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Dihydrobenzimidazole Chemistry. Part llIl.t Acid-catalysed Cyclisa-

tions of o-Pyrrolidino Anils

By R. K. Grantham, O. Meth-Cohn,” and (in part) M. A. Naqui (Department of Chemistry and Applied
Chemistry, University of Salford, Salford, 5, Lancs.)

Anils derived from o-pyrrolidinoaniline and a wide variety of aldehydes are shown to undergo a rapid cyclisation
in the cold with acid catalysts to give dihydrobenzimidazoles. Alloxan is shown to react in a similar manner with

various anilines to give benzimidazolium salts.

The scope and limitations of the reaction are discussed and the

mechanism is shown to involve intramolecular proton transfer. The formation of both benzimidazolium salts
and spiro-quinoxalines in the alloxan reactions is shown to occur by way of a common dihydrobenzimidazole
intermediate. The ring expansion of dihydrobenzimidazoles to quinoxalines constitutes a new type of rearrange-

ment reaction.

Ix the presence of suitable ortho-substituents, the other-
wise unreactive dialkylanilines often show a surprising
reactivity at the N-alkyl position. Thus numerous 3
workers have noted the formation of benzimidazoles
during the reduction of ortho-nitro-dialkylanilines to the
ortho-amino-analogues. Pyrolysis of these mnitro-com-
pounds also results in benzimidazoles,* while the action
of zinc chloride and acetic anhydride gives benzimid-
azolones and 2-acetoxymethylbenzimidazoles 3 (not
quinoxalines as originally proposed %¢).  Photolysis of
N-24-dinitrophenyl derivatives of amino-acids (e.g.
leucine) in neutral media results in 2-nitroso-4-nitro-

N-methylaniline and isobutyraldehyde.b»?. In acid
NR Me Et Me
2NH 5 N, © N —_?l\r- o
LIy A
(D S N/ko O NS0
H m "

solution a benzimidazole N-oxide is formed by recom-
bination of the two primary products.®¥ o-Aminodi-
alkylanilines (I) or their acyl derivatives have been
shown to give benzimidazoles with peracids? via the
corresponding N-oxide.? The same amines (I) react

+ Two previous short communications »2 are considered as
Parts I and II of this series.

1 O. Meth-Cohn and M. A. Naqui, Chem. Comm., 1967, 1157.

2 R. K. Grantham and O. Meth-Cohn, Chen:. Comm., 1968,
500.

3 (a) J. Pinnow, Ber., 1895, 28, 3039; (b) J. Pinnow and G.
Pistor, Ber., 1894, 27, 602; (¢) J. Pinnow, Ber., 1895, 28, 3039;
(d) J. Pinnow, Ber., 1898, 31, 2982; (¢) J. Pinnow and C. Saemann,
Ber., 1899, 32, 2181; (f) J. Pinnow, J. prakt. Chem., 1901, 63,
352; (g) L. Spiegel and H. Kaufmann, Ber., 1908, 41, 679; (%)
W. M. Lauer, M. M. Spring, and C. M. Langkammerer, J. Amer.
Chem. Soc., 1936, 58, 225; (i) H. Suschitzky and M. E. Sutton,
Tetrahedvon, 1968, 24, 4581.

4+ H. Suschitzky and M. E. Sutton, Tetrahedron Letters, 1967,
3933.

5 (a) P. van Romburgh and H. W. Huyser, Versiag Akad.
Wetenscheppen Amsterdam, 1926, 30, 845 (Chem. Abs., 1927, 21,
382); (b) P. van Romburgh and H. W. Huyser, Rec. trav. Chim.,
1930, 49, 165; (c) P. van Romburgh and W. B. Deys, Proc. Acad.
Sci. Amstevdam, 1931, 34, 1004 (Chem. Abs., 1932, 26, 989; (d)
R. K. Grantham and O. Meth-Cohn, J. Chem. Soc., {c), 1969, 70.

8 (a) D. W. Russell, Biockem. J., 1963, 87; (b) D. W. Russell,
J. Chem. Soc., 1964, 2829; (c) R. J. Pollitt, Chem. Comm., 1965,
262; (d) D. W. Russell, Chem. Comm., 1965, 498; (¢) D. W.
Russell, J. Medicin. Chem., 1967, 10, 984; (f) D. J. Neadle and
R. J. Pollitt, J. Chem. Soc., 1967, 1764.

7 (@) M. D. Nair and R. Adams, J. Amer. Chem. Soc., 1961,
83, 3518; (b) O. Meth-Cohn and H. Suschitzky, J. Chem. Soc.,
1963, 4666; (¢) A. R. Freedman, D. S. Payne, and A. R. Day,
J. Hetero. Chem., 1966, 3, 257.

readily with alloxan. However instead of the expected
anil, the dimethyl compound (I; R = Me) gave a
spiro-quinoxaline (II) while the diethyl analogue
gave the benzimidazolium barbiturate (III).8 De-
alkylation accompanies the formation of benzimida-
zoles by action of chloral hydrate and hydroxylamine in
acidic solution on the amines (I). The polymethyleno-
analogues (I; R, = [CH,},) react similarly with con-
comitant ring-opening.? The prolonged action of acetic
anhydride 3661062 on  the amines (I) or of poly-
phosphoric acid 1%¢ on their N-acyl derivatives results
in benzimidazoles with loss of an alkyl substituent. The
polymethyleno-analogues are again ring-opened but the
chain recyclises to give a tricyclic benzimidazole.10¢
o-Dialkylaminoazobenzenes undergo acid-catalysed ring-
closure to give a benzimidazole and the corresponding
o-aminodialkylaniline.L1t  The reaction is also brought
about by transition-metal salts. The o-dialkylamino-
phenylazosulphonates are similarly cyclised with acid to
give a mixture of a benzimidazolium salt and a triazine.!?
Quinones and quinone-imides bearing an ortho-tertiary
amino-substituent undergo photolytic cyclisation to give
benzoxazolines 13&4:¢  and benzimidazoles.13s¢  Both

8 (g) H. Rudy and K.-E. Cramer, Ber., 1938, 71, 1234; (b)
H. Rudy and K.-E. Cramer, Ber., 1939, 72, 227, 728; (c) H.
Rudy and K.-E. Cramer, Oesterr. Chem. Zig., 1939, 42, 329;
(@) R. B. Barlow, J. Chem. Soc., 1951, 2226; (¢) F. E. King
and J. W. Clark-Lewis, J. Chem. Soc., 1951, 3080; (f) R. B.
Barlow, H. R. Ing, and I. M. Lewis, J. Chem. Soc., 1951, 3242;
(g) F. E. King and J. W. Clark-Lewis, j. Chem. Soc., 1953, 172;
(h) J. W. Clark-Lewis, J. A. Edgar, J. S. Shannon, and M. ]J.
Thompson, Austral. J. Chem., 1964, 17, 877; (i) J. W. Clark-
Lewis, J. A. Edgar, J. S. Shannon, and M, J. Thompson, Austral.
J. Chem., 1965, 18, 907.

® (a) I. N. Somin and A. S. Petrov, J. Gen. Chem. (U.S.S.R.),
1964, 34, 3177; (b) I. N. Somin, A. S. Petrov, and S. G. Kuznet-
sov, J. Org. Chem. (U.S.S.R.), 1965, 1, 1454; (c) S. G. Kuznetsov,
A, S. Petrov, and 1. N. Somin, Khim. geterotsikl Soedinenii, 1967,
146; (d) A. S. Petrov, I. N. Somin, and S. G. Kuznetsov, Khin.
getevotsikl. Soedinenii, 1967, 152; (¢) R. Garner and H. Suschitzky,
Chem. Comm., 1967, 129.

10 (g) A. Schuster and J. Pinnow, Ber., 1896, 28, 1053; (b) J.
Pinnow, Ber., 1899, 32, 1666; (¢) O. Meth-Cohn and H. Suschit-
zky, J. Chem. Soc., 1964, 2609; (d) R. Garner and H. Suschitzky,
J. Chem. Soc., 1966, 1572.

1t R. Price, J. Chem. Soc. (4), 1967, 521.

12 D, P. Ainsworth, O. Meth-Cohn, and H. Suschitzky, J.
Chem. Soc. (C), 1968, 923.

13 (g) E. P. Fokin and E. P. Prudchenko, Izvest. sibirsk. Otdel.
Akad. Nauk S.S.S.R., Ser. khim. Nauk, 1966, 98 (Chem. Abs.,
1967, 66, 37,809); (b) D. W. Cameron and R. G. F. Giles, Chem.
Comm., 1965, 573; (c) 1. Baxter and D. W. Cameron, Chem. and
Ind., 1967, 1403; (d) D. W. Cameron and R. G. F. Giles, J.
Chem. Soc. (C), 1968, 1461; (e¢) I. Baxter and D. W. Cameron,
J. Chem. Soc. (C), 1968, 1747.
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thermal and photolytic action of 1-t-aminoanthraquinone
vields the corresponding oxazine.14

All these reactions involve compounds in which an
unsaturated ortho-substituent is either initially involved
or is a key intermediate in a ring-closure reaction with
the adjacent nitrogen atom or the N-methylene or methyl
group. We now report more fully on the acid-catalysed
formation of dihydrobenzimidazoles (V) from the anils
of ortho-substituted amines (IV).

In an earlier communication we noted that when a
mixture of o-pyrrolidinoaniline (I; R, = [CH,],) and
an aldehyde, or the anil (IV) derived from these reactants,
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This ready cyclisation can be brought about with
aliphatic, olefinic, aromatic, or hetero-aromatic aldehydes
with equal facility the only limitation being with those
compounds which do not readily form anils (e.g. 2,4-
dinitrobenzaldehyde). Some ketones have also been
employed, though the same limitation applies and further
reaction is possible which is discussed later in this paper
(Tables 1—3 summarise the relevant details). The
nature of the aromatic ring containing the amine
function appears to be critical. Thus, while the presence
of a nitro-group para to the pyrrolidine ring does not
inhibit the ring-closure, the acid treatment of the

TaBLE 1
Properties of the anils (IV) and (VII)

b.__‘b
ol o
N
N=CH—-R
d c e
d d
d
N.m.r. shitts (r) Coupling Found (?5) Requires (%
Form * M.p. or — e constants A — — e —y
R (solvent) b.p. (mm.) a b c d e J (Hz) C H N Formula C H N
(XVIID)
Ph Yellow lig. 165° (0-5) 6-35¢ 813¢ 1-75s 2:0—3-6¢ 81-:8 7 114 CHN, 8155 725 112
0-O,N'C4H, Red n. (L.P.) 87 6:52c  81lc 113s 1-6—2-5¢ 689 56 147 CHN,O, 691 58 142
m-O,N*CH Red n. (L.P.) 60 6-50c  8-08¢ 1-55s 1-3—3:5¢ 69:0 58 146  Cy,H N0, 691 58 142
$-O,N-C¢H, Maroon n. (L.P.) 159 6-49¢  8:05¢c 1-50s  2:6—3-4 2-01d 9-0 6875 59 143 CH N0, 69-L 58 142
1-67d
PI:CH:%H Orange n. (EtOH) 101 6-:59c 8:10c 1-81dd 2:3—3-4c Jgeds 824 745 593 CyaHz 0N, 826 73 101
-3 -
Jo,e 39
2-Cl, 5-NO,*CsH,; Maroon n. (EtOH) 114 6-48c 8:05c 118s  2-7—3-3¢c 2:46d (3) Jsa 90 621 48 126  C,H;CIN,O;, 621 49 127
1-86dd (4) [, ¢ 30
\ 1-004 (5)
(XXI) Maroon p. (EtOH)  158—160 6-23¢ 8:05c 1-45s 1-6—3-5¢ 646 53 1885 CH(N,0, 648 54 189

* L.P. = light petroleum; ¢ = complex; d = doublet; dd := double doublet; n = needles; p = plates; s = singlet.

was treated with a catalytic amount of acid in cold
ethanol solution, a rapid cyclisation ensued to give high

. H

L Gkt LA

_N_N=CHR /L N-CH,R | N-CH,R
! > H— « | cL”

(V) (V) (V1)

yields of the product (V). When these products are
warmed with carbon tetrachloride (or if the cyclisation is
performed in this solvent with trifluoroacetic acid as
catalyst) a ready oxidation to the benzimidazolium salt
(VI) is observed with elimination of hydride ions and the
formation of chloroform. Eltsov and his co-workers 13
have commented on the hydride lability of dihydro-
benzimidazoles and shown the generality of this aromatis-
ation. In a similar manner the reduction of acetone to
isopropyl alcohol accompanies the aromatisation of the
dihydrobenzimidazoles when they are heated under
reflux in this solvent in the presence of acid. The
benzimidazolium salts are readily reconverted into their
dihydro-analogues with sodium borohydride.

3 (a) E. P. Fokin and V. V. Russkikh, Izvest. sibirsk. Otdel
Akad. Nauk S.S.S.R., Ser. khim. Nauk, 1965 126; (b) E. P.
Fokin and V. V. Russkikh, J. Org. Chem. U.S.S.R.), 1966, 2,
902; (¢) E. P. Fokin and V. V. Russkikh, J. Org. Chem.
(U.S.S.R.), 1966, 2, 907.

pyridine system (VII) did not effect cyclisation. Vari-
ation of the tertiary amine was also critical and, although
with rings larger than that of pyrrolidine no significant
reaction was observed under the conditions employed in
this paper (i.e. catalytic quantities of acid), further
research (see following paper) revealed an interesting
series of reactions. Anils of the corresponding o-dialkyl-
aminoanilines (I) also failed to cyclise under these
conditions. Finally, variation of the acid catalyst only
affected the ease with which cyclisation took place, in
qualitative order of acid strength. Thus, even benzoic
acid (in the small quantity present in commercial
benzaldehyde) brought about the formation of the
corresponding dihydrobenzimidazole when unpurified
benzaldehyde and o-pyrrolidinoaniline were warmed
together.

Analogies to this reaction are found in the literature.
The cyclisation of azo-compounds %! to benzimidazoles
with acid has already been referred to. We also found
that when 2,2’-dipiperidinoazobenzene was heated with

15 (a) A. V. El'tsov, J. Ovg. Chem. (U.S.S.R.}, 1965, 1, 1121;
() A. V. El'tsov and Kh. L. Muravich-Aleksandr, J. Org. Chem.
(U.S.S.R.), 1965, 1, 1321; (¢) A. V. El'tsov and V. S. Kuznetsov,
J. Org. Chem. (U.S.S.R.), 1966, 2, 1465; (d) A. V. El'tsov, J.
Org. Chem. (U.S.S.R.), 1967, 3, 191; (¢) A. V. El'tsov, Kh. L.
Muravich-Aleksandr, and L. M. Roitshtein, J. Org. Chem.
(U.S.S.R.), 1967, 3, 196; (f) A. V. El'tsov and M. Z. Girshovich,
J- Ovg. Chem. (U.S.S.R.), 1967, 3, 1292.
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TaBLE 2
Properties of the dihydrobenzimidazoles (V)
b b
il ](‘z‘
N
N—CH,—R
e d t
[3 [
3
N.m.r. chemical shift () T Coupling Found (%) Requires (%
Yield Form and M.p.or . - constant ——A— P —
R (%) solvent + b.p. (mm.) a b c d e f J (Hz) [o} H N Formula (o} H N
Ph 89 Yellow liq. 164° 62—  83c 497c 578s 25—3-9c 277s 8115 7-4 106 CyoHy,N, 81-55 7-25 112
(0-8) 7-2¢
Ph(HCI) 89 White n, 135 660/6 Oc 7-88¢ 4:36¢ 560 2-3—3-5c  2:64s 710 665 97 Cy,H;,CIN, 711 67 98
0-0,NC,H, 86 Red pr. (EtOH) 64 8:22¢c 488 5-33q 3:2—4-0c 1-8—2-8c Jq,417 690 57 147 C;;H;;N,0, 691 58 142
0-ONC H4 (HCl) 89 Yellow pr. (EtOH) 155 67’5 900 7-90c 4-35c 5:18q 1-8—3-bc Ja,a 17 610 50 1245 C,,H;sCIN;O, 615 55 127
m-O,NCeH, 82 Red pr. (L.P.) 92 67c 82 4-89c 5-62q 3-0—39c 17—27c Ja.417 688 55 141 Cp,H;,N,0, 691 58 14:2
$-0,N-C H, 85 Red pr. (L.P.) 91 6-8c 82c 490c 563q 32—3-9c 2534  fq,4 17; 692 565 146 C,;H,;;N,0, 691 58 142
1-85d Ji 85
3,4-CLC,H,(HCl) 84 White n. (EtOH) 125—  6-65/5-95c 7-78c 4:32c 557s 2:4—3-5c 56-8 465 77 C,H,,CLN, 57-45 48 7:9
130
m-HO-C,H,(HCI) * 81 White n. (EtOH) 156 5-95¢  7-6c 40c 53 3:0 41c 669 63 900 C,H,CIN,0 674 63 925
2-Cl, 5-NO,-C;H, 96 Red-brown pr. 5 6:69c  8-1sc 4-86c 556q 3-2—3-9c MSd (8) Jas90; 621 4.8 125 Cy;H;CIN;O, 621 4.9 127
(EtOH) 92dd (4) Jg,a 18;
1-72d 8) Joe25
2-Thienyl 85  Yellow liq. 160— 6-9c  8:20c 499c 5-67s 2.8—3-8¢ 702 66 10-85 CyFIN,S  70-55 63 10-95
165 (1)
4-Pyridyl 87  Yellow liq. 165— 6-8lc  823c 495c 576s 2:8-—40c 278d  Ji60 761 70 1655 CyoH N, 76:55 68 167
170(1) 1-47d
* N.m.r. in D;O solution, chmical shifts relative to HOD (7 3-3). 1 ¢ = complex; d = doublet; dd = double doublet; L.P. = light petroleum; q = quartet; s =
singlet.
TaBLE 3
Properties of the benzimidazolium salts (VI)
b- c
LA
N
N—CH;—R
e + d {
¢ e CcL”
e
M.p. or N.m.r. chemical shift (7} { Coupling Found (%) Requires {%)
Yield b.p — A 5 constant A — A
R (%) (mm.) a b c d e f Others J (Hz) ¢ H N Formula C H N
Ph(2H,0) * 86 219— 566tr  7-15qi 6-65tr  475s  2-2—2-8c 2:6s Jab ™ Jb,e 75 639 65 96 C,H,CIN,O, 63-65 66 93
220°
Me(H,0+) * 79 140 5Bltr  7-02qi 6-46tr  553q  2-0—2-5c 8-43tr Ja,i7 2~]ab]bc39.) 78 11’5 C,H,,CIN,0 598 71 116
H-52tr 7-16qi  6-40tr 5549  1-8—2-6¢ 8+53tr 2
3,4-(MeO),C,H, 82 240(d) 560tr 66 7-4c 4585 92.9--3-1¢ OMe ]a, 649 6:0 75 CpoH,CIN;O,.y 647 62 79
(0-5H,0) * 620/
6-25s
$-HO-C,H, 80 252 560tr 712 682tr  4:57s  2:3—2-6¢ 3-12d Ji 90 653 62 86 CpH,CIN,O.; 655 585 90
(0-5H,0) * 2:69d
3-HO, 4-MeO-C;H, 81 240(d) 5-55¢ Overlaid by 4455 18—3-5c  OMe 64:0 57 78 CygHpCIN,Op; 638 59 82
(0-6H,0)t solvent 6-22
2-Cl, 5-%N-C.H3 84  200(d) b-43tr 6-95qi 6-6ltr  4-13s 1-5—2-4c Ja, b ™ Jo,e 65 555 43 109 CpyH,;.,CliNyO,.y; 556 4420 114
(0-25H,0) *
PhCH=CH-* 86 238— 5-72brtr 7-23¢  6-72br,tr 5-12br,d 2:3—3-0c CH=CH Ja~7 732 59 89 C,H,,CIN, 734 62 90
260 34—
4-15¢
2-Pyridyl . 75 163 5-45br,tr 7-0c 6-5br,tr  3-82s 14—2-Tc 535 5:3 11-8 C;4H;4CIN,0 542 54 11-8
(HCL,H,0)
Ei-l’yridyl2 75 169(d) 5-43tr 7-06gi  6-50tr 4-02 1-0—2-45¢ Jab = Joe X7 570 60 11-4 C,;¢H,;,CI,N,0 565 5.6 124
(FICLH;0) *
* N.m.r. in D,0, chemical shifts relative to HOD (5-3). 1 N.m.r, in DDMSO. 1} br = Broad; ¢ = complex; d = doublet; q = quartet; gi = quintet; s = singlet;
tr = triplet.
TABLE 4
- Properties of the barbituryl benzimidazolium salts *
Xy
/ 2 O /H
HC N
2NN 7
N =0
+
d N
d d O My
d
N.m.r. chemical shift (7) Coupling Found (%) Requires (%)
Form and ‘ - ~  constants Pt — ——
X solvent M.p.t a b c d Others J (Hz) C H N Formula C H N
CH, HOAc § >300(d) 540tr 68lqi 6-5ltr 2:33br Me, 7:60s Jab ™ Joe™ 7 352 47 166  CrH; N0, 558 47 163
[CH,), 0-5 HOAc § >300(d) 566br 7-73br 6-87br 24c  Me, 7-83s 586 49 175 C,H,N,O, 5855 49  17:05
[CH,l, § >3500(d) 5-47br 7-90br 679br 2-dc 611 51 182 CyH;N,O; 615 52  17-9

* N.m.r. spectra in CF,CO,D. { These compounds slowly decompose above 300°, } br = Broad; ¢ = complex; qi = quintet; s = singlet. § White needles from

aqueous acetic acid.
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ethanolic hydrochloric acid, the corresponding benz-
imidazole and amine (I; R, = [CH,l;) was obtained.

A closer analogy is found in the cyclisation which
results when o-dialkylaminoanilines (I) are treated with
alloxan. Rudy and Cramer,8¢ who originally investi-
gated this reaction, inferred that o-dialkylaminoanilines
reacted in the same way as the para-isomers to give the
corresponding anils. However, although King and
Clark-Lewis 192 showed that the product from the o-
dimethylaminoaniline was the quinoxaline (II) and that
of the diethylaminoaniline was the barbituryl benzimida-
zolium salt (III) 10 they were unable to isolate an anil

EtNCH CH, D,
1 2 D?.
N ] D, 02

N) N=CH-CHNO7p (i)
J @NH2
x
(VI (IX)

intermediate. They preferred one of several homolytic
pathways,1% alternative to the primary formation of the
anil, to explain the reaction sequences invoking, in the
case of the diethylaminoaniline, the intermediacy of the
enamine (VIII). However, when the diethylaminoaniline
was treated with alloxan in methan[2H]Jol, no incorpor-
ation of deuterium into the alkyl groups was observed,
thus excluding the enamine as a possible intermediate.
To further clarify the mechanism we prepared o-
[2H,,]piperidinoaniline (IX) and subjected it to the action
of alloxan.

Alloxan was found to react with o-pyrrolidino-,
piperidino-, and perhydroazepino-aniline (I; R, =
[CH,),, [CH,J;, and [CH,lg respectively) in an exactly
analogous way as the diethylaminoaniline, to give the
corresponding barbituryl benzimidazolium salts (Table
4).

No loss of deuterium was observed from the B-position
in the piperidine ring, again excluding an enamine
intermediate. When isotopic labelling experiments
were performed on the dihydrobenzimidazole synthesis
from anils, it became evident that an intramolecular
hydrogen transfer was involved. Thus, no incorporation
of deuterium in either the pyrrolidine ring or the benzylic
methylene group occurred when the anil (IV) was
cyclised in methan[?H]Jol, with deuterium chloride
catalyst, to compound (V; R = p-nitrophenyl). The
deuteriated anil (XI) was prepared from the correspond-
ing amine (Xb) [made by reduction of V-(o-nitrophenyl)-
succinimide (Xa) with perdeuterio-diborane (derived in
situ from sodium borodeuteride and boron trifluoride
etherate in diglyme) followed by reduction of the nitro-
group] and cyclised in the usual way. The product,
(XII), contained one proton and one deuteron at the
benzylic position as shown by n.m.r. spectroscopy, thus
supporting the intramolecular mechanism. Further-
more, preliminary kinetic studies 1® revealed that the
deuteriated anil (XT) cyclised at a rate 5-9 times slower
than the protonated analogue, thus supporting the
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@No2 @N CH-CHNOsp
(X1)
(X)
Lo
@\l CHD-CH,NOsp
(X11)

supposition that the scission of a C-H (or C-D) bond at
the a-position of the pyrrolidine ring is involved in the
rate-determining step of the reaction. We therefore
propose the mechanism outlined below (Scheme 1) to

x X
o
O O

~

account for the cyclisation. A similar mechanism will
explain the formation of the barbituryl benzimidazolium
salts, alloxan performing the role of both the acid-
catalyst and the oxidant to aromatise the intermediate
dihydro-compound in accordance with its known
properties. An alternative mechanism in which ab-
straction of hydride from the pyrrolidine ring «-position
is also a possibility.

In order to throw light on the formation of the spiro-
quinoxaline (II) we examined the interaction of other
similar ketones with o-pyrrolidinoaniline, since no inter-
mediates are isolable from alloxan reactions owing to its
diverse reactivity. We found N-methylisatin (XIII) to
be an ideal ketone for this purpose. In ethanol, in the
absence of acid, this ketone reacted slowly with the
o-pyrrolidinoaniline to give a purple anil (XIV). Similar
reactions in the presence of 0-05, 0-15, and 1:0 molar
proportions of hydrochloric acid resulted in the rapid
formation of a transient purple colour (the anil) followed
by the precipitation in each case of a white, crystalline
solid. The three solids were each different and pure!
Spectral analysis revealed the first to be the expected
dihydrobenzimidazole (XV). Thus, the ir. spectrum
showed the cyclic amide carbonyl (1700 cm. ), while the
n.m.r. spectrum (CDCl,) confirmed the presence of two
new methine protons, a triplet at v 4-90 (N-CH-N) and a
singlet at = 4-98, in accord with the suggested structure.

The second compound was an isomer of the first and
from its spectral properties was clearly the spiro-
quinoxaline (XVI) analogous to that reported by Clark-
Lewis and his co-workers. Thus ir. spectroscopy

18 D, Barraclough, O. Meth-Cohn, and E. Warburton, un-
published results.
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showed a sharp NH absorption (3270 cm.™) while the
n.m.r. spectrum both satisfied the required structure
(see Experimental section) and underlined the fixed
geometry of the spiro-rings by the presence of a complex
one-proton resonance at high-field (= 9-15); this was due
to one of the pyrrolidine ring protons [starred in (XVI}]
being held in the shielding cone of the oxindolyl aromatic
ring. The third product proved to be the hydrochloride
of this spiro-quinoxaline.

The spiro-compound was also obtained when either
the anil (XIV) or the dihydrobenzimidazole (XV) was
treated with acid. Indeed, when the latter intermediate
was merely warmed in solution a rapid transformation
to the quinoxaline occurred.* It would thus appear that
the two different systems derived from alloxan and the
o-t-aminoanilines (I) represent two alternative pathways
from the dihydrobenzimidazole intermediate. On the
one hand oxidation (with alloxan) or hydride transfer
{see following paper) results in a benzimidazolium salt,
while on the other hand the acid-catalysed rearrange-
ment indicated above results in the quinoxaline. The
fact that the dimethylaniline (I; R = Me) gave the
spiro-compound while the diethyl analogue gave the
benzimidazolium salt points to the greater hydride
lability of the 2-proton in the dihydrobenzimidazole in
the latter case. The ring-enlargement of dihydro-
benzimidazoles to quinoxalines is a new type of re-
arrangement of considerable scope. The mechanism
(Scheme 2) is basically similar to a Stevens rearrange-

H
SN
Ho NI
A s ——3(XVI)

SCHEME 2

ment, requiring the presence of an acidic hydrogen (s.e.
adjacent to both the carbonyl group and the aromatic
ring) to facilitate the ready reaction. This reaction will
be the subject of a further paper in this series. The

* Note added in proof: The thermal rearrangement did not
occur with the dihydrobenzimidazole (XV) after washing with

alkali, indicating that it was, in fact, catalysed by adventitious
traces of acid.

View Article Online

J. Chem. Soc. (C), 1969

isolation of both a benzimidazolium salt and a triazene
from the previously mentioned azosulphonate!? could
also be explained by the intermediate formation of a
dihydrobenzimidazole which reacts further as in the
above examples.

EXPERIMENTAL

Ir. spectra were recorded on a Perkin—-Elmer 257 spectro-
meter as Nujol mulls or liquid films. 'H N.m.r. spectra
were taken on a Varian A60A spectrometer with tetra-
methylsilane as internal reference in deuteriochloroform
unless otherwise indicated.

Prepavation of Amines (I).—The amines were prepared
according to literature methods 7 and purified by vacuum
distillation in the presence of zinc dust.

Purification of Aldehydes.—The commercial aldehydes in
ether solution were washed with aqueous sodium hydrogen
carbonate and then distilled or recrystallised prior to use.

Cyclisation Reactions.—(1) Prepavation of anils (IV).
Equimolar proportions of the amine and aldehyde were
warmed in ethanol solution and the mixture was set aside
overnight. Removal of the solvent gave the anil which
was purified either by distillation or recrystallisation.
Physical properties and other data are recorded in Table 1.

(2) Prepavation of dihydrobenzimidazoles (V). (a) The
amine (0-01 mole) and aldehyde (0-01 mole) in ethanol
(10 ml.) were treated with one drop of hydrochloric acid
(4 1-18) and set aside overnight. The solvent was removed
and the product was purified either by distillation, re-
crystallisation, or chromatography (see Table 2).

() The anil (IV) (0-01 mole) in ethanol (10 ml.) was
treated as in (a).

(c) The amine hydrochloride (0-01 mole) and aldehyde
(0-01 mole) in ethanol (10 ml.) were set aside overnight.
Evaporation of the solvent gave the dihydrobenzimidazole
hydrochloride, which was crystallised from ethanol and
diethyl ether (see Table 2).

(3) Preparation of bemzimidazolium salts (VI). (a) The
dihydrobenzimidazole [from (2a) or (2b)] was heated under
reflux in carbon tetrachloride for 1 hr. The salt was
filtered off and recrystallised as indicated in Table 3.

(6) The amine (0-01 mole) and aldehyde (0-01 mole), or
the anil (IV) (0-01 mole), were heated under reflux in carbon
tetrachloride (25 ml.) with trifiuoroacetic acid (one drop)
for 1 hr.; the product was isolated as in (3a).

{¢) The hydrochloride salt prepared in (2c) was heated
under reflux with acetone for 1 hr., cooled, and filtered, and
further treated as in (3a).

(@) The benzimidazole (0-01 mole) and the alkyl halide
(0-01 mole) were heated together at 100° for 2 hr. and the
product was crystallised as above.

(¢) The amine (0-01 mole) (I; R, = [CH,],, [CH,];, or
[CH,],) and alloxan (0-01 mole) in ethanol (20 ml.) were set
aside overnight in the presence of hydrochloric acid (3
drops; d 1-18). The precipitated product was filtered off,
washed with ethanol, and crystallised as shown in Table 4.

Reduction of Benzimidazolium Salis—The salt (VI)
(0-01 mole) in water (20 ml.) at 0°, was treated with sodium
borohydride (0-38 g., 0-01 mole). The dihydrobenzimid-
azole (V) formed immediately and was extracted from
solution with ether; the extract was dried and evaporated
to give the pure product in quantitative yield.

Reactions of N-(2-Amino-4-nitrophenyl)pyrrolidine.—N-

17 0. Meth-Cohn, R. K. Smalley, and H. Suschitzky, J. Chem.
Soc., 1963, 1666.
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/(2-Amino-4-nitrophenyl) pyrrolidine (1-95 g., 0-01 mole)
n.p. 79°, prepared according to Ainsworth and Sus-
1tzky %) and p-nitrobenzaldehyde (1-51 g., 0-01 mole) in
‘hanol (20 ml.) were set aside overnight. Removal of the
lvent gave the anil, as red needles from light petroleum
r.p. 100—120), m.p. 228° (Found: C, 59-8; H, 4:75; N,
3-3; Cy;HgN,O, requires C, 60-0; H, 4:7; N, 16-5%,).
he above anil (1 g.) in ethanol (20 ml.) was treated with
1e drop of hydrochloric acid (d 1-18) and then set aside
sernight; the solvent was removed and the residue was
‘ystallised from methanol to give the wnitrodilydro-
mzimidazole (0-82 g., 829%,), m.p. 241° (Found: C, 60-0;
., 48; N, 16-6. C,;H;,N,O, requires C, 60-0; H, 4-7;
, 16:5%), = 6-61 (2H, complex, NCH,CH,), 8-13 (4H,
ymplex CH,CH,), 4-73br (1H, t, NCH, J 6Hz), 547 (2H, s,
CH,), 1-8—3-6 (7H, complex Ar).

Preparation and Cyclisation of 2,2-Dipiperidinoazobenzene
IIb; R = C;H,(N).—N-(o-Nitrophenyl)piperidine (2-06 g.,
01 mole) in dry ether (20 ml.) was added dropwise to a
fluxing solution of lithium aluminium hydride (0-57 g.,
015 mole) in dry ether (100 ml.) and the mixture was
:ated under reflux for a further 2 hr. Ethyl acetate was
lded dropwise to the solution to destroy the excess of the
‘hium aluminium hydride and the resulting solution was
ashed well with water, dried (MgSO,), and evaporated.
he remaining red product was eluted through an alumina
lumn in benzene and the red band was collected; evapor-
ion of the solvent and crystallisation of the residue from
hanol gave the azo-compound as red plates (1-2 g., 699%,),
.p. 164—165° (Found: C, 75-5; H, 81; N, 16-5:
wHygN, requires C, 75-8; H, 8-1; N, 16:1%,).

A solution of this compound (1 g.) in ethanol (15 ml.} was
rated under reflux in the presence of one drop of hydro-
doric acid (d 1-18) until the red colour disappeared (4 hr.).
1e resulting solution was evaporated and triturated with
tht petroleum (b.p. 30—40°). From the triturate was
rtained o-piperidinoaniline (0-4 g.), leaving a residue of
peridinofl,2-a]benzimidazole (0-45 g.), both products
ing identical with authentic specimens (i.r. spectrum
.p. and mixed m.p.).

Preparation and Reactions of N-(o-Aminophenyi)per-
uteriopipevidine.—To perdeuteriopyridine (10 g.) in re-
ixing deuteriomethanol (MeOD, 60 ml.) was added in
1all portions clean sodium (18 g.). The precipitated
dium methoxide crystallised above the liquid level
lowing further addition of sodium. When all the sodium
1s added the volatile products were distilled off and the
sulting solution was treated with o-fluoronitrobenzene
6-8 g.); the mixture was heated under reflux for 1 hr. and
en the solvent was removed. The crude product was
tracted from ether solution with 6~-hydrochloric acid,
e acid extracts were basified, and then re-extracted with
her, dried, and evaporated. The orange solid (128 g.,
%) crystallised from light petroleum (b.p. 30—40°) as
ange needles, m.p. 76°. The n.m.r. spectrum confirmed
at no significant proportion of aliphatic protonated
iterial was present. Catalytic reduction of the wnitro-
npound in the usual way 17 gave the corresponding amine
X) which was treated in the manner described for the
otium analogue. No protons were found in the aliphatic
zion of the n.m.r. spectrum of the resulting product.
Preparation and Cyclisation of N-(o-Nitrophenyl)-2,2,5,5-
radeuteviopyrrolidine (Xb).—N-(o-Nitrophenyl)succini-
de 1® (1 g.) and freshly distilled boron trifluoride diethyl-
1er (0-5 g.) were dissolved in dry 1,2-dimethoxyethane
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(20 ml.) and a suspension of sodium borodeuteride (0-2 g.)
in the same solvent (20 ml.) was added dropwise during
20 min., with stirring at 0°. The resultant mixture was
heated under reflux for 2 hr., cooled, and carefully acidified
with 4x-hydrochloric acid. The acidified solution was
heated under reflux for 5 min., cooled, basified, and
thoroughly extracted with ether. The ether extract was
dried (MgSO,), evaporated, and the residue chromato-
graphed on Silica gel, with benzene. The first orange band
was removed and gave the witro-compound (0-52 g., 479%),
m.p. 36° as orange needles. The n.m.r. spectrum lacked the
pyrrolidine ring e«-protons. A similar reduction with
sodium borohydride gave N-(o-nitrophenyl)pyrrolidine,
identical (i.r. spectrum, m.p. and mixed m.p.) with an
authentic specimen.!?

Reduction as described previously 17 gave the correspond-
ing deuteriated awmine which, with p-nitrobenzaldehyde, gave
the ani (XI), m.p. 160°. N.m.r. ~ 805 (4H, complex,
CH,°CH,), 1-50 (1H, s, CH), 1-6-—3-4 (8H, complex, Ar).

The above anil was cyclised by treatment with acid as
described earlier to give the dikydvobenzimidazole (XII),
m.p. 91°. N.m.r. = 8-2 (4H, complex, CH,"CH,), 5-63br (1H,
CHD), 1-8—3-9 (8H, complex, Ar).

Reactions with N-Methylisatin.—(a) N-Methylisatin (0-5
g., 0-:0031 mole) and N-(o-aminophenyl)pyrrolidine (0-5 g.,
0-0031 mole) in ethanol solution (20 ml.) were set aside
overnight; the solvent was removed and the purple product
was crystallised from ethanol to give the anil (XIV) as
purple needles, m.p. 159—160° (Found: C, 74-3; H, 6-1;
N, 13-45. C;gH,;yN;O requires C, 74-6; H, 6-3; N, 13-7%).
N.m.r. = 670 (4H, complex, a), 8-18 (4H, quintet, b), 6-69
(3H, s, c), and 2-4—3-5 (8H, complex, d).

(6) Three mixtures of the same quantities of N-methyl-
isatin and the amine in ethanol as in (a) were treated
respectively with (i) one drop (0-05M) (ii) 3 drops (0-15Mm)
and (iii) 0-625 ml. (Im proportion) of hydrochloric acid
(@ 1-18) and were then set aside overnight. The white
crystalline mass precipitated in each case was filtered off,
washed with cold ethanol, dried, and examined spectro-
scopically. (i) Gave the diliydrobenzimidazole (XV), m.p.
145—150° (decomp.) (Found: C, 73-9; H, 6-45; N, 13.6.
CsH gN;3O requires C, 746; H, 6:3; N, 13-79%,). N.m.r.
< 6-85 (2H, complex, a), 8-15 (4H, complex, b), 4-90 (1H, t,
¢, Jv, o 50 Hz), 4-98 (1H, s, d), 6-80 (3H, s, ¢), and 2:5—4-0
(8H, complex, f).

(if) Gave the guinoxaline (XVI) as white needles from
ethanol, m.p. 215° (Found: C, 744; H, 6-5; N, 13-6.
C,gH N3O requires C, 74-6; H, 6-3; N, 13-79,). N.m.r.
< 659 (2H, t, a, J,p 70 Hz), 82 (3H, complex, b), 9-15
(1H, complex, ¢), 6:23 (1H, quartet, d, [y, 4 9-0, Jc.a 6-0 Hz),
6-77 (3H, s, e), 2:5—3-6 (9H, complex, f, g).

(iii) Gave the Aydrochlovide of XVI as white clusters from
ethanol, m.p. 218° (decomp.).

When the dihydrobenzimidazole (XV) was warmed
briefly in ethanol solution (15 min.) or treated with hydro-
chloric acid it was rapidly converted into the quinoxaline
(XVI).

We thank Dr. R. K. Smalley for a sample of the pyridine
(VII) and Geigy (U.K.) Ltd., for a generous research grant
which made this work possible.
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18 D. P. Ainsworth and H. Suschitzky, J. Chem. Soc. (C), 1966,
111.
13 R. Meyer and J. Maier, Annalen, 1903, 327, 6.
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