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Primq enamines are in equilibxium with their imine tautomers, and this equililxium usually lies on the 

iminesideunlesstheenamine is stabii by electron-withdrawing substituents attached at the allcenamine & 

~arlxm.~ We have recently demonstrated that conjugated primary emu&es (1-aminobutadienes) are 

themLodynamically~3kcal/molmaestablethantheircorresponding~sothatthe~ ’ arethe 

only isomers detected within the lH NMR accuracy under equilibrium conditions. We have used a template 

coupling reaction2 (see below) to prepare simple substituted butadiene amines (from CC-coupling of butadiene 

with a nih%e and a ketone at the Cp$r-backhone)3 and also very stable 1,6s (from CC- 

coupling of butadiene with two nitrile molecules, followed by controlled hydrolysis). The latter reaction was 

used to prepare 1 ,6diaryl- and 1.6-dLtert-butyl-substituted 1,6diaminc~ l,3,5-hexatrienes.4 We here report the 

first example of such a template synthesis leading to the formation of a stable l&diaminohexatriene that has 

only primary hydrocarbyl suhstituents attached at the termimd positions of the tail-to-tail co~ected conjugated 

primary dienamine systems. 

(Butadiene)zirconucene was treated with hwuyl cyanide. Under 1H NMR control the formation of the 

1:l addition product is observed. The expected primary product 2 was not found. It had appamndy rearranged 

to the more stable isomus 23 and E-3 (observed as an 80%) mixture). Under preparative conditions benzyl 

cyanide was treated with the (butadiene)zimonocene reagent in a 2 : 1 molar ratio. This led to the formation of 

a mixture of nine-membeted metalkqcles (N-metallated imine and enamine isomers) (isolated iu SO% yield). 

The major component of the mixtum was identified as the zixco&m-his-imido complex 4. It was identzed by 

X-Ry~nand~~y.Complex4containsavayrigidrmallecyclicframoworkthatis 

characterized by very large ca&un+itroge~-zirconium angles [zr-N(2)-C(23) 164.1(4)‘, zr-N(ltcy11) 

165.1(3)7 and short B-N bonds [B-N(2) 2.052(4) A. %-N(l) 2.034(3) A] indic&q pronounced nitrogen 

to zimonium backbonding. Complex 4 contains a trans-configurated C=C double bond ins& the nine- 

membemd m&Iacycle (found to be 70:30 d&n&red in the X-ray crystal structure analysis).5 Thus. complex 

4 is cl&al, comquently it exhibits dynamic m+ spectra. From the variable temperature tH NMR spectra we 

have calculated a Gibbs activation energy of AG (300 K) = 14.5 f 0.5 kcal md-1 for the ring qom&~&ou 

maction of 4.6 
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Figure 1. SCHAKAL plot of the molecular structuxe of 4. 

S@aigbtfc~~ani hydrolysis of complex 4 witb 2N sulfiuic acid yields l&dipbenyl-2,7diox~rans-4- 

octene (5). However, the nitrogen was retained when the demetallation of 4 was carried out by treatment witb 

a small quantity of methanol. The stable conjugated primary enamine (2Z,4E,6Z)-2,7&unino-l,8-diphenyl- 

2.4.6octatriene (6) was obtained and isolated in >70Q yiekl [-NH2: ‘H NMR: 6 = 2.78; IR: G = 3457.3374 

cm-‘; w: xmax = 330 nm (E = 52c)o)].7 

cp2= 

s-trans-1 
PhCHzCN 

It 

cP2a+ 1 
3 

s-cis-1 

Ph+ ph 

Tbe Iieaction of (butadiene)ZrCp2 

Ph+ ph 

6 

with 2-(cyanometbyl)pytidine in a 1:l molar ratio gave a single 

metalkcyclic (IC-aUyl)zbconium enamido isomer to which we ascribe tbe structure 7 from its spectroscopic 

data. Subsequent coupling with a second nitrile equivalent leads to a metallacyclic nine-membered ring product 

8 wbicb bas tbe enamido zirconocene moiety of tbe intermediate 7 retained. Complex 8 was prepared on a 

preparative scale and isolated in >70% yield from the reaction between (butadiene)zixconocene and 2- 

(cyanometbyl)pyridine in a 1:2 ratio. 
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The reaction of 8 with methanol in tetrahy~furan again produced a stable primsry enamine in high 

yiekl (9, >70% isolated) as the only reaction product. However, in this case, this does not contain the 2,7- 

dismino_2,4,6octauiene moiety as in 6. Here the strongly electron withdrawing Zpyridyl ttubstituent 

dominates the enamine stabiliz&on and directs the system into the formation of two stable pyridyl-substituted 

enaminesthatareisolatedfbnneachotherbythec omlecdng cH$!Hc!HcH~ ohain, as found in the obtained 

product 2,7-diamino-l,8-di(2-pyridyi)-l.4,7-octauiene (9). 

These examples nicely show that the diaminohexatriene system does not need any kinetic smbihmtion 

by bulky substituents at its ends to be stable and easily isolated. The rather small energetic contribution of the 

butadiene conjugation8 is indeed sufficient to make the primary enamine system more favourable than any of its 

imitx tautomers.o Nevertheless, the thermodynamic stabilization by conjugation is apparently smaller than the 

stabilizing substituent effects that catttonyls or analogous groups exert in the j3-position of an enamine. From 

the direct competition it is e&lent that the polyene conjugation effect is inferior to the 2-pyridyl substituent 

effect for enamine stabilization and consequently, the non-conjugated bis-enamine is obtsined when 2- 

(cysnometbyllpyrdine is used in our template synthesis whereas the substituted Udiaminohexatriene is the 

stable conjugated primary enamine product of the analogous reaction sequence stsrting from benzyl cyanide. 
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4.00 mmol) in 10 ml of toluene was added during 3 h to a solution of 551 mg (2.00 -1) of 
(butadiene)zirconocene at ambient temperature. After 16 h of stining the mix- is filteted and the 
filtrate evaporated in vacua to give 970 mg (95%) of 4. Crystals of 4 were obtained fmm toluene at 
-3o’C. Anal. Calcd. for C3&#&,$r (509.8) C 70.68. H 5.93, N 5.49. Found C 69.78, H 6.02, N 5.50. 
X-ray crystal structure analysis: monoclinic space group P2@. a = 8.139(l) A, b = 33.916(3) A, c = 
g.gso(l) A, p = 112.22(l)‘. v = 2s42.9 A? z = 4. 11023 reflections couected. &I,, &, +l. 5219. 
independent nflections. 4563 observed reflections, 296 refined parameters, R = 0.047, R, = 0.044. 
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Ratlsruhc, Gesellschaft ftir wissenschafdich-technische Information mbH, D-76344 Eggenstein- 
Leopoldshafen, on quoting the depository number CSD 58335, the names of the authors, and the journal 
citation. 1.30 g (2.55 mmol) of 4 was dissokd in 20 ml of tetrahydrow, 0.5 ml of methanol was 
added and the mixture filtered through alumina (act. 1) after 1 h. Solvent was removed in vaeuo to yiekl 
544 mg of 6 (73%). m. p. 104’C (decomp., DSC). lH NMR (CDslbenzene): 6 2.78 (br. s, 4H, NHd, 
3.19 (s, 4H, CZfzPh), 5.12 (m, W, 3-H. 6-H). 6.04 (m. W, 4-H. S-H). 7.05-7.14 (m, 1OH. Ph), 
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10 ml of toluene wss added dropwise to a solution of 1.88 g (6.82 mtuol) of (butadiene)zimonocene in 
30 ml of toluene. After 16 h a precipitate is tilteted off and the solution concentrated in vacua to a 
volume of 10 ml. The product 8 is collected by filtration and washed with pentane, yield 2.54 g (73%). 
m. p. 114-C (decomp.. DSC). IR (KBr): c 3463 cm-l (NH). tH NMR @,+enzene): 6 2.65 (br. m, W, 
CH$. 3.20 (d, 2H. CH$. 3.42 (s, W. CH+yr). 5.15 (m, 2H. CH=CH), 5.25 (s, 1H. =CHPyr), 5.80 (s, 
1OH. Cp). 6.71,7.08, 8.43 (m. SH, Pyr), 10.04 (br. s. 1H. NH). Anal. Calcd. for QHaN,+Zr (511.8) C 
65.71, H 5.51, N 10.95. Found C 64.60. H 5.58, N 10.63. 613 mg (1.20 mmol) of 8 was dissolved in 20 
ml of tehahydrofuran. Methanol (0.3 ml) was added and the mixture filteted over alumina (act. 1) after 
1.5 h. Solvent was temoved in vacua and the msidue washed with permute to yield 251 tug (72%) of 9, 
m. p. SST @SC). JR (KBr): 7 3457,32SO cm-l (NH+& ‘H NMR (ED&enzene): 6 2.81 (m, 4H. U-Id, 
4.88 (s, 2H. C!EkC@JH$). 5.58 (m, 2H, CH=CH), 6.34 (br. s. 4H, NHd, 6.67,7.28,8.23 (m, SH, Pyr). 
Anal.CalcdforC~8H~4(292.4)C73.94,H6.89,N19.16.FoundC72.8S,H6.Sl,Nl8.17. 
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