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Abstract - 1In situ prepared 'nickel boride' generated from sodium borchydride and

nickel (II) chlorlde cleanly transforms 1,5-dihydro-2H-imidazoles into 4,5-dihydro-1H-

imidazoles in high yields by a double bond migration.

Research into the use of methylthioc substituents as removable activating groups in the synthesis of

N—heterocycles1’2

prompted their application to the synthesis of 1,5-dihydro-2H-imidazoles (2) by
the cyclisation of the methylthio activated benzylaminonitriles (1)3 {Scheme 1), In the absence of
the methylthio activating group, cyclisation fails to occur’,'5 but it was anticipated that the un-
subsatituted 4-phenyl-1,5-dihydre-2H0-imidazole (;) could be obtained by removal of the methylthio
group from (2). This could be effected by reductive desulphurisation using 'nickel boride’

generated by the action of sodium borchydride on nieckel (IT) chloride igrsitu, s method which we

have shown to be superior in many respects to Raney nickel.4

2 + z 9
R H VR ' R’

(1) (2) (3)
(Scheme 1, R = MeS)

As expected, the methylthic substituted 1,5-~dihydro-2H-imidazoles (ggrand E), when treated with
'nickel boride', underwent reductive desulphurisation of the thioether bond; unexpectedly,
migration of the dihydroimidazole double bond occurred yielding the corresponding 4,5-dihydro-1H-

imidazoles (4a and E) which are of potential pharmacological interest.5 As a corollary the
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snalogous methoxy substituted 1,5-dihydro-2H-imlidazoles (2¢c and d) were treated with 'nickel boride'.
In these resctiona double bond migration ocecurred yielding the corresponding methoxy suba-

tituted 4,5-dihydro-1H-imidazoles (4c and d). (Scheme 2).

R4 3
2 'Nickel
R boride!
2
(2a - 4)
R R’ R? R’ R ! r° R°
8 Me3 (CHZ)B H a H (CH2)5 H
b Me3 Me Me Me b H Me Me Me
H
c Me0 (CH2)5 H c MeO (CHZ)5
H
d Me0 (0}12)5 Me d Me0 {c 2)5 Me
{3cheme 2)

The structure of the 4,5-dihydro-1H-imidezoles (i) was unambiguously confirmed by the use of 1H and
130 n.m.r. and mass spectroscopy. The 1H n.m.r, spectra of the 4,5-dihydro-1H-imidazoles (4)
exhiblted characteristic features including resonances in the region of o H T.22 - 6.97 and 4.82 -
4.49 for the amidine and methine protons at positions 2 and 4 respectively: in comperison, the 1,6-
dihydro-2H-imidazoles (2) possessed resonances in the region of & H 4,79 ~ 4.58 for the methylene

protons at position 2.3’6 13

Off resonance C n.m.r, spectrogscopy easily distinguished betwsen the
1,5-dihydro-2H-imidazoles {2) and the 4,5-dihydro-1H-imidazoles (4) (Table 1): the former exhibited
singlets and triplets in the region of V] ¢ 176.5 - 175.7 and 82.1 - 73%.9 for the carbons in posit-
ions 4 and 2 respectively, whereas the latter posseased two doublets in the region of o] o 78.5 -
73.% and 156.7 - 152.2 for the carbons in the same positions. Carbon assignments (Table 1} were
completed using the D.E.P.T. technique.

The plane of symmetry in the 1,5-dihydro-2H-imidszoles (2) is absent in the 4,5-dihydro-1H-imidazol-
es (i) and as a conseguence the R1 and R2 substituents in the latter are non-equivalent. This
difference in symmetry is observable in both the 1H and 130 n.m.r. spectra.

The fragmentation pattern in the mass spectra 1s also diasgnostic in that the base peaks from the

1,5-dihydro-2H-imidazoles (2) correspond to the aziridinium ion (2),3’6 whereas the base peaks for

the 4,5-dihydro-1H-imidazoles {4) correspond to the iminium ion (6).
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Double bond migration involving conversion of a 1,5-dihydro-2H-imidazols to & 4,5-dihydro-1H-imid-

azole was cbser‘ved7 when the 1,5-dihydro-1H-imidazcle (7) was treated with base (Scheme 3).

Ph  Ph Ph Ph

b ( Base ; ;
hL\r/N“‘%(:FB Nq§r/N'4
0]

Ph Ph
(1)

{Scheme 3}
However, in cur hands the 1,5-dihydro-2H-imidazole (gg) was inert to the effects of base treatment
and also Lo nickel (II} chleride alone. In contrast, exposure of the 1,5-dihydro-2H-imidazole (gg)
to sedium borohydride yielded the corresponding 1,3,4,5-tetrahydro-?H-imidazole (g) via reduction
of the imine, suggesting that it is 'nickel boride' which is responsible for the double bond

migration of 1,5-dihydro-Z2H-imidazoles (g) yielding 4,5-dihydro-1H-imidazoles (ﬂ).

Me(O

HN<_-NH
(8)

Regearch iz currently being undertaken to elucidate the mechanism, applicability and scope of this

reaction.

EXPERIMENTAL

Melting points were determined on a Reichert hot stage spparatus and are corrected. I.r. spectra
were recorded with & Pye-Unicam SP3-100 instrument for potassium bromide discs or liquid films. 1H
and 130 n.m.r. spectra, unless otherwise stated, were reccrded cn a Bruker WP80 spectrometer oper-
ating at 80 and 20.1 MHz respectively. M.s. data were cbtained using an A.E.I. M530 spectrometer

uging electron ionisation unless otherwise atated. Microanalysis was carried out on a Perkin-Elmer

240 CHN analyser. The methylthio and methoxy substituted 1,5-dihydro-?H-imidazoles {28 - d) wsre
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prepared as described in the literature.3'6
General Reaction

The 1,5-dihydro-2H-imidazole (2, 2mmol) and nickel (II) chleride hexahydrate (12mmol) were dissolv-
ed in methanol (20ml) and sodium borohydride (60mmol) added portionwise over a period of 30 min to
the ice-cold mixture. Evolution of hydrogen and a black precipitate were cbserved on addition of
sodium borchydride. When the addition was complete, the ice-bath was removed and stirring contin-
ued for 16 - 18 h at room tempersturs. To the ice-cooled reacticon mixture was added hydrochloric
acid (32% W/w, 40ml1) and stirring continued for 10 min, Then ammonia solution (s.g. 0.88, 6Cml) was
added glowly to basify the mixture. The reaction mixture was filtered through a bed of 'celite!,
the filter cake washed with chleroform (3 x 25ml) and this chloroform used to sxtract the product
from the agueous filtrate. The combined chloroform extracts were washed with brine (1 x 25ml},
dried with magnesium sulphate and evapcrated to yield the 4,5-dihydro-1H-imidazoles (4a - d). The
4,5-dihydro-1H-imidazoles could be purified by columm chromatography using basic (grade 1) alumina
eluting with varying proportions of chloroform and methanol or by crystallisation from chloroform -

petroleum {(60-80°C).

Table 2: Analytical dats for the 4,5-dihydre-1H-imidazoles (&3 - g).

1

Compound Yield mp Solvent Found % Required %
°C c H N C a N
4a 92(57) 152-155 CHCIB—petroleum 78.2 8.4 13.0 78.5 8.5 13.1
£0-80°C
4b 93(60) 125—1272 EtOH-di-iso- £0.5 6.7 10.0 60.4 6.5 10.1

propyl ether

4o 96(75) 142~-144 CHCl3—petroleum 73.8 8.2 1.2 73.8 8.2 11.5

60-80°C

4d 85(&7) oil

Crude yields calculated from n.m.r. data, velues in parentheaia

are purified non-optimised yields
2 s
Hemioxsalate salt

E Salt forms too hygroscopic for analysis
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Table 3: TH N.m.r. and i.r. dats for the 4,5-dihydro-1H-imidazoles (4a - d).

~1
Compound V max/cm 1H N.m.r. {( § values in p.p.m. Solvent CDCl3)
C =N
4s 1550 ! 7.27(5H,s,ArH), 7.21(1H,s,N=CE-N), 4.43(1H,s,ArCHN), 4.28(1H,s,

NH exchangeable), 1.84-0.40(10H,m,5xCEQ).

4b 1590 7.27(5H,s,ArH), 7.11(1H,d,J=2Hz,N=CH-N), 4.76(1H,d,J=2Hz,ArCHN},
2.78(3H,s,C§3N), 1.37(3H,S,C§30), 0.62(3H,s,c§3c).

dc 1585 7.33(18,8,¥=CE~N}, 7,16(2H,d,J=8.5Hz,ArH), 6.85(2H,d,J=8.5Hz,
ArH), 4.44(1H,s,ArCHN), B.BO(SH,S,Cﬂao), 2.86(1H,s,NE exchange-
able), 1.92-0-67(10H,m,5x€§2).

44 1890 7.13{2H,d,J=8.5Hz,ArH), 6.97(1H,s,N=CH-N}, 6.81(2H,d,J=58.5Hz,

ArH), 4.82(1H,s,ArCHN), 3.80(3H,s,C§3O), 2.78(3H,s,CH,N),
1.89-0.65(108,m, 5xCH, ) .

1
60 MHz Perkin-Elmer R12ZB

Table 4: Mass spectral fragmentation of the 4,5-dihydro-1H-imidazolss {4a - d).

Compound Principal fragments, m/z (rel. intensity %)
45 m/z  214(M',24%), 132{12), 120{18), 106(68), 98(32), 83(100}, T9(11), 67({10 ),
47{14), 30(5}).
b m/z  188(M',20%), 173(2), 117(7), 90(8), 72(100), 56(5}, 45(14), 29(3).
4e m/z 24407, 33%), 136{60), 121(17), 109(57), 98(72), 67(56), 40(100).
ad m/z o58(MT, 45%), 136(11), 121(24), 112(100), 9+{16), 86(30), 81(22), 77(20),

68(25), 55(28), 44100}, 40(93).

Sodium borohydride reduction of 1,5-dihydro-2?H-imidszole {1c)

The general method was followed with the exception that nickel (II) chloride hexshydrate was
omitted. 1,3,4,5-Tetrehydro-2H-imidazole (§) was formed as a mobile brown oil which, after purifi-
cation by column chromastography on silica gel 60 (Merck 70-230 mesh) eluting with varying proport-
ions of methanol in ethyl acetate, gave a golden oil (79%), & - (CDClﬁ) 7.16 and 6.84(2 x 21,

2 xd, J=8,5Hz, AA'XX', ArH), 4.18 and 3.97{(2H, 2 x 4, J=9Hz, NCEQN), 3.82(4H, s, 0330 and CHN),
1.82(2H, g, NH x 2 exchangeable}, 1.85-0.47(10CH, m, CEQ ® 5); ") o {CDCla) 158.7(C-4',8) , 133.0
(c-1',s), 128.6(Cc-3',d4}, 113.4{C-2',d), 70.8(C-4,d4), 63.8(C-5,8), 62.2(C-2,t)}, 55.O(§H30,q), 36.2,

33.0, 25.8, 23,2, 22.5(gﬂ2x5); m/z (chemical ionisation, iscbutane), 247(M+,14%), 235(28), 218
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(60), 148(7), 136(8), 98{100), 94(17), 81(5), 57(7). The picrate had m.p. 217-220°C (decomp.}
(From EtOH-diethyl ether) (Found: C,46.0; H,4.%; N,15.9. 027H28N8015 requires C,46.0; H,4.0;

N,15.9%).
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