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3.5-Bis{ferrocen.~lme[hylene)-I-methyl-4-methylenepiperidine, a diferrocenyltriene with 
a fixed s-cisoid conformation of the exocyclic double bonds, was synthesized. On heating. 
this compound cyclodimerizes according to the [4--2]-cycloaddilion scheme; it forms Diels-- 
Alder adducts with azodicarboxylic and maleic acid N-phenylimides. The compound easily 
cyclodimcrizes m the presence of acids by a proton cyclodimerization mechanism to give a 
spiro cyclodimer. The tnene also adds a 3.5-bis(ferrocenylmethylene)-l.4-dimcthyl-l-azo- 
nia-4-cych)hexyl salt to the terminal methylene group yielding linear and cyclic addition 
produc|s. 

Key words: piperidine, triene, cyclodimerization, dimerization, fragmentation, allylic 
cation, ferrocene. 

Previously we discussed the influence of s te reoe lec-  
tronic [ilctors on the chemica l  behavior o|" fe r rocenyl -  
substi tuted 1 ,3-dienes  with fixed s-cis-configt, ration 
of  double  bonds,  namely .  3 - f e r r o c e n y l m e t h y l e n e - 2 -  
me thy l enecamphane  I and 2 - f e r rocenyhne thy l ene -3 -me-  
thylenequinucl id ine ,  z It was found that under  cond i -  
t ions of  cat ionic  cyc loaddi t ion ,  both dienes form only  
l inear d imer iza t ion  products  1 and 2, respectively,  un-  
like all the s-n'ans-/s-cis-ferrocenytbutadienes studied to 
da te .3-5  

1 2 

Fc = CsHfFeCsH 4 

In our opinion, the  [brmat ion of  linear d imers  1 and 
2 is due to considerable  steric restrictions in the mole -  
cules of  starting dienes and also to unfavorable e l ec t ron -  
ic fiactors in 1`he in termediate  dimeric carbocations. Mean -  
while, the synthesis o f  l inear  products ! and 2 c o n f i r m e d  
one important  step o f  the previously discussed 3 -7  s tep-  

wise mechanism of  cat ionic cyc lod imer iza t ion ,  namely,  
the step of  formation of  the dimeric  t inear  allylic car- 
bocation,  while the mechanism itself r ema ined  hypo-  
thetical. 

In this study, we synthesized 3 ,5 -b i s ( fe r rocenyl -  
m e t h y l e n e ) - I - m e t h y l - 4 - m e t h y l e n e p i p e r i d i n e  (3) from 
3,5-bis(ferrocenylmethylene)-  I -me thy l -4 -p ipe r i done  (4) 
via carbmol 5. 

O Me. OH 
FcHC CHFc F c H C ~ C H F c  

MeU. L N  # -H20=_ 

I I 
M e  M e  

4 5 

CH~ 
-~ FcHC~CHFc 

I Me 
3 

The starting chalcone 4 was prepared by condensa -  
tion of  I -methyl -4-p iper idone  with fe r rocenylcarba lde-  
hyde in a solution of  alkali in aqueous  a l coho l :  carbinol  
5 was synthesized from 4 on t rea tment  with methyl l i th-  
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ium)  .4 Evidently, both molecules are characterized by 
E-configurations of the double bonds and an "external" 
arrangement of the bulky ferrocenyt substituent, l't,9 

Virtually no data on the synthesis and properties of 
exocyclic trienes with structures of this type can be 
found in the literature, except for two preliminaw com- 
munications dealing with the preparation of relatively 
unstable 1,3-bis! ferrocenylmethylene)-2-methylenecyclo- 
hexane, t~ Study of the chemical properties of these 
trienes and, in particular, their behavior toward cationic 
cycloaddition dese~'es attention because specific fea- 
tures of the spatial and electronic structures of these 
compotmds allow one to expect that experimental re- 
suits would confirm the stepwise mechanism of cationic 
c.vclodimerization. 

Indeed. we found that diferrocenyltriene ..I is [brmed 
in a low yield even during the standard dehydration, of 
alcohol 5 on treatment with POCI:; in pyridine. 3 The 
major product formed in tile reaction was spiro cy- 
clodimer ~6). 

CHFc 

POCl~ ~ M e  
' =  3 + / N 

5 PY Me v )~ II~ ~l 
1 I %  

Fc. II 
CHFC 

6 ( 6 3 % )  

The structures of compounds 3 and 6 were estab- 
lished based on the data of the IH and [3C N M R spectra 
(see Experimental), 

The structure of cyclodimer 6 was proved based on 
the following data. The IH NMR spectrum of com- 
pound 6 exhibits two singlets with (5 1.98 and 2._35 due to 
the prolons of two metloI groups; two singlets with 
g 410 (10 H) and 4.24 (10 Hi of the protons of the four 
uns, ubstituted cyclopentadienyl rings of ferrocene, one 
singlet of the rnethine proton of the - - C H F c  I group 
~6 4.01 }: five doublets of the protons of five methylene 
fragments: one triplet of the proton of the CH Fc 2 group:, 
one doublet for the olefinic protons of the CH2= group 
(,6 5.56. , /=  1.5 Hz); and two singlets due to the olefinic 
protons of the two ferrocenylmethylene fragments 
b5 6.20 and 6.26). The spin--spin coupling constants of 
aliphatic and olcfinic protons comply with the proposed 
structure. Additional information was derived from the 
13C NMR spectra. The presence of four signals corre- 
sponding to quaternary, carbon atoms of the ferrocenyl 
fragments in compound 6 together with the signals due 
to the lbur CsH 5 groups of ferrocene points unambigu- 
ously to a dimeric structure. The number  of signals of 
C. CH, CH 2. and Me groups in dimer 6 and the 
13C NMR chemical shifts fully comply with structure 6, 

It is clear that cyclodimer 6 could have formed from 
triene 3, resulting upon dehydration of carbinol 5, ac- 
cording to the cationic cyclodimerization pattern, which 

implies the presence of both triene 3 and the dienyt 
carbenium ammonium dication (7) in the reaction mix- 
l t l r e .  

3 + 

Me 

7 

CHFc 

"-L k / 2--, 
Me" i V  "CH_CH2_._{,' N--Me 

~c FcHC}/ ' / 
8 

CHFc 
. ~  ~Me 

/ "N .  / g  ,'T" -N ~ 6 

Fc II 
CHFc 

9 

On ion  7 adds to the methylene group o f  diferroce- 
nyl triene 3 to give dimeric dienyl cation 8. Intramolec- 
ular cyclization of cation 8 affords cyclodimeric allylic 
cation 9. Deprotonation of 9 on treatment with pyridme 
results in the formation of cyclodimer 6. 

In our opinion, these results indicate that triene 3 is 
highly prone to participate in cationic cyclodimeriza- 
lion, apparently, due to the favorable electronic and 
steric effects. Thus the electronic effect, manifested as 
the high capacity of the ferrocenyl substituent to stabi- 
lize a neighboring earbocationic center, 1,2,12--14 iS known 
to direct the addition of cation 7 exclusively at the 
exocyclic methylene "l CH~ = group m triene 3, giving 
rise to stabilized dimenc ct-ferrocenylallyl cation g. The 
E-configurations of the double bonds in the t'errocen~l- 
methylene fragments in triene 3 do not hamper this 
addition route (steric factor). It is also known that 
intramolecular alkylation giving cyctodimeric cations can 
occur only when there are no substantial conformationat 
steric restrictions in the intermediate linear dimeric 
al!ylic cations) -7 The configuration of the piperidine 
fragments in 8 apparently complies with these require- 
ments and does not create significant steric hindrance to 
the realization of the conformation most convenient for 
the tntramolecular cyctization of cation 8 to proceed 
giving cyclic carbocation 9. The latter, in turn, is a 
ferrocenylallylic cation; apparently, it is not inferior in 
stability to the linear cation 8 (electronic factor). All 
these prerequisites appear to create conditions for the 
simultaneous existence of cations 8 and 9 in the reaction 
mixture and. hence, for the experimental detection of 
both species. This fact could be regarded as an ode, quote 
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proof for the stepwise mechanism nfcationic cyclodimer- 
ization of conjugated dienes. 

To confirm this scheme,  we synthesized the 
bis(tetralluoroborate) of cation 7 by treatment ofcarbinol  
5 with HBI-' 4 etherate. 

Et~O �9 HSF~ 
5 " '=  7 "  (BF4) 2 

We found that the same salt of 7 is also formed in a 
quantitative yield on treatment o fd imer  6 with HBF 4 
etherate due to fragmentation of the spiro dimcr. 

2 Et,,O " HBF~ 
6 "-~ 2 7"(BF~O: 

In order to find strong evidence t\3r the participation 
of the trienc and cationic components in the cyclodimer- 
ization, we made diferrocenyhriene 3 to react with salt 
7 �9 {'BF4) 2. Cycloaddition was performed by mixing solu- 
tions of bisltetrafluoroborate) of 7 and triene 3 at room 
temperature followed by treatment of the reaction mix- 
ture with N,N-dimethylanilme (DMA). 

The reaction gave two products, spiro cyclodimer 6 
and linear dimer 10. 

CHFc 

Dt,,tA . , . . , -Q/Me FcHC 

I HC Y Fc Fc 

10 

Reaction Yield (%) 
time/rain i0 6 
5 23.0 47.0 
15 16.0 58.1) 
3(1 I0.3 69.5 

]he  maximum yield of the linear product (23%) was 
attained tbr short reaction times (3--5 rain). An increase 
in the time of the contact of the reactants diminishes the 
yield of the linear dimer and increases the yield of the 
c.,,clic dimer. 

The structure of dimer  10 was established based on 
the data of the IH N M R  spectrum The presence of 
three singlets of the three methyl groups, four doublets 
of the tour methylene groups, doublets of the aliphatic 
proton of the - - C H - - F c  group and the olefinic proton of 
the - -CH = group with a mutual spin--spin coupling 
constant (6 4,83 and 6,25, J = 7.8 Hz), and  three 
singlets of the olefinic protons of the ferrocenylmethyl- 
ene fragments (8 6.58, 6.79. and 6.86) in addition to the 
signals corresponding to the tour ferrocene substituents 
confirms unambiguously the tmear structure of com- 
pound 10. 

It is beyond doubt that dimer 10 can form upon 
deprotonation of the intermediate linear dimeric cation 

8 that has not had time to undergo intramotecular 
cyclization on treatment with DMA. 

One known variant of performing the cationic cv- 
clodimerization of ferrocenyl-l,3-dienes includes treat- 
ment of salts of methytferrocenylallyl cations with bases 
(~, ,  DMA). 4 resulting in the intermediate generation of 
the diene component. By applying this procedure to the 
bis(tetrafluoroborate) of 7, we found that dimeric prod- 
ucts 6 and 10 are formed on slow addition of a solution 
of a base to a solution of the salt of 7. The reverse order 
of mixing the reactants (a solution of the salt of 7 is 
added to a solution of a base) results in triene 3 being 
formed predonlinantly (67%). 

2 PhNMe 2 + 7 ~ 3 + 2 PhNHMe 2" �9 gg 4- 

7 ,~ 2 PhNMe 2 ~, 6 + 10 

Freshly prepared compound 3 is an ()range finely 
custailine powder, thirty stable during storage in a scaled 
tube. On storage under ambient conditions, the product 
gradually cyclodimerizes to give cyclodimer 6. Com- 
pound 6 is formed especially rapidly in a CHC13 solu- 
tion, where it precipitates as an orange powder, or in a 
benzene solution in the presence of AcOH. 

Thermal cycfodimerization of triene 3 proceeds much 
more .,,lowly. The yield of the cyclodimcric Diels--Alder 
adduct 11 was 43% even on refluxing in m-xylene for 
4h .  

CHFc 

M e / N ' v ~ ' ~  N - M e  

Fc (~HFc 

11 

]he  structure of compound ! 1 was determined rety- 
ing ol1 the IH NMR spectral data, which fully conform 
to the proposed structure (see Experimental). L'.nlike 
cyclodirner 6. adduct 1 i does not undergo fragmenta- 
tion [o give two molecules of the salt of 7 on treatment 
with HBF 4 etherate. 

Diferrocenyltriene 3 reacts with N-phenylimides of 
azodicarboxyiic and maleic acids to give Diets--Alder 
adducts 12 and 13, respectively. 

The formation of adduct 13 occurs stereospecificaily. 
Compound 13 was isolated as only one, presumably, 
endo-isomer. The assignment to the endo-form was based 
on the previously elucidated NMR criteria for the iden- 
tification of endo- and exo-isomers of t'errocenyl-substi- 
tuted D ie ts - -A lde r  addt,cts.lZ C o m p o u n d  13 was ident i -  
fied as the endo-adduct based on the fact that the signals 
of each of the four protons of the ferrocene Fc I substi- 
tuted cyclopentadienyl ring are manifested as separate 
multiplets, two of which are located in a higher field 
than the singlet corresponding to the CsH 5 group of the 
same ferrocene fragment. 
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0 Ph 

.4 o=/-d 
, ,  ~ 

0 ~ , - ,~ 

F c H C ~ F c  

I 
Me 

12 
O Ph 

/ 

1 
Me 

13 

Thus,  we showed that 3.5-b is ( fL ' r rocenyhnethylene) -  
I - m e t h y l - 4 - m e t h y l e n e p i p e r i d i n e  I3) readily fi-~rms a he t -  
erocycl ic  spiro d i m e r  6 with an exocycl ic  methy lene  
group acco rd ing  to the ca t ion ic  cyc loadd i t ion  pat tern.  
t h e  reac t ion  proceeds  via the i n t e r m e d i a t e  lbrmat ion  of  
l inear  d imcr ic  dienyl  ca t ion  8, wh ich  is conf i rmed  by the 
isolat ion of  l inear  d i m c r  10. Ca t ion  8 u n d e ~ o e s  m -  
t r amolecu l a r  cycl iza t ion giving rise to spiro allylic ca t ion  
9. The  l a s t - m e n t i o n e d  process  p r edomina t e s .  

Thus ,  we believe that  the specific features in the  
behav io r  o f  t r iene  3 u n d e r  the  c o n d i t i o n s  of  ca t ion ic  
cyc loaddi t ion  are actual ly associa ted  wi th  the high and  
c o m p a r a b l e  stabili t ies 13"t4 of  allylic ca t ions  8 and 9 and  
with the absence  o f  substant ia l  steric h i n d r a n c e  in the  
p ipe r id ine  fragments.  The  c o m b i n a t i o n  o f  these factors  
a l lowed us to isolate s imu l t aneous ly  cyclic 6 and l inear  
10 d imer s  and  thus to de tec t  the ma in  steps of  the 
n o n s y n c h r o n o u s  stepwise cyc l od i m er i za t i on ,  which c o n -  
firms the scheme discussed previously.  

Experimental  

IH a~3d i3C NMR spectra were recorded on a Uni~y Inova 
Varian spectrometer (300 and 75 M Hz) for solutions in CDC 13 
using Me4Si as the internal standard. The IH NMR spectrum 
of the bis(tetrafluoroborale) o fT-was  obtained in-a CD,CI 
Solution. A column with AI20;  (Brockman activity II1~ and 
plates wilh a fixed SiO~ layer were used for chromatography. 
All the syntheses were carried out under dry argon in anhy- 
drous solvents, The data of elemental analysis of the com- 
potmds synthesized are summarized in Table I. 

3,5- Bis(ferrocenylmethylene)- I-methyl-4-piperidone (4) 
was prepared from I-mefi~yl-4-piperidone and fcrrocenecarb- 
aldehyde in 70% DOH in the presence of NaOH, 4 The yield of 
chatcone 4 was 73%, violet crystals, m.p. 197---198 ~ IH 
NMR, 8:2.53 is, 3 H. Me); 361 (t, 4 H, 2 CH 2. J =  136 Hz): 
4.18 (s, 10 H, 2 CsH~): 4.4t~ (m, 4 H, C5H41; 4,49 (rn, 4 H, 
C5H4); 761 (s, 2 1-1. 2 CH=).  

"l'able I. Data of elemental  analysis of the compounds 
synthesized 

Corn- Found (%) /Vlolccular 
pound Calculated formula 

C H Fc N 

3 69.43 6.04 
69.21 5.81 

4 66.74 5.21 
66.56 5.39 

5 67.03 587 
66.82 6.00 

6 69.36 6.03 
69.21 5,81 

7 51.48 4.41 
51.30 4.60 

10 69 05 5.74 
6921 5.gt 

11 6911 5.65 
6921 5.81 

J2 627~ 4_2~ 
65,51 5.05 

13 6907 5.52 
69,24 5.37 

"Y~ 37 3 r C29H?gFe2N 
.~ =3 2.78 

22.35 2.58 C2,~HzTFe2NO 
22 I I 2.77 

21 58 2.44 C29H31Fe2NO 
21.43 2.68 

22.39 2.63 Csxtf ~,;Fe4N 2 
22 20 2.78 

16.71 l.g7 C291431B2F,sFe-N 
t645  2.06 

Z?-_~ a4_ 2.~2 C5;~ tt s:~ I::e4 N 3 
22.20 2.78 

,~=.01 2.98 Cs~;Hs~Fe4N 2 
22.20 "~ " 

!6.62 8,(!6 C37 H 34Fe2N.;O 2 
1647 8.25 

16.71 4.28 C391.|30Ve2N202 
1652 4.14 

3,5-B s(ferrocenylmcthylene)-l,4-dimethvl-4-piperidol (5) 
was prepared from chatcone 4 and methyl l i thium as described 
previously, 4 yield 71%, yel low crystals, m.p. 184--185 '~C, 
~H NMR, 6:1.68 %. 3 H, Me); 1.70 (s, t H, OH); 2.43 (s, 
3 H, Me); 3.10 (dd. 2 H, CH 2, J =  2.(3 Hz, 15.1 Hz); 3.74 (d. 
2 H, CH,.  J =  15.1 Hz): 4.10 (s, 10 H, 2C5H5) ;4 ,2 t  (m. 4 H, 
C5H4); 4.28 (m, 4 H. CsH4); 6.27 id. 2 H, 2 CH =, d =  
2.0 Hz). 

Dehydration of carbinol 5 in pyridine on treatment with 
POCI3 .10 Phosphorusoxychloride (I m L  I.I retool) was add- 
ed dropwise at 5--10 ~ to a solution of alcohol 5 (2.1 g, 
5 retool) in 120 mL of Py. The mixtt, re was stirred at 20 ~ for 
4 h. and 200 mL of water was added, l'he reaction products 
were extracted with benzene (3x50 mL). After the solvent had 
been evaporated it7 racuo, the residue was ehromatographed 
on AI20 ~ iusing benzene as the elnent) to give 0.22 g il I%) 
of  3 ,5 -b i s i f e r roceny lmethy lene) - l -me thy l -4 -methy lenep i -  
peridine (3) and 1.26 g (63%) of 6,g-diferrocenvl-  
4.5 ' -bisit 'errocenylmethylene)-2.  I "-dimethyl-4 "-methylene- 
spiro[ 1 .2 ,3 ,4 ,5 ,6 ,7 ,8-oc tahyd ro i soqu ino l ine -  7,3 ' -p ipe r i -  
dine] i6L 

Compound 3, orange crystals, m.p. 201-202 '~C, IH NMR. 
6:2.38 is, 3 H, Me); 2.89 (d. 2 H, CH 2, J =  16.03 Hz); 3.44 
(d,.2 tt, CH2, d =  16.03 Hz) ;4  2(s .  10 H, 2CsH 5) 4.31 ( m ,  

9.__, (s, 2 H, CH2=); 6.36 4 tl. C,H4); 4.38 (m, 4 H, C5H4); - 5a 
is. 2 H. 2 CH=). ~3C NMR, 6 :40 .72  (Me): 46.23 (CH2}: 
67.54, 6,'-}.47, 68.b4. 69.50 i2 C5H4); 68.83, 69.06 (2 C5H51; 
77.20. 82.03 (2 Cim,,Fc}: 112.41 {CH2=) 129.07 {2 CH=) :  
126.19, 14902 (2 C, .Q=CH 2 = 2 C=CHFc) .  

Compound 6, yellow powder, dec.p. 270 ~ tt'l NMR, 6: 
.=_,?, is, 3 H, N,le); 2.52 (d, v H, Ctt  2, d = 98 (s, 3 H, Me); "~ "- 

6.3 Hz); 2.91 (d, 2 H, CH3, J =  15.0 Hz) 3.21 (d, 2 H, CH,. 
Y = 16.5 Hz); 3.65 (d, 2 H, CH2, d = 15.0 Hz); 3.77 (d, 2 H. 
CH z, J =  16.5 Hz); 3.92 (I, I H, CH, Y = 6.3 Hz); 4.0I (s, 
I H, CH): 4.10 (s, 10 H, 2 C5H51; 4.24 %, I0 H, 2 C~Hs): 
4_t6 (m, 2 Hi, 4.18 ira, 4 H), 4.23 (m, 4 H), 4.27 (m~4 HL 
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4.32 im, 2 H ) t 4  CsH,,): 5.56 ld, 2 H, CH2=.  J =  1.5 Hzk 6.22 
(~;. I H. CH=) :  6.27 (s. I t4, CH=).  ~3C NMR.  3:22.59 (CH2): 
2g.10 (Me): 30.42 ~C): 37.62 ~Me/; 43.84. 4390 ,  .45.56, 45.60 
(4 CH2i; 53.43. 55.65 (Fc- -CH) ;  65.66, 66.50, 67,07. 67.12, 
67.17. 67.59, 67.61, 68.11, 68.50, 68.66, 68.77. 68.82, 68.90, 
69.51, 69.67, 6970 (4 C5H4): 68.52. 68.54. 68.70. 69i19 (4 
C~Hs); 72.81, 77.20. 82.39. 92.35 (4 C:~,,Fc/; 121.04 (CH-=):  
t27.44, 127.48 ~2 CH=);  128.61 (C}. 13059 (2 C), i34.23 r 
134.26 (C}. 

5-Ferrocenylmethylene-3-( ferrocenylmethan- l-ylium- I-yl)- 
i ,4-dimethyl-  1,2,5,6-tetrahydropyridinium bis(tetrafluoro- 
borate) (7 -  (BF4) 1) was synthesized from alcohol 5 in anhy- 
drous ether  on treatment wilh HBFa etherate. ~ The yield o f  
the salt was nearly 0uantit;lfive, black hygroscopic cD'stals. 
dec.p. 320 ~ ~H NMR, & 2.42 Is, 3 H. Met; 3.45 t-r, 3 H, 
X, le}: 3.89 ~m, 4 H. 2 CH2); 5.18 (s. 10 H, 2 CsHsi:  4.93 ~m, 
~ H), 531 ~m, 2 H), 6.23 Ira, 2 HI, 6.26 (m. 2 HI 
t2 CsHD; 7,58 (s, 2 H. 2 FcCtt- : ) ;  8.73 (h r s .  I tt. NH.L 

Fragmentation of eyclodimer 6. HBF:  etherate (10 rnL) 
wa:, added dropwise with stirring to a ,;olution of  compound 6 
( I 3 g, 1.5 retool) m 10O mL of anhydrous ether. The mixlure 
was s[lried for I h at 20 ~C. The precipitate was filtered off. 
washed on the liller with several portions o f  anhydrous ether 
and auhydrous hcxane, and dried m vacuo to give 1.55 g 189%) 
orsal t  7 - (BF4)  :, dec.p. 321 'C. 

The reaction of triene 3 with bis(tetrafluoroborate) of 7. A 
solution of  triene 3 (1.0 g, 2 retool} in 50 mL of  CHeCI2 was 
added 'a, ith stirring (0--5 ':C) to a solution of  salt 7-(BF4) 2 
{t 32 g. 2 retool) m 50 mL o t C t t ~ C l , .  The mixture was stirred 
ior 5 nfin and DMA (0.6 g) was added. Stirring was continued 
at ~20 "C for 30 rain. The ieaction mixture was washed with 
water, the organic layer was dried with Na,SO4, and {he 
solvent was ew~porated in w;cuo. The residue was chromato- 
graphed on SiO, (hexane--AcOEL 3 : I) to give 0.46 g (23%) 
c,f 3,5-his~f 'errocenylmethylene>4-[2-{"errocenyl-2-15-ferro-  
ccny lme thy lene -  I 4-dimethyl-  1 .2 .5 ,6- te t rahydro-3-pyr idyl ) -  
ethylidenc[-I  -methylpiperidme (10), Rr 0.52, and 095  g (47%) 
of  c.,,clodimer 6, Rf 0.41. dec.p. 273--275 '~C. 

Compound 10. orange powder, m.p. 315--317 ~ IH 
NMR,  6 :1 .84  (s, 3 H. Me~; 2.31 (s. 3 H, Me); 2.43 (s, 3 H, 
Me); 2.63 (d, 2 H, CH 2, J =  11.03 H z )  2.80 (d. 2 H, CH 2, 
J=- 15.14 Hz); 3.11 (d, 2 H. Cl-l,, J =  t1.0 Ftz); 3.50 (d, 2 H, 
CH, .  J = 15.40 l-Ira: 4.18 ~s. 5-H),  4,23 (s, 5 H). 4.28 (s, 
I0 (t. 4 CsHs);  4.09--4,68 ira, t6 H, 4 (75H4): 4.83 ld, J H. 
Fc - -CH.  J =  7.8 Hz): 6.25 (d. I H. CH =, J = 7.8 Hz); 6,58 
(s, I H), 6.79 (s, 1 H), 6.86 (s, I H, 3 F c - - C H = L  

The reaction of bis(tetrafluoroborate) 7 with DMA. A. A 
solution of  salt 7"(BFaJ2 (1.31 g. 2 mmol)  in 50 ml, of 
CH~CI 2 was added dropwise with stirring (0--5 ':C) to a 
solution of  DMA 10.6 g) in 30 mL of CH2CI 2. The reaction 
mixture was stirred for f h at -20 ~ and washed with water, 
The organic layer was dried with Na2SO ~ and the solvent was 
evaporated in vacuo. The residue was chromatogmphed on 
SiO~ chexane--benzene,  3 : I) to give 0.67 g (67%t oftr iene 3, 
&0.71 ,  m . p  203 ~ a n d O . 0 9 g 1 9 % ) o f c o I n p o u n d 6 ,  Rf0,42, 
dec,p. 293 ~  

,5'. A solution of  DMA (0.6 g) in 30 mL of  CH,CI  2 was 
added dropwise at 20 ':C to a solution ofsa t t  7-  (BF4) 2 (I,31 g) 
in 50 ml., ofCH2(. , l  2. The reaction mixture was stirred for I h. 
A similar workup and chromatography gave 0.14 g 114%) of  
dimer 10. R r 0.52. m.p. 316--317 ~ and 0.65 g (65%) of  
cyclodimer 6, Rf 0.42, dec.p. 275 ~'C. 

Thermal cyclodimerization of triene 3. A solution of  triene 
3 {0.5 g. I mmot) in 50 mL of  m-xylene was refluxcd for 4 h. 
After evaporation of the solvent in vacuo, the residue ,,,,as 
chromatographed on AI20 ) (using benzene  as the eluem) to 

give (I.22 g (43%) of  8- fe r rocenyl -4 ,3" ,5"- t r i s ( fe r rocenyl -  
methy  ene) -2  I "-dimeThvlspiro I 1,2,3,4,5,6,7.8-octahydroiso- 
quinoi ine-7 ,4-p iper id ine]  (11) as orange powder, dec@. "~ " 
~ tH NMR,  15:2.17 (s, 3 H, Met;  2.22 (s, 3 H, Me); 2.40 
(m, 2 H), 2.52 ~m, 2 H). 2.72 (d, 2 1-1. J =  11,8 Hz), 3.10 !d, 
2 H, J =  15.3 Hz), 3.25 (d, 2 H, J =  16.2 HzL 3.50 td, 2 H, 
J =  11.8 Hz, 6 C H , ) : 4 0 8  (s, I H, CH~; 4.10(s.  5 f t ) , 4 ,  ll  is, 
5 H ) , 4 . 1 3 ( s ,  5 H ' s  5 H ,4C5H_, , ) : 4 .06 (m.  2 H ) , 4  13 
(m, 2 H). 4.16 (m, 2 H). 417  (m, 2 H): 4.19 (m, 2 H), 4.22 
(m. 2 H ) . 4 . 2 5 i m  2 H ) , 4 . 2 7 ( m ,  2 H, ,I CsH,);  6.20 (s, 1 HI, 
6.22 (s, I H). 6.83 (s, I H. 3 C H = L  

Reaction of triene 3 with azodicarboxylic acid N-phenyl- 
imide. Azodicarboxylic acid N-phenyl imide  (0.18 g) ~Aldrich, 
28, 099-2) was added in portions,  ~ks the solution decolorized.  
to a soIution of  compound 3 ( t .0  retool) in 30 mk of  benzene.  
the temperature of the reaction mixture being maintained 
between 0 and 5 ~ Stirring was cont inued for an additional 
30 rain, The precipitate was filtered off  and recry, stallized from 
benzene to give 0.52 g (76%) of  2-ferr~,~enyl-7-ferrocenylmethy- 
tene-9- mefl~y1-3,4,9-triazabicycfo[4.4.01dec- [ Un-e ne- 3.4-dicar- 
boxylic acid N-phenylimide i 1 2 ) a s  yellow cry, stals, m.p. 316-- 
3 t7~C.  I f - INMR, 6 :2 .23(s ,  3 H ,  Me) ,  2.46 (m, 2 H) ,3 .60  ,,s. 
2 H, 2CH2);4.21 (s. 5 Ht. 4.26(s.  5 H. 2CsH 5) 3.08(m. 2 H), 
4,10 (m. 2 HL 448 (m, 4 H. 2 C5H4); 4.41 (s, I H), 4.,',17 (s. I H, 
I CH:) :  6.07 (s, I H. CH---); 7.28--7.49 (m, 5 H. CrHs).  

The reaction of triene 3 with N-phenylmaleimide. A solution 
of  compound  3 (I.0 mmol) and N-phenylmaleimide (0.3 g) 
(Reachim~ in 50 mL of  benzene was refluxed for I h. Atter 
evaporat ion of  the solvent, the residue was chromatographed 
on SiO_., (hexane--AcOEt.  4 : I) to give 0.48 g (72%7 of  
8-ferroceny -4- fer rocenylmethylene-2-methyl -  1,2,3.4,5,6,7,8- 
octah~droisoquinoline-6,7-dicarboxylic acid endo-&'-phenylim- 
ide (13), Rr I).53, as yellow crystals,  m.p. 296--2'-)7 "C. 
IH NMR,  6:2.50 (s. 3 H, Me); 2.64 (dd, I H, CH 2, J =  15.(~ 
Hz, 6.6 Hz); 3.05 {dd, I H, CH 2. 7 =  [5.6 Hz. 9.5 Hz): 3.23 
(d, 2 H. Ct t  2, J =  165 [-Iz): 3.27 (m,  I H. CI-[); 3.35 (dd, 
I H. J =  0.5 Hz, 5.7 Hz); 363 (d, 2 H. CH2, J =  14.1 Hzl; 
3.89 t,d. I H, F c I - C H .  J =  57  Hz); 413  (s. 5 H, CsH~ FcJ): 
4,15 (s, 5 H, CsH 5 Fc2); 3.92 (m, l H), 4. t l  (m, I H), 4.[4 
(m, I HI, 4,24 (m. I H) (CsH 4 Fcl) ;  4.29 (m, 2 H), 4.34 (m, 
2 H) (CsH 4 Fee); 6.34 (s, I H, C H = ) ;  7.01--7.05 (m, 2 H), 
7,34--7,45 (m. 3 1-11 (C~,Hs). |3C N M R ,  3:31.86 (Me);  38.89, 
40,53, 45.67 (3 Ctt2); 46.67. 55,72 (2 CH); 59.01) (FcCH);  
67.42,  68.(39, 68,80, 68,85, 68 .90 ,  68.95, 69.32. 69.89 
(2 (;5H4); 68.94, 69.18 (2 CsHs);  81.88, 8428 (2 C,7,soFc): 
120.25 (CH =) 126.66. 128.32, 12g.91 ~'Ct, Hs); 128.49 (C), 
131.53 (C), t34.05 (C): 177,24 (CipsoPh); 178.92 ( C = O L  
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