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Diferrlxenykyckpropenone (1) and tbc trifetTocenyl- 
cyclopropenium ion (2) were recently syntMzed’ with a 
view toward tdiziag and studying the l&et of feITocene 
substitnentS as Stab&& group!3 in the cyckpropenons 
and cycw riq~ systems. The mtionak under- 
lyingthisapproachwa.sbasedonacombinatknoftbe 
nnWkabk. stability of a-ferrocenylcarbenium ioIlS and 
the potentiaJ stabilization of tbc %romatic” but higidy 
strained 2&C ring systems of 1 and 2 by ekctron- 
donating sub~tituents. In the event, it turned out that the 
fWocene substituellt doeS indeed strongly Stab& these 
ring systems, as exemplitkd. for cxampk, in the very 
l&# vake of the ~K,E+ of 2 (> lo).’ in the present work, 
a %NMKspectroscopicstudyof1and2andotthe 
&ted l-ferrocenyl-2.3diphenykyclopropenium ion (3) 
~ll&ltakCtl.The”CNMKtDCt&dprovideSa~ 
quantitative (rektive to ‘H NMK) and r&abk e&mate 
of the r-&c&on charipe density dktriiutioa in the 
remaimkr of the mokcuk. ‘% NMK studk~ of tbc 
individual components of 1-3, viz, a-ferrocenykar- 
benium &MIS in acidic nu&- cyckpropenium ions,t” 
cyc~~~a*‘a’l and ferroceW,lz have recentJy 
b=nteporte& 

RtfnJLTa 
The “C NMK pammeterS of several neutral 1,2,3- 

~e~ykyck~ (4, X- H, CN, or OCH,) 
Served as a model for the inmrpMatioa of the spectra of 
l-3. Cm 4 were prepared by appropriate 
nuckophilic attack on tBFc In these compouods, in 
which the co- of the cyckpropenium ion haS 
been destroyed by introdu&n of an MitionaJ sub 
stituent at c-3, the ferWxne carbooS apJkar over a 
relatively narrow ran@: 69.8-70.2 ppm for cz, c, and CI, 
and 66.M7.8 for ct. Tbeile vakes deviate only Slightly 
~rn~~~~~~n~~~f~ 

cene (68.Oppm). It appear!4 therefore, that the cyclo- 
propem rin8 does not exert a signi6cant effect on the 
ferrocene carbons attached at the ‘*sp2’* or “sp”’ car- 
bons;.Aswiuk:setn,thisisfarfnwtrueincompoumfs 
1-3. 

The proton-decoupkd “CT spectrum of 1 consisted of 
Six tines, a~~o&ed with the six nonequivalent C atoms 
(Tabk 1). The lMsignmcnt of qlWtenWy cartxW3 (Cl, 
C~C, 6) wan based not only on model systems (see below) 
but on the very tWblcod intensity of their f&u& nktive 
to the proton&a&g carbonS (C2, G, C& arising from 
thckIlgAXatkntimeSctWlWifyassociatedwitJltJk 
qlla&rWy carbons: c, is readiJy aSsigned aS the 
resonance at 65.2ppm. since the quarternary carbon of 
fWrWx!nM bea+ ~~~~~ groups 
genemny appear in the range Sl-79ppm.’ The two 
remaining reSonanceS at 144.9 and 352.2ppm are aMi&- 
ned a~ 6 and 6, respectively, by anakgy to dipbenyl- 
cyckpropenone (5) in which the conesponding CJ and 
6 resonanceS appear at 148.4 sod 155.8ppm, respec- 
tively.‘O The u$Wd &lift of c!, and 6 in 1 relative to 5 is 
as&a&d with the greater ekctron-supplyit~ power of 
the ferrocene group relative to pbanyl and 6nds parallel 
in the abservation that both types of cyclopropeW riqjJ 
carbon in ~~~cyc~~ (4a) resonate at 
hi#&rtkJdthatthecomxpondingcarbonsoftripbGnyE 
cyckpmpene (6). The as!3i@lmentS of c, and 6 in 1 are 
ako con&tent with those in other cyclopropenooes.‘~” 

The a~si&nmentS of the remaining carbons, i.e. 70.8 for 
G, 71.8 for Q, and 49.9 for C!, are based upon known 
tmambii ami@nent~ of the ‘H NMK SW8 for Hz, 
J+ and J+ of 1,’ comb&d with off-ree~~~~~, decoup- 
~~e~~~~w~h cor@ate tJje C and H NMK 

. compmkon. SrmiIar off-resonance 
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Tabk 1. ‘C NMR rpccba of cycbpropmm ad cycbpropcnium ions 

CosorPd Cl c2 5 =4 cs '6 5mo cortb SotA L 

1 65.2' 7O.P 71.6C 60.Bd 144.# 152.2* 

2 59.5. 7s.e ,w 77.1' 71.sf 147.e 

3 56.2 76.6 w 80.1 'IS.2 148.6. 120.7 US.6 lSl.6 136.0 
156.2 

J 148.4 155.6 124.0 151.5 129.4 132.7 

6 1S4.0 119.2 11.0 13O.J ls8.S 

P.,lTOW8O: 66.0 

BalrmN 128.7 

hltiplicitiu of the ptutoo-amp106 "C m spectra 1ia.s: *ringlet, b6o&t, 176.6 lb. =6wb1ot. 176.5 I&. 

d60ublat, 177.6 Hz. ‘bb1.t. 181.4 IIs. 'dollalr, 110.4 HZ. 

expclioleota 00 fernnxnecarbo xaldehyde 0 gave the 
foUowing unambiguous crssigmneots: Cl, 79.5; Cn, 69.6; 
G, 73.1; C., 69.6 ppm (see Discussion).“‘“” 

nffe7?vcaly&lop” pedlomte (2) 
ThesimpkS-Iine’Cspedrumof2wasaasigdoo 

theaamep&ipksuaedininte#pretatiooofthespec- 
bum of 1 (Table 1). Weak signaIm at 59.5 and 147.8 ppm 
were a!dgned to qutemary carbona c, ad CI, respcc- 
tively. The assignmeot of Cs is suppod by previous . . 

tammboo that the 3-membered ring carbons of 
zphenYkYcI0propenillm ion (8) aDd tI?e Iloam 
cyclopfopenium ion (9) appear at 154.0 ad 175.oppm, 
respectively.‘o ‘lbe rekvant chemical shifta in the 
didhylrurocen 
155.1 (C,) ppm. 

JkdllYl cation 10 are loo.1 (Cl) and 

It was posaiik to as@ the “C resonance of 2 at 
71.5ppm unamb$musIy to C by an off-reno~~~cc 
dccoupIinlJ experiment. Aasipnmeot of c1 ad c, 
presented some di&uItks, however, in vkw of the fact 
thatH~andH,havealmoatideoticaI’HNMRcbemid 
shifts’ and calmot be asaignd lmamb&dy. Two 
dterMtive.a cutlId be codered for th “C aasi@meot.9: 
(a) CI at 73.7 ad C3 at 77.1 ppm, or coavc.dy, (b) G at 
77.1 and c, at 73.7. A decision betwocn thau? aIter-. 
natives may be made by appIy& Neameyarmv’r COT- 
rektioos between the “C NMR shkIdio@ of fenDcuBe 
derivativerl ad their benzeQe aMhJ@KS (d&Fe- 
dSH4x VI C&x).‘” Tile Mecning of the CI and c, 
oucki in the fe frocenecQmpotdwaafolmdtocQf- 
dte#atkf~ywiththe Mxee&gofthec~amt 
c, nuclei napedively, of un! benzene derivatives, 
andDottocolreIateataIIwithtllecorrerpondingC~ 
oucki.~ Intbecaaeof&tbecrpprogriatebelKcne 
adogucis&forwhichtbe&iekl@ofcar,aMlc, 
relative to benzeae m&AC, O=bC- (E)- 
GH6F5.3 ppm 
&(-&,_10 m u b wA&$ff&g 

oftbeporvlSarbootmoreprolKmncedthanthatoftbe 
ado-carbon, favors a&native (a) for which AM- 
6c~2Mc1oHIoptll= 5.7 ad AC4 - i%(Z)- 
8GHde)l~ 9.1, ratba than aItendve (b); for which 
A&=9.1 and AC,-5.7ppm. A simikr tread, though 
smaIkrinmagnit&,waaobaervedwiththecycb 
pmpenone derivatives 1 ad s: AC,,,,&)-2.8 ad 
AC,(S)-4.0~ VI A&(1)-2.8 and AC,(l)= 
3.8ppm. Meed, the absorptiws of C, and CS in 1, 

aasig~~%I aa dcacribed above, do 8t Nemeyaoov's cor- 
nIatio0 line-s. 

Femcen~hen~cyciq~ tettrz&ombomte (3) 
The protoodecoupkd “C BpcctNm of 3 exhii the 

expected lines for the ten types of c atom9 (four pbeoyl, 
four ferroceoyl and two cycbpropenium ring) in 3 
CTabk1).AsaigMRntsintbecaseof3were&?dupoa 
principkaaIrauIyu8edioassignmentoftbespectraof1 
aad2,andbydirectaaalogkswiththespectraof2adS. 

QuMenuycarbonsC,andCc,exhibitdwcaksi& 
MIS at 56.2 and 119.1 ppm respectively. Quantenury 
carbons 5 and 5’ exhibii sigda io the cyclopropenium 
carbooregiooat148.6aad1S6.2ppm.Itistempt&to 
asa@ 8148.6ppm to C, and 8156.2ppm to C, by 
adogy with spectrum of 2 ad 8 (G(2) = 147.8 ppm 
and 8C&l) = 154.0 ppm). Such an assignment would in- 
dkatethatthee&tofsingkferrocen yl group of 3 in 
Modking the avaikbk positive charge ir unpuabk 
to the c4Ynwpoe effect of each of the three rer- 
roceoyl group of 2. An adysis of tbe chemicd shifta of 
CI. c1 and c, (oidc i&I) does not suppolt this coo- 
cbuiin. The bw &Id nBoluKc at 156.2ppm ia more 
IikeIyduetoC~andthehigh6eIdreaonanceat 148.6ppm 
to c,. The aaclignmeot is am!3i3teat with the fact that the 
ktterre6onanceiatheIargerofthetwo. 

Adgnment of Cn, c, and c, wen ml& in routine 
fa&ion.TheIargeatpc&intbcsp&rumiaat731ppm 
andiscedaidyaaao&edwithCci.e.theunnubstitutcd 
cycbpeotadknyI ring. CI and c, are assigned to the 
reeouances at 76.6 and 80.3ppm, respectively. The 
revaae amigmueota seem very unlikely, given the cor- 
respondiag adgnmenta of CI ad c, in the spectrum of 
2 (dde supm). A.a&lmeot of ca#o, c, and c, ill 
made in straightfonvfd fashion to tbe re8onaacea at 
135.9, 131.6 and 138.Oppm. respectively. The chemical 
ahifta of compounda l-3 are summa&d in Tabk 1. 
to@herwiththecorrespondiogdatafor5aDd& 

The pfece&@ aas~of the spectra of l-3 
pcf&s~in~oofthespFftraintcxma~fthe 

kdzabon m tbeae species. For coavemeace. 
thefoIIowingdiecu8siooisol@zedacudingtothe 
variouatypesofcarbonsinthe3-memberedriagsadthe 
ferroceoyl system, using the numbering system &own in 
tbe ill-. 
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The ttbmption of Cs in 1 is at somewhat higher field 
than the corresponding absorptions of unsubstituted 
~yclopfopcnom (155.1 ppm) and many other cycle- 
propenones. ‘0~’ In 5, this resonance is at 155.8 and has 
beeointerpretedasassociatedwithadegreeofcnhanced 
polari&ioo of the carbonyl group relative to, e.g. 
acetone, to the extent that the dipolar (“aromatic? 
cyclopropenium oxide form 11 makes a contribution to 
the ground state of the molecule.” By extension of this 
reasonia&thedegreeofchargeseparatiooin1mustbe 
even greater than in S. The di8erence in chemical shifts 
between 6 in 1 and 5 is rather small but real (3.6ppm), 
though not as large as in &diisopropylaminocyclo- 
propeoone (21.8 ppm) and diethoxycyclopropenone 
(18.4 ppm).” It is likely that cyclopropenones do have an 
enhanced cootriioo of charge separation as in 11, but 
thismaynotbeamsjoreffcct.TobeyhaJarOuedthatthe 
relatively high dipole moments exhibited by cycle- 
propenones, or&ally attributed to a high contribution 
of cyclopropenium oxide structure 11, are rather asso- 
ciated with that in ordinary ketones, but spread over a 
larger distnnce because conjugation of the CO with the 
Imembered ring shifts the center of positive charge into 
the Imembered ring.” On the other hand, and X-ray 
crystallographic inves * b@on of 5, in conjugation with 
CNDO/2 cakulatioos,’ suggests that there is some 
cyclopropenium ion character in the cyclopropeoone 
ring, and to this extent the ferrocene groups ought to be 
able to stabilize 11 more effectively. as observed. 

The “C nsonance position of cyclopropenium ring 
carbons is very sensitive to substitueots. as the 2l.u ppm 
dilIereoce between 8 aml9 demonstrates.‘o Iotroductioo 
of OMe atul dimethylamine substitueots results in even 
greater shielding of the ring carbons.‘o Any conchtsioos 
drawn from comparisons involving G should be viewed 
with caution. The following point is, however, worthy of 
note. 8CJ (3) is substantially deshielded relative to 8G 
(2), while SC,, (3) is shielded relative to SC5 (8). This 
may suggest the enhanced polariMio0 of the positive 
charge in the Imembered ring of 3, from CY towards CJ. 

Tberesonancesofc~,c,aadc4in13anellshiftad 
downlkld relative to ferrocene. IO each compound the 
desbielding is the smallest at C4: Xl(l) = 1.9, SCA2) = 
3.5, and 8Cl3) = 5.2 ppm (Table 1). In 1, the effect is 
similar to that in 7 [g&(7’) = 1.6 ppm] and many other 
substituted ferrocenes.” However, 8C4 is signi8cantIy 
larger in 2 and 3, implying a sign&ant d&calixarion of 
fhc positioc chage into the mmote u;UubstitUd 5- 
ma&red w. such long-range delocalix&o may shed 
light 00 the cootroversy cooceming the otigin of the 
unusually potent stab&&loo of the c&n&m ions by 
adjacent Mallocenes.” 7&e lvle of the metal may be to 
provide a con&t for tmnrmissbn of the positive change 
hto the YluybstituILd ring. It has been s4lggcsti that the 
positive charge for a-ferroceoykarbenium ion is 
effectively &local&d throt@W the entire ferroceoyl 
system, iucluding the unsubstituted ring.~.” The 
enhanced &bility of a-mtalloceoyl km? has 
beeoaariitoaoioteractionbctweeooccupiaimetal 
orbital3 sod ao electron deficient center via the cyclo- 
peotadienyl ring system.” The previously reported 
down8eld shifts of the resonances of cx, c, and c4 in 
a-metalbceoykarbenium ions have all been obtamed in 
moderately or strongly acidic media,- (e.g. 
tritI_ acid, sulpluuic acid). Under such circum- 
stances. the meMoceoyl systems undergo two kiuds of 
interactionswithtbe_acidicmedia,vlxa-Hbondingin 

which the cyclopeotadieoyl ring is the electron donor and, 
in the most strongly protic solvents, metal protonatioo.9 
For comparison, in ferrocene, 6C(CDC13) = 68.0ppm 
while G”C(BIQH&) = 78.0 ppm,” and SnFe(CDCl~) = 
0 while g%$BF,.Hfl) = - 1099 ppm.” The effect of 
the acidic media is indeed rellected in the “C NMB 
chemical shifts of 2: in trilktoroacetic acid, the 
resonances of C,, C, C, and C4 appear at 61.70,75.09, 
79.00 arul 73.4Oppm. respectively. IO the a-ferroceoyl- 
carbenium ions. the deshielding of the carbon resonances 
shoukl therefore be attributai, to a certain extent, to the 
effects of the acidic media and their complexatioo with 
the metallocene substrate. By contrast, the 13C NMB 
chemicalshiftsof2aud3couldbeobtainedindi- 
chloromethane or chloroform. The comparison with 
neutral ferrocenes is justilIed, so that the observed 
downfield shifts of C4 as well as C3 are a true reflection 
of the effective positive charge de-0 over the 
entire metalloceoyl unit 

Cz and C3 are deshielded to a greater extent than CL 
A&(1)=2.8 and AC3(l)= 3.8ppm; A&(Z)= 5.7 ad 
A&(2)=9.1 ppm; and ACd3) =8.6 and A&(3)= 
12.3 ppm. For comparison, A&(7) = 1.6 and A&(7) = 

I 5.1 ppm; AG(FcCN) = 2.5 and ACJFcCN) = 3.5 ppm (or 
Vice vrna). The ma@etic anisouopy of the substiMeot 
cootriites to the screening of Cp of a substituted ferro 
cene, and hence the measured chemical shifts may not be 
sign&ant as an indicator of the charge of these nuclei. 
On the other haud, C3 is unalIected by the anisotropic 
effect of the substitueot, and ‘% parameters related to 
this position may be used to assess the ekctrondeosity 
distriitioo at this position remote from the sub 
sequent ‘_ The strong deshielding at C3 (9.1 in 2 and 
123ppm in 3) indicates a substantial delocalizatioa of 
the positive charge of the Imembered ring into the 
S-membered ring, in agreement with the weaker 
deshielding of C3 relative to 8 or even 1 (de sup& The 
corresponding dcshieIding of c, in a-ferroceoylcar- 
benium ions is greater (25.6ppm in 10): However, in 2 
three ferrocene groups share the unit positive charge, so 
the anticipated deshielding should only be one-third of 
than in species such as 10, as observed. Even if the 
assignmeot of Cx and C3 in 2 is reversed, the deshielding 
of C3 would be substantial. Attention should also be 
drawn to the downfield shift of 5.3ppm of C3 in 2 
relative to 1. This is the best measure in the “C NMR 
data of the superior delocalizatioa of positive charge into 
the ferrocenyl moiety in 2 as compared with cyclo- 
propenoue 1. The downfield shift of Cx and C3 in 1 
dative to ferrocene, show, however, that a smaU but 
teal amount of positive charge is indeed delocalized into 
theferrocene~inspeciesl,asal~oybeconcluded 
from the ‘% shifts of C3 and 6 (ddc supm). It ‘may be 
noted that the electric dipoIe moment of 1 (5.37D)’ is 
only slightIy higluu than that of S (S&ID). It was pre- 
viously concluded that this evidence and also the ‘H 
NMB data did not demonstrate any substantial dis- 
placement of the (modest) positive charge 00 the 3- 
membered ring of 1 into the ferroceoyl groups.’ 10 view 
of tbe ‘% NMR data 00 c, and also cs and C6 (aide 
supm) thh c4nkchbo must uow be mod&d somewhat 
The cunudative ‘% NMB evidence points toward some 
cootriio from dipolar suucune 11 in tk ground 
state. It is not clear whether, however, there is any 
sign&ant deloadixatioo of positive charge in 1 into the 
unsubstiMaI cyclopeotdeoyl rings. Even if there were, 
it need not necessarily cootrii to an enhancement of 
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the overall dipok moment of the molecuk. I&al, since 
the dipole moment is an overall global property of the 
mow, this effect may even reduce it, depending 011 
the exact geometry taken up by the fenucena groups. 

The comparison between the “C NMR signals of the 
remotecarbonsof2and3isimpressive.Tbedeshielding 
of C, and C4 is signithntly greater ia 3 than in 2 
[AC,(j) = 123 ppm vs AC,(Z) = 9.1 ppm; Ac13) = 
5.2~ VI AC,(Z) = 3.5 ppm]. On tbc otbcr hand, 
C,(3) is sot deshi&kd at all comparal with C&El. 
Itappeamtbattheferroccnylsubditueatiu3cMiesthe 
lJeavkstshareofthebadofdehalixatioIloftbcposi- 
tivecbargeinthering.(This&ctisalsoexemplihdby 
the larger pKr of 3 relative to 8, 5.4 VI 3.1). ‘he ‘% 
NMR data on 3 demonstrate unequivocally substantial 
delocahth of tbc positive charge into the ferfocenyl 
group. 

Inordertoobtainacrudeestimateoftheextrar- 
charge dclocahth in the remote ferroccnyl carbons 
(C, and C4) of 2 (relative to ferrocene), the simple 
Spksecke and Schneider nlationsbipH 

&=- 159.5p + 288.5 

may be applied to the comqolnling “C chemical shifts. 

4a, X=H 5 
b. X=CN 
c, X-cm% 

‘flms, Ap(GM2) = pC(ferrocene) - &r(Z) = 0.06 and 
A&d(2) - pC(fuTocene) - /G(2) = 0.02. (of course, 
the absolute values of p have no signilhmce~. However, 
iaeacllf errocenylgro4lpof2tbl?rearetwoc~positions 
and 5ve c, positions, so the Ep(C,M2)=0.12 while 
Zp(tLM2) = 0.10. FUthmofG APGwmM~) = 
pC&cnxcne) -dp(C-M8) = 0.06, but only one porn 
position is available in each pbcayl group of 8. Thus. (a) 
the total extra positive r-charge on the uasubstituted 
cyclopentadienyl rings in 2 is actually comparable to that 
at the C3 positions, and (b) both the C, and C4 values 
anmi&rably exceed the currupondiqt charge on C, 
io 8. Similarly, A&M3) = 0.08 and A&M3) = 0.03, aad 
A&C-M3)=0.06. Including the sWishal correction 
for dilhiag auohs of C!, and C4 ad C, sites, 
t&)(3) = 0.16, E&4)(3) = 0.15 ad Lp(C,M3) = 
O.l2Thos,itcanbeseenthat(a)aswithZtbeCaadC, 
sitesof3shetethechargeplmost~~Y,and(b)tbe 
singlefcrroc8ttauoitcaniesagreaterffactionofthe 
chafgethandotheotbertwophenylgrou$acombin$. 

Oneoftkemoststrikhgobservationsiatbespectraof 
13 arc tbc unusual high 5&i shifts of the substituted 
(Cl) carbon atoms relative to a variety of ferrocene 
derivatives.” even those canyine electron-w&drawing 
substitucnts, e.g. f erroceaecarboxaldebyde (7) (Tabk 2). 

6 
4 

3 

FeCHO 

II 

Fcm FW 

I2 13 
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Thus, AC,(l) I- SC,(l) - SCG&Pe)l = - 2.8 ppm, 
and ACr(2) = - 8.8 ppm, whik aG(7) = + 11.3 ppm. The 
e&t is even more pronounced in j: AC@) = II.8 ppm. 
The positive value of ACicI), as mentioned above, is 
representative of ferrocenes bearing ekctror&thdraw- 
ing substituents. Howevet, it may be aoted that ethynyl- 
fcrrocene (12) ami cyanoferrocene (13) represent excep 
tions to this generality: AC, is - 4.5 and - 16.6 ppm for 12 
and 13, respectively. In these derivatives the substituent 
sp~~~~y~~~~C,~a~d~of 
‘Ls-c~ than all other derivatives. It is the 8reater 
ckctronegativity of this sp carbon which is probably 
respon&k for the upfield shift of Cr in 12 and 13. An 
analogous effect may be responsible for the unusual 
shklding of C, in 1, 2 and 3. ‘Ric hyphen of the 
three-membered ring carbons in these species must, like 
many other strained small-ring substances, be such that 
the exocylic bonds have a high degr@ of s-character, 
~~~k~t~ibk~~~~~~~ 
the simple relationship (%s= Ji&_&) often used for 
this purpose, since this rehltionship” works well only for 
&mating the hydr&ation in strained hydrocarbons, 
and is not valid for char8aI and polar systems.” A 
simiiarup&fdshiftofc1,in3,ssnd8oughttobe 
expected if the c&ct on C, arises from the unusual . . * dbr&ahon of the cyclopropenium and cycle 
~penone rings, and indeed is observed: AChul(3)= 
- 8.0, AC,,,&) = - 4.7 and AC&) = - 9.5 ppm (Tabk 
I). It should be noted that C, in other a-ferrocen& 
carbenium ions does not exhibit this uplield shift, 
thought this comparison should perhaps be taken with a 
8rain of salt, since the reported spectra of a-ferrocenyl- 
carbenium ions have all been measured in acidic media, 
in which a-hydrogen comg+$xation and/or protonation 
on iron may have occurred (t&G rupm). Surprisingly, 
compound 2 showed in tri6uoroacetic acid an uplkld 
shift of NT,,, larger than those of all other carbons. The 
aekctrons in l-3 must also exert an irdhtence. To 
paraphrase Nesmeyanov,‘* the sign of the shift of C, is 
opposite to that which could be expected on the basis of 
the simpkst concepts, taking account only of the (I- 
inductive and mesomerk effect of the substituents. It 
shouMbenotadthat,inconbssttothe’%NMRspectra, 
the ‘H NMR spectra of 1 and 7 closely resemble each 
other. The shift of Hz in 1 to lower lkld was attributed 
mainly to the anisotropy of the cyclopropenone system, 

~clud~ the diama8netic dippy of the CO group.’ 
The above analysis indiis that 7 is not a suitabk 
model for the ‘“C NMR shifts of C, in l-3. 

TheunusuallyhighshieldingatC,in1,2and3ntaybe 
due in part to mix& of the f&d non-bonding d,’ orbital 
of iron with the empty a-antiinding orbital of the 
“fulvene” mokty.” In this connection, it may be notal 
that an X-ray structure determination of ferrocenyl- 
dipbcnykyckpropcttium tcttdtot& (3-BFd showed 
~~C,-Fe~~k~at l.~Ais~s~stof~ 
C-Fe bond distances in the ion.= An altar&e explana- 
tion for the unusual lrckctron charge distriitkn at Ct 
of l-3 can be postulatal. It is based on similar obser- 
vations for mono-substituted ferrocenes with conjugated 
~1~~~~~ groups.‘* For 2 the relative charqe 
distriition can be represented qualitatively as shown in 
14a in Fig. I. In unsaturated systems ekctronk effects 
may be transmitted in three ways. The u-inductive effect 
is ckarly in contradktkn of the observed shkldin8 of 
Cr. However, a x-resonaace effect, indicWd as ful- 
vcnoid resomm~ contriition 14L1 in Fe. 1, could ac- 
count for part of the observed shielding. The third effect, 
a &nductive effect could also afford stabii to this 
system by p&&&ion of the Ir-system in the observed 
manner. This &nductive effect has been observed for 
numerals monosubatitcd bcnzenesz’ and the cor- 
rcspondillg monosubtitutcd ferrocelK?s.‘” 

It is interestin8 to note that the central C atom (Co) of 
cation 15 also resonates at quite hI# field (68.6ppm), 

Fc 

Table 2 “C NMR shifts of cattwns in sdsthkd ferrocenes mlative to ferroccne’ 

% Ac2 % AC4 

lb -2.0 2.6 3.8 1.9 

Yb -8.5 5.1 9.1 3.5 

*b 3 -11.8 6.6 123 5.2 

FC00$= 10.9 -1.2 d.9 0.5 

FcC2JgC 22.9 -0.6 -1.0 0.S 

FCC& lo.a 0.8 4.4 0.6 

F&r ai(12)C -4.4 3.3 0.4 1.7 

FcCs N(lSf -16.5 s.s 2.5 2.2 

%C,, = dtniuf diift of C,, - 68.0 pi 

bTbi~wrk. = uaf. 12a 
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in- a high ekdron density at this poaition.p The 
relation of this obaawtion to that unusual shklding of 
c, in 1-3 ia not obviou.¶, howevex. 

The novelty of tbc cyclopropenium subtitlwnt in 2 and 
3ismanifestalinthecombidollofthecbemicalahifta 
of the various carbon nuclei CI, CI, C, and Cd relative to 
femocene a8 compared with repfe8entative monwb 
stitutd fcnoccnca (Table 2). Tbc “C NMR spectra of 2 
and3fcaturcsineachcascauniquecoabdionofa 
shield& c&t in C,[AC,(2)= -8.5 ad AC,(3)= 
-11.8ppm] ad a ckdiclding d&t in CdAC1(2)=9.1 
and AC,@) = 123 ppm] with similar absolute valwa. 

-AL 

M. p wore t&l 00 a blidt Thomu-Hoova capiuuy q .p. 
sppultucMdUeU-. rRapcCmWafcll%xxddUaa 

Perth-ElrlW Model 457 ~terioNujorandinKBr 
diahuVrpectnwaereco&donrUnicunMocklSPBOOA 
sp&@otometer.Tbe’HNMKapectrawaehkenonrVui~ 
HA-100spWaWerat100?dHz’Hchicd8lIifumrqIor- 
taJinpartspcrmiUiondownSddfromMe&(intuudxtandud). 
Masa apectm wae mmxaral O(I a Vuine MAT-311 deobk 
foculio6 inxbument opemt& at 7OeV. employing the dkect 
ioxertknte&dquc.Metaa&ktn&ioux~detaMbytbe 
defoauir&method(~ofrcakntialv~prode). 
A&tic8ltlc8ep4nthVdltarrkdootaWoa~ 
ph& abaefa (t&r thkLaeslO.2 mm). Pdypm Sil M-hR/UVa 
and Polverm Cal 409/UV, (Mrbay-N& rad Co.). Muteri& 
waedcikalwltbuv~ic&~Yu!$u& 
thSWOXUpdOfKlCdO9SikXpeltXl(KkU@l6OIQrclr)radOO 
mkrocrye cell* (Merclr). For dry cohuno chmato- 
grapby.xitkamr&&watalwithEtOAc.Dipdemomeatmc 
cktchwdiobenXaExohlthItW.Tbe&kkdricceuxhatxof 
tbe8olnxweremeuun?dmrbetm+ebat8pp8ntu 
(XiOkHz),t&speciacvohlme&witbr~tYpe 

solnofferroceW (7.14 g, 40 nude) in dry CH&la (200 ml). The 
roault+dukredsolawMstillui8t-WtoWforanadditioMl 
lJomiabcrtedto#rfor3omincoolcdto-~,mdtrertcdwitb 
aqucoua acetoa (2096. looml), lreepins tbn temp. below -txP. 
After~~toXP.ddi~CH~~dwrterwerc 
ddCd.tbcLyaCWCltrepurteddlkUfghCmctioawU 

WaabdWithWatmtoDeUtnlity,driCdoverMclso,d 

elfapomdto~lUnbrncuUm.mfea~CNdCoily 

podUCtWa8tritmtdwi(bpetrokumctber togiverdafksUlid 

(4.72 6). It was puri6al by dry ahmn cbromrtoqrphy on silica, 
usi EtOAc as a devekper. The red spot (4 = 0.25) was extrac- 
talwitbMoOH,tksakentwascmpomtaladervacuum.d 
tbc~sdidwaadi~A~edinCH~~,driedover~, 
aDdtbesohtevrponttdtodryneaalmdavrcuumtogive1 
(0567 & 7%) mp. 166-I@. 

Recryttahtimframamixtureofbaueneaodpetrokum 
cthw &rdaJ 1 88 duk red crystala, m-p. IW (de& tk, 4 
silia. EtOAc-eetrohm etba (l:l)=O.25. (Poundz C. 65.30: H. 
42&.Fo, 26.G. Cdc. fa C&,.&O: C;65.46; H; 4.30.Fe. 
26.4796). 

Spectrdprope&softthmaterklwereallc0ruktentwitbits 
formnktko ax 1. Mass socctnm: m/c: 422 @arcn& 6%),3!M 
(bwe peak, -CO). IR VAKBr): 3095(w). 2%~). MWr), 
l62Wnh 1612W, IrcYa), I Wa), 892(m), KW. Wx), 727(m), 
514(m), 4%(x). 182(r) cm-‘. Tbc banda at 18.50. l8#) and 
1612cm-’ m chutuktk of the cyclopropeao# nockur~ 
LJV: A, @OH) (lo9 l ): 243 (4.15). 275 (4.W. 300 (4.W 348 
(3.71) and 477 (3.33) em. ‘H NMR (CD&): 8 423 (IOH, a, H3, 
JJ6(JH.t,J=2Ht.H~,md4.83(4H,1.J=2Hz,H3;(~:6 
3.94 (IOH. S). 4.13 (4H. broad shah and 4.69 (4H. broad sir&. 
(Tbis‘pat&Ld~nLrnbkx thproi 7.p The dip& momentif 
1 (lmaxo~. 3fP) h 5.37 D (u’f41.60; B(~3.e ML= 
199s cm’; P@ - 699.4 cmq. 

7Wenrueny&ycfup~ W (2). A mrpl~tkdJy 
xtirred l!uphoa of Wllorocydopropen t&a- 
- pqared 8x hcribed above from tetra- 
chkrocyclopqeoc (3.56g,#)mmok) and anbyd AlCl, (280s. 
21almok)indryCHglx(55ml)waacookdto-7tP(MWnedrY 
icehtll)mdtrsrteddlUpwiE,8t-~,lmda8DuDonItmor- 
pbere,du+105miuwithaxo40ffaroceae (11s&60nllnok) 
iadryCH~.TberaultialndcolapkxwuLeptrt-~for 
6OminlWal~toroomtemp..kept8troomtemp. 
ovcXdgll~aMlr&xaJfor2llr.Tbccompkxwaxdecompored 
b&w-tWbytbedropwkeaddithofaquunuamto~(20% 
5thl).Tl~mixturewasbcataitoroomtemp.,wa~~CHzClz 
~ddedtbGhyaC~Ep8WU&Wdt!bCatrnicfMhl 
wuwnhatwitllwatertolK&dity.raddricdovc?Mcso1.Tlle 
sohw8xamMuraWoo&rvruum toaVohuneoflatmland 
trataiwitbpc&orkaddC1096,3sml),8adrtirredmagnetk- 
allyfor4br.Tllekyl??xwcXerepmtedtbeor6aakkYerwar 
walbcd with w8tW UMJ driaJ over Mg!so& nod the xdveot 
CnpontedoadalWtlllLTritlWhoftbc~mriniagpWY 
KIM with.“” auorded a UyBtdliW rcd+rpk xdid (9.47. 
~).P&kaboawaxefectedbycohmchmrmtolnpbyw 
nuauq&hcelMoae,wiogCH&-pehhmetbermix- 
aKesudev&pwx.(TbeproductdeWnpo=slowlYdurinstbe 
~y;tbaetas.cOacrtwitbtbecdhlbxexbOUldaot 
beurobmd~TLccdumuwrrBntdevdopsdwit!13O%CH~C1I 

&or&&& (I : I) ti. (pouad: 56.23; H. 4.W; Fe. 23.14. WC. 
for C..H&!lFe.O&Oz C. 5594%~ H. 3.84: Fe. 23.65%). 
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ether mixtNN oo%-7096) an dmbper. The main red ffdoa 
~dk&d.TbCpdtMZt~dkOh!ediOCIf~~aDdpre- 
cipitatedbyddhgpetrdeumctba. Afterfepdugtbixopera- 
thllforrvmltimex,thexahwuobtxkdaxdukralcrysWx. 
m.p.ITP(dec),in2646yield.(Found:C,~9.60;H.J.01;F,1l.ll;Fe, 
22.96. Calc. for C&,BF,Fe,: C, 58.41: H, 5.01: F. ll.zO; Fe. 
24.70%). 

TbeapdldpropL7hoftb’Xsaltxafeaudtentwitb 
tbeii fofmulation ax xaltx of 2. uv. A, (CHZCCW (lore): 309 -. _-._. 
(4.42), 363 (3se) and 520 (3.8S) em. IR, A, (Kbr): 3120(w). 
293Mw). 1868(w). 14941vx). 14121m). 13811rb 13SNm). 1116(ml. . . . _. . _. . I. . ._ . . . 
1 Izo(s), Iloo( 1052(m), 1038M. 1800(m), 900(m), 820(m). 
675(w). am), 49Qa) and 478(r) cm-‘. The bad at 14% cm-’ ix 
chscthticofcycbpropeaiumionx;itbaxx~totbeub 
rymmhc w (E’) &etching vihtion of tbc cebtral 
ring.~Theprcxenceofacycbpqdumringin2bprovea 
by tk Raman bed at 186Ocm-’ axdated with tbc totally 
symmetric (A,) xtrdhg v&don of tbc 3-memberal ring. ‘H 
NMR: (CD(&): g 4.38 (ISH, S, H,), ad 5.13 (IW, broad ring., 
Hz and Ha): (CD&N): 8 4.311 (UH, S). 5.08 (6H, broad sing.) 
~5.17(6H,browl~).Tbep~*of2arufouadtobe>10 
bypotentiomhcthtioniu5O%aqueuuxCH,CN. 

I-Fmumyl-2,3dpk&yclopmpanim m@mbomta (3). 
A suspeti of 2.60 of l Wipbeoyl-3-ctboxycycckpropMium 
m(pnpuedbytberactionbetweenSd 
tlktboxoxanium tetnduaobarts in etbu)= in 3Oml of l& 
dichhoethx wax ad&d xbwly to a sup&on of l.%g of 
femlccaein2OmlofdidbMheatQlmde?argon.Axthe 
dutionwalnmItoKKmltemp.tkxuspendcdxaltdidved, 
yieldinlarsdrohl.AftaUhrItroomtemp.tbcwlvent~ 
nmovedbrwruo.Tberexiducwaswa&dwitbpeataoe.xub 
jecd to Soxhkt extractbe with cycbbexane to remove rexidud 
fakene. and 8d cryxtaUix&n from CH& etbu to ahrd 
I.01gof3(2996baxedwthe0xoaiumaalt).Spectmlpqutiex 
ofthixmatuialwereidenthltorsamp&prepadbytbc 
litaatuleprocfdlue.’ 

k23-~~~~ay/cy&p~ (4e). To a xtird suspenxioa 
ofNIB)4(SI)inU)mlCH2CCuadaN,wuddeda~of 
1.00gofSioCHFhrrta~sumcienttopermit~bdropto 
ChMge cobf. AftcX 3br tbe xolvent wax lemovsd k WCIO. 
extracted with ether, ad the extncts puri8ed by dry c&mm 
c&ama@mpyyovanwtralalumha(dactivatedwitb6%H#’ 
miPOCCLu&veloper,torllotd8nIsl~)ofIrIslaonnpc 
xo8d.m.p. 17P,UV(cycbbewe)~A,nm(kp):165(3.13).323 
(4.11). 278 (4.08)aod 24Oxb (4.23). ‘H NMR(CDCI,): 8 2.23 (IH, S, 
cycbpropeoe) and 3.9-4.5 (IIIH. meltip& PC). “C NMR (CDCl,): 
g#).9,67;3.68.9,69.2,69.4,69.6,698,69.9Pnd110.47IR~,(KBr) 
184$2-(” cycbpivp&. 

-wlup’?ae Mb). A xola of I.015 g 

bycooIktkmotbsrLipuorto--h96.U~@oat~,nm 
(br d: 457 0.25). 3.65 xb (3.50). 312 (4.03). 273 (4.02). 242 (4.18). 
ad 2d (4.jl). ti p_ (Rilr): i&0 (&&&II& &ij~ 
222Ocni’ (CN). ‘% NMR (CDCI,): 8 18.8,669,67.5,68.8,69.0. 
69.5 69.6 694 70& 105.7 and 122.7. 

1*meyl-> rrutikarMvbqmpau(4l).AO.O2MxoIa 
~NaGMeiudrylkOHwuad&ddmpwiwtoaxdoof7%~ 
uf2in#)dofdryMeGHrt-2O’u&xN,;mc&oxidedditbn 
~xtoppedwknaxmaBexcuxof2reathed,uexenbya 
xlkhtdrBdlcobnthTbe~xa4owxxertndedwitb 
cYcloblmwremonlofthecydokuaeb8acmoJardcd 
330~(47%)afcru’bprodu&pari8aIbydryahmocsrwr- 
Wwhy on micmwdh cdnbm (J. T. Baker Compaoy) 
~ingcycbbexamax&euttoafordaduk~xol&air- 
rendtiveadevmmuhbkoveraperiodofda~iomiasrt 
rtmorpbsrratroOmtemp.radbBOCCltaedat-7LPllDlfl 

required for xpectnd chnetaiutioa. IR v, (KBr) I852 (dix- 
ubdtutd cycbpq’ene) aod 1887cm-’ (ether). ‘c NMR 
(CD&): g 27.2, X3.67.3, 67.4.69.0.69.2, 69.7,69.9, 70.0, 70.1 
and 118.3. 

Ael;llo~enfs-PartofthewolirrportedhcrewNcarrbd 
out 8t the labmmy of Prof. Dwak 0. Cowan at thx Jobnx 
Hopkim Univaxity during a xix month vixit of one of ux. 
(E.A.S.). We deeply thank Prof. Cowan for hia boxpitality. 
~txodadvke.Prof.AhlCutkxprov&dusef’ll 
informrtiw of the NMR xpectra of a-fmrocenykubenium ions. 
‘lbe”CNMRapectmoi3w~meawredattiteSoutbernNew 
IZduxl Hi lbld NMR Faditv at Yak Univaitv. which ix 
xu&tal cpart by N. 1. H. G&t No. I-PU7-PRh from tbx 
IXviahofRexeadlRe&nmXs Tberexadlwaxrupportedm 
part by the Natbd Scieace Fouadation under grpnts GP-2814 
aod CHE-75-w to A.I.F. 
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