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3,5-Bis(ferrocenylmethylene)-1-methyl-4-methylenepiperidine.
Synthesis and some chemical properties
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3.5-Bistferrocenvimethylene)- L -methyi-4-methylenepiperidine, a diferrocenyitriene with
a fixed s-cisoid conformation of the exocvelic double bonds, was synthesized. On heating.
this compound cyclodimerizes according to the [4+2]-cycloaddition scheme: it forms Diels—
Alder adducts with azodicarhoxylic and maleic acid ¥-phenylimides. The compound easily
cyclodimerizes in the presence of acids by a proton cyclodimerization mechanism to give a
spiro cvclodimer. The triene also adds a 3.3-bis(ferrocenylmethylene)-1 4-dimethy!- I-azo-
nia-4-cyclohexyl salt to the terminal methylene group vielding linear and cyclic addition

products.
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Previously we discussed the influence of stereoelec-
tronic factors on the chemical behavior of ferrocenyl-
substituted 1,3-dienes with fixed s-cis-configuration
of double bonds. namely. 3-ferrocenvlmethyvlene-2-
methylenecamphane! and 2-ferrocenvimethylene-3-me-
thylenequinuclidine.2 1t was found that under condi-
tions of catiomic cycloaddition, both dienes form only
linear dimernization products 1 and 2, respectively, un-
tike all the s-rrans-/s-cis-terrocenylbutadicnes studied to
date 35
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In our opinion, the formation of lincar dimers 1 and
2 is due to considerable steric restrictions in the mole-
cules of starting dienes and also to unfavorable electron-
ic factors in the intermediate dimeric carbocations. Mean-
while, the synthesis of linear products 1 and 2 confirmed
one impertant step of the previously discussed3—7 step-

wise mechanism of cationic cyclodimerization. namely,
the step of formation of the dimeric linear allylic car-
bocation, while the mechanism itself remained hypo-
thetical.

In this study, we synthesized 3.5-bis(ferrocenyi-
methylene)-1-methyi-3-methylenepiperidine (3) from
3.3-bis(ferrocenylmethylene)-1-methyl-4-piperidone (4)
via carbinol 5.
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The starting chalcone 4 was prepared by condensa-
tion of 1-methyl-4-piperidone with ferrocenylcarbalde-
hyde in a solution ot alkali in aqueous alcohol: carbinol
5 was synthesized trom 4 on treatment with methytlith-
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ium.3- Evidently. both moiccules are characterized by
E-configurations of the double bonds and an “external”
arrapgement of the bulky ferrocenyl substituent 89

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 preliminary com-
munications dealing with the preparation of relatively
unstable 1.3-bistferrocenylmethylene)-2-methylenecvelo-
hexane. 111 Srudy of the chemical properties of these
trienes and. in particular, their behavior toward cationic
cvcloaddition deserves attention because specific fea-
tures of the spatial and electronic structures of these
compounds allow one to expect that experimental re-
sults would confirm the stepwise mechanism of cationic
cyclodimerization.

indeed. we found that diterrocenvitriene 3 1s formed
in a fow vield even during the standard dehvdration of
alcohol 5 on treatment with POCI5 in pyridine.3 The
major product formed in the reaction was spiro cy-
clodimer (6).

PQOCI,
5§ —» 3 +
Py
11%

CHFc
6 (63%)

The structurcs of compounds 3 and 6 were estab-
lished based on the data of the 'H and 13C NMR spectra
{see Expenmental).

The structure of cvclodimer 6 was proved based on
the following data. The 'H NMR spectrum of com-
pound 6 exhibits two singlets with 5 1.98 and 2.35 due to
the protons of two methyl groups; two singlets with
3410 (10 H) and 4.24 (10 H) of the protons of the four
unsubstituted cvclopentadienyl rings of ferrocene: one
singlet of the methine proton of the —CHFc! group
(3 4.01): five doublets of the protons of five methyiene
fragments: one triplet of the proton of the CHFc? group;
one doublet for the olefinic protons of the CH,= group
(8 3.36. J = 1.5 Hz); and two singlets due to the olefinic
proions of the two ferrocenyimethylene fragments
(3 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 ferrocenvi
fragments in compound 6 together with the signals due
to the four CsHy groups of ferrocene points unambigu-
ously to a dimeric structure. The number of signals of
C. CH, CH,. 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 caiionic cyclodimerization pattern, which

implies the presence of both triene 3 and the dienyi
carbenium ammonium dication (7) in the reaction mix-
ture.
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Cation 7 adds to the methylene group of diferroce-
nyl triene 3 to give dimeric dienyl cation 8. Intramolec-
ular ¢vclization of cation 8 affords cyctodimeric allylic
cation 9. Deprotonation of 9 on treatment with pyridine
results in the formation of cyclodimer 6.

In our opinion. these results indicate that triene 3 is
highly prone to participate in cationic cyclodimeriza-
tion, 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 carbocationic center, 212~ HM is known
to direct the addition of cation 7 exclusively at the
exocyclic methylene? CH,= group in triene 3, giving
rise to stabilized dimeric a-ferrocenylaliy! cation 8. The
E-configurations of the double bonds in the ferrocenyl-
methylene fragments in triene 3 do not hamper this
addition route (steric factor). It is also known that
intramolecular alkviation giving cyclodimeric cations can
occur only when there are no substantial conformational
steric restrictions in the intermediate linear dimeric
allylic 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 intramolecular cyclization of cation 8 to proceed
giving cyclic carbocation 9. The latter. in wrn, 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 adeguate
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proof for the stepwise mechanism of cationic cyclodimer-
1zation of conjugated dienes.

To confirm this scheme. we svnthesized the
bis(tetrafluoroborate) of cation 7 by treatment of carbinol
§ with HBF, etherate.

E1,0 - HBF,
S 7-(BFy)

We found that the same salt of 7 is also formed in a
quantitative vield on treatment of dimer 6 with HBF,
etherate due to fragmentation of the spiro dimer.

2 Et,0 -HEF,
6 — e 2 7(BF,):

In order to find strong evidence for the participation
of the trienc and cationic components in the cyvclodimer-
ization, we made diferrocenyltriene 3 to react with salt
7 - (BFy)». Cycloaddition was performed by mixing solu-
tions of bisttetrafluoroborate) of 7 and triene 3 at room
temperature followed by treatment of the reaction mix-
ture with V. N-dimethylanitine (DMA).

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

' CHFc¢

DMA Me Ferg

3+ 7-(BF,), —> + 6
CH CH Me
FcHC
10

Reaction Yield (7¢)
time/nmin 10 6
B 23.0 47.0
5] 16.0 3%.0
30 10.2 69.3

The maximum vield of the linear product (23%) was
attained for short reaction times (3—3 min). An increase
in the time of the contact of the rcactants diminishes the
vield of the linear dimer and increascs the yield of the
cyclic dimer.

The structure of dimer 10 was established based on
the data of the '"H NMR spectrum. The presence of
three singlets of the three methyl groups, four doublets
of the four methylene groups. doublets of the aliphatic
proton of the ~CH—Fc group and the olefinic proton of
the —CH= group with a mutual spin—spin coupling
constant (8 483 and 6.25, J = 7.8 H2). and three
singlets of the olefinic protons of the ferrocenylmethyl-
ene fragments (5 6.58, 6.79, and 6.86) in addition to the
signals corresponding to the four ferrocene substituents
confirms unambiguously the linear structure of com-
pound 10.

[t is bevond doubt that dimer 10 can form upon
deprotonation of the intermediate linear dimeric cation

8 that has not bhad tme to undergo intramolecular
cyclization on treatment with DMA.

Onc known variant of performing the cationic cy-
clodimerization of ferrocenyl-1.3-dienes includes treat-
ment of salts of methyiterrocenylallyl cations with bases
{Py. DMA).$ 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 predominantly (67%%

2 PhNMe, + 7 — 3 + 2 PhNHMe,™ - BF,;~

7 + 2 PhNMe, —» 6 + 10

Freshly prepared compound 3 is an orange finely
crvstalline powder, fairly stable during storage in a sealed
tube. On storage under ambient conditions. the product
gradually cyclodimerizes to give cvclodimer 6. Com-
pound 6 is formed especiaily rapidly in a CHCI; solu-
tion, where it precipitates as an orange powder. or in a
benzene solution in the presence of AcOH.

Thermal cvclodimerization of triene 3 proceeds much
more slowly. The vield of the cvclodimeric Diels—Alder
adduct 11 was 43% even on refluxing in m-xylene for
4 h.

CHFc
?HFC

N N—-Me

Fe CHFc

11

The structure of compound Il was determined rely-
ing on the '"H NMR spectral data, which fully conform
to the proposed structure (see Experimental). Unlike
cvclodimer 6. adduct 11 does not undergo fragmenta-
tion to give two molecules of the salt of 7 on treatment
with HBF, etherate.

Diterrocenyitriene 3 reacts with V-phenylimides of
azodicarboxylic and mualeic acids to give Diels—Alder
adducts 12 and 13, respectively.

The formation of adduct 13 occurs stereospecifically.
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 ferrocenyl-substi-
tuted Diels—Alder adducts.!? Compound 13 was identi-
fied as the endo-adduct based on the fact that the signals
of each of the four protons of the ferrocene Fc! substi-
tuted cvclopentadienyl ring are manifested as separate
multiplets, two of which are located in a higher field
than the singlet corresponding to the CsHs group of the
same ferrocene fragment.
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Thus. we showed that 3.3-bis(ferrocenylmethylene)-
l—methyl—4—muhykmplpcnd1ne (3) rcadily forms a het-
erocyclic spiro dimer 6 with an exocyclic methylene
group according to the cationic cycloaddition pattern.
The reaction proceeds via the intermediate formation of
hnear dimeric dienyt cation 8, which is confirmed by the
isolation of linear dimer 10, Cation 8 undergoes in-
tramolecular cyclization giving rise to spiro allylic cation
9. The lust-mentioned process predominates.

Thus, we befieve that the specific features in the
hehavior of triene 3 under the conditions of cationic
cycloaddition are actuaily associated with the high and
comparable stabilities!3-14 of allylic cations 8 and 9 and
with the absence of substantial steric hindrance in the
piperidine fragments. The combination of these factors
allowed us to isolate simultaneously cyclic 6 and linear
10 dimers and thus to detect the main steps of the
nonsynchronous stepwise cyclodimerization, which con-
firms the scheme discussed previously.

Experimental

U and °C NMR spectra were recorded on a Unity {nova
Varian spectrometer (300 and 75 MHz) for solutions in CDC 14
using Me,Si as the internal standard. The 'H NMR spectrum
of the bis(tetrafluoroborate) of 7-was obtained in-a CD,CI-
solution. A column with AL O; (Brockman activity 11D and
plates with a fixed StO, fayer were used for chromatography.
All the syntheses were carried out under dry argon in anhy-
drous sofvents, The data of elemental analysis of the com-
pounds synthesized are summarized in Table |,

3.5-Bis{ferrocenylmethylene)-1-methyl-4-piperidone (4)
was prepared from |-methyl-34-piperidone and ferrocenecarb-
aldehvde in 70% EtOH in the presence of NaOH.# The yield of
chalcone 4 was 73%. violet crystals. m.p. 197--198 °C. 'H
NMR, &:2.33 (s, 3 H. Me); 3.61 (. 4 H, 2 CH,. /= {.36 Hz):
418 (s, 10 H, 2 C<Hg): 440 (mo 4 H, CiHy): 449 tm, 4 H,
C<Hy): 761 €5, 2 H. 2 CH=).

Table 1. Data of elemental

synthesized

analysis of the compounds

Com- Found __ e Molecular
pound Calculated formula
C H Fe N

3 6943 604 2237 251 CagHsgFe,N
69.21 S8 22.20 2.7%

4 66.74 3.21 2235 238 CyH3:FeaNO
66.36  5.39 2201 2.77

5 67.03 587 2158 2.44 CyyH3 FesNO
66.82  6.00 2143 2.6%
69.21 58I 222 278

7 S48 44 1671 1.87  CyyHy B,FyFesN
5030 4.60 1645 2.06

10 0908 374 2234 287 CssHssFeaNs
6921 381 2220 278

1 69 1 l‘ 3_6_5_ :20_1_ 2.98 Cig;H53F€4N1
6921 5.8t 2220 278

12 6373 479 1662 806  CyHyFeaNO;
6351 5.03 1647 8.25

13 6907 332 16.71 438  CyH3FesN-O,
69.24 537 16.52 414

3,5-Bis(ferrocenylmethylene) - 1,4-dimethyl-4-piperidol (5)
was prepared from chatcone 4 and methyllithium as described
previously,® vield 71%, yellow crystals, m.p. 184—185 ~C.
IH NMR, & 1.68 (s. 3 H, Me): 1.70 (s, I H, OH); 2.43 (s,

3 H. Me): 3.10 (dd. 2 H, CH,, J= 2.0 Hz. 15,1 Hz); 3.74 (d.
[0 H, 2 CiHo): 4.21 (m. 4 H,

H (,H]. =151 Hz): 4.10 (s,
i) 428 (m, 4 H. CsHy); 627 (4. 2 H, 2 CH=, J=

) Hz).

Debydration of carbinol 5 in pyridine on treatment with
POC1,.19 Phosphorusoxychloride (1 mL. 1.1 mmol) was add-
ed dropwise at 5—10 °C to a solution of alcohol 5 (2.1 ¢,
S mmol) in 120 mbL of Py. The mixture was stirred at 20 °C for
4 h. and 200 mL of water was added. The reaction products
were extracted with benzene {3x30 mL). After the solvent had
been evaporated in vacuo, the residue was chromatographed
on AL,0O; (using benzene as the eluent) to give 0.22 ¢ (11%)
of 3.3-bistferrocenylmethylene)--methyl-4-methylenepi-
peridine (3) and 1.26 g (63%) of 6.8-diferrocenyl-
4.5 -bis(ferrocenylmethylene)-2.1 "-dimethyl-4 " -methylene-
spiro{1.2.3,4.5.6,7.8-octahydroisoquinoline-7,3 "-piperi-
dine| (6).

Compound 3. orange crystals, m.p. 201-202 *C. 'H NMR.
& 238 (5. 3 H. Me): 289 (d. 2 H, CH,, /= 16.03 Hz); 3.44
(d,.2 H. CH,, J=16.03 Hz): 4.12 (s. 10 H, 2. CsHs): 431 (m.
4 H. CsHy): 438 (m. 4 H, CsHy): 5.32 (s, 2 H, CH,=); 6.36
(s. 2 H. 2 CH=). }3C NMR, & 40.72 (Me): 46.23 (CHa)
67.54, 65.47, 68.64. 69.50 (2 CsHy): 68.83. 69.06 (2 C:H:)
77.20. 82.03 (2 CpFe) 14241 (CHy=): 129.07 (2 CH=):
126.19. 149.02 (2 C, C=CH, = 2 C=CHFc).
Compound 6, veliow powder, dec.p. 270 °C. 'H NMR, &

tJ ()r.) (%)

1.98 (s. 3 H. Me); 255 (5. 3 H, Me); 252 (d. 2 H, CH,, /=
6.3 Hz); 291 (d. 2 H, CH,, J= 15.0 Hz); 3.21 {(d, 2 H, CH..
J=16.3 Hz): 365 (d. 2 H, CH>, /=130 Hz): 377 (d. 2 H
CH,. /= 165 Hz): 3.92 (1. l H, CH, J= 6.3 Hz): 4.0! (s
I H. CH), 410 (s, 10 H, 2 C H ), 4.24 (s, 10 H, 2 CsHs)
3,16 (m. 2 Hi, 418 (m. 4 H). 4.23 (m, 4 H), 4.27 (m_ 4 H)
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4.320m, 2 Hyd CsHy: 3.56 (d, 2 HL CH,=. J= 1.5 Hzi 6.22
{s. 1 H. CH=): 6.27 (5. 1 H. CH=). '3C NMR. &: 22.39 (CH,):
2810 (Med: 30,42 (Cy; 27.62 (Me): 43.84, 43,90, 33.56, 43.60
(4 CHyl; 3343, 53.65 (FL—( H). 63.66. 66. 3() 67.07. 6712,
A7.17. 67.59, 67.61. 6511, 68.50). 68.66. 68.77. 63.52. 63.90,
6951, ()‘) 67. 69.70 (4 CyHyy 6852, 68.54, 68./()_ 69.19 (4
CiH:y, 72,81, 77.20, 8239, 92.35 (4 C,, Fo): 121,04 (CH =)
127,44, 1 7.48 (2 CH=y: 128,61 (C). 130,39 ¢2 C), 134.23 (O,
134.26 (C),

5-Ferrocenylmethylene-3-(ferrocenylmethan- I -ylium- 1-y1)-
1.4-dimethyf-1.2,5,6-tetrahydropvridinium bis(tetrafluoro-
borate) (7 - (BF,);) was synthesized from alcohol 5 in anhy-
drous ether on treatment with HBF, etherate 8 The vield of
the salt was nearly guantitative, black hygroscopic crvstals,
dec.p. 320 °C. VHNMR, 8 242 (5, 3 H. Men 343 5, 3 H,
Med 3.89 (m. 4 H. 2 CHy) 508 (5. 10 H. 2 CsHsp 493 (m,
2 H)y., 331 im, 2 H), 6.23 (m. 2 H), 6.26 (m. 2 H)
(2 CsHy) 758 (s, 2 HU 2 FeCH=): 8.73 (brs. | H. NHp

Fragmentation of cyclodimer 6, HBF. etherate (1.0 mb)
wus added dropwise with stirring te a solution of compound 6
(1.3 g. 1.5 mmol) in 100 mL of anhydrous ether. The mixiure
was surred for | h at 20 °C. The precipitate was filtered off,
washed on the filter with several portions of anhydrous ether
and anhvdrous hexane. and dried i vacuo to give 1.55 g (89%)
of salt 7-(BFy),, dec.p. 321 °C.

The reaction of triene 3 with bis(tetrafluoroborate) of 7. A
solution of triene 3 (1.0 g, 2 mmoi) in 30 mL of CH.Cl, was
added with stirring (0—3 “C) to a solution of salt 7-(BF,),
(.32 ¢, 2 mmol) 30 ml of CH,Cls. The mixture was stirred
for 3 min and DMA (0.6 g) was added. Stirring was continued
at =20 *C for 30 min. The reaction mixture was washed with
water, the organic laver was dned with Na S50, and the
solvent was evaporated jn vacuo. The residue was chromato-
graphed on $i0, (hexane--AcOEL 3 1 1) to give 0.46 g (23%)
of 3.3-bis(ferrocenyimethviene)-4-[2-ferrocenyt-2-¢3-ferro-
cenvimethvlene-1.4-dimethyl- 1.2 3.6-tetrahvdro-3-pyridvl)-
ethylidene]-1-methyvipiperidine (10) Ry 0.52, and .95 g (47%)
of evclodimer 6. Ry 0.41. dec.p. 275275 “C.

Compound 10. orange powder., m.p. 315—317 °C. 'H
NMR, 3 1.84 (s, 3 H, Mey: 231 ¢s. 3 H, Me): 243 (s. 3 H.
Me): 263 (d. 2 H, CH,, J= 11.03 Hz): 2.80 (d. 2 H, CH,,
J= 1514 Hzy: 341 (d, 2 Ho CHL /= 110 H2), 350 (d, 2 HL
CH>. J= 1540 Hzy: 4.8 (5.5 H). 423 (s, 5 H) 428 (s,
10 H. 4 CoHg): 4.09—4.68 (m, 16 H. 4 CsHy) 433 ¢d. i H.
Fe——CH. J= 7.8 Hz); 6.23 (d. | H. CH=_J= 7.8 H7) 63§
(s. 1 H), 6.79 (s. 1 H), 6.86 (s, 1 H. 3 Fc—CH=).

The reaction of bis(tetrafluoroborate) 7 with DMA. A. A
solution of salt 7-(BFgs (131 g. 2 mmol) in 30 mL of
CH,Cl, was added dropwise with stirring (0—3 *C) to a
sotution of DMA (0.6 2) in 30 mL of CH,Cls The reaction
mixture was stivred for 1 h oat <20 °C and washed with water.
The organic layer was dried with Na,SO, and the solvent was
evaporated in vacuo. The residue was chromatographed on
$i0, (hexane—benzene, 3 : 1) to give 0.67 ¢ (67%) of triene 3,
Rc0.71, m.p. 203 °C, and 0 09 ¢ (9%) Ofuompound 6. Ry 0.42,
dec.p. 293 °C.

B. A solution of DMA (0.6 g) in 30 mL of CH,Cl, was
added dropwise at 20 “C to a solution of salt 7-(BF;), (1.31 ¢)
in 30 mL. of CH,Ct,. The reaction mixture was stirred for | h.
A similar workup and chromatography gave 0.14 g (14%) of
dimer 1. Ry 0.32. m.p. 316—317 *C, and 0.65 2 (65%) of
cyclodimer 6, R; 0.42, dec.p. 273 °C.

Thermal cyclodimerization of triene 3. A solution of triene
3 (0.5 g. 1 mmob) in 50 mL of m-xytene was refluxed for 4 h.
After evaporation of the solvent in vacuo, the residue was
chromatographed on Al;0: (using benzene as the eluent) to

give 0.22 g (43%) of B-ferrocenyl-4.37.3 -tris(ferrocenyl-
methylene)-2,1 -dimethylspiro] 1.2,3,4,5.6.7.8-octahydroiso-
quinohine-7.4 -pperidine] (11} as orange powder dec.p. 287
oC. 'H NMR, & 2,07 (s. 3 H, Me): 2.22 (s. 3 H. Me); 2.40
(m, 2 H), 232 (m, 2 H), 272 (d. 2 H. J= 11.8 Hz), 3.10 «d.
2H, /= 133 Hz), 325 (. 2 H, /= 16.2 H/.) 350 {d, 2 H,
J= 118 Hz. 6 CH>): 408 (s, I H, CHy, 410 (s. 5 H), .11 s,
SH). 413453y 404 (s, 3 H, 4 CsHaxe 4,06 {m. 2H) 413
(m. 2 H). 416 (m, 2 H). 417 (m, 2 H), 419 (m, 2 H): 422
(m. 2 H). 425 ¢m, 2 H). 427 (m, 2 H. 4 C5H): 6.20 (s, | H),
6.22 (s, 1 H). 6.83 (s, | H. 3 CH=).

Reaction of triene 3 with azodicarboxylic acid N-phenyi-
imide. Azodicarboxylic acid V-phenylimide (0.18 g) (Aldrich.
28, 099-2) was added in portions. as the solution decolorized.
to a solution of compound 3 (1.0 mmol) in 30 mbL of benzene.
the temperature of the reaction mixture being maintained
between 0 and 3 °C. Stirring was continued for an additional
30 min. The precipitate was filtered off and recrystallized from
benzene to give 0.52 3 (76%) of 2-ferrocenyl-7-ferrocenyvlmethy-
lene-9-methyl-3.4.9-triazabicyclo[4.4.0}dec- [(b)-ene-3.4-dicur-
bo,\'ylic acid V-phenylimide (12) as ye!low crystals, m.p. 36—

7oC. THNMR.6:2.23(s. 3 H, Me), 246 (m, 2 H), 3.60 s,
7[! 2 CH,): 421 (s. 5 HY. 4.26 (s, 3 H. 2 CsHs): 3.8 (m, 2 H),
410 (m, 2 H)y, 448 (m. 4 H. 2 C5Hy); 4.41 (s. I H). 387 {s. 1 H.
1 CH;): 6.07 (s, | H. CH=Y), 778——/49 (m. 5 H. CgHs).

The reaction of triene 3 with /V-phenylmaleimide. A solution
of compound 3 (1.0 mmol) and AN-phenylmaleimide (0.3 2)
(Reachim) in 30 mL of benzene was reftuxed for 1 h. After
evaporation of the solvent. the residue was chromatographed
on SiQ, (hexane—AcOEL. 4 : 1) to give 0.48 g (72%) of
§-ferrocenvl-4-ferrocenylmethylene-2-methyl-1,2.3.4.5,6.7.8-
octahydroisoquinaline-6.7-dicarboxylic acid endo- N-phenylim-
ide (13), Ry 0.33, as yellow crystals, m.p. 296—297 °C.
TH NMR, 5 2.50 (5. 3 H, Me); 2.64 (dd, | H. CH, J= l)()
Hz, 6.6 Hz): 3.05 (dd. | H, CH,. J= 15.6 Hz. 9.5 Hz):

(d. 2 H. CH,, J= 165 Hz)t 3.27 {m. 1 H. CH); 335 (dd‘
I B. /=95 Hz. 5.7 Hzo): 3.63 (d, 2 H. CH,, /= 14.1 Hz);
3.89 (d. | H. F¢!=CH. J= 37 Hz); 413 (5. 5 H, Cs5H; Fc'):
415 (s. 5 H, CsHs FeD; 392 (m. T H), 411 (m, | H), 4.14
(m. | H), 4.24 (m. 1 H) (CsHy Fc'y; 429 (m, 2 H), 434 (m.
2 H) (CsHy Fed): 6.34 (s, | H, CH=): 7.01—7.05 (m, 2 H),
7. 34—7 45 (m. 3 H) (CeHs). 13C NMR, 5: 31.86 (Me): 38,89,
10.53, 43.67 (3 CH,); 46.67, 53572 (2 CH); 39.00 (FcCH).
6\ 09 63.80. 68.85, 68.90, 68.95. 69.32, 6989
), 68.94. 69.18 (2 CsHj3); 81.88, 84.28 (2 C,,;,Fox
s CH-) 126.66. 128.32, 128.91 {CyHs): 128.49 (O,
3(C), 134.05 (O 177.24 (Cp,Phy; 178.92 (C=00.
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