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Summary 

A method has been developed for syntheslzmg cyanenamme denvatlves of 
[mlferrocenophanes (m = 3,5,11,15) by cychzahon of l,l’-bis(ocyanoalhyl)- 
ferrocenes (Fcd[(CH2),CN],, n = 1,2,5 or 7, Fed = C,H,FeC,H,) usmg CH,MgI 
and C6H,N(CH,)Na l,l’-Bls(3-cyanopropyl)ferrocene cychzes to gwe only low 
yields of cycllzatlon products analogous to the mmlmal yields of ahcycbc com- 
pounds contammg 9 to 13 CH, groups prepared from ahphatx dmltrlles by this 
same method When l,l’-b~s[U-(Zcyanoethyl)-l-hydroxyethyl]ferrocene IS 
treated with C6H,N(CH,)Na decyanoethylahon occurs to give l-1’ bls( l-hydro- 
syethyl)ferrocene A descrlptlon G given of the preparation of the rrutlal 
dm~tnks, and of the ldentdwatlon of the compounds obtamed by their IR, ‘H 
and ’ ‘C NM R, and mass spectra The possible conformahons of macrocyhc 
ferrocenophanes are dlscussecl 

lntroductlon 

As a contmuatlon of the study of the syntheses and properhes of ferrocenes 
[l-12], we employed the method of cychzatlon of l,l’-bls(wcyanoalkyl)feo- 
cenes to synthesize ferrocenophanes 

[m] Ferrocenophanes lvlth relatively small heteroannular bridges (m = 2-5) 
have already been studled m adequate detail [1,13] and whtlst only a few studies 
of ferrocenophanes lvlth average-sued bridges (m = S-10) have been pubhshed 
[14-171 the macrocychc bridged ferrocenes (m > 10) have not been described 
untrl now 

The only general method avaJable for preparmg ferrocenophanes of dtier- 
ent bndge lengths, (acylom condensahon) has been used m the synthesis of bndged 
ferrocenes w&b short- and average-length bridges (m = 4,6,8,9 or 10) [ 14,151 
but the acylom fenocenophanes produced MI this way were not stu&ed by chemical 
or physcal methods. It should he noted that acylom condensabon IS unsutable for 
the synthesis of ferrocenophanes contammg an odd number of methylene uruts 
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smce m such cases lt wokId be necessary to use the asymmetrIc 1 ,l’ bls(ocarb- 
methoxyalkyl)ferrocenes as startmg compounds and these are not readily 
available 

The sun of the present study was to develop a method of syntheslzmg 
ferrocenophanes with ddferent bndge lengths but LI partxular those with long 
bndges (m > 10) The method we used was that of cychzatlon of dmltrlles 
discovered by Thorpe and used by him for the preparation of 5 and 6-membered 
Mgs [lS-201 This method has also been employed for the synthesis of macro- 
cycles by Ziegler [21-251 The bterature data (Ftg 1) lndlcate thatunhkeacylom 
condensation, duutrile cychzatlon does not provide good yields of average- 
sized rings (n = 9 13) [26-2S] The rather high yields of these ~g-s U-I the acylout 
condensation reactlon may be explamed by the fact that It IS a heterophase 
reactlon In the synthesis of short bridged rings dmltrlle condensation Bves 
better yields m comparison ~t.h acylom condensation The yields of the larger 
cyclic compounds mcrease Hrlth mcreasmg ring sne [26-B] 

Recently dmltrlle cyclizatlon has been used for the synthesis of derwatwes 
of cyclopen+ane [ 29,301, cyclohexane [ 311, lndol [ 321 and sL\-membered 
cycles contammg mtrogen [ 331 and phosphorus [ 311 This method was also 
successfully used In the synthesis of catenanes [35,36] EthylsodIum In ethanol 
[ 1820,321, sodwn tert-butoxIde [ 30.34 J, magnesium tert-butylamlde [ 301, 
naphthalenesodmm [ 331, and N-methylanlllnemagneslum bromide [ 311 were 
used as condensation agents Ziegler’s sodmm IV-methylandlde was used m the 
synthess of macrocycles [ 21-251 

The long bridged ferrocenophnnes obtamed In the present nork are Inter- 
estmg from dtiferent aspects Noteworthy was the presence of a mlmlmum m 
ferrocenophane yield versus bridge length, as m the case of al~cychc compounds 
[26-281, whxh must be hnhed \vlth the conformatlonal lablhty of the molecule 
The molecules of [mlferrocenophanes wth short bridges (m = 2,3,4) are 
stramed and therefore possess hmlted InbLhty For example It LS known that !n 
[ 3-1 ferrocenophane the dthedral angle between the rmgs IS equal to 23” [ 371 
wi-ule m [3]ferrocenophane-l-one it IS 9” [3S] In [-I]ferrocenophane the rings 
are probably parallel, but the bridge LS rather short which considerably restricts 
Mg vlbratlons In [5]ferrocenophane the rmgs may wbrate about the CNS passing 
through the cyclopentadlenyl rmg centers and uon atom In this case the angle 
of devlatlon of each rmg carbon may be equal to or greater than 2x/5 Such 
wbratlons occur wtb bridge mverslon and this was Identfiied by us from than 
ges LII the IJC NhlR spectra [ 1,8] Temperature variation results in a change of 
conformer populations and m the Larlatlon of chemical shifts of the 2- and 
3-bridge carbon atoms vlbratmg in the nonhomogeneous deshleldlng field of 
the ferrocene fragment 

i\s can be seen from models one of the possible conformatlons of ferro- 
cenophaes with m 2 15 IS a structure wth part of the bndge lymg above the 
plane of one cyclopentadlenyl nng In reahzmg such a conformation the mtro- 
ductlon of a substkuent X mto one asymmetnc positIon of the bridge would 
produce two topologcal conforme& e g structures A and B (n > m) More- 
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f.4 (31 

over In [mlferrecenophanes with certam groups as substltuent X a transannular 
effect may be expected [27,41,42] [I e the effect, of the uon atom on group 
X (structure C)] The transannular effect should be most clearly pronounced m 

Fe -A’ 
I 

(C) 

ferrocenoDhanes with short bridges but Its appearance may also be expected 
m average and long bridged ferrocenes An example of the tron effect could be 
a discovery of Fe OH coordmatlon .n hydroxyl ferrocenophanes such as has 
been found m non brldged ferrocenes [-13,44] Get-tam Japanese authors have 
observed the effect of the iron atom In the carbene produced from [3] ferroceno 
phane-2-one [45] and stablhzatlon of the catIonIc center at the fl-posItion of 
the bridge w1t.h the ran atom m [ Ilferrocenophane [46] In both cases the 
through space transannular iron effect may be oronounced 

Results and dIscussion 

1, I’-Dlsubstltuted ferrocenes 
The heteroannular bls(w cyanoaLhq I)ferrocenes we used for the synthesis 

of ferrocenophanes were hltherto unknown with the exceptlon of l,l’-bt.s(cyano 
methyl)ferrocene (Ja) Thus was obtzuned by Sonoda and Monk-u [45] by the 
followmg scheme 

Fcd(COCH,): --c Fcd(COOH)z\-+ Fcd(COOCH& --t Fcd(CHIOH)z --f 

Fcd(CH&1)2 -+ Fcd(CH,CN), (Fed = C5H4FeCSH4) 

We used this same procedure for the synthesis of Ia 
l,l’-Bls(2cyanoethyl)ferrocene (Ib) had been isolated earlier by us m small 

quantltles from cyanoethylatlon of ferrocene [2] and cyclopentadlene with 
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TABLE 1 

PHYSICAL CONSTAhTS AND ANALYSES OF FERROCENES (C,HqR):Fe AND FERROCENOPHANES 

NO R or bridge hl P FOlXlUla Analyns found (caled ) (‘.%) 
(dec ) 
cc, C H N Fe 

lb 

lc 

Id 

le 

1Ia 

115 

ilC 

lid 

Ire 

IV 

IVa 

V 

VIP 

Vlb 

Vlc 

VII 

Y 

YI 

XII 

KII’ 

WV 

XVI 

-cH2CH:Crr. 69 

-_(CH*)$h 43 5-l-l 

-tcH2)5Ck 50 51 

-tcHz)~Ch 51 52 

-C(CN)=C(NH~)CH~- (250) 

-CH~C(CN)=C(NH~)CH~CH~- (218 220) 

Polymer Od 

-<CH~)~C(CN)~C(NH~)(CH~),- 140-142 

~cH2)hC(C~)=~(~~-)(~~2),- 108 112 

-CH(OhlCH:CN 

-CH(OH)CH2CV 
-CH(OC~H,)CH$W 
-CH(OH)CH+N 
-CH=CHCN 
~H=CHClrr(cti CLI) 

-CH=CHCN(cu Irons) 

-CH=CHCN(tronr trlrm) 

-CH:CH:CN (err ad trans 
-CH=CHCN rmxLure) 
-_(CH2)3CONH. 

-CO(CH:)aCl 

-CO(CH _)&I 

-KH~),Cl 

-GH:);CI 

-CH(CH~OCH$X3~CN 

YVLII +Cli~)&HKN)COUX+- 

XIX -fCH~),CO(CH~)~- 

YY -(CH*)7CO(CH*)r 

65 87 5 53 
(65 80) (5 48) 
67 21 6 32 

(67 51) (6 29) 
70 63 7 43 

(70 40) (7 52) 
72 80 8 41 

(72 22) (8 39) 
62 93 4 77 

(63 66) (4 58) 
66 06 5 67 

(65 80) (5 48) 
68 76 6 28 

(67 51) (6 39) 

i2 76 8 :I 
(72 22) (8 39) 

122 11-l C,hH,,,FeN.Oz 58 72 504 
(59 28) (4 98) 

Od 

011 

61 95 5 52 
ClsH-oFeN:Oz t61 33j (5 i2j 

62 Ii -I 60 
“al-FeN’o (62 76) (4 61) 

11-l C,6H,:FeNz 67 Oa- P 15 
(66 69) (4 20) 

78 CloH,2Fek- 66 80 4 25 
(66 69) (4 20) 

147 147 5 C,cH,2FeN2 66 36 -I 32 
(66 69) (3 20) 

C,~H,AFCN- 
66 85 5 23 

(66 23) (4 86) 
139 5 1105 ClgH24FeN O* 6059 6 45 

(60 68) 16 79) 
80 C:oH_,CI:FeO_ 56 80 595 

(56 75) (5 71) 
77 C~~H~$X~FeO~ 60 56 681 

(60 11) (6 74) 
011 C:oH~sCl~Fe 61 68 7 36 

(60 77) 17 13) 
Oil c~~H,&12Fe 65 44 8 05 

(65 30) (8 22) 
011 C_oHv.FeN:O* 62 75 6 31 

(63 17) (6 36) 
(73 77) C-bH35FeNO 72 50 8 Ii 

(72 05) (8 1-i) 
81 83 C., H-gFe0 71 56 8 03 

(71 59) (8 02) 
53 56 C:,H_f,FeO 73 60 8 92 

(73 53) (8 88) 
XXI -(cH3)&H(cN)(cH2)S7 == 51 52 C2&3;FeN 74 79 8 58 
.yxIl +c6+&(cN)=cH(cHq)7 t-v CzaH3,Feh (74 45) (8 89) 

(74 21, (8 45) 
-COC(CH &CN 14-l 5-146 C*oH-oFeN:O:! 63 94 5 58 

(63 84) (5 36) 
-CH=CHCOOC~H, 98 5-99 5 GoH~,FeO, 63 19 5 83 

(62 84) (5 80) 

9 4-l 19 61 
(9 59) (19 12) 
8 70 

(8 75) 
7 37 

(7 46) 
6 17 

(6 47) 
10 21 

(10 60) 
9 54 

( 9 59) 
9 09 

( 875) 
7 57 

( 7 46) 
6 4-l 

( 647) 
8 70 

( 86-l) 

9 15 
( 915) 

972 19 89 
( 972) (19 38) 

19 18 
(19 38) 
19 62 

(19 38) 
9 65 

( 965) 
7 79 

( i 86) 

1303 
(12 65) 

6 62 
( 737) 

3 22 
( 323) 

3 29 
( 334) 
( 340) 

7 36 
( 7 45) 

14 63 
(1462) - 
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subsequent treatment v&h FeC!, [3] These methods, however, are not pre- 
paratlve and thus we used another method for the synthesis of compound Ib 

In the synthesis of l,l’-bls(2-cyanoethyl)ferrocene we used heteroannular 
bls(cyanoacetyl)ferrocene (III) (Scheme 1) prepared by conden_wtlon [47] of 
dunethyl l,l’-ferrocenedIcarboxylate [45] Rrlth acetorutrlle Compound III 
was reduced w&h sodnun borohydrlde to the hydrouqtutrlle IV (physlcal con- 
stants and elemental analysis of all compounds obtained are shown m Table 1) 
A quantity of l-(1-ethoxy-2cyanoethyl) l’-( 1-hydroly 2cyanoethyl)ferrocene 
(IVa) was also isolated The structures of compounds IV and IVa were confumed 
by the IR, Pl’blR and mass spectra (see ExperImental) 

In the course of lsolatlon from the reactlon nu_--ture compound IV under 
went partlal dehydrat,on to give two Isomers of l-( 1-hydroxy-2-cyanoethyl)- 
l’(2cyanovmyl)ferrocene It 1s known that 1,l’ bls(1 hydrouyaU-.yl)ferrocenes 

SCHE!.lE 1 

(Iii) (IL’) (Iva) 

/ \ 
POCI,, HCI 

/ \ 
R \ 

QCH=CH,. 

Fe 

q$ Ck=CHCN 

Fe Fe 

(lb) 

are readily dehydrated by HCI to @ve bridged oxygen-contammg ferrocenes 
[l] The first step of dehydration 1s formatlon of the cr-ferrocenyl carbocatlon 
Its catloruc center then attacks the hydrosyl group mtramolecularly If the 
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SCHEME I? 

- C+.CH~CH~CN 
- [ ~CVW’] + 

m/c 292 m/e 174 

m/e 147 

By the a&on oE XI, on the dlcarbouyhc acid (\, III) the dlchlortde IX was 
obtamed, this compound was treated %wth ammonia without bemg isolated 
The dramlde X thus produced then afforded 1,1’-bls(3xyanopropyl)ferrocene 
(Ic) on heatmg to 130” In acetx anhydrlde (Scheme 3) The IR spectrum of X 
shows an mtense band at 1655 cm-’ (C=O) and further broad, Intense bands 

SCHEUE 3 

(a) tic) 
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at 3180 and 3385 cm-’ (NH,) The IR spectrum of compound Ic exixblts an 
mtense band at 2246 cm-’ (CN) 

l,l’-Bls( 5-cyanopentyI)ferrocene (Id) and 1 ,l’-bls( 7_cyanoheptyl)ferro- 
cene (Ie) were synthesized by the same method (Scheme 4) In the preparation 

Fe 
cIcoKl-~),_, Cl 

w 
AICI, 

CEili t-l=5 

XIV n=7) 

(id n=5 
en=71 

Znl-19 _ 
HCI 

ferrocene was acylated with the respective (w-chloroalkyl)carbonyl chloride to 
gxfe compounds XI and XII, these were then subJected to Clemmensen’s reduc- 
tion to eve the bls(w-chloroalkyl)ferrocenes XIII and XIV The reachon of 
XIII and XIV w&h KCN m ethanol or dunethyl sulfowde gave the respectwe 
mtnles Id and Ie 

Compounds XI, XII, Id and Ie are crystallme sobds whJe compounds 
XilI and XIV are orange colored OILS The IR spectrum of XI showed a ketone 
group absorphon at 1669 cm-’ (m KBr) In the spectrum of XII the ketone 
group band IS split If taken as KBr pellets (1661 and 1674 cm-‘), however, WI 
soluhon UI CCL. only one band, at 1678 cm-‘, appeared The mtrlle groups m 
compounds Ie and Id appeared as several broadened bands at 2255 and 2249 
cm-’ respectively The ‘H NMR spectra of these compounds are summarued 
m Table 2 

We also prepared the heteroannular ferrocene dmltnIe denvatlves vnth 
oxygen atoms m the cham Compound XVI (Scheme 5) was obtamed by cy- 
anoetbylahon of loI (obtamed by reduchon of dlacetylferrocene) WM% 
acryiomtie m the presence of KOH m dlosane The IR spectrum of tlus com- 
pound showed an mtense band at 2252 cm-’ (CN). Its structure was confumed 
by its ‘H NMR spectrum (Table 2) 

I 
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TABLE 2 

‘H NhlR SPECTRA OF FERROCENES (C,H4R)>Fe AhD FERROCENOPH 4NES (6 ppnba 

lb 
le 
Ilb 
lid 

IVa 

V 

VI.3 

VIC 

Vlla 

w 

-CH!CH~CN 
-tCH* ),CN 
-CH2(CN)=C(NH~)CHzCHz- 
_(CH2)~(CN)=C(NH2)(CH2)5- 

{ 
-CH(OH)CH~CN 
-CH(OC~HS)CH~CN 

I 
-CH”=CHbcN 
-CH(~H)CH~CN 
-CHa=CHbCN- rz* r1.s 
-CHa=CHbCh trams trons 

1 
-~H:CH~CN 
-CH”=CHbCN-rts 
-‘=OKH:)4CI 

WI -CO(CH~).CI 

Ylll +CH:),CI 

WV -_(CHw);CI 

YVI -CH’(CH:IOCH~CHkN 
YVlIl -fCH:)&H(Ch)CO(CH:),- 
‘II\ --<CH&CO(CH~)y 
Y\ --<CH,)$ZO(CH:)7 
AXI 

1 
-tcH,)&H(CN)(cH~k- 

YYll -<CH2)6C(CN)=CH(CH2)7- 
--COC(CH,)-Ch 
-CH”=CHbcooC~H, 

CHCIJ 

CS? 

CDCIJ 

CHCI3 

CHCIJ 

ACC~OOC 

GF6 
Acelone 

CcFo 

CHCI, 

CHCll 

cs: 

cs_. 

CHCIJ 
cs 
csv 
cs: 

cs: 

CHCIx 
CCIJ 

5 021 4 721 

3 84s 

3 80s 

.I 08s 
3 l36m 
3 89m 
3 83m 

3 88 

5 211 4 861 
4 421 4 34L 

2 30 Z? SOm(Haand Hb)(Jab 6 9 Hz) 

2 03 2 45m(8H) 1 19 1 63mt20H. CHz) 
2 5~s 3 05s (CH,) 
1 40 1 i3?m(CH,) 

1 32r(CzH,) 2 93tCHCH:1 

7 50df Ha) (Jab 15 7 Hz) 

6 87(Ha) 5 31d(Hb) (Jab 11 2 Hz) 
7 30dtH”) 5 73d(Hb) (Jab 16 -I HZ) 
2 50 2 90mfCH2CHv) 7 09d(Ha) 
5 33d(Hb) (J,,, 12 6 Hz) 
3 47 3 67mtCICH2 4H) 2 51 2 93 m(CH2 
4H) 167 205mtCH: 8H) 
3 88~ (CICH1, 4H) 2 J- 2 92mtCHz -1H). 
1 23 2 05mtCH: 16Fl) 
3 39rtCICH2 -lH) 2 05-2 JlzACH: 4H) 
1 17 192mfCHz 12H) 
3 45t(CICH? 4H) 2 05 2 45m(CH- 4H) 
1 11 1 97mfCHz 20H) 
4 30qtH’) 1 42dtHb) 2 42m(H=). 3 SOm(l+) 
1 20 2 93tCH:) 
1 12 199mtllH) 199 2 61m(8H CH2) 
1 13 1 89mtZOH) 2 C9 2 49m(8H CH-) 

2 04 2 -lBm(6H) 1 13 1 S-l(XH CH.) 

1 67(CH,) 
7 33d(H=) a 8s(Hb)(J,b 16 0 Hz) 1 291 
4 17q(C:H,) 

SCHEhlE 5 

Ferrocenophanes 
We found that under the action of a base, l,l’-bls( w-cyanoalkyl)ferrocenes 

cyclrze to the bndged denvatlves II Condensmg agents used were methylmagne- 
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snun lodlde [for cychzatlon of l,l’-brs(cyanomethyl)ferrocene] and sodium 
N-methylamhde (for cychzatlon of other nltrties) In both cases the reactIon 
was carried out In ether (Scheme 6) 

SCHEME 6 

Fe Fe 

(Ic n= 1 (13 ‘)=l,-l=3, 
bn=2 > .=2 7 =E., 
cl -=5 G r? =4,m =I’, 
e n=7) t il =-J,r-l E15) 

In the case of dmltrlles la and Ib the cychzatlon occtis wthout much 
dllutmg The Ruggh-Zwgler rule 122-251 of dllutlng should be applied In the 
cychzatlon of duutrks Id and Ie In these latter two cases the cychzatron reac 
~LJOO WAS warned out m a speed vessel The cycllzntlon was performed by rc 

fluxmg the reactlon mLvture imth the ethereal dm&rile solution bemg added 
slowly dropwlse to the solvent condensate However, even upon conslderable 
dllutlon the nllrfles Id and ie gave appreciable amounts of polymeric oroducts 

The duutie Ic (n = 3) z&forded traces of cycllzatlon products Generally 
this was the startmg compound Ic wth some quantity of polymer The low 
yield of the dn-utrde Ic cyclizaLlon product may be explamed by the fact that 
l,l’-bls(3cyanopropyl)ferrocene has a chain length correspondmg to the 
ahphatic duutnles which produce average srzed cycles ( Fig 1) m low yields 

We also farled to cychze 1.1’ bls[O-(2cyanoethyi) 1-hydrokyethyljferro 
cene (XVI) Heating an ethereal solution of XVI with sodium N-rrethylanllIde 
gave only a decyanoethylation Droduct XV, together with XVI Action of the 
base led to formation of the carbanron XVln which unhke the cases already 
mentloned decomposed wnth acrylonltnle ehmmatlon 

Duutrlle cyclrzatlon mvolves the mtermedlate formation of carbanlon 
R--CH-CN In l,l’-bls(cyanomethyi)ferrocene the amoruc center IS adjacent 
to the ferrocenyl fragment In spite of the fact that the ferrocenyl nucleus 
considerably stab&es the a-carbocatloruc center an example of a,cy-ferrocenyl 

Fa 1 Y,eld of cychc compound YS cycle drmeanons (a) dmWe c~chzalmn (b) ac,lom condensatma 
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SCHEME 7 

dlcarbanloq formation (by treatment of ferrocenylacetonltrlle with butyl- 
hthlum) has been reported [53,51] Treatment of ferrocenylacetorutrde with 
methylmagneslum chloride IS also known to afford a carbanlon which then 
attacks the second ferrocenylacetonltrlle molecule at the nItrIle group glvmg 
rise to a noncyclIc cyanenamme 3 ammo-2,&dtierrocenylcrotomtrlle [ 55,561 

Cycllzatlon of compounds I ylelded the respective cyanenammes (II) The 
light yellow, highly fusible, crystalline solids formed possess rather low solu 

billties in ether and are almost insoluble m he\ane Solublhty increases wllh 
mcreasmg bridge length m the series Ila < Ilb < IId < Ile, melting points 
decrease on going from !!a to IIe 

The samples of compound II for analysis and spectral measurements 
were Isolated by TLC on alumina and purlfled by crystalllzatlon The poor 
solublhty of compound Ila made chromatography unnecessary 

As has been noted already tFe dependence of [m] ferrocenophane yield 
on bridge length m the cychzatlon of dlnltrtles 1s at a mmlmum at m = 7 This 
mmlmum corresponds to the low yields of allcyclIc compounds with n = 9-13 
m the Thorpe-Zeg!er reaction (Fig 1) 

For sterlc reasons the CN and NH: groups m 2-ammo-1-cyano[3]ferro- 
cenophane should occupy cls-positions with respect to the double bond The 
crs-corlfrguratlon may also be assumed LO be retaIned tn the highest analogs 

A!1 cyanenamme denvatlves II show a band at 2180 2190 cm-’ m the IR 
spectrum due to the nltrlle group vlbratlon (Table 3) Such a low frequency 
(m the primary and secondary allphatlc nltrlles this band IS observed at 2240 
2260 cm-’ [ 571) may be evplamed by mutual con]ugahon of the rutie group 
v&h the double bond and the amino group 

TABLE 3 

lR DqTA FOR FR4GhlENT -C(Ch)=C(hH)2- OF jmlFERROCENOPH.~hES (u cm-’ hf3r) 

NO m c=c C=N NH* 

Ila 3 1556 3180 1651 3416 3348 32.l9 

Ilb 5 1592 2185 1655 3430 3345 31-50 

Ild II 1600 1,188 1616 3467 33-10 3249 

31-29 

lie 15 1596 2181 16-15 3:60 33-5 3218 

3228 
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The stretchmg mode of the ammo group appears as three mtense bands 
at 3200-3500 cm-’ (Kerr pellets) In the case of [ 1 l]- and [ 15 lferrocenophanes 
the band at 3250 cm-’ IS spht mto two hnes 3-Ammo-2,44tierrocenyIcroto- 
retie [55] showed four bands m KBr, but m CC., only two peaks were ob- 
served 1563 The presence of four bands m KBr may be evplamed by the 
exstence of hydrogen bonds m the sohd form We note that the spectra of 2- 
ammoanthraqumone and P-naphthylamme also had three bands In the 3ZOO- 
3500 cm-’ region which may be due to hydrogen bond formatlon between 
NH, groups [ 581. 

The spectra of all ferrocenophanec il showed two strong bands of nearly 
equal mtenslty at 1600-1650 cm- ’ Hammer and Hones [29] observed these 
bands at 1605 and 1645 cm-’ m the IR spectrum of l-ammo 2-cyanocyclopen 
tene-1 obtamed from adlponltnle They asslgned the fust of these bands to 
the double bond vlbratlon and the second to the NH, bending Howetier, Pauson 
and Toma [56] have assigned the band at 1635 cm-’ m the IR spectrum of 
3-ammo-2,4xIlferrocenylcrotomhlle to the bendmg mode of the double bond 

Compound !Id was deutented by shahmg its ether solution with a solu- 
bon of NaOD m DzO The IR spectrum of deuterated compourd II showed 
new bands at 2100-2600 cm-’ (Fig 2) due to the N-D vibrations, but the 
bands at 3450 and 1495 cm-’ appear as well 4ttentlon IS drawn to the change 
m relative mtensltles of the bands at 1600 and 1646 cm-’ On deuteratlon the 
rntenslty of the second band decreases somewhat which 1s m agreement with 
its assignment to the NH bendmg mode 

The low value of the C=C bendmg frequency In the spectrum of compound 
Ia IS worthy of note In general the value of o(C=C) increases with mcreasmg 
bndge length (Table 3) Ths may be euplamed by the decreasmg strrun m 
ferrocenophanes UI the order (m=) 3 > 5 > 11 > 15 In the case of cycloalba- 
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nes v(C=C) also mcreases with decreasmg stram m the series cyclobut.ene,cyclo- 
pentene,cyclohexene, cycloheptene, cyclooctene (1570,1615,1654,1650 and 
1664 cm-’ respectively) [ 591 Cyclopropene 1s an exceptIon m this series 
(1641 cm-‘) It may be expected that a decrease of double bond conJugatlon 
with the ferrocenyl fragment rn [3]ferrocenophane-l-ene should enhance 
u(C!=C) analogously to the case of aromatic compounds [60] but on gomg from 
vmylferrocene to [ 31 ferrocenophane-1-ene the value of u( C=C) mcreases (1635 
[61,62] and 1641 [45] cm-’ respectively) Probably m ths case a decrease UI 
conlugatlon [and thus an Increase m v(C=C) 1s dominant over the mcrease of 
stram [and thus a decrease m v(C=C)] Since the double bond m 2 amlno-l- 
cyano[ 3]ferrocenophane-1-ene (Ila) IS close to the iron atom, a dvect mterac- 
tlon between the iron atom and the double bond can not be excluded and this 
shows itself m the lower u(C=C) for this compound We also note a decrease in 
the absorption frequency of the antlsymmetrlc NH2 stretching modes from 
3416 for lla to 3467 and 3460 cm-’ for IId and lie respectively THIS Indicates 
hydrogen bond enhancement 

The IR spectra of ferrocenophanes obtained by cyckatlon or‘ l,l’-DIS(W- 
cyanoaIhyl)ferrocenes are thus m better agreement w*th the cyanenamme shut- 
fxu-e fI [-C(CN)=C(NH,)-_I than wrlth the lmme structure [-CH(CN)C(=NH)-_I 
assumed earlier for slmllar compounds [18-201 

The mass spech-a of ferrocenophanes II confum a monomeric structure 
and the most Intense peaks are due to the molecular ion All other peahs are 
Iess than 10% of the mtenslty of 111’ m the spectra of lld and IIe but It IS Inter- 
estmg that the spectrum of Ila exhlblts a rather strong peaL at m/e 237 (14% 
of M+) correspondmg to [M - HCN]’ In the spectrum of IIb the Ion [M - HCN]’ 
has a much lower rntenslty (-I% o f 81’) while In the spectra of IId and IIe the 
corresponding lntensltles are weab llb shows a farlv Intense peak at m/e 277 
(M’ - NH) It may be assumed that in ferrocenophanes with short bridges (lla 
and lib) the uon atom exerts influence over the functional groups in the bridge 
and this alters the fragmentation pattern on going from IIa and llb to lld and 
IIe The mass spectra of ferrocenophanes 11 are described m the ExperImental 
section The ‘H NMR spectra of ferrocenophanes IIb and IId are described in 
Table 2 

Ferrocenophanes Ild and lle are converted to XVII and XVIiI on being 
shahen wth dilute H,SO, (Scheme 8) Compounds XV11 and XVIiI could not 
be purlfled by chromatography on alumma because of the presence of the 
acidic hydrogen atom m -CO--CH(CN)- Similar labtie hydrogen atoms in 
cyanoketone III may be substituted by methyl groups upon refluxmg an al- 
kaline solution of Ill m alcohol with CHJ This affords the fully methylated 
l,l’-bs(dunethylcyanoacetyl)ferrocene 

Cyanoketones XVII and XVIII afford ketones XIX and YX on refltimg 
unth concentrated HCI/CH,COOH Heating llc bvlth 50% H,SOJ (analogously 
to the syntheses of ahcychc ketones m the preparation of catenanes [ 351) com- 
pletely destroys the ferrocene nucleus Refluxmg IIc m a HCI/CH,COOH mix- 
ture gave large quanhtles of decomposltlon products Ketones XIX and XX 
were isolated by TLC on alumma 

The ketone carbonyl absorptlons m the IR spectra of ketones XIX and 
XX are shown m Table 4 As a comparison Table 4 also shows the u(C0) values 
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SCHEME 8 

Eae &SO_ 

TABLE 4 

IR D3TA FOR SOME KETOhES 

Compound 

Cycloburanone 
CYClOPeottUXOoe 

Crdobcs=ooe 

c, clol?Cptanone 

CYdoocranone 

cYclononxlooe 

Cyciodeunone 

Csxlouod-one 
Cydododecauone 

Cyclolnd-one 

Cycloletradecanone 
CydopcnUdecaoone 
DldecyikcLone 
XCtXOUC 

f3I Ferroceoopb.tnc2ooe 

[al Ferrocenoph;in-Z-one 
[ 51 Ferrocenopbaa 3-ooe 
[IIIF- ePDpbUl-6-ooe 
1151 Ferrocenophan+one 

SOILPIt 

Liquid 
Llqwd 
CCLi 
Llqrud 
CCL. 
Llqtud 
cc13 
Llquld 
CCk 
Lxwtd 
CClc 
Ltquld 
ccl., 
Lwwud 
Ltqund 
cc14 
Lwluld 
ccl_$ 
CCL 
ccl-z 
CCI: 
cc14 
hlulol 
cc14 

NW101 
KBr 
hBr 
CC4 

u(C=0) cm-’ Rel 
- 

1775 6-I 
1740 6.l 
1751 65 
li10 64 
1718 65 
1699 66 
Ii06 65 
1692 26 
1704 65 
1698 26 
1703 65 
1694 26 
1705 65 
Ii00 26 
1697 26 
1713 65 
1707 26 
1713 65 
1714 65 
1715 65 
1718 6-i 
132-t 67 
1690 45 
Ii03 63 
1706 68 
1698 69 
1712 LI 
1710 0 
1712 a 



for ahcychc ketones and the other ferrocenophanones Attenfton may be ’ 
drawn to the low values m the cases of [ 3]ferrocenophan-2-one, [ 41 ferroceno- 
phanS-one and [ 51 ferrocenophan-3-one A slm&r decrease of Y(CO) m the 
spectra of cychc ketones with rmg sizes of between 7 and 12 urut.s has been 
explamed by transarmular InteractIon of each C=O group Lvlth the opposite 
ahcychc methylene group [ 41,421 The strained bridge m [ 31 ferrocenophan- 
2-one should enhance v(C0) (analogously to the value 1775 for cyclobutanone, as 
agamst 1715 cm-’ m cyclopentadecanone), however, the CO group m the IR 
spectrum of this compound appears only at 1690 cm-’ The posslbtilty that 
this 1s a result of the iron d electron InteractIon with carbonyl n-electrons [63] 
has not been ehmmated The carbonyl absorption m macrocychc ferrocenophanes 
XIX and XX appears m the regon specrflc to open-cham and macrocychc he- 
tones (1710-1712 cm-‘) 

In the ‘H NMR spectra of ferrocenophanes XIX and XX the cyclopen- 
tadlenyl rmg protons appear In the form of close multlplets at 3 8-3 9 ppm 
(Fig 3) typical of an AA’BB’ system and resemblmg the one ohs=+\red tn the 

I I I I 

d (FFdCO 30 :0 1') 

Fig 3 The IH NNR specka ol (a) compounds YIY and (b) compound Yx 



spectrum of [5]ferrocenophane [S] In the spectra of l,l’d~alhyl derlvatlves 
Ie, XIII and XIV these protons gve nse to smglets The methylene protons 
m X1X and XX appear as cornpIe_-- multlpiets at 1 l-2 0 and 2 O-2 5 ppm The 
relatnfe area of the downfIeld multlplet IS equivalent to 8 protons It probably 
mcludes the methylene protons adlacent to the carbonyl group and the cyclopen 
tadlenyl rmg m the ferrocene fragment [ 701 We note the dtiference m multi- 
plet patterns of the CH2 groups m the spectra of XIX and XX 

The spectra of 1,l’dlalkylferrocenes contammg functIonal groups (XIII 
and XIV) also contam multlplets at 2 O-2 5 ppm The area of this slgnal II-I the 
rutie denvatlve 1s equivalent to 8 protons which could be assigned to the four 
methylene groups adjacent to the ferrocene nucleus and the mtnle groups In 
the spectra of the w-chloroalhyl derivatives of XIII and XIV the CH&I protons 
are still downfleld (3 4 ppm) 

We recorded the “C Nhl R spectrum of [ 151 ferrocenophan&one (XX) 
at -70 and +25” (Fig 4) It can be seen from Table 5 that such temperature 
changes may conslderably alter the spectrum of XX, the molecules of which 
exhlblt certam conformatlonal fleulb&ty Athlgh temperatures the C(2,5) and 
C(3,4) signals shdt downfleld, the shtit bemg greater In the case of the C(2,5) 
sbg This may serve as evidence that the bridge methylene groups are closer 
to the a-carbons of ferrocene cyclopentad~enyls The bndge a-carbon signals 
occur at 41-42 ppm (with respect to the carbonyl group) which 1s m good agree- 
ment with the data on cycloalkanes (Table 5) At the higher temperature the 
212 ppm carbonyl IS shifted upfield The bridge methylene C(p)-C(q) signals 
appear at 23-30 ppm, the upfleld stnglet at 23 ppm being due to carbons adJacent 
tc the ferrocene moiety C(q) Other C(,C)-C($) signals occw m the narrow 
range of 27-30 ppm This range IS shlfted downfield of the cycloalkanone me- 
thylene sqq~& (23-25 ppm) which should confum that all methylene groups 
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TABLE 5 

t’C NMR SPECTRA (6 pfxn l-MS INTERNAL REFERENCE)‘= 

Compound Temp Substtuent CvcloPcotaduxlYI 

VC) Mgs 
c=o Co Other YIslalS 

C(1) C(2 5)C(3 4) 

[ 151 Ferrocenophan -70 212 6 J10 290 28i 27 4 27 -l 27 4 229 890 67 3 66 3 
8 one +25 211 8 42 0 30 0 29 3 28 6 28 4 28 J 239 89 8 688 670 

Cyclooclaoe Rtb 36 1 16 1 
Cyclooctanoae= Rt 2159 -ll 2 26 8 25 1 (4 and C7) 2: 3 (C,) 
C>clodecane Rl 25 3 25 3 
C\clodecanone RI 212 -1 41 3 246 24 5 229(C, c7 q,,:!r-icc,, 
Cyclododecaoe Rt 23 5 23 5 
C)clododecanone RL 205 7 39 8 22 2 24 4 24 3 23 ~(CJ C,) 

a Solvent for I151 ferrocenophan S-one CH$I, wl\ent for other hetones CS2 b R t room temperature c Data 
for ahc~chc ketones are from ref 77 

are located quite close to the iron atom and vnthln the deshlelded area of the 
ferrocenyl moiety Two alternative conformations are possible for compound 
XX In structure \)\ya some of the bridge methylene groups are located away 

from the ferrocene moiety Structure XSb IS more probable wth the bndge 
tolled about the ferrocene fragment In this form all methylene groups are fzurly 
close to the iron atom and essentially deshlelded by the ferrocenyl fra_gment In 
such a case an ~on-carbonyl mteractlon may be assumed Temperature mcrease 
enhances the cyclopentadlenyl nngvlbrahons This brmgs the methylene groups 
nearer the uon atom and they are thus further deshlelded by the ferrocel,yl group 
[ 81 At the same tune, the change of temperature should affect the uon-carbonyl 
mteractlon and the carbonyl orlentatlon In the ferrocene magnetic field The 
actual conformatlon of compound XS may be an lntermedlate between SXa 
and XXb 

The mass spectrum of [ 151 ferrocenophan-8 one has its most mtense mole- 
cular Ion fragment at m/e 408 In the spectra of aliphatic ketones, however, the 
AI’ Ion IS not the most intense signal 171,721 In compound XX peaks at m/e 
406 (M’ - Hz), 380 (92’ - CO), 378 (M’ - CO - Hz) are also present although 
they are less Intense than the d1’ peak 

Clemmensen reduction of ketomtrlle XVIII ylelded a yellow crystalhne 
sohd (after TLC on alumma) havmg two strong ion fragments at m/e 419 and 
417 It may be assumed that a mwture of mtnles XXI and XXII has formed, 
XXI being the carbonyl to-methylene reduction product, and compound XXII 



berg the dehydration product of carbonyl XXIIa We ftied to separate XXI and 
XXII by TLC on alL.mma 

The ‘IC NMR spectrum* of the carbonyl reduction product of XVIII rec- 
orded at 24 8-33 1 ppm showed 21 s~gnaIs due to bridge carbon atoms with 
several supenmposed lines Four signals appear at 66 6 68 5 ppm which may bedue 
to the cyclopentadlenyl ferrocerle carbon atoms [ 6-12,73-751 Probably the 
s~grtaIs at 68 5 and 66 8 ppm are due to the cyclopentadlenyl a and G carbon 
atoms respectively of one compound, whereas the Ilnes at 68 3 and 66 6 ppm 
result from the second compound The s~gnak at 121 1 and 134 8 ppm may 
be assigned to the double bond carbon atoms The same repon shows two less 
mtense signals at 120 6 zmd 122 3 ppm which could be due to the nltrde carbon 
atoms We note that new srgnals appear at 120-135 ppm at -80” m CH,CI, How- 
ever the IR spectrum of the XVIII reduction product exhibited only the band 
at 2239 cm-’ (CN), probably being an overlap of two rutrile modes In XXI and 
XXII 

Expenmental 

IR spectra were taken on a UR-20 mstrument ‘H NiilR spectra were record 
ed on Perkxn-Elmer R-12 and R-20 (60 MHz) and Bruher HAY-90 (90 MHz) 
spectrometers 13C NMR spectra were taken on a Bruker H_Y 90 (22 635 MHz) 
utstrument lWass spectra were recorded on an MX-1303 spectrometer and 
electronic spectra were regstered on an Hitachi EPS 3T spectrometer 

i,I’-Brs(l-hydrory-2-cyunoethyl)ferrocene (IV) 
2 0 g of NaBHa was gradually added to a solution of 2 0 g (0 0063 mole) 

of bls(cyanoacetyl)ferrocene (III) [47] m 100 ml of 95% ethanol and 50 mi of 
ethyl bromide, at 40” The mixture was stured at 10” under argon for 1 h T’le 
solvent was then removed In vacua and the residue treated with dtlute HCI and 
extracted with CH,Cl. The organic part was washed with water and dried over 
Na.S04 The solvent was removed m vacua 1 7 g (82%) of compound IV, yellow 
crystals, was obtamed (from chloroform) IR spectrum 195 s, 518 s, 830 s. 
850 s, 1033 s, 1075 s, 1118 s, 1600 1800 m, 2262 s, 2940 m, 3100 m, 3400 s 
(br) cm-’ 

1.1’~&s(2-cyanovrnyl)feffocene (VI) 
1 9 g (0 05 mole) of N&H, was added very gradually toasolutlon of 2 Og 

(0 0063 mole) of l,l’-bls(cyanoacetyl)ferrocene (III) m 200 ml of 95% ethanol 
The mlvture was stured at 50” under argon for 1 5 h and the solvent removed 
m vacua The residue was treated with dilute HCI and extracted with CH,CI. 
The orgamc part. was washed with water and dried over Na,SO, The solvent 
was evaporated in vacua and the residue chromatographed on an alumma column 
(chloroform hevane (l/l) as elutmg agent) An orange OLI (1 4 g) of compounds 
IV and IVa (pure samples were obtamed by TLC on deactivated alumina) and 
the parhal dehydration products of IV were obtamed 

-- 
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l-( I-Ethoxy-Zcyanoethyl) l’-( I-hydrouy 2-cyanoethyl)ferrocene (IVa) was 
obtamed as a yellow 011 IR spectrum -I98 m, 510 m, 670 w, 765 s, 841 m, 
900 w, 950 w, 1030 m, 1090 s, 1219 m, 1290 w, 1333 m, 1420 m, 1600- 
1800 m, 2261 m, 2900 m, 2938 m , 2983 s, 3100 w, 3450 m (br) cm-’ Mass 
spectrum, m/e (1%) 353 (15), 352 (48)M’, 350 (9), 334 (9)M+ -H:O, 312 (21), 
311 (55)M+--CH,CN, 306 (9)M+--CzH,OH, 294 (9)M’-CH(OH)CN, 288 (9)M’- 
Hz0 - C:H,OH, 271(24), 266 (30), 265 (24), 2-13 (24), 202 (55), 195 (48), 
191(21), 173 (loo), 159 (24), 149 (36), 122 (21), 121(2?7), 120 (58), 107 (36) 

A solution of 4 5 g of the orange 011 obtalned above and 0 5 ml of POCI, 
m 175 ml of CH.C12 was reflmxeti for 2 h The mlkture was washed wlLh water, 
Nn2COj solution, water, and dried over Na,SOA The solvent, was evaponted m 
vacua Chromatography of the residue on an alumina column (benzene acetone 
20/l) gave compound VI as three isomers (3 5 g of orange 011) The Isomers 
were separated by TLC (benzene acetone 20/l) 

l-(1 Hydro+y 2-cyanoethyl) I’-(tratzs 2 c>anoutnyl)ferrocene (V) 
A solution of 0 3 g of IV rn 100 ml of ether was shaken for 15 min with 

25 ml of 15% HCI SnCI: was added to the aaueous layer and the latter extracted 
with ether The ethereal layer was washed with Nater, NaXO, solution, water 
and dried over Na SO.. The ether was evaporated In vacua The mixture of 
compounds Via, Vlb, VIc and V was separated on an alumina column The 
Isomers of VI were eluted with benzene acetone (20/l) Compound V, an or- 
ange red 011 (0 15 g, 53%), was eluted with ether IP spectrum -I75 s, 510 s, 
752 m, 830 s, 900 w, 960 m, 1029 s, 1055 s, 1067 s, 1189 w, 1200 w, 1258 m, 
1275 m, 1295 m, 1335 w, 1355 m, 1375 m, 1390 m, 1410 m, 1461 m, 
1612 s, 2215 s, 2252 m, 2930 w, 3090 m, 33-10 s (br) cm-’ 

l,I’-B&-3-cyanoethyl)ferrocetze (Ib) 
(a) Platinum dioxide (obtained by heating a mL?.ture of 0 5 g of H:PtCI,, 

5 g of NaNO, and 2 ml of water) was added to a solution of 3 0 g (0 01 mole) 
of the mature of Isomers VI In 200 ml of absolute etl-anol The mixture was 
shakeq under hydrogen for 7 h The solution was fdtered from platinum and 
the solvent removed In vacua The residue bias dissolved In benzene Qumone 
was added to the solution and the ml-xture extracted with dilute HCI The 
aqueous extracts were combmed anti washed with benzene SnCI. was added 
to the aqueous layer and the mLxture extracted wth benzene The benzene 
layer was extracted with water, NaHCO, solution, water and drred over NaTSO 
The benzene solvent was evaporated u-i vacua and the residue chromato,Praphed 
on an alumina column Compound Ib was eluted with ether, 0 2 g (7%) of 
yellow crystals being obtaned (hekane ether 3/l) IR spectrum 479 m, 493 s, 
506 s, 722 w, 768 w, 830 s, 848 m, 892 w, 921 w, 945 w, 1030 m, 1048 s, 
1159 w, 1235 m, 1340 s, 1430 m, 1450 m, 1478 w, 1600-1800 m, 2251 s, 
2870 w, 2935 m, 3090 w cm-’ 

(b) Palladium black was prepared by the method descrlbed m ref 79 
The preparation of tetrahne and catalyst activation are described m ref 80 

Palladium black (from 0 5 g of PdCI.) was added to a solution of 0 5 g 
(0 002 mole) of VI (Isomer mature) m 15 ml of tetraline The solution was 
refltixed under argon for 4 h Tbe mLvture was cooled to room temperature and 
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the palladium filtered off After addltlon of qumone the soltulon was eutrac- 
ted with 10% HCI The aqueous phase was washed with benzene, treated with 
SnCl? and extracted wth benzene The benzene solution was washed with 
water, NaHCO, solution, water, and dried over Na.SO, The solution was con- 
centrated m vacua and placed on an alumma column 0 11 g (22%) of lb was 
eluted with ether 

If the palladium black\ used was not freshly prepared, compound VI 1s 
partially reduced to a mL\ture of Isomers VI1 which ma) be separated by TLC 
on alumma 

IR spectrum of the CLS isomer of 1-(2cyanovlnyl) 1’ (2 cyanoethyl)ferro- 
cene (VIIa) 485 s, 195 s, 512 s, 580 w, 750 w, 770 w, 816 m, 837 s, 976 m 
1037 s, 1056 s, 1240 w, 1252 w, 1266 w, 1295 w, 1343 w, 1380 w, 1400 w, 
1430 m. 1450 m, 1466 m, 1619 s, 1600-1800 m, 2221 s, 2255 m, 2865 m, 
2930 m, 3110 w cm-’ 

IR spectrum of the trans Isomer of 1 (2 cyanovlnyl)-l’-(%cynnoethyl)- 
ferrocene (VIIb) 482 s, 493 s, 512 s, 582 m, 750 m, 770 m, 816 m, 836 s, 
846 s, 925 m, 938 m, 1035 s, 1055 s, 1240 w, 1255 m, 12iO w, 1280 m, 
1295 w, 1341 m, 1378 m, 1400 m, 1429 m, 1449 s, 1462 m, 1618 s, 1630- 
1820 w, 2219 s, 2254 m, 2865 w, 2930 m, 3100 m cm-’ 

1.1’ Bts(3-curbox ypropyl)ferrocene dlnmlde (X) 
A mL_ture of 2 15 g (0 006 mole) of l,l’-bls(3 carbo\ypropyl)ferrocene 

[52], 1 05 ml (0 012 mole) of PCI, and 100 ml of absolute benzene was heated 
at 60” for 2 5 h The solvent was evaporated m vacua The residue was dissolved 
m 100 ml of absolute ether and the resultrng solution was added dropwlse to 
100 ml of llquld ammonm The ammonia was then evaporated and the residue 
which was msoluble In ether was washed repeatedly with ltater and dried 
1 5 g of X (70%) was obtamed and was purtiled by crystalhzatlon from dloxane 
IR spectrum 484 m, 502 m, 517 m, 607 m, 692 m, 800 m, 812 s, 841 m, 
863 w, 892 w, 928 w, 990 w, 1018 m, 1032 m, 1043 m. 1112 m, 1148 m, 
1189m,1195m,1230m,1283m,1303m,1347m,1360m,1414s,1438s, 
1655 s, 2852 m, 2870 m, 2930 m, 2947 m, 3175 s, 3355 s, 3384 s cm-’ 

l,i’Bu(3-cyanopropyl)ferrocene (Ic) 
A mL_ture of 0 8 g (0 0022 mole) of compound X and 16 ml of acetic 

anhydrlde was heated at 130” for 1 5 h The excess acek anhydrIde was evapo- 
rated UI vacua and the residue dissolved In CH,CI. and chromatographed on 
alumma (petroleum ether acetone 4/l) 0 41 g (55%) of Ic was Isolated Recrys- 
talllzatlon from hexane gave yellow crystals IR spectrum 187 s, 493 s, 502 m, 
682 w, 739 m, 794 m, 822 s, 840 S, 860 m, 907 m, 936 m, 1019 s, 1033 m, 
1052s,1228m,1317s,1364m,1395m,1417m,1437m,1462m,2246s, 
2850 m, 2818 s, 2838 s, 2956 m, 3084 m cm-’ 

l,I’-Bls(5-chlorovaleryI)ferrocene (XI) 
26 6 g of AICI, was added dropwise to a solution of 31 g of 5chloro- 

Valery1 chloride [81,82] In 200 ml of dlchloroethane A solution of 18 6 g 
(0 1 mole) of ferrocene m 150 ml of dlchloroethane has then added to the mLy- 
ture at 0” durmg 5 mm The reaction mLvture was stu-red under argon at 20” 
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for 8 h and left standing overmght The resultmg mLvture was poured mto 
300 ml of a water-Ice mt-ture The aqueous layer was extracted with dlchlo- 
roethane The organic extracts were combmed, washed wth Ltaater, NaHCOs 
solution, water, and dried over Na,SOJ The solvent was evaporated In vacua 
and the residue was crystallrzed from CH,Cl*-hekane (l/3) 21 g (52%) of crude 
XI was obtained Recrystalhzatlon from heLane gave yellow crystals IR spec 
trum 182 w, 500 m, 520 w, 535 w, 550 m, 615 m, 710 w, 730 w, 753 w, 
765 w, 790 w, 835 m, 889 m, 973 w, 1025 %t, 1050 w, 1070 w, 1088 m, 
1230 s, 1255 m, 1280 w, 1300 w, 1340 w, 1350 m, 1105 m, 1452 s, 1670 S, 
2870 w, 2590 w, 2950 m, 3120 w cm-’ 

I ,1 -Bls(5-chloropenl~~l)ferrocene (XIII) 
Fi mixture of 4 0 g (0 0095 mole) of compound XI, 10 ml of concentrated 

HCI, 20 ml of water and 10 ml of dloxane was refluxed for 6 h with 15 g of 
Zn/Hg The solution was cooled and extracted \\lth benzene and the organic 
phase was washed wtth water and drred over Na.SO_ Benzene was evaporated 
In vacua and the residue was chromatographed on an alumma column Com- 
pound XIII a yellow orange 011 (1 5 g, 37%), was eluted bmth petroleum ether 
Tile -sample was purlf!ed by TLC IR spectrum 490 m, 520 m, 535 w, 650 m, 
725 m, 805 m, 821 s, 850 w, 900 w, 1040 s, 1222 w, 1255 w, 1300 m, 1341 w, 
1365 w, 1392 w, 1440 s, 1460 s, 1600-1800 w, 2555 s, 2S30 s, 3OS5 m cm-’ 

I,I’ Bis(5cyanopentyl)ferrocene (Id) 
A solution of 1 0 g (0 0025 mole) of XIII and 1 0 g of KCN In 120 ml of 

95% ethanol was refluked for 40 h The solvent was evacuated, the residue 
dissolved m benzene and the benzene layer washed with water and dried over 
ha SO, Benzene was removed m vacua and the residue was chromatosaphed 
on an alumina column (petroleum ether acetone -l/l) The order of elutlon was 
as follows mltml XIII (0 1 g), l-(5 chloropentyl)-l’-(5 cyanopentyl)ferrocene 
(0 2 g) and compound Id (0 4 g, 42%) (yellow crystals obtalned from hekane) 
IR spectrum 500 m, 820 s, 920 m, 1020 m, 1470 s, 1600-1800 w, 2255 m, 
2860 s, 2915 s, 2935 s cm-’ 

I I’ BK( 7 chlorolreptanoyl)ferrocene (X/I) 
26 6 g of AlCl was gradually added to 36 6 g of 7chloroheptanoyl 

chloride [83] m 200 ml of dlchloroethane A solution of 18 6 g (0 1 mole) of 
ferrocene In 200 ml of drchloroethane was added to the mLxtu.re durtng 10 
mm The resulting mL\ture was stu-red under argon at 20” for 10 h and left to 
stand overnIght The mL\ture was then poured Into 300 ml of ICY water and 
the aqueous layer was extracted with dlchloroethane The orgamc extracts 
were combmed, washed with water, NaHCO, solution, water, and dried over 
Na,SO, The solvent was evaporated In vacua and the residue crystalhzed from 
a mature of dlchloroethane and heptane (l/2) 30 g (62%) of compound XII 
(red-brown powder) was obtamed Recrystalhzatlon from heptane gave red- 
brown crystals IR spectrum 500 m, 535 w, 550 w, 645 m, 715 m, 720 m, 
740 m, 755 m, 815 w, 828 m, 840 m, 890 m, 925 w, 975 m, 1030 m, 1062 s, 
1095m,1211 w,1230s,1262s,1292m,1349m,1380s,1395m,1450s, 
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1466 s, 1660 s, 16i4 s, 2S60 m, 2890 w, 2930 s, 3090 w, 3120 w cm-’ IR 
spectrum in CCI, 1679 cm-’ 

1.1’ Bls(S~hloroi~eptyl)ferrocene (xiv) 
A mL\ture of 9 6 g (0 02 mole) of compound XII, 50 ml of concentrated 

HCI, 20 ml of water and -IO ml of CH,COOH was refluyed rblth 30 g Zn/Hg for 
20 h The resulting mL\ture was e\tncted with benzene TI*e benzene layer 
\\ashed wth water, dried over Na-SO, and evaporated in vacua The residue 
was chromatographed oq an alumina column Compound XIV (red Ilqutd) was 
eluted with petroleum ether (S 3 g, 94%) The product waa purlfled by crysbll~ 
zatlon from pentane at -7s’ IR spectrum 490 s, 650 s, 722 s, SO5 s, S20 s, 
920 w, 1020 s, 1038 s, 1100 L\, 1225 m, 1300 m, 1310 w, 1360 w, 1140 s, 
1460 s, 1600-1800 w, 2855 s, 2930 s, 3090 m cm-’ 

I I’-Brs( i-cyanoheptvl)ferrocene (1~) 

X mature of S 0 g (0 01s mole) of compound XIV, -I 0 g; of hCik and 
130 ml of dimethyl suLfox!de was refllLxed under argon for 3 h After cooling, 
the resultmg mLxture was poured Into 500 ml of water and the aqueous layer 
was extracted with chloroform The chloroform layer was washed with water, 
drred over k-SO_ and the solvent evaporated In vacua The residue was 
chromatographed on an alumina column (petroleum ether acetone -l/l) The 
order of elutlng was compound XIV, 1 (7chloroheptyl) 1’ (7-cyanoheptyl) 
ferrocene and finally compound Ie (2 5 g, 34%) as yellow crystals obtnmed 
from hexane IR spectrum -I65 s, 505 m, 720 m, S20 s, 1020 m, 1040 m, 
1420 m, 1465 s, 1600-1SOO it, 2260 m, 2855 s, 2920 s cm-’ 

l,i’-Bls(O (2 cyanoethyl) 1 hydroryethyl] ferrocene (XL/i) 
2 1 g (0 04 mole) of acrylonltrtle was added dropwise to a mL\ture of 

1 1 g (0 00-l mole) of 1,l’ bls(1 hydroxyethyl)ferrocene, 0 11 g of KOH and 
50 ml of dloxane The mL\ture was stu-red for -1 h and then the solvent was 
evaporated In vacua The residue was washed with water, dlssotved rn benzene 
and dried over Na SO.. Benzene was removed In vacua 1 2 g (7Sc5) of XVI, 
an orange red 011, was obtained and purified by freezing at -iS” from heune 

%?mrno I cyano/3/ferrocenoplran 1 -ene (Ila) 
A solution of CH,\lgl (prepared by d!ssolvlng 0 05 g of hlg and 0 12 ml 

of CH,I In 10 ml of ether) 1~~3s added durmg 2 h to a refluxed solution of 
0 53 g (0 002 moie) of compound Ia In 50 ml of ether The mL\ture was 
refluaed for 0 5 h and 25 ml of water and 20 ml of dilute HCI were then added 
The sold \\ hlch preclpltnted was washed wlth ether and recrystalltzed from 
heuane-CH,CI, (l/l) 0 1 g of Ila (yellow crystals) was obtiuned hlass spectrum 
m/e (1%) 265 (24), 264 (loo), 262 (lo), 237 (14), M’-HCN, 224 (lo), 222(2-l) 
201(20), 202 (go), 201(2S), 200 (is), 199(52), 19s (36), 13-I (24), 131 (is), 

130(24), 118(24), 117(60), 106(28), 105(40),92(72),91(60),57(30), 
56(1S), 55(14) 

3- 4 mm0 3_cvano(5]ferrocenophan 2ene (/lb) 
Sodium (0 O-2 g, 0 002 mole) was dispersed m decallne and the solvent 
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then replaced by absolute ether (10 ml) A solution of 0 1 ml of styreneand 
0 3 ml of N methyiamlme m -IO ml of ether was added to the suspension and 
the resultant solution was stured for 0 5 h 9 solutlor, of 0 2 g (0 001 mole) 
of Ib m 60 ml of ether was added at 40” to the mL\tlure during 2 h The mLuture 
was reflexed for 5 h After cooimg, 100 ml of water was added and the aqueous 
layer was extracted wth CH,CI, The extracts were combined with the ethereal 
lnqer, dried over Nn,SO, and the solvent evaporated In vacua The residue was 
chromatographed on alumina plates (benzene acetone 20/l) 0 1 g of unreacted 
lb and 0 05gof IIb (25%) were obtaned Crystalllzatlon from CH,C12-hexane 
(l/2) gave compound IIb (as light yellow leaves) Rlass, /n/e (I?) spectrum 
293 (25), 292 (loo), 290 (ll), 277 (15) 11 -NH, 265 (1)M -HCN, 21-l (19), 
213 (9), 212 (13) 187 (3-i), lS5 (lo), 146 (13) 134 (19), 131 (16) 93 (TO), 
7’; (32), 57 (26), 56 (16). 55 (16) 

/I I JF~rrocenophan 6 one ( Yl U) 
4 solution of 2 3 g (0 006 mole) of compound Id In -100 ml of ether was 

added m 21 h to a solution of sodium N methvlandtde (obtamed from 0 8 gof 
sodwm, and ewess N-methylamlme and styrene m 600 ml of absolute ether) and 
refluked m ether under qgon Compound Id was added to the refiux via 
a condenser The mature was then refluxed for a further 5 h 200 ml of 
water ocldlfled with HCI was added to the mL\ture The ethereal layer \ias 
lrashed with water. dried over ha SO_ and the solvent evanonted In kacuo 

A sample of the residue obtalned was purlfled by TLC on alumma 
(heptine acetone 3/l) Compound Ild 1ta.s Isolated as yellok% crystals (from 
CH CI. hexane l/S) hlass spectrum m/e, I(=G) 37i (30), 376 (loo), 374 (9), 
297 (3), 216 (lo), 201 (lA), 135 (13), 131(13), 121 (la), 93 (67), 57 (1!2), 
56 (12), 55 (12) 

T!le remainder of the residue after etller evaporation WBS dissolved In 
100 ml of benzene This solution was shaken wth 700 ml of 40% H,SOJ for 
2 h SnCI, was added to the solution and the aqueous layer was extracted with 
benzene The organic phase was itasiled with water, dried over Nn2SOJ, and 
the benzene evaporated 1 4 g (61q) of crude \\‘I1 was obtalned 

Compound XVII 1%~ heated at 70” with 50 ml of CH,COOH, 50 ml of 
HCI and 2 g of SnCl for 2 Ii The mL\ture was poured onto Ice and the aqueous 
layer was extracted with chloroform The organic phase was washed wlth water, 
NaHCO, solution, water, and dried over NnSO, The chloroform was eva 
porated and the residue purlfled by TLC on alumina (heptane acetone 5/l) 
Compound YI?( was Isolated as yellow orange crystals (0 1 g) IR spectrum 
475 s, 505 m, SO8 s, 833 w, 922 w, 1020 m, 1057 s, 1110 w, 1130 w, 1160 w, 
1230w,1255w,1365m,1440m,1~62s,16001S00w,1712s 286Os, 
2933 s, 3090 w cm-’ 

0 07 g of compound IId was deuterated by dtssolvmg m 30 mi of ether 
and shaking the solution with 50 mi of 0 05 g of sodium m D,O for 3 h The 
ethereal layer was separated, dried over ILn2SOq, and the solvent evaporated 
The deuterated Ild was obtalned by crystalltzatlon from CHKi,-hexane (l/2) 

7 Cyano(lS Jferrocenophan-g-one (X Vlil) 
A solution of 2 4 g of Ie m 300 ml of ether was added under ether refluung 
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for 18 h m argon to the solution of sodium N-methylanlhde (prepared from 
0 8 g of sodium and excess N-methylanllme and styrene In 500 ml of absolute 
ether) The resultant mlsture was reflexed for 3 h 200 ml of water acIdfiled urlth 
HCI was added The ethereal layer was washed with water, dried over NazSOa 
and the ether evaporated m vacua 

A sample of the residue was purlfled by TLC on alumma (hepbnencetone 
3/l) Crystalhzatlon from the mL\ture of CH,CI, hevane (l/3) gave IIe as 
yellow crystal.5 Mass spectrum, m/e (1%) 133 (37), 432 (loo), 430 (lo), 
419 (5), 417 (S), 353 (5) 

The rest of the restdue after ether evapontton was dissolved rn 100 ml of 
benzene and shaken with 200 ml of 50% H,SO, for 2 h SnCl: was added to 
ttle solbtlon and the aqueous layer was extracted with benzene The orgamc 
phase was washed with water, NaHCO, solution, water and dned over Na:SO, 
iifter benzene evaporation 1 4 g (59%) of compound XVIII was obkuned 
(yellow crystals, from hexane) IR spectrum 485 s, 810 s, 840 m, 1022 m, 
1040 m, 1052 w, 1370 m, 1400 m, 1438 m, 1468 s, 1720 s, 2255 w, 2855 s, 
2920 s,3090 w cm-’ 

_ 

[lS/Ferrocenophan-8-one (XX) 
A mature of 0 5 g of compound XVIII, 20 ml of CH,COOH and 30 ml 

of HCI was refluved for 2 h After coohng, the mLx?rture was poured mto 
100 ml of water. SnCI, was added and the aqueous layer was extracted with 
chloroform The chloroform solution was washed with water, NaHCO, solu 
tlon, water and dried over Na,SO, The solvent was evaporated m vacua The 
residue was purlfled by TLC on alumma (heptane-acetone 5/l) 0 3 g of X\ 
was obhmed (yellow-range crystals from hexane) IR spectrum 482 s, 520 m, 
710 w, 721 w, 810 s, 841 m, 921 w, 1010 w, 1020 w, 1029 m, 1038 s, 1058 w, 
1130 m, 1225 w, 1257 m, 1320 w, 1370 m, 1415 s, 1437 m, 1467 s, 1600 
1800 w, 1710 s, 2855 s, 2920 s, 3075 w, 3100 w cm-’ Mass spectrum, m/e 
{I%) 409 (32), 408 (loo), 406 (11). 380 (2), 378 (l), 350 (2), 329 (3), 327 (2), 
296 (4), 253 (3), 251 (21,239 (S), 226 (51, 216 (51, 213 (51,212 (51, 211 (5), 
200 (6) 

Reductton of 7 cyano[ IS/ ferrocenophan-8-one 
A mLvture of 1 0 g of compound XVIII, 50 ml of CH,COOH and 50 ml 

of HCI was reflexed with 25 g of Zn/Hg for 5 h The reactlon mixture was 
poured mto 300 of water, SnC1? was added and the aqueous layer extracted 
with chloroform The chloroform solution was washed with water, NaHCO, 
solution, water and dried over Na-SO, The chloroform was evaoorated In 
vacua, the residue purlfled by TLC on alumma (petroleum ether acetone 5/l) 
Crystalhzat~on from pentane at -78” gave an 011 whxh slowly crystallized, It 
was probably a mL\ture of XXI and XXII 

Dry HCI gas was passed for 3 h through a suspension of 3 7 g (0 01 mole) 
of l,l’-bls(cyanoacetyl)ferrocene in 100 ml of absolute ethanol The resultant 
mLvture was poured Into 200 ml of water and the solution obtamed was ek- 
tracted vvlth CH2C12 The organrc phase was washed tvlth water, NnHC03 solu- 
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tlon, water and dned over NaIS04 After evaporating the solvent 3 6 g of crude 
l,l’-bu(carboethouyacetyl)ferrocene was obtamed This was reduced to the 
alol wlthout purlflcatlon 1 0 g of NaBH, was added dropwlse to a solution of 
the l,l’-bls(carboethouyacetyl)ferrocene obtamed m 50 ml of 95% ethanol 
The mlvture was sttrred at 50’ for 1 h The ethanol was evaporated In vacua 
and the residue treated with dilute HCI and dissolved In CH,CI, (500 ml) 
0 5 ml of POCI, was added to the resultant solution The mtiture was refluxed 
for 0 5 h The solution was washed with water, NaHCO, solution, water and 
dried over Na.?SOJ The solvent was evaporated m vacua 0 55 g (46%) of crude 
l,l’-b~(2carboethoq~~nyl)ferrocene was obtalned (Lbrown crystals from 
hexane) 1R spectrum 497 5,566 m, 639 w, 730 m, 765 m, 822 m, 848 m, 
874 m, 963 s, 1035 s, 1043 s, 1164 s, 1191 s, 1245 s, 1302 s, 1365 s, 1397 m, 
1478 m, 1637 s, 1721 s, 2901 m, 2933 m, 3078 m, 3088 m cm-’ 

1,l’ Bls(drmethylcyanoacetyl)ferrocene 
A solution of 0 12 g of sodium In 70 ml of ethanol was added durmg 

0 5 h to a solution of 0 S g (0 0025 mole) of 1,l’ bls(cyanoacetyl)ferocene in 
200 ml of etknol The mt_--ture was refluked for 1 h 20 ml of CHJ U-I 30 ml 
of ethanol was added durmg 1 h to the resultant solution at 30” and the mL\- 
ture was refluaed for 2 h After evapotatlng the solvent the residue was crystal- 
bzed from hevane chloroform (5/l) 0 72 g (Sl%) of 1,l’ bis(dlmethylcyano- 
acetyl)ferrocene was obtained (red crystals) IR spectrum -I8S s, 50-I m, 
514 m. ‘166 m, SO0 w, S40 s, 853 m, 850 s, 900 w, 990 m, 1040 m, 1070 s, 
1OSS w, llS0 w, 1215 w, 1280 s, 1375 m, 1380 s, 1390 m, 1109 w, lJ50 s, 
1465 s, 1673 s, 2241 m, 28S0 w, 29-18 m, 2983 m. 3009 w, 3114 m, 3189 m 
cm-’ 
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