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Abstract 

From thermal rexdons of Ru,(CO),~ with seneiialdimine. (CH&C=CHCH=NR (R = iR (a). I-Bu (b)), in Mluxing heptvlc~ the 
following complexe% have been isolated and charactensed: Ru2(CO)J(CH ,),C(H)CC(H)NRI (20). 
Ru,(CO),[C(H)C(CH,)C(H)C(H)=NRl (3a.b). tHRun(C0,,,lt2-lC(H)=C(CH,),)-4-CH,-C,H,NI (41). 
HRu,(CO),[(CH,)~C(H)*C=~I (51). and Ru2(CO)nlC(H)C(CH,MH)C=N(HN(I Gb). The complexes 3% 4a and 8 h=w_e ban 
characteris~d by X-ray suu~ure determinations. Crystals of 3a are monoclinic. space group P2,/n. with (I= 11217(4)A. b= 
10.991(2)A, c= 14.214(3)A, @=94.33(22, .Zo=4 and R= OD264. Crystals of 48 are mowclinic. space group PZ,/n. W%B 
a= 10.483(2)A. b= 15.910(3)A. c=24995(5)A. &3= 101.56(2)4 Z=4 and R=0.0279. Crystisof Lbare nhmcclii. spre gmup 
PZ,/n, with a= 11.449(2)& b= 12.012(Z)& c= I356l(3)& p= 102.69(2P. Z=4 and R=0.0239. The other mmpkxes were 
chamcterised spectroscopically. Complex 6b contains a novel q’emxdinated metallacychpntzdiene f-L the %+cowJ of its kind 
reported so far. The anomalous 7’.cwrdination is atnibuted to the presenw of an amino substituent on one of the nretalt8ted carbon 
atoms causing redistribution of electrons over the ligand skeleton. Possible formation pathways of the complexes are described. 
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1. Intmductton 

In the course of OUT study on the reactivity of tutbe- 
nium cabonyl complexes with monoamdienes some 
interesting cyclometallated ligand types have been ob- 
tained [l-3]. The first two isolable complexes from 
thermal reactions of Rtt,(CO),, and monoazadienes 
(MADs) of type R’C(H)=C(H)C(H)=NR are tlte dinu- 
clear complexes Ru,(CO),[R’C=C(H)CH2NR] (1) and 
Ru,(CO),[R’CH,CC(H)NRJ (2) (see Scheme I). ‘both 
of which contain a cyclometallated isomer&d MAD 
@and that bridges the intermetallic bond. Complex 2 is 
usually obtained as the minor product (10-4046). To 
enable a more extensive study towards the reactivity of 

2, which exhibits dynamical bebaviour in sdution [31 
and interesting pbotochemical reactivity [41, improving 
its yield was an important goal. It was anticipated that 
substitution of H, by a methyl group ’ wdd block the 
reaction path leading to 1 and hence 2 wcadd become 
the major product Fwdwrmwe, cycIometallatioil of the 
MAD Iigaad at other positions might become kinetically 
feasible. possihiy leading to new types of ligar~I. 

In this paper we report on the products emexging 
fmm thermal reactions ok tWbenium dodkewu;Oayl 
and senecialdimine (R-SAk (CH,),C=C(H)CiH)=NR. 
R = iPr. t-&t). One of the new organometalIic corn-- 
plews obtained contains a novel ~2-q~-auyI-alnill+ 

-- 
Conespoding author. 

Suffixes fo rhe DlOrnS refer to: 
t(CH,),l& =KHl,KHl,,n =NR. 
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Ru~(CCI),~ + R’C(H)=C(H)C(H)=NR* 

A 

carbene lisaand. the second of its kind reported thus far. 
In another reaction product a remarkable coupling of 
two senecialdimines into a trisuhstltuted pyridinium 
moiety has taken place. 

‘H and “C NMR data wex obtained on Broker 
AC100 and Wh4250 spectrometers. IR spectra were 
recorded with Perk&Elmer 283 and Nicolet 7199 B 
specuophotometers using NaCI solution cells of 0.5 mm 
path length. Field desorptioa (FD) mass spectra [51 were 
obtained with a Varian MAT-77 double focusing mass 
spectrometer with a combined EI/FI/FD source, fitted 
with a 10 km tungsten wire FD-emitter containing car- 
bon microneedles with an average length of 30pm. 
using emitter currents of O-15mA. The ion source 
temperdtare was generally 90°C. 

The HPLC separations were performed with a modu- 
lar Gilson liquid chromatographic system consisting of 
two 303 elation pumps, an 811 mixing chamber, a 7125 
Rheodyae injector equipped with a 20 ml (analytical) or 
2ml (preparative) sample loop an 802c mawmetric 
module, aad an I1 1 B UV detector operated at 254nm. 
all obtained from Meyvis. Netherlands. The system was 
controlled by an Apple Macintosh SE with Rainin soft- 
ware. Reversed phase columns: Hypersil ODS j-mm 
( IM) X 4.8 mm: analytical and 250 X 9.4 mm; semi-pre- 
parative). 

Solvents were carefully dried and distilled prior to 
use. All preparations were carried out under an atmo- 
sphere of dry nitrogen using Schlenk techniques. Silica 
gel for column chromatography (kieselgel 60, 70-230 
mesh, Merck. Darmstadt, Germany) was dried before 

.w. Ru,(CO),~ was used as-purchased from Strem 
Chemicals Inc. (USA). 

The monoazadienes N-isopropyl-senecialdimine (iPr- 
SAI) and N-tern-hutyl-senecia!dimine (t-Bu-SAI) were 
prepared by condensation of senecialdehyde with the 
relevant amine according to standard procedures [6,7]. 
The senecialdimines were distilird at 0.1 mmHg and 
were stored uudcr an atmosphere of nitrogen at - 80°C. 
‘H NMR fo: (CH,),C=C(H)C(H)=N-iPr (CDCI,, 
100.1 MHz. 298K, S ppm): 8.16 (d. 9.5 Hz, C(H)=N). 
5.94(m, C=C(H)), 3.30(sept. 6.5 Hz, N(C(H)C(H,),), 
1.88, 1.83 (m. m, (CH,)#?=3CC(H)), 1.15 (d, 6SHz. 
NC(H)(C 11,)?). C NMR for 
(CH,),C=C(H)C(H)=N-iPr (CDCI,, 25.2 MHz, 
298K): 156.8 (C(H)=N); 145.9 ((CH,&C=C); 125.8 
((CH,),C= C); 61.4 (NC(HXCH&); 26.5, 18.6 
((CH,),C=C): 24.3 (NC(HXCH,),). 

‘H NMR for (CH,)J=C(H)C(H)=N-t-Bu (CDCl,. 
100.1 MHz, 298K. Sppm): 8.17(d, 9.OHz. C(H)=N), 
5.94 (m, C=C(H)). 1.85, 1.79(m, m, (CH,)J=C(H)), 
1.14 (s. NC(C H,),). “C NMR for 
(CH,)J=C(H)C(H)=N-t-Bu (CDCI,. 25.2 MHz, 
298~): 153.7 (c(H)=N): 145.0 ((cH,)~c=c); 128.1 
(cH,),c=c); 56.6 (NC(CH,),): 29.7 (NC(CH,),): 
16.3, 18.4 ((C’H,),C=C). 

A solution of Ru&CO),~ (0.64g; I mmol) and R-SAl 
(R = iPr, t-Bu: 3 mmol) in 50 ml of heptanes was stirred 
at 100°C for 24h. After this period the solvent was 
evaporated under vacuum and the residue was fraction- 
ated on silica. Elution with hexane afforded a pale 
yellow fraction of Ruz(CO),[(CH,),C(H)CC(H)NR] (R 
= iPr (Za), t-Bu (2b)) in a yield of about 60%. 

Data for 2a. ‘H NMR (CDCI,, 100.1 MHz, 298K): 
6.89 (s, CC(H)N), 2.59, 2.40 (2 X sept, 6.5 Hz, 
NC(HXCH,),, CC(HXCH&), 1.09, 0.90 (2 Xd, 
6.5 Hz, NC(HXC HJ1. CC(HXC H&; ‘“C NMR 
(CDCI,, 62.9MHz. 263K): 197.1 (6 X CO), 145.2 
(cc(H)N), 107.1 (CC(H)N), 56.1 (NC(HNCH,),). 35.3 
(CC(H)CH,)2f, 25.7. 25.1 (NC(HKCH),),, 
CC(HXCH&); IR (r(CO) cm-‘, hexane solution): 
2075 cm), 2043 (vs), 2003 k), 1991 k.), 1979 cm). Anal. 
Found (c&d) for Ru2C,,H,,N0, (2~): C, 33.99 
(33.94): H, 3.14 (3.05): N, 2.99 (2.83): FD/MS: m/r 
495 (495). 

Data for 2b. ‘H NMR (CDCI,, loo.1 MHz. 298 K): 
6.92 (s, CC(H)N). 2.59 (sept, 6.5 Hz, C’JHHCH,),), 
1.09 (d, 6.5 Hz, CC(HXCH&, 0.90 (s. NC(CH,),k 
“C NMR (CDCI,, 25.2MHz, 263K): 197.6 (6 X CO). 
146.2 (CC(H)N), 106.1 (CC(H)N), 55.6 (NC(W),),), 
35.7 (cc(H)cH,),), 30.5 (NC(CH),),). 25.4 
(CC(HXCH),),); IR (v(CO) cm-‘. hexane solution): 



2074 (ml, 2041 fvs), 2002 fs). 1989 fs), 1978 cm). Anal. 
Found kalcd) for Ru$,,H,,NO, (Zb): C. 35.49 
(35.36); H. 3.37 (3.37); N, 2.73 (2.75): FD-MS: m/e 
509 (509). 

2.j. $mthesi.~ of Ru2(COJ,$CHJCfCHI JCfHJClHJN- 
iPrl f3aJ 

A solution of Ru,fCO),? (O&g; I mmol) and iPr-SAI 
(3 mmol) in 50ml of heptanes was stirred at retlux (oil 
bath temperature 12O’C) for 72 h. After this period the 
reactiou mixture was ftltered over a short column (3 cm) 
of silica and the filtrate was evaporated to dryness. The 
residue was chromatographed on silica. Elution with 
hexane afforded a pale yellow band of 2n (45%). Subse- 
quent elution with hexane-diethyl ether (9: I) gave a 
second yellow baud which contained 
Ru,(CO),[fCH)C(CH,)C(H)C(H)N-iPr] (3~4) in a yield 
of about 20%. Yellow xy”tals of 3a suitable for X-ray 
diffraction analysis were obtained by cooling a concen- 
trated solution of 3a in hexane at -90°C. 

Data for 3a. ‘H NMR (CDCI,, 298K): 8.49 (d, 
2.3Hz,C(H)C(CH,)C), 7.99(d.SSHz,N=CfH),3.45 
(sept, 6.5Hz. NCfHXCH,),). 3.30 (dd. 55Hz. 2.3Hz. 
C(H)C(H)=N), 2.47 (s. C(H)CfCH,NIfH)) 1.07. 0.90 
(d, 6.5 Hz, NCfHXCH,),); “C NMR (CDCI,. 263K): 
202.1, 198.3, 192.5 (3 X CO). 173.8 (N=CfH)). 144.7 
fC(H)CfCH,)C(H)), 104.6 (C(H)C(CH,kZfH)). 64.3 
(Nc~HKCH),),), 51.3 (c(H)c(H)=N). 29.9 
(C(H)C(CHJC(H)), 22.9, 22.0 (NCfHXCH),),): IR 
(v(CO) cm-‘. hexane solution): 2072 (s). 2031 (vs). 
2001 fvs). 1988 (s), 1973 cm), f~i;=-N), KBr): 
163lcm-‘. Anal. Found kalcd) for Rtt,C,,H,,NO, 
(3a): C. 34.18 (34.08); H, 2.70 (2.66): N. 2.82 (2.84): 
PD-MS: 01 /e 493 (493). 

2.4. Syadesis 0f IHRII,(c~),,~~-I~-/c~HJ= C~CH, JJ- 
I-CH,-C, H., Nl+ (4aJ 

A solution of Ru,(CO),, (0.64g: I.Ommol) and iPr- 
SAI (0.27 g; 2 mmol) in 50ml of heptattes was stirred at 
reflux for 20h. After removal of the solvent under 
~acuuot, the residue was chromatographed on silica. 
Elution with diethyl ether gave an orange band contain- 
ing a mixture of compounds including 2a and 3a. 
Subsequent elution with dichloromethane afforded a 
red-brown band of [HRU,(CO),,~- [2- 
[C(H)=C(CH,)2)4CH,-C~H~Nl+ (4s) in a yield of 
20mg (3%). Dark brown crystals of 4a suitable for 
X-ray diffraction analysis were obtained by cooling a 
saturated solution of 4a in dichloromethane-dietbyl 
ether at - 90°C. 

Data for 4a. t H NMR 1CDzC12. 250. I MHz. 297 K): 
16.46 (s. hydride), 8.33 (d, 6.OHz). 7.69 (d. 6.0Hz). 
7.55 (s), 6.26 (s). 5.10 (Sept. 6.OHz. NC( HXCH,&). 
2.67 (s). 2.12 (d. 1.2Hz). 1.87 (d, 1.2Hz). 1.61 (d. 

6.0 Hz, NCtHXC HJ&): IR tdick! xometbane, v(CO) 
cm-‘): 2022 W, 1956 (VW) (lit.: 2020 (5). 1953 (VW) 
[8n. Anal. Found (c&d) for Ru,C,,H,,NO,, (48): C. 
28.92 (28.60): H. 1.77 (1.63): N. 1.06 (1.08): FD-MSz 
m/e I90 (190). 

A solution of Ru,fCO),, (0.64g; I mmol) and t-f% 
SAI (3 mmol) in 50ml of heptattes was stirred at reflux 
for 24h. After this period the solvent was removed 
under vacuum and the red-brown residue c o- 
graphed on silica. Elation with bexane gave a paIe 
yellow band of 2b (0.22~: 40%). Subsequent elution 
with hexane-diethyl ether (2:l) gave a yellow baad of 
Ru,(CO),[(CH)C(CH,)C(H)C(H)N-t-Buj (3b) and 
Ru,(CO),[(CH)C(CH,)CoCN(H&t-Bu] f6b) in a total 
yield of 0.36g (ratio 3b:6b wa.. about 1:2). Separation 
of 3b and 6b could be achieved by preparative HFLC 
on a reversed phaw column. To this end a mixture of 
3b aad 6b (O.O5g/nm) was dissolved in a ~~~~ 
amount of dichlommethane and passed through a semi- 
preparative RP-HPLC cohmta using aa iwxatic mk- 
ture of methauol-water (87:13) as the mobile phase at a 
flow rate of 2m: mitt-‘. Two fractions were collected 
(first fraction (6b): 27-30ml; second fraction (3b): 
32.5-35.5 ml). After a total of 22 runs the solvent of the 
pooled fowions was removed under vacuum affording 
3b and 6b as spectroscopically and aaalyticaily pore 
compounds. Yellow crystals of 6b suitable for X-ray 
diffraction analysis were obtained by cooling a conceu- 
trated solution of 6b in hexawe at -90°C. 

Data for 3b. ‘H NMR (CDCI,, 100.1 MHz, 298K): 
8.48 (d. 2.5Hz. C(H)CfCH,)C). 8.21 (d. 6.OHz. 
N=Cf H)). 3.32 (dd, 6.0Hz. 2.5 Hz CfH)C1H)=N), 
2.46 (s, C1H)CfCHJCfH)) 1.08 (5, NC(CH,),): “C 
NMR (CDCl,. 25.2MHz. 263 K): 176.3 fN=C(H)). 
145.3 fCfHKfCH,)C(H)), 1oJ.4 fCfH)CfCH,WH)), 
61.8 (NC~CH),),). 51.0 fCfH)C(H)=N). 31.7 
(NC~CH),),), 29.9 fC(H)C(CH,KfH)); fR (u(co) 
cm-‘. hexatte solution): 2073 (III), 2031 (vs), 1999 (5). 
1987 (to), 1973 (VI). Anal. Found (cakd) for 
Ru$,,H,,NO, (3b): C. 35.24 (35.51): H, 2.91 (2.98); 
N, 2.67 (2.76); FD-MS: m/e 507 (507). 

Data for 6b. ‘H NMR (CDCI,, 100.1 MHz. 298K): 
6.71 (d. 2.5H2, C(H)=C(CH,)). 5.57 (N(H)). 4.91 (4 
2.5Hz. CIH)=CN). 1.31 (s, C(H)=C(CH,)) 1.35 (s. 
NC(CH,),); “C NMR (CDCI,, 62.9. 248K): 211.3 
(C(H)=CN(H)), 200.5. 199.8, 195.9 (3 x CO). 197.6 
(3 x CO), 135.0 fC(H)=CfCH,)). 124.6 
(C(H)=C(CH;)), 69.7 WCH,)C(H)=C), 55.5 
(NC(CH),I,). 29.0 (NC(CH),),), 23.0 
(C(H)=C(CH,)); IR (v(CO) cm-‘. hexaae solution): 
2071 (m). 2038 (5). 2001 (s). 1989 (s), 19s (w). 1966 



(m): IR (v(NH) cm-!, KBr): 3420. Anal. Found (c&d) 
for Ru2C,,H,,N0, (6b): C. 35.46 (35.51); H, 3.04 
(2.98); N. 2.70 (2.76): FD-MS: m/e 507 (507). 

Crystal data and numerical details of the stmcture 
determinations are given in Table I. Crystals of the 
three compounds were glued on glass-tibres and trans- 
ferred to an Enraf-Nonius CAD-4 diffractometer for 
data collection at either mom temperature (3a and 4a) 
or a! IOOK (6b). Unit cell parameters were determined 
from a least squares treatment of sm4 setting angles and 
were checked for the presence of higher lattice symme- 
try 191. All data were collected in w-20 scan mode, 
data were corrected for Lp and for the observed linear 
decay of the intensity control reflections; redundant data 
were merged into a unique dataset. Absorption correc- 
tion was applied using the DRABS [IO] method. The 

structures were solved with direct methods (SHELXS~~ 
[I I]) followed by subsequent difference Fourier synthe- 
ses. Refinement on F’ using all unique reflections was 
carried out by full matrix least squares techniques. 

The hydride atom of 4a attd the (NC&H atoms of 3a 
and 6b were located from difference Fourier maps and 
included in the refinement with free positional and 
isotropic thermal parameters. Other H-atoms of the 
three complexes were introduced on calculated positions 
and included in the relinement riding on their carrier 
atoms with isotropic thermal parameters related to the 
U, of the carrier atoms. All non-H atoms were refined 
with anisotropic thermal parameters. Weights were in- 
troduced in the final refinement cycles. 

Neutral atom scattering factors and anomalous dis- 
persion factors were taken from Ref. [ 121. All calcula- 
tions were performed with SHELXL~~ [ 131 and the PLA- 

TON package [I41 (geometrical calculations and illustw 
tions) on a DEC-5000 cluster. 

HRu,(CD,,, ‘C,,H,,N C,,H,,ND,>Ro, 
1301.92 507.43 
monoclimc monoclinic 
PZ,/r,Wr. 14) P?,/II (Nr. I-0 

10.483(?,. li.9l(X3). X99%5) ,1.499(21. ,X,X?,. 13..561(3) 
I”l.Sh(?, 102.69(2, 

iO84( I, ,X27.4(6) 
4 4 
2.117 I.844 
.?#8 992 

Reference &kctionn 200.002 
Data w b -,3:,3:t -13:0:, -,6:16 
Total data 6199 
TotA unique dam 3073 (R, = 0.0287) 
D&wed data 3073 
mmm ccmection range 0.716-1.182 
&Ji”nn?“I 
No. of re”. a”d param~. 3073,227 
We~fhung scheme w= I.o/[rr’(~;, 

-(O.O37OP,? + 0.6OPl 
Fina, R,. WR>. s 0.0264.0.0691. 1.037 
IA/r,,,, and max. 0.00% 0.001 
in linal qcle 

Min. and mar. red. dens. -0.52.0.17 
(e-A’, 

22.3 16X 
0 08 x 0. IX X 0.30. dark-hmrxn 0.12 X 0.1s x 0.33. yllowirh 

298 loll 
0.83. 23.W I .5J. 27.50 
MoKrr Wr-filtered,. 0.71073 i Ma Ka &aph,a monochromsted,. 0.71073A 
0.40 + 0.3s tan H 0.85 + 0.35 tan ” 
3.00.3.00 4.(x). 4.50 
II3 125 
0.0 1.5 
2”“.02”.00-4 21-3.2-l -3. -12-2 
It-11:11:~0:17:1-27:o ,a - 18:lj: k - 19:19: I --?,:I, 
6075 8402 
5668 420, (R, = 0.0385, 
566il (F;,’ > - 3s( F,,‘,, 4199 
0.780- I.329 0.736~1.593 

5660.514 
I! = I.O/[P~C~,~, 
+(O.OXSP) + 3.68P1 
0.0?79.0.0659. 1.073 
0.00. 0.003 

4199.233 
II = I.O/[u’(F,‘) 
+~o.o2sOP)~ + 0.42 PI 
0.0?39.0.0.509. I.028 
o.Ow. 0.001 



3. Results and discussion 

The formation of products resulting from reactions 
between Ru,(CO),~ and senecialdimine. 
(CH,),C=C(H)C(H)=NR (R-SAI: R = iPr. t-Bu). de- 
pends on the reaction temperature and the R-substituent. 

The reaction of Ru,(CO),, with iPr-SAI at 80-100°C 
in heptane solution results in the formation of 
Ru~(CO),[(CH,)~C(H)CC(H)N-~~] @a) as the major 
product (ca. 60%) and a variety of by-products in small 
amounts (< 5%). When this reaction is perfonued in 
refluxing heptanr, compound 2a is still the major prod- 
uct, but some of the by-products are formed in larger 
amounts. Of these the yellow compound 
Ra,(CO),[C(H)C(CH,)C(H)C(H)=N-iPr1 (3a). which 
contains a double metallated and dehydrogenated ( - 2H) 
iPr-SAI ligand, and the red-brown ionic complex 
[HRu,(CO),,]-[2-(C(H)=C(CH,)?)-4-CH,-C,H+ 
(4u) could be purified and isolated by column chro- 
matography. The presence of the HZ adduct 
HRu,(CO),[(CH,),C(H~H.C=N-iPr] (St+) in the reac- 
tion mixture could be established spectroscopically as 
well, but all attempts to purify this compound have 
failed thus far. ’ 

The thermal reaction of Ru,(CO),, with t-Bu-SAI 
proceeds considerably slower and gives 
Ru,(CO),[(CH,),C(H)CC(H)N-t-Bul (2b). 
RuI(CO),[C(HMCH,XI(H)C(Hl=N-t-Buj (3b). and 
Ru,(CO),[C(H)C(CH,)C(H)CN(H)-t-Bul (6b) as the 
major products, whereas less by-products are formed 
compared to the reaction with iPr-SAI. The yield of 3b 
and 6b increases with the reaction temperature (see 
Section 2). Compound 3b can thermally not be con- 
vetted into the isomeric compound 6b or vice versa. An 
overview of these reactions is presented in Scheme 2. 
The complexes 3a, 4t and 6b have been chamcteriwd 
crystallographically. The complexes 2a. 3b. and 5a 
have been character&d on the basis of their analytical 
and spectroscopic data (see Section 2). 

The ’ H and “C NMR spectra of 2s and 2b show that 
these complexes are fluxional in solution, just as their 
struc~ral analogues Rtt,(CO),[RCH,CC(H)NR’] of 

Tfo, .%I. ’ H NMR (CDCI ,, 250. I MHz. 297 K): 4.04 (rspt. 
6iHz. NCW)C(CH,)2). 2.67 (d. 7.OHz. N=CCH,). 2.10 tbsept. 
7.0.6.S. CH,C(HXCH,),k I.O9(d. 65Hz. CUHMCH&),O.Wtd. 
6SHz. NCtHMCH,),). - 17.84 ts. hydride): IR tkn;mr. v(CO) 
cm-’ ): 2089 (w). 2063 W. ?tt43 twu). 20.9 (~4. 2tHY (c). 2002 (m). 
,994 tw), ,977 (~1. ,974 kv. br): ELMS: ,,,,r 682 (682). 

which an X-ray StruCN~ has been determined for R = 
CH,, R’= t-Bu [IS]. For example. at 298K the iR 
methyl protons of 2a and 2b lack di~tereotopicity and 
at 263K the six CO ligands give rise to single sharp 
resonances in the “C NMR spectra. The fluxional 
process for 2 involves a ‘windshield wiper’ process of 
the azaallyl ligand in combination with local scrambling 
of the CO ligands [ 161. 

The molecular geometry of 3a along with the adopted 
numbering scheme are shown in Fig. 1. Selected 
lengths and bond angles are given in Table 2. The 
organometallic compound 3 consists of a ‘saw-horse’- 
type Ru,(CO),-core and a formally 6e-donating (r- 
N,,q&llyl-imine ligaad ?Nhich bridges the siagle 
Ru-Ru bond of 2.7773( I I) A. The metal carbony 
exhibits normal sm~ctural feature% The R@(O) 
taaces fall within the region of 1.8%1.92A. ex+ the 
rather long Ru( I&C(Z) distance of 1.964 (4)A. The 
elongation of the latter can readily be ascribed to the 
tram-influence exerted by the carbon atom C(IO). The 
cyclometallated iPr-SAI ligaad is part of a six-mem 
hered azaruthenacycle and coordioated to R&If via a 
o-N bond and a u--c(lO) bond and gs-coo&iaated to 
Rd2) via the C(S)-c(9)-_~10) moiety. The R&l)-N 
bond length of 2.115(3)A is indicative for a normal 
dative bo_nd and the imine N-C(7) bond length of 
1.275WA points to a localized doable bond. 
‘hon atom c( IO) is y-coordinated to Ru(l), 
distance of 2.072(4)A king slightly shorter 
normal Ru-C bonds [171. ‘Ike Ru-C distances of “he 
Rd2kllyl unit are nearly equal (2.210(4)-2.2ls(4)A). 
The C-C distances within tbe ally1 unit, however, differ 
significantly: the CW-C(9) ax c(9)_CXlO) distances 
amount to 1.43916) and 1.381(6)A tespec$v 
rather shott C(7)-C(8) distance of 1.44Z6)A 
effective electron delocalisation between the B 
imine and ally1 fragments. This delocalisation mi@ be 
the cause for the asymmetry in ti ally1 lkxgment. The 
u-N.p,-q’-allyl-imiae ligand and its ccmrditta&on to the 
dinu&ar metal core in 3 closely resembles ti emxxm- 
my’ in Fe,(CO),[C(oCH,)C(H)CoC(OCH,)=~l 
. !.. 

The ‘H NMR resouauces of 3a and 3b could n%dily 
be assigned on the basis of their chemical shifts aad 
coupling patterns. 00 the hasis of a ‘H,“C-COSY 
spectrum for 3a. the “C NMR resommce s c&d be 
amibutedaswell.BoththelHawll”CNMRdataarein 
a,mnt with the molecular suucture Of Jp in the 
solid state. 

The molecular SuucNre of 4a is shown in Fig. 2. 
Selected bond lengths and angles are given in Table 3. 
The molecular smtcture of 4p contains two residues. 
clearly revealing its ionic character. It consisu Of au 
anionic inorganic part, the well known klRU&CO~J 
cluster and a cationic organic part. a hisubstituted pyri- 
dinium ion. In analogy with the rewed SDVCDJE of 



Ru&O),~ + (CH&C=C(H)C(H)=NR 

heptane 80 - 100 ‘C 

this [HRu,(CO),,j~ cluster. the current RI+,-core has 
two equivalent faces that*are approximate!y equilateral 
(mean Ru-Ru. 2.874 16) A (lit.: X877( 13) A) [8]). These 
are slightly twisted from 0, symmetry so the remaining 
bond lengths are alternately long (mean Ru-Ru, 

Tubk 2 
Selecled bond distances (A) and bond unpter (de@ of .$a 

Ru(l )-RIB(?) 2.7773(1 I) R”(2)-C(S) 2.217(4) 
Rut I )-NC I ) ?.I 15(3) RUG-C(‘)) 2.210(J) 
Ru( I )-C( 1) 1.917(4) Ru(?)bC(IO) 2.2 I S(4) 
R”(l)-C(2) 1.964(J) N(IbC(7) 1.275w 
Ru( I )-C(Z) ,.8X7(4) N(I)-C(I2) 1.49m 
Ru( l )-C(IO) X72(4) CUM(S) 1.442(6) 
R”(2)-CW ,.907(h) C@-CO) 1.43Yi6) 
R”(2)-C(5) I.Yww C(Y)-UIO) I.38 l(6) 
Ku<?)-C(6) i.YOXW c(Y)-all) l.S24(6) 

Ru~2l-Ru~l)-C~I) 150.05(13) R”(l)-N(I)-Cil2) 121.6(2) 
Ru(?)-Ru(l)-C(IOl Sl.Y9(10) (C(7)-N(I)-C(I?) /I%?(3) 
RuQ-Ru( I )-NC 1) 85.03(g) N(I)-C(7)-C(8) 124X4) 
C(3)-Rut I)-N(I) 174.9+X163 Rd2)-C(S)-C(9) 70.8(2) 
C(2)-Rut,)-C(M) 16&00(14) R,,(2)-C(8)-C(7) Il2.2(3) 
R”(l)-RuUbC(4) 168.74(16) R”(Z)-C(Y)-1X10) 7?.1(2) 
R”, I )-Ru(2)-C(S) 82.4X13) Ru(~)-C(YMX~) 7 I .3(2) 
Ru( l )-Ru(~)-C(~) 96.7116) R”(2)-C(9)-C(I I) IZS.YW 
R”(l)-RuU-C(8) 79.66(1 I) C(B)-C(PLC(IU) ll7.5(4) 
Ru(l )-RuW-C(Y) 74.69(1 I, C(8)-C(9)-Ccl I) Il9.0(4) 
R”(l)-R”(?)LC( IO) 47.41Ml I) C(IO)-C(PbC(I I) 12X4(4) 
C(S)-R”(Z)-C(W) 128.8Ml8) N(I)-C(7)-C(8) 124.9(4) 
C(h)-R”(2)-C(K) lh2.16(18) Ru(2bCtIO)bRu(l) 80.61(12) 
R”(l)-N(I)-C(7) I l9.Y(3) R”(2)-C(IO)-C(9) 71,.X?) 



2.93(2)A (lit.: 2.924(3)A) and short (mean Ru-Ru, 
2.844(7)A (lit.: 2.839(6)&. The bond lengths within 
the organic part of the molecule indicate extensive 
electron delocalisation within the pyridinium ring. There 
is little or no conjugation of the pyridinium ring with 
the 2-methyl-I-pmpen-I-yI substituent as is -indicated 
by the single C(24)-C(25) bond of 1.478(8)A and the 
dihedral angle of about 50” between these two unsatu- 
rated fragments. 

The ’ H NMR resonance for the interstitial hydride of 
the [HRU,(CO),,]- unit of 4s is found at 16.46ppm, in 
line with its unusual environment and in agreement with 
the literature [s]. The remaining ‘H NMR signals could 
all be assigned to the cationic pyridinium counterpart of 
the salt. 

Despite the fact that compound 5a could not be fully 
purified, its structwe could be deduced unambiguously 
on the basis of its spccwscopic characteristics and their 
similarity with those reported for the isostructural com- 
pound ( p-H)Ru,(CO),[ /A,-+CH,C=NCHICHJ]. 
which has been character&d crystallogmphkally 1191. 
The FD mass spectrum of 5a showed an isotopic pattern 
characteristic for the presence of three ruthenium atoms 
around m/e = 682 (based on the ‘“‘Ru-peak). comz- 
spending to B stoichiometry of Ru,(CO),(iPr-SAI + 
2H). The distribution of the 17 hydrogen atomS over the 
l&and and metal core could readily he inferred from ‘H 
NMR. A Singlet resonance is found at - I7.84ppm. 
indicating the presence of a bridging hydride. The septet 
at 4.04pptn and doublet at 0.99ppm are mutually cou- 

pled and can be z&bed to the isopropyl subrtituenr at 
nitrogen. The remaining resonances were mutually con- 
nected. Decoupling experiments reveakd the occurrence 
of a KH&Z(H#3H1-fragment. So the structural for- 
mula for 5a can be written as ( JL- 
H)Ru,(CO),[(CH,),C(H)CH$=N-iPrl]. Interestingly, 
both Ihe methylene protons and rhe methyl pmtons of 
the two isopropyl units of 5a lack diastereoropicity in 
‘H NMR, indicating either the presence of a centre of 
symmetry or fluxional behaviwr. The latter iS more 
likely m it haS been reported that the Se-donating 
imine ligand in (H)Ru,(CO),[CH,C=NCH,CH,] is 
fluxional in Solution, as a result of which tbe’H NMR 
signal for the methykne protons lacks diastereotopicity 
[19]. The fluxional process in this complex has hat 
described as a restricted oscil!atory motion of the OT- 
ganic l&and, coupled to hydride. edge. 
axial-radial CO-exchange oo two of the 
nium aroms. The carbonyl IR-bands of 
(H)RU,(CO),JCH,~=NCHZCH,I in C~C~O~WJW SOIU- 
tion are found at 2091(m), 2063(s), 2036(vS), 202tlW. 
2007(m), 2002(m), 1996(m), 1977(br)cm-‘. Both the 
frequencies and their intensities are very similar to thee 
found for 5a in hexane solution, indicating structural 
equivalency. 

The molecular stmctu~e of 6b is shown in Fig. 3. 
Selected bond lengths and angles are given in Table 4. 
This dinuclear ruthenium complex also features the 
well-known ‘saw-horse’ Ru,(COf, core, in which the 
ruthenium atoms are bridged by a 6e--donating $- 
q’-ullyl-aminocarbene ligand that was formed by dou- 
ble metallation CC,,,, znd C;atoms) and dehydmgena 
don ( - 2H) of a t-butylscnecialdimin mokcuk. For- 
mally, the mctallacyck composed of the atota 
C(7)-C@)-C(9)-C(IO) COOStiNtcS a Iu’tiaCy 
tadienc unit. In contrast to the commonly excnm~ered 
$-coordination mode for metaIlacyclopentadierre moi- 
eties, the nnhcnacyclopcntadkne unit in 6b is $-cow- 
dinated. There is no banding interaction between RI&Z) 
and C(7): the Ru(2)-c(7) distance unwunts to 
2.614(3)A. This can be amibutcd to the presence of the 
tinO_SUbstiNent on C(7) causing redistribution of ekc- 
tmns over the ligand Skeleton. The N-C<7) bond of 
I .326 (4) A clearly indicates partial double bond cbamc- 
ter. Donation of electrolls of the nitmgen lone pair to 
C(7) is further established by the planar o~txy xound 
the N(I) atom. These saucnual characteristics point to a 
significant carbcne character of C(7). A similarly cow 
dinated type of allyl-aminocabene ligand is present in 
Fe,(CO),[C(C,HI)C(C,H,~(H)CN(H)_t-5ul, which 
wi(s formed in a reaction of the azaaIlylidene Ccrnplex 
FelKO),[C(H)C(H)=N~H&t-Bu] with diphenylacety- 
lene (the authors. however. mnke 00 notice of this 
specific stmctwal aspect of this complex, for which ait 
X-my crystal stmcture has been determined: see Ref. 
[201). These amino-substituted metallacyclopentadiene 



Ru( I )-R”(3) 
Rnfl,-R”(4) 
R”(lbRu(S) 
RtAZkRd3) 
Ru(Z)_R”(S) 
RtiZ)_Ru(6) 
RUG-R”@) 
R”(3)-Rtd6) 
R”W-R”(5) 
R”N-R”(6) 
RuG)_Ru(b) 

Ru(l)-H(I) 
Ru(2)-H(I) 
Ru(3)_H(I) 
R&%-H(I) 
R”(5)-H(I) 
Ru(6)-H( I ) 

RU(I)-C(I) 
RU(ILC(2) 
RU(I)-CO) 
RU(2NX) 
RU(Z)-C(S) 
RG-c(6) 
R&-C(7) 
RUG-C(S) 
R”(3LCt9) 
Ru(Z)-R”U)_RuO) 
Ru(Z)-Rd I )-R”(l) 
Rti?)-RU( I )_R”W 
Ru(3)-Ru( I )-R”(4) 
R”(3)-Ru(l,-R”(S) 
R&)-R”0 )-R”(5) 
Ru(l)-Rd2)-R”(3) 
R&l )-Ru(2)-R”(S) 
Ru(l1_Ru(Z)-R”(6) 
Rd3)_Rd2)-R”(S) 
Ru(3)_R$2)-Rd6) 
RuG-R”(2)-R”(6) 
Rtdl)_Ru(3)-Ru(?) 
Rtil )-R”(3)-R”W 
Ru(lI-Ru(S,-Ru(6) 
Ru(ZLRu(3)_R”(4) 
Ru(ZbR”o)_RufbI 
R”@-R”o-R”(6) 

Ru(l)_C(l)-o(I) 
Ru( I bC(2kM2) 
Ru(l)-C(3)-0(3) 
R”0-CWM4) 
Ru(2XGbOW 
Ru(2WX6)-016) 
R”G-Ct7)-M7) 
R”(3)-C(S)-o(8) 
Ru(32-C(9)-0(9) 

Rrsidw 2 
N(I bCO9) 
N( I )_C(24) 

X935(9) 
2.X380(9) 
2.927x91 
2.8707(9) 

2.8577~9~ 
2.8428(9) 
2.881(9) 
2.8798(9) 
2.85 I 2(9) 
2.8538(9) 
2.9504(93 

2.03(6) 
?.03(6) 
2.03(6) 
2.03!6) 
2.01(6) 
2.OM6) 

1.892(7) 
1.884(7) 
1.875(7) 
1.881(6) 
1.895(7) 
1.872(7) 
l-876(7) 
1.862(S) 
I .868(S) 
61.00(3) 
88.38(3) 
59.440) 
60.10(3) 
Y I .07(3) 
5X.90(3) 
58.56(3) 
59.88(3) 
9+X78(3) 
89.90(3) 
60.08(3) 
62.34(3) 
60.44(3) 
61.4913) 
91.16(3) 
88.84(3) 
58.82(3) 
59.31(3) 

174.5(6) 
174.X6) 
17637(6) 
174.8(6) 
175.516) 
176.0(6) 
174.8(7) 
175.0(7) 
I75 7w 

1.33X8) 
1.354(7) 

R”(J)-C(IO) 
RI&-C( I I ) 
R”(4)-CX I 2) 
R”(5)-C( 13) 
R”(5)-C( 14) 
R”(S)-C(l5) 
R”(b)-C(l6) 
Ru(S)-C(17) 
R”V&C( IS) 

c(Il-o(ll 
C(2)-O(2) 
C(3)-o(3) 
C(4)-o(4) 
C(S)-06) 
C(6)-o(6) 
cu-O(7) 
w-o(8) 
C(9)-O(9) 
C~IO)~o(IO~ 
all)-a111 
au-O(l2) 
C(l3)-oc13) 
c(14wxl4) 
cm-OfIS) 
C(lb)-Ml6) 
C(17)-o(17) 
C(l8)~0(18) 

RuU-R”WRu(3) 
Rut I)-R&l-RuU) 
Ru(l!~P.a!?)~RuW 
R”(3)-R”(4)-R”(5) 
R”(3)-R”(4)-R”(6) 
R”(5)-Ru(4)-Rd6) 
Rd I )-Ru(s)-Ru(~) 
Ru( I )-R!,(5)-R”(4) 
R”(l)-R”(SbR”(6) 
R”(ZbRuW-Rd4) 
Ru(2)-RuOLR”(6) 
R,@-Ru(5)-R”(6) 
RUG?-R”(6)-Ru(3) 
RuQ)-Rd6bRu(4) 
RuU-R”(6)-R”(5) 
R”(3)-R”(b)-R”(4) 
R”(3)-Ru(6)-Ru(S) 
R”(4)-R”(6bR”(S) 

R”(4)-C(IO)-000) 
R”(4)-C(II)-O(I I) 
R”(4)-C(I?)-MI?) 
R”(5)-CW-003) 
Ru(5)-C(I4)-O(I4) 
R”(5)-C(l5)-0(15) 
R”(6~-a16)-0(16) 
R”KhC(17)_0(17) 
R”(6)-C(18)-0(18) 

cc I )-C(23) 
c(23)-C(24) 

I .X75(7) 
I .89X7) 
I .894(7) 
I .8M(7) 
I .879(7) 
I .890(7) 
I .874(7) 
I .870(g) 
I .869(8) 

I. 136(g) 
1.13X9) 
1.149(9) 
1.134(S) 
I. I26(9) 
1.152(9) 
1.143(9) 
1.141(10) 
1.14Kll) 
1.1418) 
1.139(9) 
1.13~wi) 
1.145(10) 
1.14YcY) 
1.13M8) 
1.13MY) 
1.147(11) 
I.IU(IO) 

58.41(3) 
59.550) 
89.X7(3) 
90.450) 
faxn3) 
62.28(3) 
60.68(3) 
61.55(3) 
89.09i3) 
90.59i3) 
58.58(3) 
58.9a3) 
61.10X3) 
90.84(3) 
59.08(3) 
60.4X3) 
88.6M3) 
58.81(3) 

173.8(6) 
17JAt6) 
175.M6) 
174.4(7) 
!74.4(7) 
17X8(6) 
175.4(6) 
173.2(7) 
173.9(h) 

1.371(9) 
1.377(R) 
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TBhk 3 knnmwl) 

Ru.Gluu 2 
NC I I-C(29) 1.509(S) cw-C(25) 1.472(S) 
c(l9)-ct20) 1.3Mx9) CG5-K!6) 1.310(9) 
CQO)-a2 I ) 1.391(9) Ct26)-Ct27) I .49a 10) 
ct?l)-ct22) 1.498t 10) Ct26,-Ct28, 1.497tll) 

C(lY)-N(I)-C(24) 120.7(51 ceIl-c(23)_c(2J) 122.84bl 
C( 19)-N(1)-Ct29) I l&2(5) ct?3)-cC?4)-w I ) 118.0(5) 
CM-NO )-Ct29) I?I.MS) ct23)-cw-ct25) 122.1t51 
N( I )-Ct 19)~C(?O) I??.M6) Ct24)-Ct25)-Ct26l 127.7(j) 
C(19)_C(20)-C(?,) Il9.6(6) ct25Kx26-ct27) l2Lu6) 
ct2o)-c(2I)-cQ2) 121.M6) Ct25!- Ci26lLC(28) I19.9(6) 
ct2o)MxI)-cL?3) t I6.9i6) C(271-C(X-Ct28) Il5.M6) 
c(2?)-c(?I)-ct23) 122.lt6) 

complexes (Fig. 4, type B) constitute stroctural interme- 
diates between the classic $-coordinated metallacy- 
clopentadiene complexes (type A) and the POWI u--1)‘- 
coordinated bis-amino-substituted metallacyclopentadi- 
ene complex Os,(CO),,[ CL-N(CH,),CC(CH,)= 
C(CH,)CN(CH,)zX p,-S) [21], which contains two 
aminocaxbene units. in combination with a rr-coordi- 
nated olefin moiety (type 0. 

The carbene character of C(7) is clearly reflected by 
its “C NMR chemical shift of 211.3ppm. This is 
comparable to the chemical shift of the aminocarbene 
carbon atom in Fe2(CO),[C(C,H,)C(C,H,)- 
C(H)CN(H)-t-Bu] of 213.3ppm 1191 and in the range of 
200-240ppm where metal carbene resonances are usu- 
ally observed [22-241. The IR f~.qxncy of the N-H 
proton of 6b is found at 3420 cm- ’ 

3.3. Possible formatim pathwaw of the cornple.ws 

By using the SAI l&and (as opposed to MAD) 
cyclometallation of C, is effectively blocked, and in- 

Fig. 3. Thermal ellipsoid pla of 6b drawn 31 rhe 40% pmb;lbilily 
level. with thr &pled numberin_r scheme. 

deed cyclometallation at C,, with formation of 2, has 
become the dominant reaction. This enables us to study 
the reactivity of this azaallyl compound in mow detail 
[4]. A likely reaction pathway leading to 2, involving 
u-N coordination of SAI to a coordinativeiy unsaturated 
ruthenium carbonyl centre followed by Co-H activation 
on an adjacent ruthenium centre and subsequent transfer 
of the abstracted hydride back to the ligand. ha5 been 
described previously [3]. 

During formation of the allyl-imine &and in 3, the 
parent SAI molecule has been doubly metallated at the 
Ciatom. Most likely the first C-H activation is faeili- 
tated by coordination of the senecialdimine via its lone 
pair on nitrogen to an unsarurated ruthenium carbonyl 
fragment 6cbem.e 3). Subsequent cychketallatioo 

Tabk 4 
Sckcced bond distances (A, and band angles t&g) of 64 

Ru(l)_Ru(2) X7+19(7) Rut?)_CW 1.91‘0 
Rut I LC(7) 
R”~I)_C(IO) 

2.085,2) R&LC(5) 
2.075i3) Ru(2)PZ.V 

1.913(3) 
I .92‘u3) 

Ru( I &C(3) I .9.45(2) NC I )-ct I?) 1.496t3) 
Ru(l)-C(t) l.89%?3 Ntl)_Ct?) I .326(J) 
Rut I &C(Z) I.9.lot3) ct7)_Cts) I .-ww 
Ru(2). C(7) 2.614t3) CW-c(9) I YIIW 
Ruta-C(8) 2.2450) C(9)_C( IO) I ..io2(3) 
R&&C(9) X27(3) C(9)-al I) I _wz(J) 
Rut?PXIO) 2.217t2) 

Ru(2)_Rutt&C(t) IJ5.36W 
Ru(2LRutl)_C(2) 108.617) Ct6)-Ru(%Ctl3) 92.17tlO) 
Ru(Z)_Rutl)_C(3f lGU59W c(7)-NttXt12) 131X) 
Rut%Rut I &C(7) 63.81(7) NtI)_c(7&Ct8) l”it2) 
Ru(?)_Ru( I )_Ct IO) 5256t7) Rdl)-C(7)_NtI) 125,#2) 
Ct?)_RU(I)-C(IO) 16l.t8tlO) Rutl~Ct7)_C(B) 112.31tl7) 
C(3)_Ru(t)_C(7) 164.3X10) Ru(%Cc(S)_Ct7) 8x51(15) 
CI7)_RutI)-CtIO) 79.54t 10) Ru(l)_CtS!-C(9) m.4-w) 
Rutt)_RU(?LCW l&L63(8) CU)_CtSMXJ) I l5.7C2) 
Rutt)_Ru(2)_Ct5) 93.X483 CtSLC@)_fllO) tt35(2) 
R”(t)-Ru(Z&Ct6) 93.10(S) CtS)_Ct9)_c(lt) 12Llt2) 
Ru(lLRu(Z)_CW 71&x7) ctIo)_a9KtII) l2Mt2) 
RutI )-RutZ)-c(9) 72.55i73 RuW-C(9MtI) 127.1117) 
R&b-Ru(2)-Ct IO) 47.99t7) Rut I)_CtIO)_RutD 79.-U(9) 
C(%Ru(2)-CfIO) 111.17(10) RU(IPZ(tO)_CtP) 116.07tW 
Ct6)-Ru(2)-CtS) 156.WXlO3 RuQ)_C(IO)_Ct9) 71.99(14) 
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to the six atom membered azaruthenacyclohexadiene 
unit. The second C.,-H metallation will take place on an 
adjacent ruthenium centre and results in the form&on 
of 3 after reductive elimination of H,. 

The formation of the owidinium ion in 4a is the ., 
result of the coupling of two SAI molecules in a 
corn&x seouence of C-H and C-N bond activation 
and ‘C-N aid C-C bond formation processes. Overall 
net elimination of one molecule of isopropylamine has 
taken place. There are several possible reaction paths 
leading to the formation of this pyridinium ion. As no 
intermediates have been identified, no attempt will be 
made to speculate about the one that actually occurred. 
However. the crucial reaction step, in which the two 
senecialdimine molecules are connected via C-C and 
C-N coupling, may well have proceeded via a 14 + 2]- 
cycloaddition. 

During formation of Sa the oletin moiety of the SAI 
ligand has been hydrogenated and the imine C-H band 
has been metallated. The source of the hydrogen taken 
up by Sa is most likely the hydrogen that is liberated 
during formation of the complexes 3a and 4a, which 
both contain a dehydrogenated SAI ligand. 

Compound 6 is formed for R = t-Bu, but not for 
R= iPt as indicated by ‘H NMR spectra of crude 
reaction mixtures. This suggests that metallation of C,, 
leading to 6 is triggered by the presence of the bulky 
t-Bu substituent on the adjacent N-atom. A likely reac- 
tion pathway leading to 6 is given in Scheme 3: metalla- 
tion of C, takes place after initial coordination of the 
SAI ligand via its lone pair on nitrogen to a coordina- 
tively unsaturated ruthenium carbonyl unit. Subse- 
quently. metallation of C,, may take place after break- 
ing of tbe Ru-N bond. This crucial lahilisation of the 
Ru-N bond is clearly enhanced by the presence of a 

bulky t-Bu substituent. Hydride transfer to the imine 
N-atom and second metallation of C, and elimination 
of H 2 i results in the formation of 6. 

Substitution of the H,-atom by a methyl =wup effec- 
tivelv blocks metallation of the C,-atom of the 
tnonbazadiene during thermal reactions &h Ru,(CO!,_ 
Metallation of the C,-atom has become the kinetically 
favoured reaction, whereas also tnetallation of the C, 
and Cjatoms is observed. One of the y-metallated 
organometallic products contains a novel ~2-$-allyI- 
aminocarbenr l&and. the second of this type reponed 
thus far. The unusual geometty of this molecule is the 
result of electmn delocalisation of the amino lone pair 
over the molecule. In addition a ttisubstituted pyti- 
dinium moiety has been formed from two monoazadi- 
enes. 

5. Supplementary materIaI w&able 

Tables of final atomic coordinates and equivalent 
isotropic thermal parameters and further details of the 
crystal structure determinations can be obtained from 
one of the authors (A.L.S.). 
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