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HOUEB ad Tomlinson have shown that 2,2'-bipyridyl reaots readily with 

polymetblene +-aihaliaes to give bridged quaternary salts (I; n = 2, 

3 or 4). These author8 al.80 tdea to prepare 61i-dipyrido[1,2-o:2t,l*-8]- 

imitixolium salts (II) but failed to isolate a pure product from reeotione 

Of 2,2'-bipyrldyl with methylene dihalider.' 
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We now report that the md.n p~au0tfondin the reaotionof 

2,2'-bipyridyl with newlene iodide is dipyrido[1,2-a:2~,l~-e~dssoli~ 

i0dlae (III; U) rather than its QI-derlvative (II; X=I). 
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' B.Fe Easer ad T.E. Tamlinson, J. Chem. SOO, 2@9 (1960). 
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% Ihe dipyrido[l,2-e:2’,1’-elimidazolium cation No.2 

The eation of III wee first deteoted 88 e higUy fluoresoent epot 

on paper ohromatograps @O&5; rolvent butanol-oonoentrated i@roohloric 

aoid-water, 8:2:6; msdpo#f fluoresoenoe et 415, &O, end 465 I+). The 

iodide of III oan be prepared in 2@ yield by reaoting tno moles of 2,2’- 

bipyridyl with une mole of mthylene diiodide in boiling eoetonitrile for 

about five w while light and air are being excluded. After oryetallis- 

etion frca ethanol di~xrido~l.2-o:2*.l~-ehmidasoliw1 iodide forms dark 

great needles, mop0 255.5-256.5' (unoorr.) (Fowl: C, a.63;' H, J.oB; 

I, 9.30; I, 42.6; mol. weight (ebulliosoopioally in acetonitrile), 300. 

cuH91p2I reqwLrea C, 44.61; H, 3.06; IF, 9.46; I, 62.9%; mol. weight, 

296). The ultruviolet apectnna &&his salt (a= et 2&l, 285, 295, 

33% 353, 39% aa 02 =P (C 3417, 2320, 3130, 1539, 11192, 2800; 130) 

mldx~ et 275, 287.5, 30.5, 346, 383, 405.5 EP ( E 1740, 2220, 2520, 

lZ25, 2180, 880) resembles that of the dipyrido[l,2-e:1',2'-o]~~irn 

oeti~(~)flretprepsredbyBrormandHumphreys.2 

The dipyrl~rO[1,2-o:2~,l~-e]imidaso~um oation represents e new aromatic 

ting eyeten with two nitrogen atoms et bridge head positions ccumux to 

one ris. Beoauae of the equivalence of the classioal strwtures Vaad 

VI the new cation is e mesome~%~ ion which posseesses e plane of syxdetrg: 

P’ PI 

This vim i8 in word with the &mar. rpeotrum of this cation 

whioh e&we w &r grwps aP rigzala (measured at 60 ma/aeo. in 

2 
B.E.BrownemdJ.'Hu@raye, J. Ch& Soo. 2040 (1959). 
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water ana aeuterium oxide; shifts are given in ppm relative to water 

as internal standard; C approximately Sr2). A singlet at -4.91 ppm 

(one proton) is assigned to the &proton (numbering as in III). This 

signal showed no resolvable fine structure. and the coupling to other 

protons in the molecule must be 0.5 ops or less. In deuterium ofide 

the erea of this signal decreased with time, and after 72 hours if could 

no longer be detecte& Two sets of twc overlapping quartets (two protons 

each) occurred at -3.72 ppm and -3.23 ppm. These grcups are assigned to 

the protons at the l- and l&positions, srd at the 4- and b-positions 

respectively. The assignment of the group at -3.23 ppm is based on the 

observation that its fine structure can be resolved only efter the 

&proton has been exchanged for deuterium. In the remaining group of 

signals which is centered at -3.53 ppm (four protons) thirteen lines 

were discerned. If it is assumed that this pattern represents an 

incompletely resolved set cf four overlapping quartets, the n.1.r. apeotra 

of the cation cf III in water sncl deuterium oxide may be interpreted as 

anABxYz system cf 3 in which the two six+zembered rings are equivalent. 

In agreement with the pmposed structure the dipyrido[l,2-c:2',l'-e]- 

imidazolium cation is a weak base (% XL.72 0.3, spectroscopio value), 
a 

and we failed tc methylate it with methyl iodide in boiling aoetonitrile 

(one week). The n.m.r. spectrum of the protonated species (at 60 mo/ssa., 

determined in trifluoroacetic acid eith tetrsmethylsilsne as internal standar&) 

showed a singlet at 482 cps (twc protons), a broad singlet with unresolved 

fine structure at 513 cps (two protons), a complex multiplet at 552 cps 

(four protons), and a doublet with unresolved fine structure at 584 cps 

(two protons). This spectrum suggests that protonation of the dipyrido- 

[1,2-c:2',1'-e]imidazolium cation occurs at the 6-position tc give the 

3 J*A. Pople and T. Schaeffer, yol. Phvs. 1, 546 (1960). 
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o&ion of II, aad in the absence of strong coupling we tentatively aasigu 

the singlet et .‘a2 apa to the pmtona at the 6=position, the doublet at 

58l+ ups to the~-aua8_prutoIla, and the Wltip1et St 551 cps to the 1-, 

3-, y- urd lJ.-pmtona. 

Comparison of the ultraviolet spectra of I(ni2; x&r) [am = so sex 2 4 

at 3m-311 qI ( f l85OO)l aud of II (&Cl) raz D2so& at 223, 249, 262, 

272,311, ma323 w ( 6 ue210, 5n0, 3020,13~,155~,~18ooo)1~horrs 

that the shortening of the bridge by one &on atom results in splitting 

of thebroad adaorptionbandof I (n=2) into tno disorete bands,om of 

whioh 0oour11 at longer wave langths~ This effect is rentitiiisoent of the 

differenoer in the ultraviolet spetftra of fluorene and 9,lO_dihydrophenan- 

threne,4 and by analogy with these &drooarbona we suggest that the 

m&&w rings in1 (n=12)wwinan collinear oonfigurationwithoutbeing 

rceurately oopLuurr, while the opposite should hold for II.& 5 

Wk0.r salts ~4' the dlpyrido[1,2-0:2',1~-e~dasollum cation are 

&able in the nolid state, their solutions in water are decomposed by sun 

light. Tlu on&v product IIO far identified in the photo-decauposition of 

III (X&l) ia 2,2*-bipyxidyl hydroohlorlde (iQ% after three weals)* 

The dip~cio[l,2-a:2~,l~-e]imi~~lium cation reacts with acleo- 

philes and electrophiles at the 6=position, but the p&wry products 

formed in the reaotions studied so far are not very stable. Thus III 

(E&l) revoted 1st room temperature slowly with an aqueous solution of 

either potassium hydrotide (1%) or potassium cyanide (5$) to give deep 

red ooloured rater soluble compoundnuhiohon exposure to eir were rapidly 

oonverted to 2,2'-bipyridyl (yield after three weeks 38 and l&$ respectively). 

i &II. Joma, ?J. Amer. Chm. Sooz& 2127 (1945). 

' DdC. Burna amd J. Ilull, ;Rpe* Bose Soot a, 200 (1955). 
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Bromination in hot aqueous acetic acid also gave 2,2'-bipyridyl (&), but 

bromination of III (X=Br) in glacial aoetio acid at room temperature gave 

a quantitative yield of 6-b~~dipyrl&[1,2-c:2',1'-e]imidaso~um tri- 

bromide (VII), m.p. 146-l.48o (uncorr.), with aeoomposition. This aompound 

was rapidly destroyed by water, and it reaoted only slightly less rapSly 

with methanol, ethanol, aoedzone end dimethyl sulpholdde. Rapid 

orystalliaation from methanol gave a dark-green micro-orystalline powder 

(9 recovery), m.p. l46448' (with decomposition) (Found: C, 27.05; H, 

1.79; N, 5.w. CuH&Brk requires C, 27.07; H, 1.65; N, 5.7%). 

The structure of VII follows from its conversion to 2,2'-bipyridyl (5%) 

by means of aqueous sodium hydroxide, and from its ultraviolet spectrum 

X"z at 248,. 286, 296, 345, 363, 381, 403, and 447 w ( S 31830, 4970, 

6290, 10575, 15015, l&00, 5130, 4420, 2600) and X2: at 279, 290, 310, 

357, 398, w-7 ml, ( L 15230, 34k0, 4810, 4810, 10260,12900, 4810, 317a, 

2060); this apeotzum was detexmined within two minutes of dis80lriW 

the ~ompound~)~ 

In view of the herbioidal aotiviitg of I (n=2; Mr) and related 

Ampoudst7 the effect of III @Cl) on the elongation of wheat ooleapfiles 

6 We thank Dr. R.A. Jones for this speotnm. 

B.J. Fielder, B.F. Homer and B.L. Jonus, Brlt. Patsa& No. 785,732; 

chum, fiatr, 22, 67a7 (1958). - 
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was compared with that of I (n=2; X=Br). After 2!+ hours (tier red light) 

and at concentmtion of 10 -3 mole/l I and III had the seae activity. At 

10'4 moleA II:: had about l/3 of the inhibiting effect of I.' 

8 
We thank b-so Y.B. Atkinson and N.G. b¶az%nos of the Waite Agzbultural 

Research Institute, Adelaide, for these testsD 


