémsthsxyqnina-
~line with the emino group in 51% yield by traatmentvwith potas-
" sium emide in liquia ammania-lvg 4~-Alkoxyquinolines are changed
to 4-aminoquinolines or 4-alkyleminoguinolines by ammonium salts
end ammonia or alkylamin»s.173

The methoxy group in ﬁamethexy~6~nitrebenzeth1azolo is

extremely mobile. Alcoholic sodium ethoxide converts the
methoxy derivative to 2-ethoxy-6-nitrobenzothlazole, and sodium
iaépropéxiéc andk2-methaxyiﬁonitrahanzsthiazola form 2-isoproe

paxyasunitrebanaothiasalo.lvé

3. Amino Groupings c« end Y= to the Azomethine Linkage.
Amines,'ih‘whieh the aminé groﬁp is L= or Y= to the agomethine
linkage in pyridine, gquinoline, henzathiasele, or inoquiﬁolinn,
have & spescisl reactivity. Amino groups in other positions in

I72. Bergstrom, J. Org. Chem., 3, 233 (1938).

175, Germsn Patent 708,116 (June 5, 1941) /G. A., 37, 5084
(1943)7.

174, Colonna, Pubbl. ist. chim. univ. Bologna, 1943 (No. 7),
3 /0. A., 41, 755 (To4T)/.




these heteroscycles are Jjust like any other aromatic amine.

For instance, 3-aminopyridine forms = dihyﬁraehlaridelvs

while 2~ anﬁ 4-eminopyridines form only & mennhyéroahlﬂr&de.lsz
SeAminopyridi ne cen be dlazotized in the usual manner, but 2-
emlinopyridine diazotized in dilute sulfurile acid forms 2«
hydrsxypyr&ﬁinﬁ.l?a Biazetizatinn of 2~aminopyridine in hydro-
fluoric acid, bhydrochloric seid, or hydrebréﬁic acid leads to
Boflubropyridina, 2-chloropyridine, and 2~bromopyridine, re-
apaetively‘l?s &nAminequinalina dlazotized in hydrochloric
acid ylelds é-dhiaroquinoliﬁa, and diaae&izad‘in hydrobromiec
acid 1t ylelds 4—bromaquinoline. By diazotizing 4-aminoqu1no-
line in hydrolodic gaiﬁ some 4-iodoquinoline is formed, but

glso B-lodo-d~eminoquinoline (IXII) can be isolated.l’!

Thiszoles sare very similar to pyridine in many‘rsapeetn,
snd dlaszotization of 2-sminocthiazoles provides no exgeption

to this relationship. zﬁamiﬁathiazala diezotized in hydro-

%7354}591p§l,~isng, and Mertini, Qags. chim. itel., 64, 83

176. Chichibabin and Rjasancev, J. Russ. Phys. Chem. Soc., 47,
1571 (1915) /J. Chem. Soc., 110 I, 224 (19 .

177. Claus and Frobenlius, J. prekt. Chem., /%jc 56, 181 (1897).
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chloric mcid forms 2-chlorothiazole.l'o Qnﬁminabanzethiﬁanle
resdily forms an unstable diazo compound, but attempts to
form 2~-hydroxybenzothiazole from this diazo cémpeund resuit
only in 2-aminobenzothiezole hydroehloride, o
2«-Aminequinoline c¢en be converted to 2«hydrexyquinoline
by either acid or elkall.2? 2,6-Diaminopyridine changes to
2-amino-6«hydroxypyridine if it 1is heated to 100° in 70% sul-
furic acld for two hﬂﬂba.lae 2,4«~Dienilinoquinoline forms
' 2,4~dihydroxyquinoline by heating with alecholic potessium
hydroxide to 22¢° ,181 |
Tautomerism hes been postulated for these amino aampeund?
a8 in the case of the methyl compounds. This is, of course,
based on chemlesal reactions, which impllies that the parent
base need not be tautomeric, but that a teutomeric shift may

be induced by the approach of certain reagents. Ghiehibabinlsg

178, Morgen end Worrow, J. Chem. Soc., 107, 1291 (1915).
179. Hunter, J. Chem. Soc., 1385 (1926).
180. Selde and Titow, Ber., 69B, 1884 (1936).

181. Dzlevonski end Dymek, Bull. intern. sced. pelon. sci.,
Classe sci. math. nat., 1936A, 413 /C. A., o1 1812 (1937)/.

182. Chichibabin, Bull. soec., chim. /5/ 3, 762 (1936).
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showed the tautomerism of Z2-aminopyridine as an equilibrium
between the amino (IXIII) and the imino form (IXIV).

‘x\:’mﬁ ’ | ‘ | O!ﬁ

4 H
- {(IXI1II) o (IXIV)

_ Acetlc snhydride and 4-amineoquinoline react to mm 4
hsatmlncquinalina 77 Ir 3-»31#;:19@3?&431&3 is treata&" with
ﬁethyfi iodide, the msin product 1s Neme thylpyridonimine, but
4f the sodium selt is treated with methyl iodide, 2-methyl-
| aﬁmaﬁyrmme is formed. o> Methylation and ethylstion of 2-
a@inob&nmtmasala result | in ‘Kuszethylpwidaamine and K-athyl-
pjrmcpiminc, respectively, but ‘aééﬂyl&tim lesds alméﬂ" exXw=
 clusively to ﬁs‘z-acetams.namﬁiﬁn.rm

-~ According to Stelnhauser and ﬁispalder} o aliphstic
aldehydes resct with two moles of E«aminapyriéimq to form 2,
21-dipyridyleminoalkenes while sromatic sldehydes resct with
one mole of 2-sminopyridine to form maﬁemidyi darivat-iieg.
Kirpal azﬁ Reiter ,185 however, have formed the dipyrlidyl

188, Chiohibabin, Konowalows, and Konowalowa, Ber., 54B,

184, Bteinbsuser aml Diepolder, J. praki. Chem., /2/ 98,
387 (1916). che., /- ]

185. Kirpal sand Reiter, Ber., 60B, 664 (1927),



derivative of benzaldehyde, which they converted to the mono-
pyridyl derivative and smiline by heating. 2-Aminobenzothia-
zole rescts with both sliphatic and aromatic aldehydes, but
'Eunter1?9 was not able to isolate sny pure products from these

reactlions.

4. Carboxyl Groups O~ and Y= to the Azomethine Linksge.
The activating effect of the azomethine 1nfiaaﬁass Oe end ‘¥=-
carboxyl groups in much the same way thaet the carboxyl group
in an deketo seid 1s Influenced., These heterogyclic acids are,
however , more stable than keto aclids because of resonance in
‘ﬁhs ring strnetnres‘a Carboxyl groups in the 3~ position in
yyridino and quinoline ere not affected; for example,'pyridino
é,s- or 3,4-dicerboxylic scids sre sasily decomposed by heat-

ing inte the corresponding nicotinic aaiﬁ,las and quinoline-

1

2,5-d1carboxylic acid S’ forms quinoline-3-carboxylic acid by

heating to 120-130° . The ease of loss of carbon dioxide by
pyridine carboxylic aclds decreases as follows.

2-COOH) 4-COOH ) S~COOH

Quinolinpna,&u&iaarbexylie acld heated for ten minutes

186, Camps, Arch. Pherm., 240, 345 (1902).
187. Gresebe and Caro, Ber., 13, 99 (1880).



in boiling nitrobenzene forms quinoline-4~-carboxylic ascid in
00% yielﬁgaﬁ The same effect can be accomplished by heat
alone (245°)188 or by heating in boiling ghgnal.lsg Quino=
line-2-acetic aaid,igﬁ which decarboxylates at 274-2758°, is
much more stable then ﬁyridinc-ﬁ;aeetie acid, which loses
carbon dioxide in water at 50-60°, 'Sanzothiasalafawcarbaxylia
saiﬁigl melts with loss of carbon dioxide at 106°.
Quinoline~-2-carboxylic acid and isoquinoline-l-carboxylic
acid form alkylquinolyl- or alkylisoguinolylmethanols end car-
bon dioxide if decarboxyleted in the presence of aldehydes or
ketones. The seme reaction is obtained with pyridine-2-car-
boxylie acid. Using qninalin# 2-carboxylic seid end benzo-
phencne &8s an example, the prebﬁbla reaction mechaniam;gz i=

shown below,

ﬁ 5é§bg [::::[:;:Je *  Cog+ HY
+ , §  _— | ' OH

mw, 3. prakt. Chem., /2/ 56, 283 tlag?). |
189.  Koenlgs and ﬁﬂagﬁl; Ber., 37, 1322 (1904).

180. Kenner and Nendl, Ber., €9B, 635 (19&6).

191. Bogert amd Stull, J. Am. Chem. Soc., 48, %és (1926). ‘
192. Ashworth, Daffern, and Hammick, J. gggg. §;,g_g., 809 (1939).
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The carboxyl group must be alpha to an azomethine group-
ing as aclds cuntiiniag ethylenaa,'aeehyleaiai and nitrile groups
do not react. If the azomethine linkage 1s destroyed by hydro-
genation, as in tetrahydroquinaldinic acid, no reaction occurs.
In the presence of decarboxylating quinoline-~4-carboxylic scid
- and gyridinﬂ~2»anrbaxy11¢ ecid the alkoxy groups of esters can

108 These groups

be exchanged for quinolyl snd pyridyl groups.
may also be substituted at catlonold centers in aromstic mole~

cules.

The course of this reaction confirms the view that quinolyl
and pyridyl enions are produced during the ﬁscar’b@xﬁwimg

5« Aldehyde Oroups c= and Y~ to the Azomethine Linkage.
Though 2- end 4-quinoline and 2- snd 4-pyridine sldehydes ex-
nibit many of the resctions of aromatic aldehydes, the 3=

‘aldehydes are more aharaatarintiea}ly dramatia. Quinnlina~2¥

134 and is converted

aldehyde forms a g?nitraphenylhyérazena,
to the benzoin analog, quinaldoin (LXV), by potassium cyenide
and water. Quinoline-4-aldehyde reduces Tollen's reagent
slowly, forms 2 bisulfite addition product slowly, forms an

oxime and & p-nitrophenylhydrazone. HMost of these reactions

163. Brown, Hammick, end Thewlis, Nature, 162, 73 (1948);
Brown and Hammieck, J. Chem. Soc., 178 (19597,
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are also given by 6~mathoxyﬁuinml1ne~4-aldehyde¢140 Benzo~

19856 also

thiazele~2~aldehydelg4 and isaquinalina-l»al&ehyﬁa
form phenylhydrazones¢ The 2,4~dinitrophenylhydrazone of
pyridine—z-aldehydelgs 1s easily prepared, and the semicar-
bazone of isaquinaline~l-a1dehyﬂe 1é readily formed.

| Condensation reactions are usually falrly smooth though
side resctions sre sometimes extensive, Pyridine-2-sldehyde,
fqr example, forms only tars with hippurlc acid and with di-
ketopiperazine.l97 Guineline-4-sldehyde snd 6-methoxyquino=-
line~4~-aldehyde condense with nitromethane in the presence of
dieﬁhylaminel4e to form carbinols. These aldehydes generally
form aldols in agueocus slcohol with dlethylamine as catalyst
end ethenes in gleclsl acetlec acid with zine chloride as con-
densing agent.

Both 6~ and 7-chlorequinoline-4-aldehyde undergo the

194, Borsche end Doeller, Ann., 537, 39 (1938).
195. Barrows and Lindwall, J. Am. Chem. Soc., 64, 2430 (1942).
196. Dyson end Hammlick, J. Chem. Soc., 781 (1939).

197. )Heimann, Lewis, &and Beys, J. Am. Chem. Soc., 64, 1678
(1942).
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Cannizzaro reaction when treated with concentrated potassium

hydroxide,

|  GHO COOK CHQOH
2 + l

These aldehydes form snils with emines like ethesnolamine and
6-ethylaminohexylamine . 2°
Quinoline-2- snd-4-aldehydes condense with hydantoin and

rels ted compounds in the presence of dlethylamine 5199

i

C—RH

‘ | o= — X | | 3=0
A + | g0 — H A
. CHO CHy—NH CH— CH—NH

The 2-aldehyde appesrs to be somewhat more reactive than
the 4-aldehyde because the ylelds of condensation products are
higher. GQuinoline-4-aldehyds is reduced to the methanol in
50-60% yleld by sluminum i-propylate in excess i-propyl al-
sohol .,1*2 a,s-ﬂmthjbsunitmqumsl ine-2-aldehyde condenses
with diszoalksnes "t’a give good yields of kwams.am Quino=-

i%e. Cempbell, ierwin, Sommers, snd Campbell, J. Am. Chem.
39005 68’ 1559 {194&).

199. Pnillips, ibid., 67, 744 (1845).
200, Burger and Modlin, Jr., ibid., 62, 1079 (1940).
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line-4~aldehyde reacts with methylmagnesium lodide to form
cemethyl-4-quinol inemethenol in 55% yialﬁ.aal

6., Generalized Comparison of Reactivitlies of SBubstituents
in the 2- and 4- Posltions of Quinoline. Physioclogleally it
has been found that the 4-aminoquinolines and 4~-quinoline-
methanols are more effective as antimslarials than Z2-amino-
quinclinnslsg’ 202
of 8-aminoguinolines with 3-diethyleminopropyl side &hains the

or 2-quinolinemethancls. In the series

toxieify of compounds decresses in the order:
6-Mo0 ) 2-CHz0 ) 4-CHg0

If & 2-methoxyl group 1s added to the compound containing a
6=-methoxyl group, & decrease in toxliecity is observed. How-
ever, 8-aminoquinolines containing 6-diethylaminohexyl side

chains show toxicitles decreasing in the order:

4-CHz- ) 2-CHg- ) 6-CHg~

The informetion on toxiecity is conflieting and, therefores,

not conclusive,

203

Wojehn and Kramer” ~—~ prepared a series of substituted 2-

201. Johnsm snd Hemilton, J. Am. Chem. Soc., 63, 2864 (1941).

202, Wiselogle, "Survey of Antimalarial Drugs, 1941-1945,"
og» W Eﬂwﬂ’ds, Ann &rb@r; giﬁh-, 19%, Yol. I, Pe 4.

203. Wojlahn and Kremer, Arch. Pharm., 276, 291 (1938).
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alkoxyquinoline compounds. They attrlibuted the local an-
esthetic action of ﬁheaa compounds to the 2-slkoxy group. The
E-butaxy campounds were the mnit effective as local anesthetios.
' Aacerding to 3argataaa3 the 2-position of guinoline is
sctive becsuse of its proximity to the azomethine linkage,
and by the mneipla'af vinylogy this effect is transmitted
to the 4- position. One would expect from this that the 2-
position would be the mare reactivej; however, the electron
densitles. of Longust-Higgins and ﬁaulaanlv show a lower value
for the 4- position of quinoline, indicating a greater re-
- activity for that pesition. ; ,
In the halogenated guinolines the 2~ peaitién seems to
be the most resctive chemicelly. ?ha&, 2;4-dichloroguinoline
'reaeta with potesslium hyﬁraxiéa in ethanol to yileld 2-chloro-
.i-aﬁnaxyquinolina’(315), &éehlera-$~ethaxyquinélina (324), and
4&eh1eve»2~hy&rexyquinoline {5.5%}.36 2,3,4-Trichloro~6-
methylquinoline87 1s converted gqusntitatively to 3,4-dichloro-
6-mothyl-2-hydroxyquincline by dilute hydrochloric acid ub,180°.
2-Methylquinoline 1s more reactive than 4-methylquinocline.
By ﬁixing 2-methylquinoline snd 4nma#hquainnliao with benzal-
dehyde 20
skyrquu%nnline is B8 ¢+ 1. 2-Methylguinoline forms phthalones
while 4-methylquinoline does not reactl®0 with phthaliec an-

ard heating, the ratio of 2-styrylquinoline to 4-

hydride. 2-Methylquinoline forms a trimethylol derivetive
with formeldehyde and 4-methylquinoline forms only a dimethylol
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derivative, Here the evidence is sll in favor of greater

reactivity in the 2~ position.

Re ither the 2« nor the 4-hydroxy group is as phenolic in
character as the 3-hydroxy group though the 4-hydroxy group
is more phenolic than the 2-hydroxy gmup.lm’ 159 This may
be contrasted with the thiols in which the 4-thlols are more
reactive and mare highly colored than the 2-th1013.72 The
4~alkoxyquinolines have to be heated to a much higher tem-
‘porature to convert them to the H-alkyl-4-quinolones than do
the 2f'alkazyqainnl ines 170

4-Aminoquinoline is more basic than 2-sminoqulnoline,
which would indicate a lesser effect of the azomethine on

B the amine .20‘

g 3

~ Of the 2~ and 4-substituted carboxyllic aclds tim 2=car=

186 The 2-carboxylic aclds

on decarboxyletion resmct with aldehydes, ketones ,192 and

~ boxyl ia‘vmme eeslly eliminsted.

'u‘t’eral‘g?’ while the in-clrhoxylie‘ 2clds do not g;ve this re-
action. % | | -

Thus from the chemical evi&enee the 2 posi:ian of quinoe
line sppears to be more resctive than the 4- position. This
canparison may also be appliea to pyridine for which there 1is
not sc much chemical evidence availsble. Of the other two
heterocycles montiymad in this discusslon, enly‘ one position
is active, the 2-position of benzothiazole and the l- position

of isoquinoline.

B04. Albert, Goldacre, and Phillips, J. Chem. Soc., 2240 (1948).
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III, EXPERIMENTAL

All of the following reactions involving organometallic
compounds were carrled out in essentially the seame equipment
set-up. This consisted of a three-necked flask with ground
glass Jjoints, equipped with a stirrer, droppling funnel, snd
a Friedrich condenser. The appsratus was cerefully drlied and
flushed out with dry nitrogen before starting a reacstion.
| Analyses for sulfur were made by the macro Parr bomb
method, énd enalyses for aitrogsn“were made by the micro
‘Dumas method. The melting points were uncorrected. |

Attempt to Prepare 2-Bensothiazolylmegnesium Chloride

from Magnesium end 2-Chlorobenzothiezole.- Fifty milliliters

of dry ether, 2.5 g. (0.10 g.-atom) of magnesium turnings, a
small crystel of lodine, and 1 g. of Z2~chlorobenzothiazole
were placed in a 250 ml. flask, and the solution was heated
“to boiling. There was no evidence of reaction so the remain-
ing 16 g. (0.10 mole total) of Qushlorabansothiatole was added,
and the mixture was refluxed far three hours. At this peinﬁ
& Color Test 1295 was negative. Mozt of the 2-chlorobenzo~
thiazole (92%) was recovered.

The preceding attempt was repeated using Cu~Ng alloy as

a catalyst, but, again, there was no evidence st all of reac-

205, Uilmen end Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
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206
tion. Some activated Cu~Ng-I was employed as catalyst
‘a8 well as methyl 1odide, but no reactlion was induced.

Attempt to Prepare 2-Benzothiagolyllithiwum from Lithium

vand Euﬁhlordbanzoahiazala.-‘ﬁ solutlon of 16.9 g. (0.10 mole)

of 2-chlorobengothiazole in 50 ml. of dry ether was added to
1.845; (0.24 ge.-atom) of 1ithium in 50 ml. of ether using the
same equipment set-up as iIn the previous expsriment. Color
"?eata Iga% were negative at the end of two and fourvhnura;
:Eighteen hours later the solution had colored brown, but a
Golar Test IS0° wag st111 negative. Most of the 2=-chloro-
benzothiazole (89%) was recovered. A small smount of tarry |
residue was left in the distillation flask.

%&tﬁlaticn of Benzothiazole by Phenyllibhium‘u Phauyl—
lithium (0.065 mole in 132 ml. of athar) was made 1n the

usual uaygcvfand cooled to =75° (bath tempersture). A solu-
tion of 8.8 g. (0.065 mole) of freshly-distilled benzothlagole
in 30 ml. of ether was added during a perlod ef.twan§y mine
utes. The mixture was stirred for ten minutes longer bsrara
it was poured into & slush of ether and Dry Ioce and allowed
to stand overnight. After hydrolyzing with 100 ml of water,
the layers were separated and the ether layer yqa»eiéraotad'
with two 100 ml. portions of water., Acidification with hydrn~
chloric acid produced a heavy white precipitate which‘wéa

206, Glimen, Peterson, and Schulze, Rec. trav. chim., 47,
20 (1928).

207. Gilmen, Zoellner, and Selby, J. Am. Chem. 8oc., 52,
1252 (1933).
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filtered, dried, and redissolved in 10% potassium hydroxide.
This solution was filtered and acidifled with hydrochloric
acid, and the white precipitate was filtered and washed re-

. peatedly with water. It was dried at room temperature for
twenty-four hours in a vacuum desiecator. The compound
melted at 105°, decomposing into benzothiazole and carbon
dloxide, The mel ting points in the literature for benzothla-
zole-2-carboxylic acid vary from 105° to 108°.19;

Anal. Caled. for CgHgOgNS: neut. equiv., 1”7%.2. Found:
neut. equiv., 182.0. |

The ether layer was drled over sodium sulfate, snd the
- @ther waé removed by distillation. Distillation of the ether-
layer residue yislded 3.4 g. (38.6% recovery) of bengothia-
gole (b.p. 123-127° et 18 mm.) and about 1 ml. of tar. The
bengothiazole was ldent ified by means of its plcrate (m.p.
167°)122 gng mixed melting point of this plerate with an
suthentiec specimen.

Table III lists the experiments carried out to determine
the apﬁimal conditions for the preparation of 2-benzothise
#olyllithium,

Optimal Conditions for Metalation of Benzothiszole.-

A solution of 0.078 mole of n-butyllithium was prepared in
the ususal m&nmargga in 235 ml. of ether (0.33M.) and was

m*; This preparation utilized the older method of prepaering
n-butyllithium which gave yields of 40-55%; see Gilman and
Stuckwisch, J. Am. Chem. Scc., 65, 1461 (1943). See also re-
ference 215 for 2 better preparstion of n-butyllithium developed
subsequent to this work.
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cooled to -78° by en acetone-Dry Ice bath. To this was
added a solution of 10.5 g. (0.078 mole) of benzothiazole
in 30 ml. of ether. The sddition required ten minutes.
Immediately efter the additlion, the solution was poured
into & slush of ether and Dry Ice. Hydrolysis and neutrslie-
zat ion of the weter layer produced 12.5 g. (89.7%) of benzo-
thiezole-2-carboxylic acid (m.p. 106°).190 A amell emount
(1.3 g.) of yellow oll was found in the ether layer,
Decomposition of 2-Benzothiszolyllithium.- 4 solution

of 0.11 mole of 2-benzothiazolyllithium in 195 ml. of ether
wés mrepared by the msthod outlined above. Thils solution was
stirred eighteen hours while it slowly warmed up to room tem-
persture, The light yellow solution began to turn red at
~about -55° and continued to darken to e reddish black colar.
The mixture was hydrolyzed at this point with 100 ml. of éo%
‘ammonium chloride so1uti¢n. A yellow precipltate shich co-
curred was filtered and dried. It melted st 189° with soften-
ing at 150° and weighed 16.7 g. This was dissolved except
for s small smount, whi@h an ignition test proved to be} in-
organic, in 75 ml. of hitrebanmm and boiled for one hour.
On cooling 6.6 g. of material (m.p. 310°) was obtained. This
is a 44.5% yield of 2,2'-bibenzothiazole, i1dentified by melt-
ing point with an authentlc specimen prepared by heating

acetanilide with sulfur .299

209. Hunter, J. Chem. Soc., 127, 1318 (1925).
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The resulting nitrobenzene-mother liquor was boiled
twice with decolarizing carbon and filtered, but the black
color could not be removed. Concentration to one-half volume
produced no further 2,2!'-bibenzothiazole and only & black tar
was obtained by edding petroleum ether (b.p. 77-115°) to the
solution. |

 Attempt to Metalste Quinoline.- A solution of 0.114 mole

of p~-butyllithium in 155 ml. of ether was cooled to -75°.
Over a period of fifteen minutes, 14.9 g. (0.114 mole} of
quinoline in 30 ml. of ether was edded. At the end of the
additi on and et five and ten minutes later Color Tests=00
wore positive., A Color Test ng;m was negative, An excess

of pewde:?aﬁ Dry Ice was added to the mixture turning the red
color to gray. The mixture was hydrolyged with 100 ml. of
water, No acid was found in the water layer on careful
neutralization. )

The ether layer was drled over sodium sulfate, and the
ether was removed by distillation. Dlstillation of the re-
sidue ylelded 10.9 g. (73.1%) of 2-p-butylquinoline, ident ified
by malt:ing point of the plerate (163°) and a mixed melting
- point with ean authentic sgeaimen.s _

A repeat run of the same resction for thirty minutes at
-75° gave a 84,2% yleld of 2-n-butylquinoline. ‘

210, Gilman end Swiss, J. Am. Chem. Soc., 62, 1867 (1940).
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Preparation of 2-Benzothlazolyl Phenyl Ketone.- A solu-

tion of 0.16 mole of 2-benzothiazolyllithium in 394 ml. of
ether was prepared in the ususal meanner., Ag soon &s the ad-
dition ef the benzothlezole was completed at a bath tempera-
ture éf -76%, 20 g. (0.19 mole) of freahly-aistilleﬁ benzonl-
trile was added slowly and uﬁshe& through the addition funnel
with 10 ml. of dry ether, The mixture turned & cherry red in

Iﬁc& at the conclusion

color, and gave a positive Color Test
of the addition. Twenty minutes leter a Color Test 1205 ey
woeak, and at the end of forty minutes was negative. The re-
actian‘mixkure was hydrolyzed with 100 ml. of water, and
enough h;ydraahlériu acid was added to meke the mixture dis-
tinctly acld,. Some materiel g?@ﬂipitaﬁed-fr@m the solution.
This was filltered and combined with the residue obtained by
evaporation of the ether layer. A total of 31.5 g. (84;4%
crude yield) of 2-benzothiazolyl phenyl ketone (m.p. 96-101°)
was obtained. (If & 90% conversion of benzothiazole to 2=
bengothiazolyllithium is assumed, the yleld is 93.8%). Two
recrystallizat ions rram ethanol railsed the melting point to
102.5° and resulted in 26.8 g. (71.1% yleld).

Anal. Caled. for CpgHoNOS: N,5.86; S, 13,39, Found:
N, 5.96; 5, 12.92.

The phenylhydrazme of 2-benzothlazolyl phenyl ketone
was prepared by adding phenylhydrazine to a 95% ethanol
solution of the kmtone. The erystsla‘abtaineé melted at
93-135° amd were recrystallized from 95% ethanol to s con-
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stant melting point of 149°,

Ansl. Caled. faor ggaﬁlsgaaﬁ g; 12.?6; S, 9.73. Found:
N, 12.92; 8, 9.53. |

Preparation of Di-{2-benzothiezolyl)pbhenylmethanol.~ A

solution of 0.054 mols of 2«-benzothiszolyllithium was prepared
in 170 ml. of ether. At -75° asslution of 13.5 g. (0.054 mole)
of 2-benzothiazolyl phenyl ketone in 200 ml. ef ether was
added. A Color Test Iﬁﬂé was negative et the end of the end
of the sddition. The atirring was continued for twenty min-
utes before hydrolysing with 100 ml. of water. A praaip;tate
was filhéred sand combined with more solid obtaslned by evaporat-
ing the ether from the ether layer and replacing it with ab-
solute ethancl. This material melted at 96-110° and weighed
- 18.3 g. Repeated alternate crystallization from benzene and
anhydroua slcohol ylelded 12.8 g. (61.5%) of di-(2-benzothia-
zeiyi)?henylm@ﬁhﬁnal (m.p. 158°).

Anal . Caled, for 03131433232s N, 7.51; 8, 17.12.
Found: N, 7.47; 8, 16.89.

Preparstion of o A~Diphenyl-2-bengothiazolemethanol.- A
- solution of 0.065 mole of zwbanzathiazelyllithigm in 185 ml.
of ether was treated with 11.7 g. (0.0865 mole) of benzophenone

in 50 ml. of ether. The rsscﬁion mixture became cloudy and
was stirred for four hours, during which time tﬁe temperature
changed from -75° to -20°. The mixture was hydrolyzed with
100 ml. of water; the reaﬁlﬁing layers were separated, ard

the ether layser was dried over sodlium sulfate. Some crystsls,



however, begen to crystellize from the ether so the solution
was flltered from the sodium sulfete and cooled in the re-
frigerator. This ylelded 19.6 g. of material (m.p. 150°)
{95.1% erude yleldl The «,X-diphenyl-2-benzothiazolemethanol
was recrystallized from snhydrous ethanol ylelding 16.7 8+
(80,0%8) of product (m.p. 150°).

Anal. Caled. for CooHysONS: N, 4.42; S, 10.12. Found:
N, 4.33; 8, 10.22,

Prepsration of a&ﬂathylwd;phagg;-subsnxsthiasalamqshanel.-
A solution of 0.078 mole of 2~benzothiazolyllithium in 223 ml.

of ether was prepared in the usuel way at ~75°. To this was
added dropwise 8.5 g. (0,6?3 mole) of acetophenone in 30 ml.
of ether. After stirring for one hour a Color Test Y205 yaq
negative and the bath tempersture was -35°., The stirr;ng was
allowed to continue for six hours until the bsth reached room
températura. ‘Hyarelysia was effected by the addition of 100
ml., of wahar, and the 1ayéys were separated. The athsr‘layar
was dried over sodium sulfate, and the ether was partiaslly
removed by distillation end was diluted with petroleum ﬁﬁhnr
(b.p. 28-38°). This ylelded 13.4 g. (€7% crude yiold) of
Cemethyl-Gphenyl-2-benzothiazolemethanol (m.p. 87-88°).
Recrystallization fram en ether-petroleum ether (b.p. 28-38°)
mixture ylelded 11.2 g. (56.0%) of product (m.p. 88-89°). Re-
erystallization from benzene and from petroleum ether {b.p.
77-1156°) did not reise the melting point.

Anal. Caled. for CygH;sONS: H, 5.49; 8, 12.54, Found:
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N, 5.52; 8, 12.19.
 preparstiom of o=(p=Chlorophenyl )=Oemethyl~2-benzothia=-

golemethancl.~ 2-Benzothlazolyllithium (0.102 mole) was pre-

pared in 250 ml. of ether at ~75°. A solution of 15.5 g.
(0.102 mole) of grehleéeacetaphanmna in 30 ml. of ether was
added szlowly. The mixture was stirred for one and one-half
hours at ~75° and for one-half hour longer with the cooling
bath removed. At this paiﬁt a Color Test ans was negative,
"~ 80 100 ml. of water was aﬁéeﬁ to hydrolyze the mixture. The
layers were separated, and the ether layer was dried over
sodium sulfate. All but about 50 ml. of the ether was re-
moved by distillation, end 50 ml. of petroleum ether (b.p.
28-38°) was added. This yielééd 21.1 g. (72.0£) of product
(m.ps 131 ). Reerystasllization from 95% eihanol ylelded
15.75 g. (53.7%) ef<X}(2r§hletaphsnyl)-O@aethyloﬁabanzathiae
golemethanol (m.p. 134-136°). |

Anal. Calcd. for CygHyoC,0NB: W, 4.84; 5, 11.08.
Found: N, 4.883 8, 10.95.

Preparation of oPhenyl-2-benzothiszolemethanol.- A

aolution of O;Q?ﬁ mole of Z2-benzothliszelyllithium in 180 ml.
of ether at ~75° was treasted with 7.7 g. (0.073 mole) of |
benzeldehyde in 30 ml. of ether. After the sddition, the
ecooling bath was removed, and the reaction mixture wes al-
'lawaé to,werm up to room temperature. This required about

" one hour, and a Color Test Iggs‘ae this point was negative,

Hydrolysis was effected by pouring onto crushed 1lce. The
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The layers were separsted; the ether layer was dried over
sodium sulfate, and the ether was dilstilled awsy and all
volatile material was removed by mesns of a steam bath and
water pump. The resulting 011 was dissolved in benzene from
" which 13.9 ‘g. (79.3% erude yleld) of product (m.p. 121.5°)
crystallized. Recrystallization from 95% ethancl yielded
11.55 g+ (66.2%) of d«phenyl~2~benaathiasalemeﬁhanol {(mepe
123.5°). |

Anal. Caled. for C148,,0NS: N, 5.80; 8, 13.28. Found:
N, 5.63; 8, 12.79.

Preparation of oeMethyl-O=(petolyl)-2-benzothlazolemethanol.-
2-Benzothlazolyllithium (0.073 mole) was prepared in 180 ml. of
ether at -=75°., To this was added dropwise 9.8 g. (0.075 mole)
of methyl p-tolyl ketone in 30 ml. of ether. After the addi-
tion the cooling bath was removed, and the reaction mixture
was allewéﬁ to warm up to room temperature. This regquired
about 'one hour after which the mixture was hydrolyzed by pour-
ing onto crushed 1ce. The layers were separsted, and the ether
layer was dried over sodium sulfate before the ether was re-
‘moved by aistillation. Petroleum ether (bep. 28-38°) was
added to dissolve the residue, and this solution ylelded
12.4 g. (63.1% crude yleld) of crystalline product (m.p. 98°).
By recrystallizing from petroleum ether (b.p. 77-115°) 12.2 g.
(62.9%) of X-methyl-d={p-tolyl)-2«benzothlazolemethanol (m.p.
100.5°) was obtained.

Anel. Caled. for Glsﬂxaﬁﬁsz N, 5.19; 8, 11.87. PFound:
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H, 5002; S’ 11.27.
Preparation of ,d=Die{p-dimethylaminophenyl)-2-benzo~

thiszolemethanol.~ A solution of 0.084 mole of 2«benzothiae

zolyllithium in 215 ml. of ether at -75° was treated with
19 g. (G.GﬁgAmale) of p,pt=~dimethylaminodiphenyl ketone. The
- cooling bath was removed and the reaction mixture was sllowed
to warm up to room temperature during one hour. Hydrolysis
was effected by pouring onto crushed lce. Some insoluble
material was filtered off and the layers were separated. The
ether layer was dried over sodlum sulfate, snd the ether was
removed by distillat ien. This residue and the solld material
obtalned previously were dissolved in benzene, and the solu-
‘tion was filtered and cooled. This ylelded 21.8 g. (64.3%)
of o,o(-d1=-(p=dimethylaminophenyl)-2-benzothlazolemethanol
(mep. 195°). The campound gives an intense green color in
acetic acid. |

Ansl. Celed. for CogHosONzS: N, 10.40; S, 7.94. Found:
N, 10.28; 8, 7.50.

Preparation of X-{p-Propyl)-2«bsnzothiszolemethanol.-

2~Benzothiase&ylliﬁhinm (0.089 mole) in 180 ml. of etler at
-75° was treated with 6.5 g. (0.089 mole) of n-butyraldehyde
in 30 ml. of ether. The cooling bath was removed, and the

mixtuwre wes stirred for three hours. At this point the en-

tire resction mixture was poured into 300 ml. of water, anmi
the resulting layeras were separated. The ether layer was

dried over sodium sulfate befare the ether was removed by
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distillation. Twenty-five ml. of petroleum ether (b.p. 77-115°)
was added to the residue. This ylelded 10.3 g. (55.7%) of
orystalline materiel (m.p. 82°). Recrystallization from pe-
troleum ether (b.p. 77-115°) did not serve to raise the melting
point of the;x-(gppmupyl)aa-benzethiazolemathaﬁel.
| Anal, Caled. for C,;HjpONS: N, 6.78; 8, 15.57. Found:
N, 6.68; 8, 15.36, | N

Preparation of o-(p-Dimethyleminophenyl)-2-benzothia-

zolemsthanol.- & solution of 0.081 mole of 2-benzothlazolyl-
1ithium in 180 ml. of ether at =75° was trested with 12.5 g.
{(0.081 mole) of solid p-dimethylaminobenzaldehyde. The cool-
ing bath was removed and the mixture was stirred for three
hours before it was hyﬁrelyzad'by pouring into 300 ml. of
- water., A precipitate was filtered eaway, and the layers were
separated. The ether layer was dried over sodium sulfate be-
fore the ether was removed by distillation. The residue was
 a0mb1ned‘w1th the Initial residue, and the combined materlel
was dissolved in benzene. This ylelded 14.3 g. (59.68) of
qsfgfdimethylaminaphsnyl)~2~bsnsothiasalemathaa01k(m.p. 157°).
Recrystallizetlion from benzene did not ralse the melting polnt.
Anal. Caled. for 01681663233 N, 9.84; 8, 11.28. Found:
N, 9.68; 5, 11.24. : A

2-Benzothlazolyllithium and\&uigeline.- To & solution of
0.08 mole of 2~benzothlszolyllithium in 200 ml. of ether at
~ =70° was added slowly 10.5 g. (0.08 mole) of quinoline. The

mixture turned red-brown and a precipitate began to form. The



mixture wes stirred while the temperature ineressed and Color
Teats Igcs were taken at frequent intervala. At the end of

" three hours a Color Test 1205 was negative, and the temperature
wes 20°,

The reaction mixture was hydrolyzed with 100 ml. of 10%
ammonium chloride. A yellow precipitate (4.3 g.) was fil-
tered from the mixtwe. This melted at 164-183" (sintered at
150°). Pert of this solid was dissolved in petraleuﬁ ether
(b.p. 77-116°) to yileld 1.06 g. of red crystals (m.p. 189-
106°). The rest was dissolved in toluene to yield 0.75 g.
of yellow crystals {(m.p. 186-196°). By condensing mother
liquors another 0.85 g. of meterial was obtained. Of the
totel of 2.6 g+» 1.8 go was dissolved In toluene and cooled
vtc yield 1.2 g. of a8 1light yellow solid (m.p. 199-200° ).
Recrystallization from toluene did not raise the melting
point. At first this was thought to be the desired 2-benzoe
thiazolylnﬁﬁ-quinolina or the 1,2-dihydro compound, but anasl-~
yels indlcated B—benzehhiamaljl-a*-benzqthiazalina‘

Anal. Caled. for Cy,H,,N,S,; N, 10.36; 8, 23.70 Found:
H, 10.66; 8, 23.46.
| The compound is not stable and turns yellow in light
with an sttendant decreamse in melting point. A solution of
0.4 g. of the compound In 5 ml. of nitrobenzene was bolled
for one hour.. The solution tﬁrn@d véry derk. On the sddi-
tion of 3 ml. of snhydrous ethenol, 0.1 g. (25%) of shiny
platelets {m.p. 310°) was obtained. A mixed melting point
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with an suthentic specimen of 2,2'-bibensothiazole209 showed
no depression.

The original ether layer was separated snd drled over
sodlum sulfate. The ether was evaporated, snd the residue
wes distilled to yleld 13.1 g. of oll (b.p. 122-132° at 26
mm.)‘w This may be a mixture of benzothiazole and quinoline
'whieﬁ heve similar boilling points, though the plcrate melted
at 202° and showed no depression of melting point when mixed
kwith an suthentic sample of quinoline picrate. |

2-Bengzothiezolyllithium and Benzoyl Chloride.~ A solution

of 0.11 mole of 2-benzothlazolyllithium in 250 ml. of ether
~was prepared iﬁ the ususl wey. To this solution at -75° was
slowly added 16 g. (0.12 mole) of freshly-distilled benzoyl
chloride., The mixture turned red and finally cream-colored
and at the end of forty minutes gave a nogative Color Test
,1:.395, @h@,mixture was hydrolyzed by pouring into a beaker

of cracked 1ce, The ether layer yielded 3.4 g. of an un-
i&entified materisl which melted at 210° . Treatment of the
aleohollie mother liquor with phenylhydrazine produced a smmll
quent 1ty of needle-shaped crystals which melted at 146°.

This gave no depression of aalting'paint when mixed with a
pure saemple of the phenylhydrazone of 2-benzothiagolyl pheﬁxl
ketone prepered by adding 2~benzothlazolyllithium te benzonl-
trile.

2-Benzothlazolyllithium and Benzyl Chloride.~ To 0.072
‘mole of 2«benzothiszolyllithium in 217 ml. of ether at «75°
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was added 9.0 g. (0.072 mole) of benzyl chloride in 30 ml.
of ether., There was no apparent reaction, so the mixture was
ellowed to warm up %o room temperature and stirred for =ix
hours., There was &8 heavy tan precipltate in the mixture whiech
stood twelve hours before being hydrolyzed with 125 ml. of
water, ?he layers were separated, snd the ether layer was
}ﬂried over sodium sulfate. The ethér was distilled awsay,
and the residue was distilled to yleld 1.8 g. of foul-smell-
ing materisl (b.p. 60-170° at 0.1 mm.). This partially so-~
l1idifled on stending, but no pure product could be obtained
by crystallization from 95% ethanol. There was apparently
no 2~benzylbenzothlazole present. A large amount of residue
after the distillation did not yleld any pure compound pos=
8lbly because there was some decompositlon during the dis~
tillation.

Phenyllithium snd Benzothlszole.- Prellminary attempts

to add phenyllithium to the azomethine linkage of benzothia-
zole sh@wad the reactlion to be not so smooth as with guinollne.
Table IV lists some of the attempts made to lmprove the yieldr
of 2~phany1ban§nkhinzale. The best yleld was abtained\hy the
following procedures: To 0.235 mole of phenyllithium®C’ in

200 ml. of ether was added 14.3 g. (0.155 molse) of benzothia-
zole. The resctiom mixture was kept at G°dur1ng the addition
(fifteen minutes) end for two hours after the addition. ﬁyérel-
ysis was effected by the addition of 100 ml. of 10% smmonium

chloride. The layers were seoparated, and the ether layer was
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dried over snéinm sulfate before removing the ether. The
resulting residue was distilled to yleld 3.7 g+ of bengo- |
thiszole (b«p. 85-90° at 0.5 mm,) identified by the melting
point of its plcrate (m.p. 167°) and mixed melting point with
an aﬁtgantia specimen.lgg This 1s 8 26.9% recovery of benzo~
thiszole; The second fraction (b.p. 165~170° at 0.5 mm,)
‘waighad 10.2 g« and was mostly 2~phﬁnylbenzathiazole (41.9%
erude ylelds This was recrystallized from 95% ethanol to
ylela 747 8e (31.7%) of pure 2-phenylbenzothiazole (m.p.
114° ) which showed no derression in a mixed mﬁlting puinh
~da§srminatim wi.th an suthentic apeeiman.gll
; In other experiments 1t was found that if water were
‘used to hydrolyze the mixture rather then ammonium chloride
- solutlon, the greater psrt of the organic matter was dis-
solved in the water layer. No 2-phenylbenzothlazole was
‘found by hydrolyzing with water end neutralizing the ﬁqueaua
layer with allute hydrochloric scid. Severasl attempts were
made to isoclete products from this layer, but none succeeded.
Air, hydrogen peroxide, and iodine were added to the a'i:i%;&aua'
layer to effect oxidation of the suspected thiaphenai‘te the
‘dlsulfide, and the meterisl was also sheken with béazoyl
chloride. 1In the latter case & small enmount of pure material
(mep. 181°) was obtesined, but thls was not identified.
Anal. Found: N, 2.93 end 2.98, 8, 6.09 and 6.03.

211. Bogert snd Abrahamson, J. Am. Chem. Soc., 44, 826 (1922).
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Phenyllithium snd 2-Benzothlezolyllithium.~ A solution

of 0.044 mole of 2-benzothlazolyllithlum in 167 ml. of ether
was prepered es previously described. At -75° a solution of
0.052 mole of phenyllithium®®7 in 45 ml. of ether was sdded
repidly. The temperature was allowed to warm up, and after
stirring for two hours the temperature was -10°, After hydrol-
yeie with water the ether layer was dried over sodium sulfate,
and the ether was removed by distillation, The residue ylelded
4.3 g. (b.p. 61° at 0.03 mm.) of benzothiazole (71.6% recovery).
There was & considerable residuvwe, but no 2-phenylbenzothiazole
was obtained from it.

Phenyllithium and 2-Phenylbengothiazole.~ To a solution

of 24.2 g. (0.115 mols) of 2-phenylbenzothiazole in 100 ml.
"of ether was asdded 0.118 mole of phenyllithiumgov in 123 ml.
of ether. On addition of the phenyllithium solution the color
deepened snd & gentle reflux ocourred. After stirring for one
hour at room temperature, & Color Test I295 was positive, and
‘the‘reaatian mixture was carbonated by pouring into a slush
of ether and Dry Ice. The mixture was hgdrélyxea by the ad-
dition of 100 ml, of water, and the layers were separated.
The ether layer was drled over sodium sulfate, and the ether
was removed by distilletion. Toluens was sdded, and this -
solut ion was extracted with concentrated hydrochloric acid.
These extrscts were poured into water to yleld 13.9 g.’of ime
pure 2-phenylbengothiezols (m.p. 80-95°). This was dissolved
as far as possible in 95% ethanol and cooled to yleld 5.6 g.
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of emorphous material (m.p. 108-111°). This iz a 23.3% re-
‘covery of 2-phenylbenzo thiezole, identified by mixed melting
point with an authentle speaimsn.gll |

The scid filtrate from which the Z2-phenylbenzothiagzole
was obbtained was neutraliged with‘potagaium hydroxide ﬁo yileld
3.2 g of 8 greenish precipitate., On recrystallizing from
95% ethenol this yilelded 1.1 g. (7.7%) of bis-{o-sminophenyl)
disulfide (m.p. 93-94°).%12 | | |

Anal, Caled. for CypHyoNeSp; N, 11.23: Found: N, 11.17.

Prom the toluene layer 3.ﬁ!g; of & crude product (m.p.
157° with softening st 144°) was obtained. Recorystallization
from toluens end petroleum ether (b.p. 77-115°) ylelded 2.5
g. (8.4%) of materisl (m.p. 162°) which showed no depression
 of melting point woen mixed with an authentic apeaiaen of
triphenylmethanol.

Benzothiszele snd ?hsnylmagnasium Bromide.- To 0.18

mole of phenylmagnesium bromide in 165 ml. of ether at -10"
 (bath tempersture) was added 12.2 g. (0.09 mole) of bengzothia~
goleé in 30 ml. of ether. Stirring for one hour at «10° pro-
duced a‘yallaw pracipitste, Beeaﬁse of the slushy charscter
of the material, sn attempt was made to earbenate(by adding
powdered Dry Ice to the rapldly stirred mixture. Thé materlsal
soon gummed up the stirrer, however, so the stirringlhad to

be discontinued. Hydrolysis by water was slow and resulted

S HoTwenn, Ber o I, D546(1879).
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in an emulsion which was broken up by acldifying with hydro-
chloric acid. The layers were separated, and the ether layer
was extracted with two 200 ml. portions of 5% potassium hy=
droxide, Acldification of these extrscts ylelded 15.3 g.
(68.6%) of benzolc acid (m.p. 122°; mixed m.p. with pure
benzoic acid, 122°).

Distillation of the ether layer yielded 6.4 g. (52.4%
recovery) of benznthiazala; fdentified by meltiag-paint of
picrate (167°}122 end mixed melting point with an authentiec
apeéiman of the pilcrate. The olly residue wes extracted with
~sencentrated hydrochloric acid; neutralization of these ex-
tracts with potessium hydroxide ylelded a small amount of -
Vgreénidh precipitate. This precipltate (0.4 g.) was dis-
solved in 95% ethancl and decolorized with carbon. Needle-
shaped orystals (0.15 g.) formed which melted at 114° and
“showed no depression of melting point when mixed with pure
g-phenylbenzothiszole.®ll Tnis 1s a 0.8% yielé.

2-Phenylbenzothiszole snd Phenylmegnesium Bromide.- A

solution of 13.5 ge (0.1 mole) of 2«-phenylbenzothiazole in
ether was treated with 0.12 mole of rhenylmagnesium bromide

in 120 ml, of ether. At the end of twenty-four hourst stirring
at the reflux point of ether a Color Test 12@5 was positive,
Aftér hydrolysis the ether layer yielded 12.5 g. (92.8% re-
covery) of pure 24phenylbeazethiazale (m.p. 114°), 1dentified
by meltingtpeint, and mixed melting point with an suthentlc

apacimen.gll
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Attempt to Metalate Benzoxazole.- A solution of 0.09
mole of methyllithium in 100 ml. of ether was cooled to =~75°,

To this was added 11.2 g. (0.09 mole) of benzoxazole. On
addi{l on of the benzoxazole & strong evolution of gas (possibly
methene) was observed. Immedistely after the addition the
mixture was carbonated by'panring into a slush of ether and
Dry Ice. &fter hydr olyzing with water the layers were sep-
aratéa; end the water layer was neutralized with concentrated
hydrochloric acid. No acid was obtained.

' The ether layer was dried over sodlium sulfste, and the
ether was removed by dlstillation. Distillation of the resildue
yilelded 7.4 g. of bengzoxazole (b.p. 82° at 21 mm.). This is

8 66.1% recovery.

Several other attempts were made to metalate benzoxazole
using n-butyllithium, phenyllithium, send butylmagnesium bro-
mide. In most cases a negative Color Test 1205 yag oﬁtained,
and no acid was found after carbonation. The rsaevery‘of
benzoxazole veried from 20% to 80%. One attempt employed
bengophenone, but no o(,X~diphenyl-2-bengoxagolemethanol could
be isolated. o .

Preperation of p-Tolyl 2-Quinolyl suzrias.§15 An ex~

cess of p-thiocresol was dlssolved in absolute ethanol and
treated with lesd acetate, Ths canary-yellow precipitete was
filtered snd washed several times with water and finelly with
aleohol. It waz then dried for twenty~four hours in a vacuum
deslcecator,.

21%. See Brooker &nd vVen Dyke, British Patent 483,071 (May 12,
1938) /Chem. Zentr., 38II, 1863 (1938)/.
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| A mixture of 11.1 g. (0.025 mole) of lead p-thlo-
cresoxide and 12.3 g. (0.0?5 mole) of 2-chlorogquinoline was
heated to 150° for five hours during which time thﬂ mixture
turned from yellow to white, The mixture was cooled and ox~
‘tracted with ether., The whitse precipitate remeining was leed
.~ ochloride as proved by its asolubility in hot wster and by
pesitive'lead and chloride ion tests. The ether layer was
~dried over sodium sulfate, and the ether was ﬁiatllled'avay
and replaced by petroleum ether (b.p. 60-70"). This ylelded
9.4 go (75%) of p-tolyl 2~guineclyl sulfide (m.p. 68° Yo
Anal. Calod. far C16H13NS: S, 12,76. FPFound: S, 12,87,
 In enother preparation 31 g. (0.25 mole) of p-thiocresol
lan‘xoa ml. of ether was treated with 0.25 mole of pﬁanyllithium
in 208 ml. of ether. After the sddition 41 g. (0.25 mole) of
2~¢hloroquinoline was sdded, and the ether was rém@vad by d1a-
tillation. The residue was heated to 140° for eighteen hours.
After cooling water was added to hydrolyze the mixture, and
ether was added to extract the organic materisl. The ether
layer wﬁa dried over sodium sulfste and was replsced by |
petroleum ether (b.p. 77-115°). This ylelded 50.5 g. (80.3%)
~ of p-tolyl 2-quinolyl sulfide (m.p. 68°).

Phenyllithium end p-Tolyl 2-Quinolyl Sulfids.- To a
solution of 6.5 g. (0.03 mole) of p-tolyl 2-quinolyl sulfide
in 50 Mlaiﬂf ether was added 33 ml. (0.03 mole) of 0.92 M
phenyllithium,207 The resetlon mixture became pink and then
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turned brown, and & gentle reflux of the ether occurred. At
the end of three snd one-half hours' stirring, 2 Color Test
2205 was positive though a considerable smount of 2% lodine
in gleclal scetic acid was raqai?aa to develop the color.

The mixture was refluxed for fifteen minutes before hydrolyz-
" ing with 100 ml. of water. The layers were separated and the
weter layer was acidified to yield 2.12 g. (57%) of g-tkie-
eresol (m.p. 43.5°). A mixed melting point with sn authentic
specimen showed no depression.

The ether was distilled from the ether layer and was
replaced by petroleum ether (b.p. 60-70°). This yielded 2.92
g. (47.4%) of 2-phenylquinoline (m.p. 81-83°). A mixed melt-
ing point with an authentic specimen of 2-ghanylﬁuino1ineglé
showed no depression. The pier&tezls melted at 191° and
showed no depression of 8 mixed melting polnt with an euthen-
tic specimen.

The reactlon between phenyllithium end p-tolyl 2-qulnolyl
sulfide was repesated at -75° (bath temperature) for twenty-
five minutes. On working up this resction as before an odor
of p-thiocresol, but no precipltete, was detected. A rechery
of 95.8% of sterting meteriasl was obtained.

p-Tolyl-2~-quinolyl Sulfide and p-Butyllithium (-?5°1.-

314, Doebner snd Willer, Ber., 16, 1665 (1883).
218. Doebner and Miller, ibid., 19, 1197 (1886).
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A solution of 0.10 mole of n-butyllithium®l® 1n 165 ml. of

ether was cooled to -75°. To this was added slowly 12.5 g.

(0.05 mole) of p~tolyl 2-quinolyl sulfide in 80 ml. of ether.

At the end of the ten minute aéditi9n~per1ed no reactlion was
noted, The stirring wes continued for fifteen minutes before
100 ml. of water was sdded to hydrolyze the mixture. HNeutralizs-
tian of the water layer after separestion ylelded 0.85 g.

(13.3%) of p-thiocresol, identified by melting point (41-43°)

end mixed melting polnt with an suthentlc specimen.

The ether layer was dried over sodium sulfate, and the
ether wes removed by distillation. The residue was distilled
to yleld 1.03 g. (11.2%) of 2-p-butylquinoline (b.p. 95° at
0.2 mm.), identified by the melting point of the plerate (163°)
and a mixed melting polnt with an suthentlc specimen of the
pieratﬁ.a The residwe from the distillation was éiasalved in
petroleum ether (b.p. 60-70°) and ylelded 11.3 g. (82.2% re-
covery) of p-~tolyl 2-quinolyl sﬁlride (m.p. 68°). There was
ne depression of melting point with an suthentic specimen of
the sulfide. This recovery increases the ylelds of 2-n-butyl-
quinoline and p-thiocresol to 62% and 68%, respectively.

n=-Butyllithium end p-Tolyl 2-Quinclyl Sulfide.~ A solu-
tion of 26.4 g. (0.10 mole) of x&talyi 2-quinolyl sulfide in

216, This and subsequent preparations of n-butyllithium
utilized the improved procedure which gives ylelds of 75%

to 90%; see Gilman, Beel, Brannen, Bullock, Dunn, snd Miller,
J. Am. Chem. Soc., 71, 1499 (1949).



98-

150 ml. of ether was treated at room temperature with 0.1l mole
of n-butyllithium®1l€é in 120 ml. of ether. Eight minutes after

205,'83 negative, so the perman-

the addition a Color Test I
ganate-colored solution was poured into & slush of ether and
dry ice. The mixture was hydrolyzed with weter, made ‘acild
with hydrochloric amcid, amd realkalinized with 10% sodium
hydroxiﬁe. After sepnratidn the ether layer was dried over
sodium sulfate, and the ether was éiatiilsd away, Distilla-
tion of the residue ylelded 13 g. (63.8§%) of 2-n-butylquino-
line (b.p. 95° at 0.2 mm.; n23 1.5754). Identification was
completed by preparation of the picrate which melted at 163°
and showed no depression of melting point when mixed with an
authentic specimen of ﬁhe picrate.s There was also about 1.5
g; of a red oil, which was dissolved in dilute ethanol to
yleld 1.2 g. of bis-(p-tolyl) disulfide (m.p. 44-45°). 4
.mixeﬁ melting point with an esuthentic specimen of the disulfide
ahawaﬁ no depression,.

The basic water layer was acidified and cooled. The
result Ing precipitste was dilssolved as far as possible in
dilute sodium hydroxide. The insoluble material was re-
crystailizad from dilute ethanol to yleld 0.5 g. of bis(p-
tolyl) disulfide, i1dentifiled as above. Aeiﬁifica#ian of the
base-soluble portion ylelded 3.4 g. of p-thiocresol (mep. 41°),
fidentified by mixed melting point with pure p-thiocresol. The
t9%31 y1e1d of p-thioecresol end disulfide was 41%.

p~Tolyl 2-Quinolyl Sulfide and Phenylmagnesium Bromide.-
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A solution of 0.046 mole of phenylmagnesium bromide in 40 ml.
of ether was added to 11.6 g+ {0.046 mole) of p-tolyl 2-
quinélyl sulfide in 50 ml. of Ethar'. Sh&tly after the ad-
’ditian a' red color appeared. This color derkened to a deep
permanganate color after stirring for eighteen hours. The
reaction mixtu:?e was hydrolyzed with 100 ml. of 5% hydro~-
eﬁidria acid. A crystallme‘ prgeipitata appeared which
weighed 5.9 g. end melted at 199-204°. It dissolved in
water éiffitmltly end gaw' e precipiteate with silver nitrate.
Addit :!.ah of base yiema& g—toly}. 2~quinolyl sulfide {m.p. 68°),
so the compound is appsrently the hydrochioride of th@lyl L=
quinolyl sulfide (44.5%).

A smell amount (0.24 g.) of p-thiocresol (4.2%), identi-
fied by melting point (41-42°) and mixed melting point with
an authentic specimen was obtained. From the ether layer 3.5
ge (30.1% r%over-y) of p-tolyl 2-quinolyl aﬁlfiﬁa {m.p. 68°)
was obtained. In the hydrochloric acid extracts 0.3 g. (3.2%)

214 4 ientified by melting point (83°)

of 2-phenylguinoline,
&nd mixed melting point with an authentic specimen, was found.
The total recovery of 3‘;?;;)}_3’1 2-quinolyl sulfide was 74.5%.
This 1ne§vaasad the yields of 2-phenylquinoline end p-thie-
eresol to 124 and 17%, rsapeativaly.

2-Phenoxyquinoline end Phenyliithlum. The 2-phenoxy-

quinoline wes prepared in 77% yleld from sodium phenoxide and

2~chloroquinoline in boiling phenol (181°) according to the

54

direct ions of Friedlander ani Ostermaler, After drying in
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a vacuum desicoator for elghteen hours, 11.1 g. (0.05 mole)
of 2-phenoxyquinoline was dlissolved in 50 ml. of ether and
treated with 55 ml. of 0.10 N phenyllithium (0.055 mole)h207
The mixture begen to reflux and turned red in color. The
stirring was continued for eighteen hours at room tamperatura
before hydrdlyzing with 100 ml. of water. The layers were
separated, and the basic water layer was acidifled with hydro-
ahiarie scid and extracted with three 50 ml. portions of ether.
The ether was distilled awaey snd the residue was distilled
?1ald1ng 3.2 g. of afc&lar&easkliquiﬁ (b.p. 78° et 18 mm.)
vhich fomed héantiful crystals on standing ahd had the odor
of phenol {(m.p. 41-42°). A mixed melt ing point with pure
ghenei melted at 41-42°. The yileld of phenol was 72.3%.

The ether was remﬁved from the original ether layar by
- distillation, and the residue was dissolved iﬁ petroleum ether
 {b.p. €0-70°). An olly red precipitate was extracted with di-
ﬂiéba hydrochloric scid (l:1l) to extract any 2~phenylquinoline.
Neutrsllzation with sodium hydroxide ylelded 7.2 g. (m.p. 84°)
‘of 2-phenylquinoline (70.2%). A mixed melting point with an

suthentic specimen showed no depression.2i?

2-Phenoxyquinoline end peButyllithium.- & solution of
20 g. {0.09 mole) of gaghanoxyquinelin354 in 100 ml. of ether

- was treated at room tempsrature with 120 ml. of a solution

of n-butyllithium®l® (0.09 mole) in ether. A gentle reflux

occurred, and the solution became red snd then permangenste

in color, After stirring for four hours a Color Test 1205
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was negative, so the reaction mixture was carbonsted by pour-
ing into a slush of ether and Dry Ice. After warming up %o
room temperature, the mixture was hydrolyzed with water and
acldifled with hydrochloric scid to break up the emulsion.
The mixture was realkalinized with potassium hydroxide, and
the layers were separeted. The weater layer was made s%reng}y
‘acid, and the phenol was extracted with ether. After drylng
’evsr sodium sulfate sand removing the ether by distillstion,
tha residue was dlstilled to yleld 5.3 g. (62.6%) of phenol
{b.p. 78° &t 18 mm.). This msterisl melted at 41-42°, and
8 mixed melting polint with phenol showed no da@rasaian.

The original ether layer wss dried over sodlum sulfate
and the ether was removed. Distillation ylelded 1.6 g. (b.p.
70° at 0,05 mm.) of 2-n-butylquinoline (9.6%) which wﬁs iden~
tified by the melting polnt of the plcrate (161°) snd a mixed
melting point of the plerate with en suthentic specimsn.a
Also there was obteined 3.0 g. (b.p. 140-150° at 0.05 mm.) ﬂf
2-phenoxyquinoline {14.9% recovery) which was identified by
melting point {66°) and mixed melting point with pure 2-
phsnaxyquinelina.sé A highsr’béiling red oll was obtsined
which after solution in petroleum ether (b.p. 60-70°) formed
a small smount of unidentified crystals {m.p. 94°).

2-Phenoxyquinoline and Phenylmegnesium Bromide.- To

8.5 g. (0.038 mole) of 2-phenoxyquinoline® in 60 ml. of
ether waes added 40 ml., (0.04 mole) of phenylmagnesium bromide

in ether. The addition was rapld, end there was no evidence
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of reaction. At the end of eighteen hours at room temperature

8 considerable amount of white precipitate was present and the

{ supernatent liquid was pink. Some of the white precibitate

' was removed snd washed with dry ether. A Color Test 1205 en
 this materiel was negative. A helogen test with silver ni-
trate was positive. The pink supernstent liquid gave & strongly
positive Color Test I,ges After stirring fnr‘twéntyftwa hours
longer, the white precipitate was removed by filtratien.

From this white precipitate (3.9 g.) on hydrolysis wai
obtained 1.7 g. (20% recovery) of 3-§hanoxyquiaaline {m.p,
64-68°). The water layer, which was slightly basic to litmus,
showed & strong test for halagen with silver nitrate, and had
a slight odor of phenol. Of the total amount of precipltate
46.3% wes found to be 2-phenoxyquinoline.

- The original ether layer was hydrolyzed, snd the layers
were separated. The ether layer was dried over sedium su1fata,
and the ether was distilled. The residue was dissolved in
petroleum ether (b.p. 60-70°), but only an oil precipitated
out. The petroleum ether solution was extracted with 10%
sodlum hydroxide. Neutralization of the extracts with hydro~-
chloric scid ylelded a precipitate of 0.15 g. of phenol (4.6%),
ldentified by melting point (41-42°) and mixed melting point
with an suthentic specimen. From the petroleum ether layer
was obtained 3.5 g. (43.5%) of 2~-phenoxygquinoline (m.p. 58«
61°), ldentifled by mixed melting point. This 1s a total
recovery of 84.7% of the 2-phenoxyquinoline.54
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ﬁéndenaatian of the mother liquors ylelded some Impure
2-phenoxyquinoline and finelly 0.2 g. {(2.6%) of 2-phenylquino-
1ine {me.p. 78-81°). A mixed melting point with pure 2-phenyl-
quinalmagﬁ melted at 80-83°.

2-Ethoxyquinoline and Phenyllithium.- A solution of 0.048

" mole of phenyllithium=° ' in 70 ml. of ether was added to 8.2

ge (0.048 mole) of 2~-ethoxyquinoline, prepared from 2-~chloro-
guinoline and sodium eth@xida,ss,m 80 nﬂ_. of ether, and the
mixture wes stirred for eighteen hours at room temperature.
At this point the solutlon was dark brown, contained & white
precipitate, and a Color Test 1265 was mgative; Water was
added for hydrolysis, end the layers were separated. The
ether leayer was dried over sodium sulfate, and the sther was
removed by distillation. Distillation of the residue ylelded
4.5 g. (54.8% recovery) of 2-ethexyquinoline {b.p.‘?&" at 0.4
m. 3 n%g 1.5892) end 4.1 g. (41.5%) of 2-phenylquinoline (b.p.
170° at 0.4 mm.). This solidified on cooling and melted at
'83-84° end showed no depression of & mixed melting point with
| an suthentie spet:imnugn

2-Ethoxyquinoline and p~Butyllithium.- A solution of

0.19 mole of gnbutyllithimzm in 253 ml. of ether was added
8lowly at room tempersature to 32.2 g. (0.19 mole) of Z2-ethoxy~
quinoline ‘55 Twenty minutes after the addition the refluxing

stopped and a Coloar Test 13@5

was negative. The mixture was
carbonated by pouring Into a slush of ether and Dry Ice. Hy~-

drolysis waz effected by adding water and 2 preclipitate of
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lithium bicarbonate was removed by filtration. Acidification
of the agueous layer ylelded 2.42 g. of an neid.which melted
et 120-130°, Solution in sodium hydroxide and reprecipitation
by hyargaﬁlerze acid ylelded a compound which melted at 132-
133°, This 1a'§he melt ing point of Eveﬁaexyquinolina—so
carboxylic sc1d.217 |

Anasl. Csled for CygH;,NOz: N, 6.45; neut. equiv.,
217.2. Pound: N, 6.38; neut. equiv., 218.0.

A smll emount of the acid was trested with thionyl
ehlor ide and then with cmcentrated ammonium hydroxide to form
the carboxamide (m.p. 155-15w°). A mixed melting point with
this material and a sample ef 2-@thoxyczuinclina-z-—carboxa-
mide 23&’ e melted st 156-157°,

‘The ether layer was dried over sodium sulfate; the ether
was removed by distillation, end the residue was éistilleé’in
a ﬁtiil of sixteen theoretlcal plates at & vacuum of 0.1 mm.

This resulted in 4.8 g. (14.9% recovery) of 2-ethoxyquinoline
(n20 1.5882) and 17.0 g. (49.4%) of 2-n-butylquineline, identi-
fied by melting point of its plcrete (163°) end miiad melting
point of the plerate with an suthentiec aﬁeciman.3 The last
fractiea (na 1,54623 formed 2 crystalline precipitate on
standing. This was filtered and washed with petrolaum ethﬁf

217. Frledlander and Gohring, Ber., 17, 456 (1884).

218. The suthentic specimen ef E-ethexyqninol1na~aoearbaxamide
was kindly supplied by Prof. Hens Wojahn.
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(bep. 60-70°). The melting point of this unidentified material

wes 95° .,

Q#E%hnquuinalina and Phenylmegnesium Bromide.~ A solu-

tion of 0.10 mole of phenylmagnesium bromide in 100 ml. of
ether was sdded to 17.3 g. (0.10 mole) of 2-ethoxyquinolined5
in 50 ml. of ether, &nﬂ the mixture was stirred at room tem=-
_perature for eighteen hours. A purple color developed end a
heasvy whlte precipitate was obtained. Hydrolysis was effected
by the edditlion of 100 ml. ef emmonium chloride, and the layers
were separated. After drying over sodium sulfate the ether was
removed by distillation, snd the residue was distilled to yleld
15.7 g. (90.8% recovery) of 2-sthoxyquinoline (b.p. 106° at
0.3 mm.; nq0 1.5876).

‘2~Ethexyqu1neline snd Phenylcedmium Chloride.?1® 7o a

solution of 0.10 mole of vhenylmagnesium bromide in 126 ml.

of ébhsr was added 18.3 g. (0.10 mole) of anhydrous cadmium
chloride. A black precipitate appeared immedia tely end a
Color Test T205 weg negative after ninety minutes. A solution
of 17.3 g. (0.10 mole) of 2~ethoxyquincline in ether was added.
A white preclpitate formed, and the mixture wes stirred for
forty-eight hours et room temperature before hydrelyzing with
a strong solution of smmonium chloride and ammonium hydroxide,
The ether layer wss dried over sodium sulfate; the ether was

removed by distillstion, and the residue was distilled to yleld

210, Glimen and Nelson, Kec. trav. chim., 55, 518 (1936).
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16.1 g. {93.2% recovery) of Z2-ethoxyquinoline (b.p. 81-83" at
0.05 mm.; ¥°D 1.5914). There was a slight residue after dis-
tillstion. |

2~0h1aroquinelin& and Phenyllithium.~ To 15lg. (0.003

‘mole) of 2«-chloroquinoline was added 0.093 mole of phenyl-
11thium207 in 82 ml. of ether. A vigorous reaction took place,
resulting in & white precipitate and a derk red solution. A
GColor Test 1205 yas negative within thirty minutes after the
- addition. The mixture was cerbonated by pouring into a slush
- of ethﬂbfand Dry Ice. After hy&ra&ysia with watef the ether
1ayef was separated and dried over sodium sulfate. After re-
moving the ether the residue was distilled to yleld 1.2 g.
(8.0% recovery) of 2-chloroquinoline (b.g. 115° at 0.03 mm.),
‘end 12.5.g. {65.7%) of 2-phenylguinoline (b.p. 160° at‘é.aﬁl
mm.}. This was recrystallized from petroleum ether (b.p. 60-
70°) to yield 11.8 g. of pure 2-phenylquinoline (m.p. 83-84°).
A mixed melting point with an suthentic specimen®i? of 2-
phenquuinol&ﬁe showed no depression. ?hia;is a 62.0% purified
yield. Considering the recovery of 2«chloroquinoline the net
 yleld 1is 67.3%. |
| | Ko acid was obtained from the water layer on nenhrali:a-
tion with hydr ochloric seid.

2-Chlorobenzothiazole and Phenyllithium.- To 10.6 g.

{0.06 mole) of 2-chlorobenzothiaszole in 50 ml. of ether was

added 120 ml. of 0.96 M phenyllithium®C  in ether. Rapid re-

fluxing took place during the addition. The mixture was
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stirred for eighteen hours before hydrolyzing with 100 ml. of
water. The ether was removed from the ether layer and replaced
with 95% ethanol to yleld 4.6 g. (36.6%) of 2-phenylbenzothia-
gole (mep. 106=110°), identified my mixed melt ing point with
an authentlic ay@eimen.gll

The rest of the organic meterisl was in the water layer
but no pure produect could be 1solated,

2-Chloroquinoline and p-Butyllithium.- Ta 0.12 mole of
-ggbutyllithiumglﬁ in 120 ml. of ether at -50° {bath temperature)

was added 19.6 g. (0.12 mole) of 2-chloroquinoline in 60 ml. of
ether, After the additlion (twenty minutes) the mixture was
- stirred for twenty minutes before a negative {questionable)
Color Test :305 was ebﬁainaﬁ. The mixture was carbonated by
pouring into & slush of ether snd Dry Ice. Hydrolysls was ef-
‘fected by the eddition of 100 ml. of 10% hydrechloric acid.
The layarsfwere separated, and the aclid layer was neutralized
with potassium hydroxide and extracted with ether. Distilla-
tion of the residue ylelded 11.6 g. (52.2%) of 2-n-butylquino-
line fb.p. 90-100° at Q;GB mm.). This was identified by the
melting point of thils plerate with sn authentie syoaimen.a
'No 2-chloroquinoline was recovered.
Distillat ion of the residue from the original ether lgyar
ylelded 3.9 g. (31.6%) of valeric acid (bepe 61-63° at 0.15 mms).
Q-Ghleregainoline and Phenylmagnesium Bromide.- A mixture

of 0.10 mole of phenylmagnesium bromide and 16.4 g. (0.10 mole)
of 2-chloroquinoline was stirred for forty-eight hours at room
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temperature, but a negative Color Test IEOS could not be ob-
tained. The mixture was carbonated by pouring into a glush
of ether and Dry Ice. After hydrolysis a small amount of
benzoic acid was obtained from the water layer. Distillstion
of the residue from the ether layer ylelded 8.3 g. (50.6% re-
| covery) of 2-chlaroquinoline (b.p. 115°at 0.05 mm.) and 6.49
g. (31.2%) of 2-phenylquinoline (b.p. 165° at 0.03 mm.). This
melted at 83-84 after recrystallization from petroleum ether
(b.p. 60-70°) end sh owed no ésgmaasian of melting point when
mixed with zaphenquuinalina.ald’ The net field was 61.6%.

a-éhlorebenzethiazola‘and Phenylmagnesium Bromide.~ A

solution of 0.10 mole of phenylmagnesium bromide in 50 ml. of
ether was added to 16.9 g. (0.10 mole) of 2-chlrorbenzothiazole
in 50 ml. of ether at 0° (bath temperature). No resction took
place so the lce bath was removed, and the mixture wes stlrred
at room temperasture for twelve hours &t which time & Color Test
I‘%5 was still positive. The sﬁlution was refluxed for two
hours, and a Color Test 1205 was negative at the anﬁ of this
"t ime, Hydrolysls was effected by thedaédition of 100 ml. of
ammonium chloride solution, send the lsyers were seperated.
After drying the ether layer over sodlium aulfate the ether
was removed by distlllation. Distillation of the residue
yielded 6.6 g. (39.1% recovery) of 2-chlorobenzothlazole
(bep. 80-85° at 0,05 mm.; n 1.6308) end 9.8 g. (47.8%) of
| 2-phahy1baasethiézule (b.p. 160° at 0.05 mm.). This was re-
erystallized from 95% ethanol to yield 9.6 g. (41.9%) of pure
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2-phenylbenzothiazole (me.p. 114°), identified by mixed melting

point with an suthentlie apaaimen.zll The net yleld was 67.7%.

2-Chloroquinoline and Phenyleadmium Chloride.-219 4

auap@naien of 0.10 mole of phenylcadmium chloride in 70 ml. |
of ether was prepsred by adding 18.3 g. (0.10 mole) of enhydrous
cadmium chloride to 0.10 mole of phenylmagnesium bromide. A
solution of 16.3 g (0.10 mole) of 2~-chloroquinoline was sdded,
and ths mixture was stirred at room temperature for eighteen
hours. The mixture was hydrolyzed with a strong solution of
ammonium chloride and smmonium hydroxide, and the iayera were
, aeparated. The ether layer was dried over seéium‘sulfate~ the
ether was removed by distillation, and the residue was diabilled
to yield 15.9 g. (97.5%’reaavery) of 2e-chloroquinoline (b.p.
124° at 0.5 mm.), identified by means of its plorate (m.p. 126«
127°) and mixed melt ing point with an suthentic specimen.
Preparat ion of 2-(N-Plperidyl)quincline.- 4 mixture of

17.0 g (0.20 mele) ar piperiéine and 33.3 ge. (6.39 mole) of
2e«ghloroquinol ine was heataé to 130° for elghteen hours. The
completely solidified reaction mixture was cooled snd dissolved
in dilute hydrochloric scid and then precipitated with 10%
~sodium hydroxide. The materisl was extracted with ether, and
the ether extracts were dried over sodium sulfate. After re-
moval of the ether the residue was dissolved in petroleum

ether (b.p. 60-70°) and cooled to yleld 32.9 g. (81.6%) of
2-(N-piperidyl)quinoline (m.p. 41-48°). This product was re-
dissolved in petroleum ether (b.p. 60-70°) and decolorized with
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carbon. On cooling 24.4 g. (57.6%) of pure 2-(N-piperidyl)-
quinoline (m.p. 51°) was found.

Anel . Caled. for a14ﬁlﬁﬂgz N, 15.18. Found: N, 13.10.

The ssme compound wﬁs obtained by stirring 0.10 mole of
llthiuméiperidida, prepared from phenyllithium and piperidine,
end 16.3 g. (0,10 mole) of 2-chloroguinoline in ether for
eighteen hours while the tempergture rose from O° to that of
the room. On distillation and recrystallization af,thé product
from petroleum ether (b.p. 60—?G°} 7.3 g. (36.2%) of 2-(N-
piperidyllquinoline was obtained. The recovery of 3.3 g.
(21.1%) of 2-chlorogquinoline raised the net yield to 45.9%.

Phenyllithium and 2-(N-Piperidyl)quinoline.- 4 solution

of 10.1 g. (0.05 mole) of 2-(N-piperidyl)quinoline in 50 ml.

of ether was treated at room temperature with 0.05 mole of

207  atter stirring for eighteen hours at room

temperature a Color Test 1205

phényllithium.
was still positive. Hydrolysis
was effected by ﬁha aadition of 50 ml. of water; the layers
were separated, and the ether layer was drled over sodium sul-
fate. Distillation of the residue from the ether layer ylelded
1.9 g. of biphenyl (m.p. 70°) which was identified by the method
of mixed melting point. Also 4.4 g. (44% recovery) of 2-(XN-
piperidyl)quinoline (b.p. 165-170° at 0.2 mm.) was obtained.
This was identifiled, after recrystallization from petroleum
ether (b.p. 60-70°), by melting point (50°) and mixed melting
point with an authentlc specimen.

No product could be isolated from the large smount of
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resldue left after the distillation.
p~Butyllithium snd 2-(N-Piperidyl)quinoline.- To a solu~

tion of 21.1 g. (0.10 melé) of 2-(N-piperidyl)quinoline in 50
ml. of ether at room temperature was added 0.10 mole of n-
butyllithium=2® in 120 ml. of ether. The solution turned dark
red. At the end of four hours a Color Test I205 was positive
so the stirring wes continued for twelve hours longer before
earbéﬁating by pouring into a slush of ether and Dry Iee.
After hydrolysis with water, the mixture was acidified with
hydrochlorie ascid and then realkalinligzed with dilute potassium
| hydroxide. The basic layer was carefully neutralized to litmus
with hydrochloric ascid which produced heavy fumes of piperidine
hydrochloride. The oil which precipitated out was extracted
with ether. Distillstion of the residue from the ether layer
yielded 1.9 g. {22%) of piperidine, iﬁen%ifiaﬁ by conversion
to benzensulfonylpiperidide (m.p. 93°) and mixed melting point
with an euthentie specimen.

Distillation of the original ether layer ylelded 3.3 g.
{17.8%) of 2-n-butylquinoline, identified by melting point of
the pierate (161°) eand mixed melting point with en euthentic
specimen of the plorste.3 Further distillation ylelded 11.9
g. of & viscous oil which was not identifled.

Phenylmagnesium Bromide snd 2-(N-Piperidyl)quinoline.-

To 8.5 g. (0.04 mole) of 2-(N-piperidyl)quincline in 50 ml.
of ether was added rapldly at rcoom temperature 0,04 melé of
phenylmagnesium bromide in 40 ml. of ether. After stirring
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for sixty hours a Color Test 1295 was strongly positive., There
was no precipitate, and the resction mixture had darkened
slightly. An aﬁman&um chloride solution was added to hydrolyze
the mixture, and the layers were separated. The ether layer was
dried over sodium sulfate, and the ether was removed by dis-
tilletion. Distillation of the residue yielded 6.7 g. (78.8%
recovery) of 2«(N~piperidyl)quinoline (b.p. 140-145° at 0.05
mn.). This was recrystallized once from petrocleum ether (b.p.
60-70°) and melted at 51°. A residus from the distillation
resisted all attempts at crystallization.

Prepars tion of B—Allyloxyquinaline.166~ Into 150 ml.

of allyl elcohol was dropped 4.6 g. (0.2 g.-atom) of sodium:
After the sodium had reacted 32.7 g. (0.2 mole) of 2-chloro-
quinoline was asdded, and the mixture was refluxeﬂ for eigntaen'
hours. The excess allyl alcohol wﬁa removed by distillation
under va¢uum, and ether and water were added to the residue.
Distillat ion of the oll from the ether layer ylelded 32.6 g.
(87%) of 2-allyloxyquinoline (n3° 1.5942; a3° 1.0912. Caled.
for‘Glzﬁllﬂas Mp, 67.00. Pound: §&7.61).
Phenyllithium end 2-Allyloxyquinoline.- A solution of

0.10 mole of phenyllithinmgev in 90 ml. of ether was added
slowly at -35° to 18.5 g. (0.10 méie) of Q-allylaxyquinolinelsé
in 50 ml., of ether. The aelution turned slightly red in color,
but 8 Colar Test I205 was strongly positive after stirring for
one hour, so the acetone~Dry Ice bath was replaced by an ice-

bath. The mixture was stirred st this temperature for ten hours
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and then for one hour longer while it warmed up to room tem-
perature., At this point a Color Test Iggs was negative, so
the mixture was hydrolyzed with vﬁtar., end after separation
tte water layer was acldified giving an odor of phenol.

The ether layer was dried over sodium sulfate, z2nd the
ether was removed by distillation. Distillation of the re-
sidue ylelded 2 g. (10.8% recovery) of 2-allyloxyquinoline
(b.p. 146° at 0.1 mm.; nS0 1.5948). Also 3.8 g. (18.5%) of
2-phenylquinoline (b.p. 170° at 0.1 mm.), which after re-
crystallization from petroleum ether (b.p. 60-70°) melted at
83-84° and showed no depression of melting point when mixed
with an suthentic specimen of 2-phenylquinoline,2l% was ob-
tained,

Attempts to crystallize the large smount of residue
from the distillation failed.

In & similar resction carried out at room temperature
for one and one~half hours a 15.6% recovery of 2-allyloxygquino-
line snd a 10.6% yield of 2-phenylquinocline were ocbtained.

Phenyllithium and 2-Benzyloxyquinoline.-220 A solution

of 0.10 mole of phenyllithium®°’ in 80 ml. of ether was added
to 23.5 g« (0.10 mole) of 2-benzyloxygquinoline in 30 ml. of
‘ether cooled to 0°., The color darkened immediately, end at
the end of elighteen hours was & redd ish~black. A Color Test
1205 wag negative. The mixture was hydrolyzed by pouring onto

$20. Kindly supplled by ¥r. 1. Zarember of these Laboratories.
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ice. The layers were gepsrated, and the water layer was
acidified. Wnite radiating ocrystals (me.p. 187°) which weighed
0.5 ge were cbtained. Reorystallization from ethanol ylelded
3.42% of 2-hydroxyquinoline (m.p. 188-192°), identified by melt-
ing point amd mixed melting point with an authentlc specimen
(192-194°). )
The ether layer was extracted with 100 ml. and then 50

ml. of 10% hydrochloric scid. On cooling 3.8 g. of a rather
unstable hydrochloride (m.p. 183°) was obtained. This yielded
2-bonsyloxyqumélim on neutralizetion with. sodium hydroxide,
extraction with ether, and reorystallization from 95% ethenol.
This product melted at 50-51° end showed no depression of melt-
ing point when mixed with an suthentic specimen of 2-benzyloxy-
quinoline, |

| ‘M'eer'futrétmn of the crystalline hydrochloride trs
’aam‘e’thcts were neutralized with sodium hydroxide and ex-
 tracted with ether, Dlstillation 'af the residue from the
ether layer ylelded 1.2 g. of benzyl alcohol (b.p. 60° st
0,05 mm.; no 1.5424), 1dentifisd by melting point of the 3,5-
dinitrobenzoate and mixed meltling point with an authent ic specl-
men. Also 8.1 g. of an o1l {b.p. 160-170° at 0.05 mm.) was ob~
tained. From this by fractlional crystalllization from petrole-
um ether (b.p. 60-70°) was obtained 4 g. (17% rscoverj) of 2=~
benzyloxyquinocline, identified by melting point and mixed |
melting point with an authentic specimen. Also 2.5 g. (12.2%)
of 2-phenylquinoline, identified by melting point (79-81").
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and mixed melt ing point with an suthentic apﬁeimeagl& (80~
82°), was found.

There was slso obtalned 0.5 g. of & higher melting ma-
terial. More of this product, which melted st 108-110°, was
obtained on distillation of the originsl ether layer., The
melt ing point of this unidentified compound was raised to
110-112° by recrystsllizing from petroleum ether (b.p. 60-70°).

Anal. Pound: N, 6.38; N, 6.47.

This enalysie does not check for any of the expected
products. Diastillation of the original ether layer increased
the amount of be&zyl elcohol to 2.8 g. (24.8%).

Benzylmegnesium Chloride and 2-Chlorogquinoline.- A solu-

tion of 0.10 mole of benzylmagnesium chloride in 80 ml. of
solution was coocled to -8°, snd 16.3 g. (0.10 mole) of 2-chloro-
quinoline in 50 ml. of ether was added dropwise during twenty-
five minutes. After stirring for slx hours a Color Test 1205
was faintly positive. The entire resction mixture was poured
into a slush of ether and Dry Ice, snd hydrolysis was effected
by an ammonium chloride sclution.

Acldification of the water layer ylelded 5.0 g. (36%)
of phenylascetic acld. This indicated that something haﬁ inter-
fered with the Color ?eat‘zges which had been only falntly
positive. |

In the ether layer & smell emount of an impure solid (m.p.

155-160°) was found. Also 8.5 g. (52.1% recovery) of 2-chloro-
quinoline was obtained. No 2-benzylguinoline was isolated.
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Preparstion of 2-Benzylquinoline.- Approximetely O.18

mole of benzylsodium was prepared sccording to the directions
of Gilman, Pecevitz, and Baine22l by the metalation of toluene
with phenylsodium. This was cooled to ~40° (bath tamparatm‘o)
and ;’:G ml. of quinoline wasz added. After stirring for one hour
8 Color Test 1205 was weak, so the reaction mixture was car-
boneted by pouring into a slush of ether and Dry Ice. After
hydrolyzing with water, the layers were sepsrated, and the |
vatér layer was acldified with hydrochloric acid, but no acid
was obtained.

The ether layer was dried over sodium sulfate, and the
ether was removed by distillation. Dlstilletion of the resi=
due yielded 15 g. of quinoline (b.p. 75-80° at 0.04 mm.) and
15.4 g. of a yellow oll (b.p. 145-50° at 0.04 mm.). This gave
& reddish-orange picrate which melted at 153.5-154.5°, Re-
erystallization from 90% ethanol did not change the melting
point.

The yellow o1l was dissolved in anhydrous alcohol, end
15 g. of mercurlc oxide wes sdded. After hesting on the steam-
plate for eighteen hours, the mercury and mercurlc oxide were
removed by filtration. The alcohol was removed by dilstilla-
tion, and the residue was distilled to yleld 13.4 g. (34%) of
2-bengzylquinoline (b.p. 145-50° at 0.04 mm.), identified by

221. Olimen, Pacevitz, end Baine, J. Am. Chem. Soc., 62,
1518 (1940). I
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melting point of the picrate (154~155°) end mixed melting poimt
(154-155°) with an suthentic specimen prepared by fractional
erystallization of the plerates of 2- end 4-benzyldquinoline
from n-propyl slcohel. The mixture of 2- and 4-benzylquino-
line was obtained by treatment of quinoline with benzyl-~
magnesium chloride in dioxane according to the directions of
Bergmann and Egsenthai‘lsg

Phenyllithium snd 2-Benzylquinoline.- A solution of

0.035 mole of phenyllithium®O7 in 40 ml. of ether was added
at room temperature to a solution of 8.77 g. (0.04 mole) of
2-benzylquinoline in 50 ml. of ether. The solution turned a
deep red, and after stirring far eighteen hours a Color Test
1205 yas negative. The material was carbonated by pouring
into e slush of ether and Dry Ice. The layers were separated
after acldification and reslkslinization to bresk up an emul-
sion. HNo acid was obtained on acidificstion of the water
laysr. Distillation of the ether layer residue ylelded 7.2
g. (82.6% recovery) of 2-benzylquinoline (b.p. 170-176° at
0.1 mm.; n20 1.6339~1.6370), identified by mel ting point of
picrate (152-154°) and mixed melting point with an suthentie

apecimen.

Phenyllithium end 4,7-Dichloroquinoline.- A4 solution
of 0.10 mole of phenyllithium®®’ 1n 100 ml. of ether was
“added dropwise at 0° to 19.8 g. (0.10 mole} of 4,7-dichloro-
quinolins in 300 ml. of ether. After stirring for one hour
a yellow precipitate had appesred and & Color Test IQQS was
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negat ive, After hydrolysis with water the layers were separated
ard the ether layer was drled over sodium sulfate. The ether
was removed by dlstillation, and the residue wes replsced with
400 ml. of anhydrous ethanol. To this solution was added 30

g+ of mercuric oxide, and the mixture was kept Just below the
bolling point for eighteen hours., After filtration of mercury
and mercuric oxide the solutl on was cooled to yleld 19.6 g.

of material (m.p. 100.5-101.5°)., Concentration of mothﬁr
liquors ylelded 4.3 g. bringing the total to 23.2 g. (84.9%)

of 2»ghany1~4,Vudichlaroquinnlina.222 |
ethanol the product melted at 101-102°.

Recrystallized from

Anal. Calod. for C15HgClg; N, 5.12., PFound: N, 5.22
2-Phenyl-4,7-dichloroguinoline and Phenyllithium.- A solu-

tion of 0.056 mole of phenyllithium was added to a suspanaian
of 13.7 g. (0.05 mole) of 2-phenyl-4,7-dichloroquinoline in
200 ml. of ether at O° {bvath temperature)}. The reacti on mixe
ture turmed black and gave no Color Test 1295 at the end of
one hour. The material was poured into a slush of ether and
Dry Ice and then hydrolyzed with 100 ml. of water. A pre-
cipitate which weighed 11.6 g. was removed by filtration.
This was & mixture of substances which resisted all attempts
at separation by fractionsl crystallization.

The reactlion was repeated between -50° and room tem-

perature for twleve hours, and an attempt was mede to sep-

P —

222. Gilman and Benkeser, J. Am. Chem. Soc., 69, 123 (1947).
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arate the mix‘am‘s by chromatographic adsorption. &ome‘ separe-

tion was achleved, but the compounds were not pure enough to

analyze. The proper cholce of aé%»’v‘enﬁu might effeet a separs-
tion by this method.

| Phenylcedmium Chloride®l® gnd Quincline.- To 0.10 mole

of phenylmagnesium bromide in 100 ml. of ether was added 18.4
g. (0.10 mole) of anhydrous cadmium chloride. After stirring
for two hours & Color v‘;?eat 1205 yag negstive., A soclution of
12.9 g. (0.10 mole) of quinoline in 30 ml. of ether was added.
The black suspension greduslly turned white during a resction
time of eighteen hours. The mixture ias hydrolyzed with water,
: _ma&a strongly basic with sodium hyérmﬁida, and filtered. The
ether~layer residue was distllled to yileld 8.1 g {b.p. 70-72°
at 0.01 mm.}; nzg 1.6218) of quinoline. There was almost no
residue left in the distilletion flask.

The insoluble hydroxides were dried and extracted with
ether in a Soxhlet extractor. These extracts were combined
with extracts from the water lsyer and were distilled to yleld
2.6 g« (bep. 72-74° at 0.15 mm.). This is a total of 10.7 g.
of quinoline (83% recovery). The change of color from black
to white during vthe sddition may indicate complex formation
a8 In the case of the Grignard resgent.

Phenylcadmium Chloride and Quinoline Methiodlde.- The

quineline methiodide was prepared asccording to the directions
of Melsenheimer and Dodonow.22° To & suspension of 0.10 mole

228, Meisenheimer and Dodonow, Ann., 386, 137 (1911).
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14 g. {(0.05 mole) of guinoline methiodide in 100 ml. of dry
ether was refluxed for ﬁwahty-f@ur hours. There was no evidence
of reaction. Water was added to hydrolyze the mixture, and
both layers were filtered from the resulting white precipitate.
The layers were sepsrated, snd the ether layer was dried over
sodium sulfate. Removel of the ether yielded 3.3 g. (36.6%)
‘of diphenylmercury, identified by melting point (124°) and
mixed ﬁalting point with an esuthentic specimen. The white
precipltate is probebly & mixture of mercurlc bromide end
vhenylmercuric bromide. There was no decoloriszation of any
material indiceting thet the unstable N-methyl-2«phenyl-1,2«
d1ihydroquin ol ine224
Quinsldine Methiodlde end Phenylmagnesium Bromide.- A&

was not formed.

suspénsiea of 19.8 g+ {0.07 mole) of guinaldine methlodide was
- treated with 0.07 mole of phenylmagnesium bromide in 100 ml.
of ether. The ether begasn to reflux and a Color Test I205 was
negative one hour after the addition. On hydrolysis with am-
monium chloride sclution a red solid precipitated out. The

225

methylene base could not be 1solsted. Rosenhasuer repor ted

that the methylene base polymerized Lo & red solid.

225. Rosenhauer, Ber., 59, 946 (1926).
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IV. DISCUSSION
A. Organometallic Derivstives of Benzothiazole.

The preparation of organometallic derivatives of benzo-
thiszole could conceivebly be sccomplished in three ways: (1)
by direct reaction of & hslobenzothleszole with a metel, (2) by
halogen-metal interconversion, snd (3) by metelation. Initial
experiments attempted to utilize the first reaction by refluxe-
ing 2-chlorobenzothiazole in ether with magnesium. This, how=-
ever, resulted in a 904 recovery of 2-chlorocbenzothiszole, and
similar results were obtained with CulMg alloy, aattéatad Cu=
ﬂg-I,gGa and methyl iodide as catalysts. A positive célar
Test I205 was not obtained in any reasction. 2-Pyridylmagnesi-
um bromide,B0 on the other hand, has been prepered in 40-55%
yield by using the "entrainment™ method of Grignerd, a method
which hes also been employed with 2,6-dibromopyridine, 2«
chloropyridine, 3-bromopyridine, end 4-eh1aropyridina.2 Using
methyl lodide as catalyat would be expected to give similar
results with 2«chlorcobengzothiazole, but no resction wes induced,‘
possibly becasuse of a coating which formed on the magnesium.
Iﬁ addition, subsequent experiments with 2~benzothiazolyllith-
lum Indlcated that the Z2-benzothiezolylmegnesium chloride
would probsblﬁ not be stable at the temperatures of the ex-

periments. Hafmanngze has prepared 2,2'-bibenzothiazole by

ﬁ&. mmn, ﬁe!’-, }_ﬁ, 1§§6 (1880).
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heating 2-chlorobenzothiszole wlth zinc.

An 89% recovery of 2-chlerobenzothiszole was obtained
in the reaction between 2-chlorobenzothlazole and 1it hium.
Agsin the metal eapparently became coated, which may have in-
hibited the resction. A positive Color Test I205 was not ob-
teined which 1s not surpriging in the 1ight of subsequent ex-
~ periments which showed 2-benzothiazolyllithium to be unstable

above -35° (bath temperature). Hunter<e’

obtained only resin-
ous products by refluxing 2-chlorocbenzothiazele in ether or
xylens in the presence of sodium. Refluxing 2-bromopyridine
and 2«bromeoquineline in ether with lithium salso produced only
tarry preduetx.sg
No attempt wesz made to use the h&legen~metél interconver-
sion reaction to prepare orgsnometallic derivatives of benzo-
thlagzole because 2-bromobenzothlazole 1s not easily svsilable,
end there are not meny instances in the litersture of chlorine

etoma taking pert iIn X~M intarsanvarsions.gzg

However, the
fact that S3-bromopyridine, 3-bromoguinoline, and Z2~-bromoquino~
line have been shown to undergo the halogen-metsl interconver-
gion reaction with n-butyliithium in satisfactory yielé at low
hemyeraturea indicates that the reactlion might be possible if
 2-bromobenzothiszole were available.

In & paper describing the metalastion of 2-methylbenzo-

 P5%. THunter, J. Chem. 8S6e6., 127, 1488 (1925).

228. G’.lmmg L&ngham, and ﬁ@a!‘a, :};t Am. Chem. 3930' ﬁ’ 2327
(1940); Wittig, Angew Chem., 53, 241 (1940); Gilmen and Melstrom,
gn &Q Chem . sae:, __g, Iﬁs (1&6):
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~thlazole by ethylmagnesium bromide Courtot and Tchelitcheffd
mentioned that benzothimzole could be metalated in the 2-
position with the Grignard reagent. ¥o yleld, conditions, er
&xperimantal informetion was given, and a careful literature

- survey indicated that no subsequent work was puﬁliah&é on the
»fanbjsat.' It was accardiﬁglﬁ of iﬁ%aréat ta attempt the metala~-
tian with orgenolithium compounds which are better metelating
reagents than Orignsard reaggn&é. Phenyllithium reacted vigor-
ously with banxathiazela‘at room temperature and gave & nega-
tive Color Test 1235 almost immedistely. Repeating the fa-
Vaétian‘at‘a lower tempersture (-75°) resulted in a pesigive
Color Test 1205 grter thirty minutes, and carhaﬁation gavd‘s
54% yiélé}af benzethiaseleuawaarhexylia;aaid, which was iden-

191 (105° with cerbon dioxide evolution)

 tified by melting point
'ﬁand neutralizetion equivalent. In addition a 38% recovery of
’\benscthiazola was obteined which showed that side re#éﬁinné{
fha& been almost completely eliminated. This suggested the ’
possibility that the yield of the 2~benwtmazalynuhinm |
might ba‘ﬁmpravaé by using & more asctive ﬁetalating‘tgant.gzg
Table III (pege 75) shows the v#riatiena attempted ka,iﬁpreva
the yield. Phenyllithium gave yiélds as high as 68.5% below
-80°, but above that temperature the yield deereasaﬁvrapidly
to 5.9% at 0°. Methyllithium at temperatures between -78°
,aﬁd »50é resulted in 70% to 80% yielde of 2~benzothiszolyl-
lithium. However, the scid obtained by carbonation of the

?*2@. }ﬁilmm, Woore, end Baine, J. Am. Chem. Soc., 63, 2479
1041). =
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metalations with methyllithium was impure and dsrkened rapldly
on standing. The best ylelds were obtained with n-butyllithlum
which at -75° geve 89.7% of 2-benzothiazolyllithlwm determined
by ecarbonatim. It was found that the concentration of the
gybutyllithium affected the yleld, and the above yleld of
89.7% was cbtained with 0.33 moler n-butyllithium. Dilution
of thevRLi favored the metaletion reaction. In addition to
improving the yield of 2~benzothlazolyllithium, these reac-
~tions guslitatively corroborated the relative metalgting
ability of these three corganolithium derivatives as increas-
ing in the order: PnLi, MeLl, and n-BuL1.?2?

The fect thet addition to the azomethine linkasge of
benzothismzole could be eliminated by rescting &t & tempera-
ture of =-75 suggested that quinoline might be affected the
same way. However, a repetition of the optimum conditims
for producing Z2~benzothlazolyllithium with gulnaliae in pi&ca
of benzothiazole resulted in & 75% yield of Z2-p-butylquino-
1ine® and no quinoline~2~-carboxylic acid. Thils masy be ex~
plained eitﬁar by a deactivetion of the szomethine linksge
in bonzothiazole by the neg&&ive,salfnr atom or by an en~
henced activlity of the Z2-hydrogen atom.

The optimal conditions for metalstion of benzothiazole
were used elso wlth benzoxazole, but apparently no metslation
was effected. Bolld carbon dioxide snd benzophenone were em-
ployed to detect any metalation. However, during the addition
of the methyllithium a gas was evelved. This might be an in-
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dication of metalation as the gas was probably methsne. The
‘resulting organcmetallic compound msy not heve rescted with
carbon dloxide or benzophencne. If it did resct with cerbon
dioxide the resulting acld may have been déearhexylateé in
subsequent procedures.

2-Benzothilazolyllithium was not stasble sbove -35° (bath
temperature). The light yellow solution darkened rapidly
above =-35° on warming to room temperature, snd & solild was
obtained in good yielé a8 fter hydrslysis with ammonlum chloride
aoluﬁian@ This melted after reerjatallizatian from toluene
at 199-200°, The snalyses for this compound checked for a
bibénzgehiaxele or possibly a diﬁydfa compound, and by boil-
ing in nitrobenzene the materisl was converted in 44.5% yield
to 2,2'-bibenzothiazole (m.p. 310°}‘209 A compound giving a
‘similar analysis and melting st 194° was 1soclated by Ochisl
and Risizan&lﬁa as & by~product from the reaction between
benzothliazole and znéamiﬁe.. As sodemide is a metalsting agent
the similerity of these conpounds seems likely. It is not
necéssaéy, hewaﬁer, ﬁhﬂt the Qam@mund be 2-benzothiazolyl-2t=
benzothiazoline as it could be s thiapﬁenel (LXVI) from which

tﬁe 2,2*~b1benzobhiasaie could be cobtaeined by an oxldative

) <0

(LXVI)

ring closure.
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No mechanism for the formation of s dihydro compound
or a campound of the type shown (LXVI) has been proved. The
fa;t that enions do not generally resct with snlons makes an
addition of one molecule of 2-bengzothiazolyllithium to the
azomethine linkage of another like molecule seem rather un-
likely especially in view of the faet that under the same re-
action condltions In the presence of quinoline no sddition to
the szomethine linkeasge of quinoline waes obtained. Instead
there was found some of the intermediste compound (m.p. 196-
200° ) which was converted by nitrobenzene to 2,2'-bibenzothia-
z01e.209 e preferential reaction of the Z2-benzothliazolyl-
lithium with itself rather than with the azomethine linkage
ef'quinalin@ indicates thet anil-addition might not be the
mechanism. If one gssumes that the 2,2'-bibenzothiazcle is
a result of the intersction of molecules of 2-benzothiszolyl-
1ithium, then the intermediste of addition to the szomethlne
linkage must be the following:

20
LN,

The proximity of the negative centers whieh could prob-
ably not be screened by the positive lithium atoms makes this
e poor posslbility. An intermediste formed by opening a

sulfur~carbon bond In one of the molecules seems & little more
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attractive; however, 1t still involves the interaction of

anions.

§351+ 8
S ise
N— 02— S
'g.

Li‘l’yk

The separation of charges 1s greater and the possibllity
of stebilization by distribution of charges seems to bs better
in this type of intermediate. This mechanism, which inveolves
cleavage of the sulfur-carbon bond, 1s, of course, essentisl-
ly conjecture as the experimentsl evidence 1s not sufficient-
ly eémplete to warrsnt postulation of & resction mechanism.

- The reactions of 2-benzothiszolyllithium appeared to be
normel if the reaction took place below -35°. Benzonitrile
reacted to give a 71.1% purified yleld of 2-benzothiazolyl
phenyl ketone which was derivatized with phenylhydrazine. The
reaction of Z2«benzothiezolyllithium with benzoyl chloride,
which might be expected to yleld the same ketone, ylelded only
e trace of the ketone imolated &s the phenylhydrazone. Thére
was no depression of melting polnt of e mixture of this aub~
stancé with the phenylhydrazone prepared sbove. ,

It 18 interesting to note that no di-{(2-benzothiazolyl)-
phenylmethanol was isolated in this reactiaﬁ. The only other
product was & smell smount of unidentiflied material which
melted at 210°. The melting point of di-(2-benzothiszolyl)-
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phenylmethenol, which was prepared from 2-benzothiazelyl phenyl
ketone and 2-benzothlazolyllithium, was 158 .

Other ketones which rescted with 2-benzothiszolyllithium
were benzophenone, acetophenone, p-chlorecscetophenone, p-methyl-
acetophenone, and Michler's ketone. These gave yields of 2=

. benzothiazolemethanols of 95%, 67%, 72%, 63%, and 72%, res-
pectively. The ,0~di-(p-dimethylaminephenyl)-2-benzothiazele~

methanelzsa

turred green in alr end gave a deep green coloer 1if
dissolved in scetic scid. This was to be expected as the

me then ol would be the color base of a trierylmethane dye.

CH:
§3+;)s
il

NS

HC2H302, [:::I:g7'~b + CgH302 + HoO

(CH3)g

(g . ’ . ¥
Aldenhydes slso gave sstisfsctory yields of secondary 2-

benzothiszolemethen ols when reacted with 2-benzoth 1azolyllith-

lum. Aldehydes used in this study were benzaldehyde, n-butyr-

aldehyde, and p-dimethyleminobenzeldehyde, whiech gave the cor-

280. A letter from L. J. Grane, editor of Chemical Abstracts,
conecerning the naming of this snd other compounds 1s to be
found in the Appendix.
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responding methenols in ylelds of 66.2%, 55.7%, snd 58.6%,
respectively.

An attempt tg eouple Z2«~benzothiszolyllithium with benzyl
chloride did not yiéld any Z2~benzylbenzothiazole. The reac-
tion, which was run st -75°, allowed to warm up to room tem-
perature, snd then stirred for six hours, yielded no isolable
product. Possibly the eocupling reasction was extremely slow
at temperatures below which 2~-benzothlazolyllithium decompeses.
The fact thet no benzyl chloride was recovered seems to in-
dicate that the benzyl chloride did resect with the product or
products formed from the decomposition of the Z2«benzothiazolyl~
lithlum.

B. Resctions, other then Metalatlon, of Orgenometallic Com-

pounds with Benzothiazole.

The similsrity of benzothlazole to quinoline suggested
thet 2-substituted benzothliszole derivatives might be formed
by addition of orgenometallic compounds te the azomethine
linkege. Becsuse of the ease of metelstion of benzothiazole
by orgenolithium compounds most of the attempts to add phenyl-
lithium to benzothlazole employed two moles of the RL1 com-
pound to one mole of benzothiazole. In Table IV (page BS) the
experimental results were tabulsted. In all resctions below
~35° the yleld of 2-phenylbenzothiszole was belew 12.2%. |
Above that tempersture thﬁ yield improved, but never got
above a 44% crude yield, which was obtained at 0°. Resctions
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at temperatures higher than 0° did not 1improve the yleld of
2-phenylbenzothiazole though the recovery of benzothlazole was
lower. It 1s noteworthy that in the experiments in which the
moler ratlo of phenyllithium to benzothlezole was 1l:1, the
yield of 2-phenylbenzothlazole was alwaeys lower though #ame
2~phenylbenzothiazole was obtained, which may mean that the
rate of anil sdditlon st these temgsratures increased to the
“ﬁoint thet it competed successfully Qith the metalation reac~
tion.

In 811 of the resctions listed in Table IV (page 89)
hydrolysis was effected by means of ammonium chloride solu~
~tion. In other resctions 1t was found that 1f water were
used for hydrolysis almost all of the reaction ﬁixtura was
soluble in the water layer. Thls base-soluble materisl could
be preclipltated by acid, but,_after preciyitaticn, would not
redissolve completely in base., This indiecated the possibility
of an unsteble thiophenel which could have been formed by
breaking the sulfur-carbon bond in benzothlazole. Several at-
tempts were made to oxidize the supposzed thiophenol to the'di-
sulfide with alr, 1odine, snd hydrogen peroxide, but no dl-
sulfide was isclated. Benzoylation with benzoyl chloride was
also tfied, but only a small amount of an unidentified ar&stal»
line product was obtained. ¥No Z2-phenylbenzothiazole could be
isolated from the residue after scidification of the base-
soluble layer. Attempts to ébtain so0lid products by crystel~

ligation from verious solvents resulted only in resins.
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Any attempt to dliscuss the mechanism of thls reaction
between benzothlazole and phenyllithium necessarily has to
consider addition of the organometelllie compound to the azo-
methiné 11nksge of benzothiaszole as & possibility beceuse of
the'rélatienship of benzothiazole to quineline which sdds

1, 3, 131 gowever, un-

orgenolithium compounds in good yileld.
substituted quinoline 1s metslated by organclithium compounds
end, i1f the benzothlazole 1is metaleted st the higher tempera-
tures, and there is good resson to suppose that it ig because
of the rapidity of the metglatien reaction at low tempersture,
then we sre concerned here, not with the additlon of phenyl~
1ithium %o bensathi#zal&, but with the addition of phenyl-
1ithium to 2-benzothiszolyllithium. This, as in the case of
the decomposition of 2~benzothiaszolyllithium would lead to an

unlikely intermediste with two centers of negative charge very

close together.

el

%am,*

However, if there resulted a cleavage of the sulfur-carbon bond,

~the Intermediate would have the ehargae more widely sepsrated.

s® L1+
50

Lit
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The possibility of steabilization by dlstribution of charge
would be better, and the latiter compound would slso explailn
the water~solublility of ths produet on hydrolysis of the re-
ection mixture with water. Unfortunately, the experimental
evidence does not permit more than suggesting possible maab-
enisms. An ettempt to clarify the situation by treating 2-
benzothiazolyllithium with phenyllithium from -75° to -10°
resulted in ebout 70% recovery of benzothiazole and sn in-
tractable residue, More work on this spproach would be of
considerable interest.

Though the ylelds in these resctions of orgenolithium
compounds tit& bengzothlazole were poor, this reaction may still
be of value in the preparation of 2~aubati§uted benzothlazoles
if an excess of RL1 1s used and if hydrolysis 1s effected by
smmonium chloride solution.

Phenyllithium reacted with 2-phenylbenzothiazole to
yield triphenylmethanol (8.4%) and bis-(o-aminophenyl) di-
sulfide (7.7%). To get these products both sddition to the
azomethine linkage snd cleavsge of the sulfur-carbon bond head

to be postulated.

COO ==

Li
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CeHsL1 s B0
N— O —
Li s

s Q-

The c¢leavage could just &s well have occurred before the ad-
dition to the azomethine linkage. If addition is the first
reaction, the intermediate 1s similar to the N-lithie-2,2-
diphenyl-l,2-dlhydrogquinoline is obtained by the intersction

1 Compounds like tri-

of 2~-phenylquineline snd phenyllithium.
phenylme thylaniline are easily hydrolyzed to triphenylmethanol
and the amine.231 |
Phenylmagnesium bromide reacted with benzothiazole at
-1¢° to yleld 0.8% of 2-phenylbenzothlazole. Less than one
third of the phenylmagnesium bromlde rescted because on car-
bonation & 68.6% yleld of benzolic acid was obtained. There
was slso & 54.2% recovery of benzothlszole. No benzothiazole-

2~carboxylic acid was found. Ethylmagnaaiuﬁ'bramide metalated
benzothiszole according to Courtot and Tchelltcheff®S so it

m' yﬁmbﬁrg, gﬂu’ @p 18§§ 11902)\.
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might be expected that phenylmasgnesium bromide would alsc ef-
fect metalstion. The 2-benzothiaszolylmagnesium bromide might
not be steble af ~10°,‘hewe?ar, which would account for the
fact thet no benzothiszole-2-carboxyllic acid was isolated.

It would be interesting to attampt this metalation by
ethylmagnesium bromide, end if the yield were high, to find
out how stable the resulting 2-benzothiazolylmagnesium bromide
would be. If the ssme product were obtalned at a low tempera-
ture ag in the case of the decomposition of 2-benzothiazolyl-
lithium, this would be evidence against decomposition by ad-
dition to ths azomethine linkage because the Grignard reagent
- does not add to the azomethine linkege under these conditions.
Also, the more negetive 2-carbon stom in the 2-benzothlezolyl-~
magnesium bromide would probably inhibit addition to the azo-
methine 1inkege.

Phenylmegre sium bromide did not react with 2-phenylbenzo-
thlazole; after refluxing in ether for twenty-four hours a

92.8% recovery of 2-phenylbenzothiazole was obtained.

C, Orgasnometellic Compounds and £~Electronegatively Sub-

stituted Cuinolines.

Because of the similarity of p-tolyl 2-quinolyl sul-
fidaglg to benzothiszole it was considered of interest to test

the effect of organometallic reagents on this compound. Both
212

benzothlazole and p~tolyl 2-gulnolyl sulfide contain the

-N=¢-8- grouping, but the latter open~chaln compound dif fers
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in that the carbon atom has no hydrogen attached to 1it, thus
elimineting the possibility of metalstion on thaet carbon atom.

The p-telyl z;quinnlyl sulfide was mentioned in a Brit-
ish Patant,glg but no preparation was given. We tried two
methods in which we rescted Z2-chloroquinoline with lead p-
thiocrescxide and with lithium Eythiacresaxide. These methods
gave p~tolyl 2-quinolyl sulfide in §ialaa of 75% and 80%, re-
- spectively. In & preliminary experiment with phenyllithium
at room temperature for four hours it was found that the p-

" tolyl 2-qulnolyl sulfide was clesved to yleld Eythieeydsal
(57%) snd 2-phenylquinoline (47%). This rather encoureging
result suggested resectlions with other electronegative groups
in the 2- position of quinoline and with other orgenometallic
resgents.

The orgsnometallic compounds used in this work in order
of decreesing reactivity were n-butyllithium, phenyllithium,
rhenylmagnesium bromide, asnd phenylcadmium chloride. In ad-
dition to p-tolyl Z2-guineclyl sulfide the 2-substituted quino-
lines used were Z2-phenoxyquinoline, z-ethax{qainaline,,a“
chloroquinoline, 2-{N-piperidyl)quinoline, 2Qbanzylo£yqnine~
line, 2~aliylexyquinalina. and 2«benzylquincline. Tsble V
shows the results of resctions between phenyllithlium end 2-
substituted quinolines. In all but two experiments those
with 2-(N~-piperidyl)iquinoline snd with 2-benzylquinoline,
there was some Z2-phenylquincline produced. The ylelds varled
from 10.6% in the case of 2-allyloxyquinoline to 70.2% from
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Table V

Reactions of Phenyllithium with 2-Substituted Quinolines

2-Substi~- Yield of 2~ Yisld of [Reaction
tuted phenylquin~ ecleavage time
Quinoline oline, % product,% (hours)
CHxC zH,8 47 .4 p-thiocre~ 6
26k o1 (s7)
CgHg0 70.2 phenol 18
(72.3)
CgoHg0 41.5 18
1 65.7 50
CgHyoN ‘ piperidine 18
{trace)
CeHgCH,0 12.2 benzyl al- 6
: 50T eohol (24.8)
CeHpCHg ) 18
2-phenoxyquinoline.

T.

L4

28

28

28
28
28

0

28
28

Recovery of
starting
material, %

54.8
8.0
10.0

17.

15.6
82.6

The reaction with 2-allyloxyquinoline wes run to see if any

allylbenzene might be formed &s iIn the resction of "hindered

carbonyl compounds® with the Grignerd reagent.
resction of this kind 1s the following:

A}typical

(C ¢l ) 5 ~COCHg-CH=CHg + C gHgMgBr —> C gHg~CHp=CH=CHg +(C gHg ) 5~COOMgBr

Instead of the expectsd carbinol the megnesium salt of the acid

232, Arnold, Benk, end Liggett, J. Am. Chem. Soc., 63, 3444

(1941); Arnold and Liggett, ibid., 64, 2876 (1
337 (1945). I

942); 1bid., 67,
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end allylbenzene 1s obtalned in good yleld. The allyl esters
which glve this anéﬁsleas~raactian heve no hydrogen on the o=
carbon of the ester, but 2-sllyloxyguinoline does have & hydro-
gen atém on ﬁhé 3-cerbon which 1z snslogous to the d&aarbon of

the ester.

N
1

/2 0CHy-CH=CH,
Hindered allyl esters which have s hydrogen astom on the o
cerbon have been shown recently to undergo an intremolecular
rearrangement resulting in & oeallyl ac1d.283
in the reaction between 2~-sllyloxyquinoline asnd phenyl-

11thium no allylbenzene was isslﬁ&sﬂ; and no carbostyril was
obtalned 1ﬁﬁieating thet an snomelous resction 4did not occur.
As no acldic meterial was fbﬁnd,ths intramoclecular rearrange-
ment of hindered sllyl esters with an Oe-hydrogen atom appar-
| entyl did not teke place. In this reaction, however, the
yield of 2-phenylquinoline was 10.6% and the recovery of start-
ing material was only 15;6§. @hera‘was a8 large amount of res-
sinous meterisl left after the diat;llation which indicated
extensive reaction and prababiy pe1ymer1zatien.

220 wnich should be similer to 2-

g-Behzyloxyquinoline,
allylaxyqu&ﬁélina; gave only a 12.2% yleld of 2-phenylquino~
line and & 17% @neawery'ef 2-benzyloxyquineline. Another
product, which melted at 110°, was isolated, but the nitrogen

anelysis did not check for sny of the.ﬁassible'raarrange&,predw

288, Arnold and Searles, 4r., J. Am. Chem. Soc., 71, 1150 (1949)

—————
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uets. anelégag

did not report any rearrangement of hindered
benzyl esters, though he sald his results were inconclusive.

It might elso be mentioned here that these resotions of 2=
allyloxy~- end 2-<benzyloxyquinoline were not run on a large
scele; consequently smell amounts of some products might

have been overlooked.

The resction of 2~ethoxyquinoline with phenyllithium was
apparently not compllecated with slde resetions as the yleld
of 2~phenylquinoline and the recovery of Z2-ethoxyquinoline
total 95%. 2-Chloroquinoline gave a good yleld (65.7%) of
a-phenquéinalinﬁ, end it is interesting to note that under
simllar conditlions 2-chlorobsnzothiazole and phenyllithium
gave s 47.8% yield of 2-phenylbenzothlaszole and & 39.1% re-
covery of 2-chlorobengothiszole. This is rather anomalous in
view of the faet that the halogen atom 2-chlorobenzothiszole
is more resctive then the halogen atom in Z2-c¢hloroqulnoline.

The resction betuaen‘subeazquuinelinslsz and phenyl~
1ithium resulted in an 82.6% recovery of 2-benzylquinoline.

However, a Color Test 1305

at the end of eighteen hours was
negetive, This probably indicates thet the phenyllithium
metalated the 2«benzylgquinoline on the methylene carbon atom
of the benzyl group snd that the resulting orgsnometallic
eompound did not give a positive Color Test 1.205 pnis 1s
not too surprising because somewhat similar orgsnometallie
compounds, zupieelyllithiumlﬁg and quinaldyllithium,do not

give a Color Test I. Carbonation may have resulted in an
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acid which was not isolated because of decarboxylation in
working the mesterial up. An scid of ﬁhis type would be ex~
peateé to decarboxylate easily at low tamperature.391

The me thod used for preparing the 2~benzylquinoline in-
volved the addition of banzylaoﬂiumgg} to the azomethine link-
ege of quinoline with subsequent oxidetion. Attempts to pre~
pare the compound by the resction of benzylmagneéiam chloride
snd 2-chloroquinoline resulted in tars., The énly methné for
the preparstion of 2«benzylquinoline to be found in the liter-
ature is that of Bergmenn and Resenthsl,152 who treated quino-
line in dloxane with benzylmagnesium chloride. This resulted
in 2 mixture of 2« and 4~benzylquinclines which were gsep-
~arated by fractionsl crystallizeation of the picrates from n-
propyi aleohol. Obviously the method we used which gave a
34% purified yleld of 2-benzylquinoline 1s a considerable
improvement over the other methods. This yleld sssumes a
60% metalation of the toluene by the phenylsedium as reported
by Gilman, Pecevitz, and B&ine.zgl

In Table VI the experiments with afbuzylliﬁhinm’aie
shown., It 1s evident that the yields of 2-n-butylquinoline
are not as high as the ylelds of Zupﬁanquuinoline and the
reéovery of starting material 1s lower. The reaction time
for a negatiye Colar Test 1235 was salso much less, and in
some cases lower temperstures were employed. Even at -75°
n-butyllithium end p-tolyl 2-quinolyl sulfide yielded 13.3%
2-n-butylquinoline end 11.15% p-thiocresol. An 82.2% re-
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Teble VI
Reactions of n~Bubtyllithlum with 2-Substituted Quinolines

2-8ubsti- Yield of 2- Yield of Resction T. Recovery of

tuted butylquin- cleavege time T, sterting
Quinoline oline, # oproduet,? (hours) material, %
CHxCgHgS 13.5  p-thioore- .26 =75  82.2

; 8ol (11.15)

CH,C,H,8 63.8 -thicore- .1 28 ~

37674 | 1 (38)
66359 9.6 phenel 4. 28 14.9
CoHg0 49.4 .3 28 14.9
c1 | 11.4 .3 0
Gl 52 cﬁ ) . ﬁ "‘45
Cgly N 17.8 | 4. 26

covery of sterting meterisl showed that the side reactions
were definltely minimized st the lower temperature.

Evidence that metalation is one of the complicating side
reactions was cbtained with n-butyllithium end 2~eﬁhsx?qaine~
line which ylelded after carbonation 6.5% of 2~ethoxygquinoline-
Z-carboxylic 2ci1d.?17 Tnis scid was identified by melting
point snd conversion teo 2-ethoxyquincline~3~garboxamide by
thionyl chloride followed by concentrated ammonium hydroxide.
A mixed mel ting point with sn suthentic specimen of the car-
boxamidezea’ 218 showed no devression. This asuthentic speci-

men was prepsred by Professor Hans Wojlahn from 2-hydroxyquino-
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line~3~gcarboxylic acid, which was obteined by a ring-closure

reaction.

Q A (1) n-CgHgLA ~y
P (2) Cog i ) C4Hg
L] (3) HgO N

{49.4%)

| +
X gﬂﬁﬁg (1) 5001y ' N- COOH
.} OCgHg " (2) NH4OH g7~ OCgBg

The orientation of the metalation 1s of perticulsr in~

“tarest. It has been found that metalstion generslly takes
 place ertho to the hetero element snd that the order of de-
ereasing Influenc er of 8 ome hei;ara elements is 0,8,N,P;As .254
In ‘tms compound we have the nitragan atom directing metala-
tion to the B« positi on and the oxygen stom directing to th"s
- 5= positim. The viselnt ion of the 2-&thaxyqamonnena«nar-
boxylie gaiﬁ cahrim the greater orienting effect ‘ef tim
oxygen atom. It 1s interesting to note that quinoline itself
is metalsted mrimarily in the 8-~ position by mercuric afset#te}
" The 9.6% yleld of 2-n-butylquinoline end the 62.2% yield

- of phenol from the reaction of 2-phenoxyquinecline was anomalous.

A viscous yellow oil, which wes not identified, was obtained.

354, Gilman end Bebb, J. Am. Chem. Soc., 61, 100 (1939).
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Possibly there was more 2-n-butylqulnoline which co-distilled
with ztarting material, or the 2-n~butylquineline formed may
‘have reacted further with the n-butyllithium. The reasction
'tima was considerably longer infthia resction than any other
except thérreeetién‘with'ﬁw(ﬁ»piyeridyl}guiﬁelime, in which
‘case there was also & ccnsiderable smount of viscous yellow

- 011, which could not be identified. ,

‘Table VII shows the results of reactions with phenyl-

‘,mﬂgnéai&m bromide. This reagent of lower resctivity than

| Pable VII |
_;Raaﬁtiﬁns‘af Phanyla&gneaium Bromide with aw&abatiﬁuteﬁ Quinolines

. 2-Bubati-~ Yleld of 2« Yield of [Resction T. Recovery of

 tuted phenylquin- c¢leavage time  C. starting
‘Quinﬁline' oline, % pwedaat,% {(hours) materiel ,
CHsCeHgS 8.1 4.2 18 28 74.8
CgHgO 2.6  ___ 48 28 847
CoHgO e .18 28  90.8
e ®BL.2 e 48 28  50.6
CghyoN | o 60 28  78.8

ggbutyiiiﬁhiam and phaﬁyilithiﬁm showed 1ittle reaction even
durhg a@tsaﬁeépavied @f‘fqr%yheight to sixty heﬁra at raam‘
temperature. There was no reaction with 2-ethoxyquinoline or
'2~{§~p1periﬁy2)quineline; Euehlareqainaline, hnwavsr,MShawSQ
e partlculasrly high reaetivity with the Grignard reagent and
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formed 2-phenylquinoline in 31.2% yield. The high recovery of
starting material also indicsted the absence of side reactions.
A 81ightly higher yiela of 2-phenylquinoline by refluxing 2-
chloroquinoline and phenylmagnesium bromide had been obtained
recently by Heuser and’wbiss,ggﬁ but they repcrted no re-
covery of Qnehlarequincline.

Phenyleadmium shlowide,EIQ an ergaaemaﬁallie compound of
~8ti11 lower resctivity, showed no resction with 2-chloroquino-
ylina or 2-sthoxyquineline under corresponding conditions.
Phenylcadmium ochloride did not react kiﬁh gquinoline &t room
tampératura to yleld any 8~phenylquinoline as would be ex~
pected., However, the black color af‘the phenylcadmium chloride
turned to white on stirring with gquinoline. ?rehablj a com-
plex waa formed as in the case of the Grlgnerd reagent. This
'phanylaadmium chleride-quinoline complex might be converted
to 2=phenylquinoline by heating to a higher tempersture,
‘hydrolyzing, end oxidizing with nitrobenzene.

 These resctions confirm the relative reactivities of or=-
gsnometallic compounds aargybutyllithium was most reactive,
followed by phenyllithium, phenylmagnesium brgmidé, end phenyl-
cadmium chloride. The yields in the reactions with ﬁrbﬁﬁylﬂ
lithium are lowsr, however, than with phenylli%hiuﬁ‘beeau#a of
- more extensive side resctions. This is.shawn by the consider-

ably greater reactivity of n-butyllithium at «75° at which tem-

235, Hauser snd Welss, J. Org. Chem., 14, 310 (1949).
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persture side resctions were minimlzed.
The reasctivity of the Z2-substituted gquinolines in these

reactions may be indlcsted qualltatlively as follows:

C1~) CHz~Cg~Ey~8-) CgHg=0-) CoHg0-) C3H50-) CgHs-CHg=0) C5H) ON-)
CgHg~CHa

Obviocusly there are many compliceations lnvolved in placing the
various groupings in this order. For example, the 2-allyloxy~-
and 2-benzyloxyquinelines, wnich appear toward the end of the
1ist, were quite reasctive, but the yield of cleavage products
wag low because of side reactions.

The considereble body of literature about guinoline snd
organometsallic compounds is concerned chlefly with the eddi-
tion of the RM compound to the aszomethine linksge of Quinulina.l
Any substlitutents on the guinoline were of such a nature that
they did not affect the addition which is smooth snd rapid
even 8t low temperatures with organolithium reagents. For

3 wes obtained from

example, a 93% yield of 2-n-butylquinoline
n-butyllithium and quinoline at -35°, and in this work we
found the yleld of 2-n~butylquineline from the ssme reagents
at ~75° for fifteen minutes to be 73%. A subsequent experi-
ment st -75° for thirty minutes improved the yield of 2-n-
butylquinoline to 84.2%. |

It hes been shown that 1,2-addition 1s the predominant
reaction with organolithium compounds even 1f there 1s an
aryl group in the 2~ position of quineline,l Thus, 2,2-41-
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phenyl=-l,2-dihydroquinoline 1s obteained from the reaction be~
tween phenyllithlum snd 2«phenylquinoline. No l,4-addition,
which was previously thought to be & side reaction in the ad-
dition of an RLi reagent to guinoline, is obtained. Addition
to the azomethine linkage of gquinoline must, thbrefara, be
taken into account in any reaction of en RIS compound with &
substituted quinoline.

grignard resgents also react with guiﬁeline though usuel-
ly & higher temperature 1s required to cause the initially-

formed sdduct to rearrange.<®6

X o O Z =
1 LR s I
x W AN =
R Mgk MgX
_ p37 | |
Gllmen and Gaimer, however, have obtalned 2-rhenyl-~

quinoline in sbout 7% yield by the reaction of vhenylmegnesium
bromide and guinoline &t the reflux point of ether for twenty-
four hours. |

In view of this strong tendency toward aéditicn‘ta the
azomethine linkege of quinoline, sddition may be intermediste
in the formetion of the cleavaga»proéucts obtaineé from RM

compounds and 2-substituted quinolines. 1In the case of p-tolyl

f'{aae».“;ﬁsrgatrm end McAllister, J. Am., Chem. Soc., 52, 2847
1920). —— e

237. Gilman snd Gainer, J. Am. Chem. Soc., 71, 000 (1949).
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2-quinolyl sulfide the addition complex could decompose before
hydrolysis with the elimination of lithium p-thiocresoxide or,
after hydrolysis, with the eliminstion of pethlocresol es

shown below.

‘ X
x ~ |
- CeHgLi li'ln_ Iiilm
N | | L1 8
Hp0 l [ ]Gﬁa

CHzC gH,SLA

o *\
~CHzC GHySH | 7\

H 3@
Gﬁz

The permengenate to red color of the etheresl resction

mixture might be evidence in favor of the preliminsry addition,
but no other evidence was obtained.

In the reaction of the Grignard resgent with 2-ethoxyquino-
line and 2-phenoxyquinocline a white precipitate was formed.
These precipitates, however, gavé no Color Test I205 gnd on
treatment viﬁh wat er y@eldad 2-athoxyquinoline and 2-phenoxy-
gquinoline, respeeti?ely, and were apparently complexes bf the
ethers with mﬁgnéaium bromide from the Grignsrd reagent.

Another possible mechenism is the nucleophilic displace-
megt of the 2-substituent by the eerbanion of thé organo«-

metallie used. This might be more likely in view of the
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postulated deactivation of the azomethine linkage by chlorine,®
and whieh, 1f true, could be extended to the other electro-
negative substituents employed in this work. At the present
time, however, there is not sufficient evidence to prove either
maehnnism‘

It is interesting to note that the 4-halogen is unaffantoéif
by phenyllithium if the 2- position is open. 4,7-Dichloroquino-
line rescted with phenyllithium st 0° to yleld 2-phenyl-4,7-
dichleroquinoline®2? in 84.9% yleld. Reactions of ngenyla
lithium with 2-phenyl-4,7-dichloroquincline and also with 2~
phenyl-4«sthoxy-7-chloroguinoline gesve mixtures of products
which have not beon separated. ' |

The fact thet the reactions of p-tolyl 2~Qaina1yl sulfide
with phanylliﬁhiuﬁ forma guthiaereﬁai and 2-phenylquinoline
doss not shed much light on the resetion between phenyllithium
and benzothlazole. In the first place no evidence for addil-
tion to the azomethine linkage of p-tolyl 2-gulnolyl sulfide
‘was obtained except the intense permenganste golor of the solu-
tion which mey heve indicated an sdduot of some kind. In the
second place in tho case of p~tolyl 2~gquinolyl sulfide we may
have been dealing with an entirely different sort of reaction
becanse‘matalﬁtian on the 2-carbon atom could not have oc-
curred. However, the latter rosction does show that the
“ecleavage” rosction is the main result whether it ococurs by
eddition or by some other mechanism, snd thst the same type

of reactlion could be expscted from phenylliithium and benzo~



-149-

thiezole provided metalation did not oceur first. It is
possible too that, 1f temperature hed more effect an’the

rate of the cleavage reasction than on the metelation reesction,
the rate of the eleavage resaction might increase to the point
et which it could compete suceessfully with the metalation re-

aotion.

D. Resctions of Orgenometallic Compounds with Some Quater-

nary Salts.

As the formation of the quarternary salt enhances the
activity of substituents in the 2~ position of quinoline,®
it was consldered of 1ntara#t’te attempt some resctions of
organometallic compounds with certain quaternary sslts.
Melsenheimer, Stotz, and Bauer<2° found that phenylmegnesium
bromide reacted vigorously with quinoline methlodide to yleld
H-math#lozoyhenylnl,Sadihydrsquinaline. We found that phenyl~
cadmium chloride®l® a1so reacted with quinoline methiedide in
eighteen hours to give 57% of N-methyl-2-phenyl-l,2-dihydro-
quinoline. As phenyleadmium chleride is of lower reactlvity
than phenylmagnesium bromide, as shown by the faet that the
organocadmium compound 1s essily formed by the reaction of
the Grignard resgent with anhydrous eaﬁmium,ehlaride,zlg we
‘tried the reaction with some organometallic compounds of ex~
tremely low reactivity. The orgesnometalliec aa&paﬁnﬂs used
were phenylmercuric bromide snd diphenyl mereury. In beth

cases there was not & trace of resction with the quinoline
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methiodide.

We attempted 2 reaction between phenylmagnesium bromide
end quinsldine methlodide to ses if it were possible to ob-
tein Nemethyl-2-methyl-2-phenyl-1,2-dihydroquinoline, but only
g red sollid wes obtained. It was suspected that this might be
the polymerlc decomposition product of the methylene base of
quinaldine which might have been formed e&s follows:

- +

N |
CHgy| I'+CgHgMgBr — CgHg +MgBrI +

CHg Q

It

__=CH
CHg

According to Rosenhauer<28 the methylene base of quinaldine

1s extremely unstable and polymerizes to & red solid.
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V. SUMMARY

A general dlscussion has been made on the sctivation
toward nuecleophilie reagents of the Z~ and 4- positions
of pyridine and quinocline, the 2~ position of benzothla-
zole, and the 1l- posltion of iscgquinolinse.

The chemistry of alkyl and halogen substitutents in these
positions hes been discussed in some detail.

To a lesser extent the @hemia@ry of the smino, alkoxy,
thiel, hydroxy, carboxy, and carbonyl derivatives has
been outlined.

A generalized comparison of tna’activity of the 2~ and

4~ poaltions of quineline hes been made,

Several attempts to prepare orgenometallic derlvatives of
benzoth iazole have been mede. The optlimal conditions for
the metalatlon of benzothlazole by n~butyllithium have been
determined. The metalation, as determlined by carbonation,
proceeds to about 90% of the theoretical smount.
2-Benzothiazolyllithium has been found to be normel in its
reactions with nitriles, aldehydes, ketones, and carben
dioxide. Several secondary and tertiery 2-benzothiazole
methanols have been prepared. Z2~Benzothiazelyllithium 1s
not stable above -35° (bath temperature) so the reactions

must be cearrisd out below that temperature. 2,2'-Bibengzo-

thiazole 1z one of the products formed by the deaemgasition
of 2-benzothiszolyllithium. A mechanism for the formation
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of this product has besen proposed.

Several attempts have been made to prepsare Z-substituted

‘benzothiagoles by the sddition of organclithium compounds

to benzothiszole. The best yleld of 2-phenylbenzothiazole
obtained in this was 44% (ecrude). The resction may not
proceed by normal sddition to the agémathine linkage.
2-Electronegatively~substituted guinolines bave been

cleaved by organometallic compounds to form alkyl~ and

arylquinolines. The aleatranagﬁtive groups Iinvolved

were Cl-, CHz~CgHg=S-, CgHgO, CgHg0-, CgHg0, CeHg=CHa.

0-, and CgHypN~. The resction mey proceed by initlel ad-
dition to the szomethine linkage of the Zesubstituted
quinoline. |

The best ylelda of Z2-slkylquinolines were obtained with
phenylithium. n=-Butylllthium effected the cleavage, but
slde rezsctions were extgnaive; ‘For exemple, & 6% yield of
2~-sthoxyquinoline~3-garbsrylic acid ﬁua obtained from the
reaction with 2-ethoxyguinoline followed by carbonation.
Phenylcadmium chloride has been found to react with quino-
line methiodide to yleld 58% of Ne~methyl-2ephenyl-l,2-
dihydroquinoline. Phenylmercuric bromide and diphenyl~
mercury did not react with gquinoline methiodide under

corresponding condltions.
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VI. i??EﬁﬁII

The following cauwmunication from E. J. Crane, editor of
Chemicsal Ahstr&ats; was recelved in reply to Inquirles regard-

ing the nomenclature of certain compounds.
COoPY
November 24, 1948

Dr. Jdohn A. Beel,
Chemlatry Department,
Towa BState College,
Ames, Towa.

Desr Dr. Baais

When your letter of ¥ovember 14 asrrived I turned it over
to Dr. Leonard T. Cepell of this office to ask him, pleasse, to
suggest answers to your four gqueries. Dector Capell speclal-
izes in the organic side of our work and he 1s more famlllar
with orgmic nomenclsture than I em. I ean snswer your letter
in no better way then by reproducling his comment. Here it is.

The follewing names sre formed in accordence with Chemical
Abstracts rules end should be mcceptable to the Journal of the
American Chemicsl Soclety.

l. 2,2'«-Bibenzothisgzole 1s preferred over 2,2'-
bibenzothiazolyl (The use of redical nsmes with bil-

is confined to a few of the commoner radicals ==
otherwise bi- 1a prefixed to the name of a compound.
This i1s especially itrue with heterocyclic compounds.
Thus bipyridhe and bibenzothisgole are preferred nsmes.)

2. WVWe prefer the alphabetical order of radicels, thus
2-benzothiazolyl phenyl ketone 1s the preferred order.
See ssctlen 77, page 5878, of the Introduction to Volume
39 Subject Index.

3. We prefer methenol over carbinol as the name of the
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Dr. John A. Beel

parent compound.

4. This iz a cesse where the additive name benzothilazole-
methenol 1s betiter than the substitutive name benzothla-
zolylmethanol. In the former name the whole name re-
presents the perent compound whereas in the second name
the perent compound is the methanol. The advantages of
the additive nsme are soon evident when one begins to
name the related compounds, especlally 1f one considers
the inverted forms of the names. Thus cneé has 2-benzo=-
thiszolemethenol, cemethyl-C-phenyl-2~-benzothlszole-
methenol (2-Bengzothiazolemethm ol, cemethyl-otéphenyl-),
o~butyl-2-benzothiazclemethanol (2-Benzothlezolemetheanol,
o=butyl-}. (Cf. section 62, page 5876 of the Introduction
to Volume 39 index to Chemical Abstracts). If a name like
benzothlazolylmethanol 1s used, the parent compound 1s
methanol (or whatever the alconol pert of the neame is).
Thus one hes 2-benzothiszolylmethanol (Methanel, 2-benzo-
thiazolyl~), <-2-bengothiazolyl-cemethylbenzyl alcohol
(Bengyl alcohel, o(~2-benzothiazolyl-C-methyl-), and 1~
(2-benzothiazolyl)-l-pentanol (l~-Pentenol, l1-(2-benzo-
thiazolyl)~). The additive names mske the use of the
teble very easy, since all the compounds may be named

as derivetives of Z2-benzothiazolemethanol. :

Sincerely yours,
signed E. J. Crane

EJC/ES

ce/Dr. Austin Patterson
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