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_ _r.-.z.._._ -_ _i_ __,; .- i -_ ., _. 1. ._- yy 
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.- 
F&ZHO -80.4, . . 70.1 76.3~ .' .&33.6 

x0-i ' " {:_ . . .'_.Y :.1: _'--T__ -__I 

.F&OCq, 80.1. .- 70.1 72.8.. 29z+i, .~~70.~-_ .. '--. ;21.4 : _. _.‘,:..,;. 

FctiOPh : 79.0 72.0 73.1 199.3.' .-TO_7 ._ ._ .-I’_. f.’ :-. 
l.l-Diacetul- 81.7 -. 71.6 74.1 201.2 : -_ ‘_ 27.7. -. . . : 
ferrocene .- ._’ 

o Inppm‘downfieldfromTMS. 
:. ‘. . 

‘. 1.: 
.: -, 

TABLE5 

RATECON~TANTSANDFREEENERGYBARRIERSINACYLFERROCENESDERIVEDFROM-~~-. -~: 
. . 

13CNMRSPECTRA 
, - 

Compound Av<Hz> T<K) k (sec-') AG+<kcal;oL-1) 
: : 

FcCHO" 103.8 b 179 67 8.80 
7.4= 177 50 8.80 

173 28.6 8.78 _. 
169 18.2 8.78 ._ 

F&OCY3= 57.0b 199 1670 8.54 
7.0 c 186 333 8.56 

184 
. . 

290. 8.52 

179 200 8.41- : 

166 25 8.46 
FcCOPhd 186b 151 413 6.8 r 0.2 
l,l-Dïacetyl- 53 ' 163 13.7 7.8 k 0.5 

fenocened .: 

= BY completelïneshape anal~sis.~ IV~-V~I_= IV~-V~I_ d Bythecoalescenceapproxïmation. _. 

. ‘.. -- 

except for the values at the lowest temperatures. The deviations may be due_-- ’ 
to an extra broadening caked .by ‘overlap wïth the signal from the.unsu@iti~ed~!r 
ring. The erior introduced by this effect becornes firogressively. more ~%@io&_$ ::_,: 
the ekchange ,@oadening .diminishes. Thè, free en&gy b&ri& for FtiCOPh’tid :. -i -= 
l,l’-diacetylferr&ene werc detevmed by thè co~ëscence.approxir;iat;iiiri-171:.1:- .:;. 
appfied to thè Ci .&nd C;.&&als-(Tab1.e 5), &heras_Fc,C6 ~was+oo &&l&~e~i$~- --If:‘ 1 
thë $ol+ent us&j to :giie a r&lved.l& tem@era&& sp&t;nun.- : _ .-..:. .: _. J:: 1: ;;;~1-!:;;~; 

The exchange broadéned !3C~&&tra-& FtiCti6 &14 FcCOCI& w_eie &l&latëd’: 
on.a @ewlett+J’&ktidYModei 982C&zal&.&t&~_ &ï& plott+ & a titidei ~~f$~~~~l~~~.~ 
pl&-&fro~ the se& co&pgny; .:-' I ;,, ,; ,:. :, .-.- ._.i: -: ;.- .’ .‘. _-~_dcy_c .:. -i‘~~-~=;;;;y,_~ 

.;. ..~. .- ‘. :..- .’ 
: .y. . . . 

.-:: .-.. 



oxygcn protonation in FcCOCH, is distinctly higher than its èapacity to impede 
rotation in FcCHO. The difference may have several causes. One is the carbe- 

:~ riium ion-character of the protonated FcCOCH3, which may lead to stabilization 
thrbugh interaction of iron orbitals with the C, atom, fiequently discussed for 
ferrocenylcarbonium ions [30]. It is also possible that the transition state to 

-- ~~_~&tion of the acyl group is stabilized by an interaction between an oxygen 
lonepair and an empty iron 4p orbital. In that case, the rotation should have 

z &e preferred pathway; which will decrease the entropy of activation by 1.4 
cal mol-’ K-l besides lowering the A.@ value. However, this effect is not suffi- 
tient to explain the low activation entropies in FcCHO and FcCOCH3 compared 
with those in the aromatic aldehydes. It is possible that changes in solvation 
and/or in inter-ring rotation [31] may be involved, but at present no satisfactory 

-.model for treating these effects is available. 
The small barrier difference between FcCHO and FcCOCH3, 0.4 kcal mol-’ in 

A.@, is also of some interest. As cari be seen in Table 6, the barrier difference between 
the formyl and acetyl derivatives in the benzene series is considerably larger, 
X6-23 mkcal molzl. This difference is mainly steric in origin [34], and in the 
case of dimethylamino compounds the initial state strain in the acetyl derivative 

.~ is probably increased by the higher twofold torsional barrier, leading to a lower 
observed barrier and a large barrier difference. As cari be expected, this differ- 
ence is smaller in the five-membered heterocyclic analogs (0.8-1.4 kcal mol-‘), 
and the value for thé ferrocene analogs, while still smaller. fits well into this 
ljicture. . 

._’ 

(b) C&q&.&n of the bkriers in FckOPh &d Fc&O 
-1 The,barriers calculated.for these compounds from-the cbserved rate constants 
rat coalescence are bath- 6.9 kcal mol-‘. However, for strict comparability the 
..,r&e constant for Fc&O should be divided by two, since the probability of .a 
.- ferro.cene.group rotation is twice as large in F&CO &;iri FcCOPh, other.things 
1: beitig’equal, This gives a,.AG# iralue of .7.1 kcal mol-l for F&GO; which is unex- 
-~$&@lly:high. One should.mther predict a lower AG” value for: Fc&o thanfor 
~:-~i$OÈK The-explanationmay be fo.nnd in strain in the.&msition state;- Fc&O -. .’ . . 
.~_~~-a.~~~~ijid:sttucture [3e];:ahd if -tk txan.$tï~n .state’appr&ches the cisoid -. 
p arrangement;:ex@a .stei=ic-s~~m&y~, buiid up. Furthërr&rei- the initial state- ; ’ : 
~;~,&L~@~~&&t b$~~&r:~‘:F&OPh’& ~:~P&Cq,:aif&a&$ ~&a~~~&&~--~~.~~~ f-:. -,:-r 
‘:,~~-s.to;tlif?rob~~~d ,&f&$;. ;: :-_~.~~~:-__: _ : -_ ;; 1 --fi. . . 
=, (;.-,;..-._ ._ -:‘::-r .:y;._ -;-;.-.. 1 I’. .: -. 

iv -2.. _-‘:.i_ .:-.:_:; ;;;-. : 1;;; _; = i-‘:_‘ I-1 <;r’; ;.~;.I_;f_-, 

:_: . -.. y.:. : :-: :-- .:;I;_y<; ‘-yII_ T. :;-.;-;; ..-i:‘. -: -. -. -: . . . . . . . . I -_-;.._ .-y . . :.: ,___y _-__ ..i_, 11.:. .; 
; 
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PhCHO ‘. 
. . 

IR .. .4.?2. :. : 
.._. 

Ggs 
Gas ’ Mïcrowave 4.90. _ : : ,’ 

:.‘32. 
._ ._33 

Gas ‘, En+ force-fièld 4.90 : 34... -.- 
SoIution ‘H DNMR 7.3 

7-6 : 
.1 

Solution 13C DNMR 10 )’ 
:: 

PhCOCH3 GaS IR 3.1 : 3% 1’ . . . 

GaS Emp. force-field 3.14 34 :, 

Solution Estimated 6.3 35 ‘. 

Solution 13C DNMR 5.9 36, ‘- 

P-CCH~~NC$X~CHO Solution 13C DNMR 11.2 -10 

P-<CH~)~NC@~COC& Solution lH DNMR 8.3 9. ‘. 

Z-Furanaldehyde SoIution *H DNMR 10.3 a 2 Y- 
2-AcetyIfurm Solution ‘H DNMR 8.9 = 4 

1-t-Butyl-3-pyrrol- SoIutïon IH DNMR 10.2 b -37 

aldehyde 
l-t-Butyl-3-acetyf Solution IH DNMR 9.4 b 37 

wrrole 

aE+-Z. ’ Conformer~ not stated_ 

(e) Interannuiar &eractiorz in 1,ftdiacetylferrocerre 
The question of interannular interaction in ferrocenes has not been conclusi- 

vely settkzd. Rosenblum et al. [13] found the UV-visible spectrum of l-p-nitro- 
phenyl-l’-anïsylferrocene to be a composite of those of 1-p-nïtrophenyl- and 
1anïsyl-ferrocene. It may be argued that broad UV bands are not ideally suited. 
for measuring small conjugation effects, and furthermore.both substituent 
groups are efection acceptors in relation to ferrocene. It is also known that 
introduction’of a deactivating substituent in one ferrocene ring loweri the.rate 
of electrophilic substitution in the otber ring quite drast@~~Ry [133. Th&effect,. 
however, is~explained by the mechanism of the reaction, proceeding tbrough 
initial attack of the electrophile on the iron atom, utilizmg the,ferrocene e2g 
orbital, which has considërable Ione pair character The deactivatïng &bstitüe& 
ïs considered to operate main& by decreasing the avaïlabmty of the electrons : : - 

in the ezg orbital f13]. 
The-rotational barrier of l,l’-diacet$ferrocene is lower thti th& of F&OCH;.:: 

by O-7 kcal moJ_‘, a dSferencé &eU aboVe the e%perhne+tal errer, This Eay be_ (1 d. 
a truë intermtia effect, in which on& acetyJ.gCoup _*du&ively_ diniiniahti. tbe’.: :: r. 
in~ractionof the other ring with it& -ety &OU~.- ::. : ..: . : -_,. .+ 
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