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In the framework of investigations in the field of nitrogen-containing hetero-
eyclic compounds, 2-arylpyrrocolines (I) and 2-arylpyrimidazoles (II) came
under consideration for several reasons. From the viewpoint of cancer research,
such compounds might be of interest as cocarcinogens or as potential liver
poisons (1), in view of their structural analogy with 2-phenyleinchoninic acid
(atophan); also, certain Senecio alkaloids in the molecule of which there is a
tertiary nitrogen atom common to two rings (2) have recently been found
carcinogenic (3). Indole in parenteral or intramedullary injection has been found
to induce blood changes and lymphoadenosis (4), and this suggested the biolog-
ical study of analogous compounds such as pyrimidazoles. From a purely chem-
ical viewpoint, it has been observed that the Pfitzinger synthesis of substituted
cinchoninic acids is highly sensitive toward steric hindrance (3), and it was of
interest to extend these investigations to a study of the influence of steric fac-
tors in the synthesis of other nitrogenous heterocyclic compounds. The
Tschitschibabin synthesis of pyrrocolines (6) from a-halogenated ketones and
2-picoline and its homologs could be outlined in the following scheme (7):
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The Tschitschibabin synthesis of pyrimidazoles from a-halogenated ketones
and 2-aminopyridine (8) could be outlined thus:
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It is now shown that both syntheses, like the Pfitzinger reaction, are subject to
steric hindrance.

A large number of diversely substituted w-bromoacetophenones were con-
densed with a-picoline, and with 2,4- and 2,6-lutidine; the pyrrocolines thus
prepared are listed in Table I; it was observed that in the case of two sterically
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hindered ketones, 2,6-dimethyl-4-tert-butylacetophenone (III) and 6-methoxy-
2 ,4-dimethylacetophenone (IV) no pyrrocoline was obtained. The same observa-
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tion was made in the pyrimidazole series, in which a large number of compounds,
listed in Table II, could be prepared from 2-aminopyridine, and 3-methyl-, 4-
methyl-, and 6-methyl-2-aminopyridine, except when the w-bromoketones de-
rived from III and IV were used.

The colorless 2-arylpyrrocolines readily underwent nitrosation (9) to give the
corresponding, intensely green 3-nitroso-2-arylpyrrocolines (V); it was noted
that, as a rule, 2-arylpyrrocolines showed high melting points, except when
there was a substituent in ortho position on the aryl group.

Acknowledgment. This work is part of a cancer research scheme financially
aided by the United States Public Health Service (Department of Health,
Education, and Welfare); the authors express their thanks to the authorities
concerned.

EXPERIMENTAL

Pyrrocoline cyclizations. The pyrrocolines were prepared by heating at 50° for 1 hour a
solution of one mole of the appropriate w-bromoketone and one mole of «-picoline, or 2,4~
or 2,6-lutidine in the minimum amount of ethanol; the quaternary pyridinium or lutidinium
salt obtained on cooling or after removal of solvent and addition of ether, was generally
crystalline, and was taken up in a 5% aqueous solution of sodium bicarbonate. This solution
was heated at 90-100° for 15 minutes, and the precipitate obtained was recrystallized from
ethanol or benzene to give iridescent, colorless needles or leaflets.

Pyrimidazole cyclizations. A solution of the appropriate w-bromoacetophenone (1 mole)
and 2-aminopyridine or 3-methyl-, 4-methyl-, or 6-methyl-2-aminopyridine (1 mole) in the
minimum of ethanol was gently refluxed for 1 hour; the solid obtained on evaporation of
solvent was basified with an aqueous solution of hydrogen sodium carbonate, and was
recrystallized from methanol or ethanol.

Nitrosation of 2-arylpyrrocolines. To a solution of one mole of the pyrrocoline in concen-
trated hydrochloric acid, an aqueous solution of sodium nitrite was added dropwise with
stirring; the red erystalline mass of the nitroso base hydrochloride which precipitated was
collected and basified with an aqueous solution of sodium carbonate, and the free nitroso
compound was recrystallized from methanol or ethanol.

8-Nitroso-2-(2,6-dimethylphenyl)pyrrocoline crystallized from methanol as shiny green
leaflets, m.p. 111-112°,

Anal. Cale’d for CHuuN2O: N, 11.2. Found: N, 11.2.

3-Nitroso-2-(2,4-dimethylphenyl) pyrrocoline was recrystallized from methanol and had
m.p. 186°.

Anal. Cale’d for CisH1N0: N, 11.2. Found: N, 11.0.



BUU-HOT, JACQUIGNON, XUONG, AND LAVIT

suoyyydeuo}eay-z |

suoyydeuoteay-i
uIeI)91{4199y-9
suouaydojassopol-§
auouaqdo}eoeorogII([-F‘¢
suousydojeosifylemi([-§¢
suouaydotoaBiAylemLI-¥°g
auouaqdolaae]A Yot (I-G‘g
ouot1qdBun}a9B8-7- AX0YIoN-9
auoydeuo}eos-1-AX0Y O}
apgns{ALusydipi£190y-¥
suouaydoleorixousyJ-¥
auousqdo}asBAXOYjomWI(]-G ‘g
suousydoleoeAxoqlowi(J-§°g
auousydojoorfxoypWI(I-§°¢

suouoyd
-01898Ax018W-§-[Adordost-G-1AYIoIN-Z
auousydojaseAxoyjow-g-[AYoWI([-G‘e
auousdo1e0BAX0Y1oW-F-[AYoWI[-C ‘T
auousydo}eoe £X0oY}oW-H-0WOoIg-¢
suousydo}ea8AX0Y19-F-0I0[YD-¢
ououaydo3eoeLx0y)e-F-[AYI9IN-£
suousydojeoshxoylow-z-[AYPIN-G
suouaqdo}ooeAXo)aW-H-[AY19IA-¢
S[OSTUBOTY}]A)80V-F
auouaygdoleoelxoyqli -
suouaydo)8oBAXoY1RIN-F

>

=]

I~ 0 N~

o]
o
(<]

o} b
) 00 W

150 18 16 w10 16 © © © M o © W 10

LR EEEREELRER

1A O D 1 1516 © © e o0 O I 10 0

B O NS @ w0

OO WO H O O~
) 015 O O W) KO O~

% ¥

9u01R ¥ JunIvlg

oot

6°88
6°88
VL8
FA4Y
1'79
6°98
6°98
6°98
Ge8
g8
L 6L
G'¥8
69
6°GL

=
D W0 X

r~

oC

MO O O MM I
o0

N~ o
L ™
K

LY red e = O D
~ %)

o)

PA1ED)

088
011
GG1
8.5
LL1
14
901
69

01¢
SLT
81
961
6

6el1
611

86
9¢1
4!

812

Znamﬁo
Zﬁmmuo
NHRD
ZHa:HH:O
NAIOH''O
Zn«H.Ho~O
NT'HD
NE'HPO
Oz:mﬂo
OZmammﬂo
mzamcwo
OZ&HHQNO
Noz.:HHfO
NOZﬁHHm:O
NOZn—H.H«:O

Ozgmﬂo
Ozhmmﬂo
OZEH.HSO
ONIGHH D
ONID'H’'D
OZSH,H:O
OZmamouo
ON*"H*™D
SNFTHFTO
ON"'H*'D
ON*I''D

RINWIO]

-(AqdeN-2) -2
-(HAqqdeN-1)-3
-(A1B191-9) -5
-(1Aueqdopoi-$)-g
-(Auegqdoroyarq-+'¢) -2
-((AusqdAyjounq-+¢) -5
-([AueydAq1owiq-¥3) -5

- ((AuaqdAylewi(T-6°7) -2
-(14qyqdeu-z-£x0Y30IN-9)-2
-(1Aysqdea-1-£X0QI 1) -4
- (1AuaydojdroromAuoyJ-¥)-g
- ((fuoydAxousyJ-¥) -3

- ({Auayd £xoyremi(}-¢‘Z) -3
- ((AuoydAxoyjowin-¥‘7) -5
-(1AueydAxoyrowy(I-$°¢) -2

- (1AueydAxoyow-§-[Ado1dosi-¢-[A4IRIN-3) -5
- (1A uoyd £xoqour-g-[AI0WL(-G ‘§) -3
- ([Ausqd AxO)oW-F- 1LY JOWI([-G ‘DT

- (jAueydAxoyjetu-F-owoid-¢)-g
-(1Aueyd£xoy3e-§-01019D-£)-3

- ({Auaqd£xoyle-F-1AYIPIN-£) -5

- (jAuoyd£xoy10wW-g-[AYISIN-6) -3
- ((AuoydAxoyjouw-$-[AYION-8)-5
- ([Ausydojdestow £YIdN-$)-5
-({AuoydAxoq1i-$)-g

- ({Auaqd £xXO0Y PN -+) -5

JuamynEgNg

1372

Qv mazuqomom@wm ARLALILSEAY
I H1dV.L



1373

2-ARYLPYRROCOLINES AND 2-ARYLPYRIMIDAZOLES

AUOULIY}0199Y-Z
apyjus(Auaydip[A199y-F
suoyydruolooy-g
a[osruBON)£109Yy-§
auouaydolaoeLxXojo\-¥
ououaqdole98oIoTyI(-F‘E
suoudydo)eaBoIong-F[AYIN-€
auousydole980I0Tq)-§
suousydolareoro[y)-§
auouaydo}ooBOION] J-F
guouaydolaovolon]y-¥
suaagjueuaydjL190y-¢
auouaydo}90r0IoNy-F-1ATISN-E
ouarddiLe0y-¢
auouaqdolaoB[AYPWI(I-G ‘G

auoyjydeuo)ave-[-oton[f-¥

NN O
+H L @

OOLQLQNCQ‘W@CQHP#
e H MO0 0 MDD WD) O

o
w N

)
i
i
|
|

G 8L
L1764
788
9L
6708
0°99
0°08
138 7

¥

8764
0°08
G 06
L'6L
016
Qo8
988

(AR
0°08
L°88
6°GL
0°18
¢899
€08
72
SV
0°08
0°08
1°06
008
6706
8708
8'C8

VLI
161
L82
€8¢
663
€81
1ZA8
182
1t
8¥C
201
102
LT
661
248
161

mz~ mm.»:O

q Zﬁmﬁo
Zm ammao
SN*TH™D
O zﬂ umu AO
NEO"H ™D
Z r-H:H,Hc ﬁo
NIO®H'™D
NIO*H™D
N mﬁmm ~O
zrmmﬂ—mm ao
zm ~HHNNO
N .wHNamm. ~O
Znamgo
Z:HHZO
N, ,muwnmmao

-(14uory)-g)-g-TAq1e -2
-({Ausydoydeorsurifuayd-5)-z- AY19I-2
-(1&Aqyqdeu-z)-z-1Aq301- 2

- (JAusydojdeorourAylew-f)-g- [AqION-2,
- ((fwoqdAxoygoun-)-z-[AqIO- L,
-(1Auoydoxo[ydIp- €)-g- 180N L

- (1Auaydoong-$-[Aqjour-¢)-g-[AqI0N-
-(tAusydoaoyyo-)-g-1Aq1oN- 2,
-(1Awoqdoro[qa-§)-g-IAUIeIN-G
-(14ueqdoiong-)-g-1Aq10-L
-(1Ausqdorony-$)-g-[Aq3o|-g
-(1Lqueuey-¢)-g

- Q%:wamono:w-ﬁ.aﬂwg. )-Z
-(1fus1£3-¢)-2

-(1AuaqdAq100atp-¢ ‘Z)-g-[AqI9IN- L
-(1Aq1ydeu-1-ox0n[4-%)-g




'U-HOI, JACQUIGNON, XUONG, AND LAVIT

BT

1374

QUAIONPIAYOV-G (4°G | 0°68 G | 1°68 ¢ 60C | INCTH™D
ououoydo)e0BAX0oYja-H-0I0D-¢ €°¢ | L°99 i5°¢ | 0729 | Q11 O°NID*H*'D
ououoydo)e9BAxoqIa-F-010[4D-¢ |F°¢ | £L°99 157 | 0°L9 | 1L O°NID"H®'D

suousydojeseAxoyjow--ouroag-¢ 1'% | 9°9S I'% | 89 | 091 OPNIGEHE'D
suouoqdo}eaBiAyow-g-AX0YION-Z 5°9 | 0°9L 1€°9 | 9L | 61T O*N*'H®™O
suousydojpveixoyleuid-¥‘z 9 | §°12 09 | 914 | &1 PN
auoueydo3eoBAXOYOWI(-¥‘¢ [T°9 | €12 109 | 9714 | LO1 ZONCTHERD

[Auoydipif100y-% [°G | €98 |9°G | §°¥8 | 661 ENCTHOD

ououaydojore Xoq3i-¥ 79 | 6°GL €9 | 9L | @Bl O*N*'HP™D
suouaydojeoeAxoysy-¥ 9 | 0°9L (89 | 2792 | &I O°N*'H®'™D
SJOSIUBOIYHAIOV-F |8°C | 9°0L |8°G | 6°0L | LL1 SNVHD
ouousydoooeLxoyON- 16°G | £G4 6°G | 9°6L | GBI O*N'"H''D
ououdydo)ooBAXoqPIN-F 10°9 | §°GL 16°G | 9°GL | 091 O NTHA™D
ououdqdojeoBAYeWI(-F‘C 9°9 | 518 89 | ¥ I8 | €I INTHD
auoy3ydeuo)eoe-T-AXOYOW-¥ |£°¢ | §'8L |(1°¢ | 8°'8L | T€I O*N'HEY)

[£zuaqIp[A300y-¥ (€°9 | 2 #8 |0°9 | 9°¥8 | 681 INEYHD

suouoyd
-oje0rixoyjour--1Adordost-G-[AYPN-2 {T°L | 0°LL {I'L | T°2L | €11 OPNY* HP'D
ououeydoyooBoIony-H-[AYIPIN-¢ |T°C | O°%L |6°F | & %L | €FI INATHTD
ouoyYdeu0}00e-g-AXOYION-9 18°¢ | 8°8L [I'G | 8'8L | 91T O*N''H*D
QuoyIYdBu0)IVy-Z 8°F | €°¢8 (6% | 9788 | 091 INFTHAD
suoueydo)eoBAXoyPWI(-¢‘G 18°G | 9°0L |9°¢ | 6°0L | LIT FOFNTHEO
ouousydo}ereolo[YIII-F'¢ 2°¢ | 068 [0°¢ | €768 | TLI INPIOPHEYD
auouaydojooefxoy1f-¥ |8°G | 2°GL 6°G | 9°GL | S¥I O*N'™H**D
auoueydo)eoBAXOYON-F 18°C | 8°FL |87 | 0°GL | 68T O*NF'H'™D
ououoydoje0BAYPWI-F‘¢ (80 | 6708 €9 | 118 | 0TI EINVHETO
H 0 H o]
su03dy Junreig punog POreD D “d' W BJNULIO f
sasfpeay

QHV‘ wwmoia:ﬁmwm awabaiwﬁww
11 H'TdV.L

-(14ua10np-g)-g-TAION-L

- (1Auaqd£x0Y}9-$-0I0TY2-€)-Z-1AYIPIN-8

- (JAuayqd £x0yye-§-010192-¢) -Z-TAYIO - L

- ({Auayd£xoyteul-F-0wo1q-¢) -3 1AYIPIN-L
-(1AvoydAxoyow-z-[AY1ou-G)-5-[A41OIN-L
- (1Auoyd £xoqouwIp- ¢)-g- T4 -L
-(jAusydAxoyieowip-¢° ¢)-Z- AU IN-L
~(1Au9x-%)-g-[AQRIN-8

- (1A weqd Axoq3a-§)-Z- 1T -8

- ((Aueqd £x0q10-%) -5 [AYIOI-L
-({Ausydogdsotour Aqjen-1) -5-[AYIPN- L

- ((AuaydAxoqjow-1) -Z-[AYIOIN-8

- (1Aueyd £x0qtow-§)-g-TAYIBIN-L

- (1A ueyd{AqowIp-6 ‘g)-g- TAYIRN-L

- (TAqyqdsu-[- EXOOI-1) -5
-(1Auoyd[Ay)e[4usyd-g-})-5

- ([AusydLxoytemr-j-{Adoadost-g-TAYION-3) -2
- ((fuoydorony-§-[AY1PN-€) -G
-(HAqrgdeu-g-Ax0q19-9) -3

-(1AydeN-2) %

- (fuoqd £xoyjeowi(I-¢ )5
-(1Auoydoso[yoI(I-7 €)%

-(jAuayd£x0qE-+) -5

-(1Aaoqd AXoqPOW-1) -5
-(HAuoydiAqeuiq-¢)-5

JURANISGNG




2-ARYLPYRROCOLINES AND 2-ARYLPYRIMIDAZOLES 1375

3-Nitroso-2- (4-methylmercaptophenyl) pyrrocoline was recrystallized from ethanol, and
had m.p. 195-196°.

Anal. Cale’d for CisHi:N,08: N, 104. Found: N, 10.2.

8-Nitroso-2-(4-iodophenyl) pyrrocoline was recrystallized from ethanol, and had m.p.
188°.

Anal. Cale'd for CiH,IN,;0: N, 8.0. Found: N, 7.7.

8-Nitroso-2- (3-methyl-4-fluorophenyl) pyrrocoline was recrystallized from methanol and
had m.p. 135°.

Anal. Cale’d for C;sH, FN,O: N, 11.0. Found: N, 10.7.

SUMMARY

1. The synthesis of a large number of 2-arylpyrrocolines and 2-arylpyrimida-
zoles by the Tschitschibabin reaction is reported. In the case of two strongly
sterically hindered ketones, neither pyrrocolines nor pyrimidazoles were ob-
tained.

2. These compounds were found to be non-careinogenic.

Paris Ve, FRANCE
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