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Abstract-The reaction producta of Ph,C+BF,. (2) and (CO),- 

(q5-C5H5)Fe-(2cyclopropyletbyl) (I), -neopentyl (10). and -(l-norbornyl- 

carbinyl) (13) under N, and under CO have been detarmlned in an effort 

to detect evidence of hydrogen-atom ab&nction fmm the 17e. Fe0 

cation-radical inmediate produced by one-electron transfer to the 

starting cation. None wan obeerved. Labeling rt~~diea reveal that 

migratory CO ineertion to produce (C0).&q5-CbH5)FeCO(2-cycl* 

pmpylethyl) (8) ir aasxnpanied by & not a-hydride aWraction to form 

[(C0)2(qs-C5H5)Fe(q2-cyclopropylethene)]CBF4. (3) when I reacts with 2 

under CO. The insertion is catalytic in 2. Hydrogen is not lost from IO or 

13 under &se conditions; tbe acyl complexes (CO),(q6-C,H,)FeCOCQ 

C(CH& (111, 71%. or (C0)2(q5-C5H5)FeCO(1-norbornylcarbinyl) (II), 

80%. respectively, are the only organometallic producta. 

INTRODUCTION 

Dicarbonylcyclopentadienyliron- (Fp) and other midflrrrtron trtmaition-metal 

alkylr which have an appropriately oriented bhydrogen typically mact with ti- 

phanylmethyl cation to form cationie q2-olelin complexes and tiphenylmethanc. e.g. 

cq 1.’ 

FpCH,CH,CH, + Ph& + ClO; 
THF 

[Fp(q2-CH2=CHCH,)I+C104- + Ph,CH (1) 

The reaction b thought to involve the concerted lose of hydride antiperiplanar to the 

metal moiety.2 Only one Fp alkyl is known to transfer a- rather than &hydrogen 

under these conditions. eq 2.3 

Fp 
+ Pll,C+PF,’ 

N, 

CH,CI, 

rp+ 

cP 

I 
PF,’ + Ph,CH (2) 

\ 
IQ93 



R. S. BLY et oi. 

Thin bias for &h-n low on the part of fint-IDI transition-metal alkyk 

contra&a with the preferential a-hydrogen transfer that occura between several 

third-mr alkyln and triphenyhnethyl cation,4*5 e.g. eqr S ,4 and 5. 

Cp(NOMPh$‘)ReCH$ 
N,, -787: 

+ W,C+PF,’ 
cw2 

l 

[Cp(NO)(Ph,P)Re = CHRI + PF,’ 

R = H (87%)‘+ R= C,H, (78%) k 

+ Ph$H ($4) 

Cp&$ia)WCH3 + Ph,C + BF4’ 
N-25-2 

c%% 
[Cp,WH(q2-CH2 = CHCH,)] + BF4- + Ph,CH (5) 

89% 

Some a-hydrogen abetractione clearly involve initial one-electron transfer to 

triphenyhnethyl cation. Cooper, et 01. have demonstrated that thr s dialkyl, 

eq 5, react8 in thir manner - rapid oxidation followed by alorer hydrogen a 

transfer to triphenylmethyl radical.5 Scheme 1. Likewiee, Gladyez, et al. repoh that 

Cp&,H,)WCD, + Ph,C + NzV .7gc, [Cp&$I,)WCD,J +* + Ph,C- 
CV1, 

[Cp&C,H&WCD,] +* + Ph,C- ;A2;; ,Ph,CD 
2 

+( Kp&$i~W =CD,l + ) 

( [CP&C,H~W=CD,I+) 
P(CH,),Ph 

+ [Cp,(C~,)WCD~CH,@'hl + 

scheme 1 

the ‘H NMR of Cp(NOKPh,P)ReCH,C(CH,), in CD2C1, at -79T ahowe ertenrive 

line broadening in the pmce of this cation. Though no rhenium (I) alkylidene 

could be detected, triphenylmethane was obeerved in oome reaction mMuree.4 ef 

Scheme 2. 

Cp(NOMPh,PEteCH,C(CH,), + Ph& + b 

( Kp(NOMPh,P)ReCH,C(CH,),l +*) + Ph,C- F 

( [Cp(NO,(Ph,P)Re = CHC(CH,),] +) + Ph,CH 

7 

Scheme 2 

Both Glad- et 01. and Caoper and Hayee have apeeulated that a-hydrogen loa may 

be uniquely anociated with initial one-electron knnsfer.4*5 They reaeon tha& a8 the 

firs&row transition-metal alkyln are more difRcult to ~xidize,~ they should ahow lesr 

tendency to lose a-hydrogen than their third-row co~nterparta.~*~ 



Rmctknu of (CO),($C,H,)Fc dkyb and Ph,C*BF; 

Thir &tion caught our l tteaiion for we had noted that at rduced 

temperaturu in the preeence of CO, carbonyl insertion competea with &hydrogen 

&traction in tha reactiolu of roeral Pp alkyb and tiphenylmetbyl cation,’ eq 6. 

-7rc 

FpCH&H2CH, + Ph&+BF,’ + CO 
CH 1 

IPp(q*-CH,=CHCH,)l +BF,’ + PpCOCI.i&H2CH, + Ph,CH (6) 

71% 15% 

The lneertlon ir I rwiical-chtiin pmceu catalyzed by reversible8*s one-elcctrw 

tran8fer to the cation, scheme 9. Itr obeervation in axnpetition with the fomtion of 

co 

h 
FpJ\ + Ph,C+ & Ph,C* + FpAt FpCOAt 

I./ x 
FP=(( + Fbp FpCO-/\ FP-/\ 

schmne s 

$ohfin ,mnplex &uly indicaws that a &t-row Fp akyl sgg k oxidized by 

triphenylmethyl ation under conditions compatible with bhw lOa. Thus. the 

@biie of bhydmgen-&a= ah&action ariaa in there v as well (path b, 

!3cheme S). 

Thir poaibility ir not a probability since the equilibrium omstant, K, for 

ele&on &an&r to the cation ir quite #mall: chemical -diea ruggwt lea than lo4 

while ekctrochemial meuumm ent@ indiab l&lo - l(rl*. The oknerved, 

competitive innrtion is podble only becaure it is highly lkvomd ln the 17e radical- 

cation relative b the neutral l& Fp alkyl and beawn amcerkd 1~ of &hydride ir 

slowed by stereoelectronic facton an&or the reduced temperatun at which the 

rea&ion is curied out& 

Convemely, the bnnafer of a bhy-n g&gl dram a 17e cation-&kal might 

alao be favored for it would lend to l more stable, Me, ationic q*-oleAn complex. In 

fact, becau# cationic Fp alkylldenea routinely rearrange to cationic q*&.fiIl 
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complex-lo cq 7, Bhydrogen-atom abetradon should be favomd themwdy- 

.(Fp=CHCH,CH++ rH [Fp(q*-CH, =CHCH,)I + (7) 

namically over a-hydrogen-atom low from a 17a cation-radical. Hen we describe 

attempts to detect hydrogen-w transfer in the reaction of triphenylmethyl cation 

with some Fpalkyla 

RESULTS AND DISCUSSION 

A fairly convincing demonstration of electmn-transfer/ghydrogsn-atom log 

would be demons&able diversion of the putative cationdiradical intermediate, A, 

Scheme 4, to an alternate product (path cl. 

K 

Fp-+-c-8 + Ph,C+ 4 - .+Fp-+-1-H + . CPh, 

a 

Fp:G’ + 
1 

HCPh3 + b2 
1 

Jk 

[+Fp+) + a,., 

Alternate product(s) d 

Scheme 4 

An approach frequently utilized to display the development of an unpaired 

electron at a particular carbon during the comae. of a radical reaction is the 

rearrangement of cyclopropylcarbinyl to homoallyl, Scheme 5.’ 1 Ingold, et al. report 

kf 
H H 

-, 

kr 

H Scheme 5 

that at 25% kf r6.6x107 (1-l. hr -5~10~ 8-l (4.1~10~ and 2.1 eel, rapectively, at 

-78”C).‘* thus radical reactions which develop significant spin density at a 

cyclopropyluubinyl carbon usually form ring-opened products. Should the reaction 

of FpCH&H2C~H2 (la) and 2 occur by electron-transfer/hydrogen-atom- 

abstraction (path “b”. Scheme 4) rather than by concerted lose of hydride (path-a”. 

Scheme 4) a product other than [Fp(q2-CH2=CHCHCH,CH2)I+BF4V (3a).‘OC 
, 

perhaps [Fp(q*-CH.$H=CHCH2&H2)lCBF,~ (4a).13 could result, I$. Scheme 6.l’ 

To test this poaibility we have prepared the l-cyclopropylethyl complexes, 1. M 

outlined in eq 8 and examined their reaction with 2 under conditions compatible 

with electron transfer.8 



ihth of(m),($C,H,)Fe akyb sod l’h,C*BF; 1097 

D- 
w26T 

CB,Cbm + K+Fp- 7 CB2CvP (8) 

5 6 1 

a:A=B=H b:A=D,B=H c:A=H.B=D 

WH,CH, -4 + Ph,C+ 47 l + Phg* 
* 9+ 
1 a 

1 a 
B 

1 
bl 

.b2 (+FpCH2$Hd)+ Ph,CH 

H +ucir, ( l + FpCH.$H = CHCH&.) 

Iftmnr 

I 
? 

- FP+ 

Scheme 6 

When atinrd undu N, with 1.1 eq of2 in CE&!l, at reduced temperature 1.0 

eq of la forma crystalline 2a in 92% yield, eq 9. 

D- FP2Fp + Ph,C + BF,’ 
N,. -76-C 

1 
CH,CI, 

2 A 

D4 A 

Fp + BF,’ + Ph,CB (91 
B 7 

3 84-938 88102%‘” 

a:A=B=H b:A=D,B=H c:A=H,B=D 

Under identical conditiona the dideuterium-labeled complex lb forms 3b and 

triphenylmethane, 7b. while lc yields 3c and triphenyldeuteriomethane, 7c.l” 

Thea rest&~ confirm that fL not a-hydxwgen is loot and exclude the poaibility of a 

adouic alkylidene intmnnediate, (Fp=CACB&?&)+BF,- (F) being fonned 

then undw@ng a btea hydrogen shiftlo to produce the ohaerved q2-olefin axnplex, 

eq 10. 
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CB&&ti + Ph,C+BF,- 

1 2 
B 

WB A 
CB2CA=Pp+BF,- __, 

D-k 

(10) 

+BF,- + Ph,CA 

F B 

a:A=B=H b:A=D,B=H c:A=H,B=D 

ln 8pih of the fact that no product of ineertion or reexmngem ant is isolated 

when 1 and 2 react at reduced temperature under nitrogen, tq 9, there is evidence of 

one-electron transfer under these conditions. When cold, initially yellow eolntione of 

1 and 2 in CE$b are mixed at -78% a clear, green-brown solution results whoee 

color persista at that temperature but changee to yellow M the mixtum ir allowed to 

warm to -2O’c. Similar color changee have been obeerved to accompany CO 

inwrtion in 17s Fe0 alkyb~.~** 

To confirm that one-electron transfer to triphtnylmethyl cation (2 + ) occum we 

npattd the reactions of 1 end 2 under CO instead of N,. When 1.0 eq of la or lc 

and 1.0 eq of 2 am ueed both 2 and the insertion product, 8. are formed, eq 11. We 

attribute the higher proportion of insertion evident with lc ta a primary kinetic 

isotope effect, k,k, > 1, that retards the rate of elimination in this wdeuttrattd 

D- 
-16-c 

f332C49 + Ph,C+BF,’ + CO 
CH 1 

la (1.0 eq) 
lc (1.0 tq) 
Ic (1.0 eq) 

(1 alad 
! 1::::;; 
2 (0.65 eq) 

+;;+BF,- + bCB&A&ob + Ph,CB (11) 

B 

8a 7% 7a 87% 

;x 

a:A=B=H c:A=H.B=D 

isomer.‘6 Ite presence emphaeizes the fact that & not a-hydrogen (deutium) ir loet 

in the mMimiting step of the elimination. 

The ineertion is catalytic in cation 2+ as revealed by the fact that when the 

reaction of lc is repeated under CO with but half an equivalent of cation, eq 11. the 

combined ieolatad yield of 2~ and 8~ (0.84 tq) txcttds the amount of 2 (0.55 ep) 

initially prwent in the reaction mixture. & Since neither innrtion nor elimination 



J&&ions of(CO),(+C,H,)Fe &yb a& Ph,C’BF; 

occur in the ahoence of 2 the reactions of 1 witb 2 exhibit the chuacteri&cs of 

competitive Hlimination and redox-catal~ CO ineertion delineated earlier, cf 

schema 4.k 

Thy nuder aniditfone condetent with competitive one-electron oxidation, we 

can find no evidence that the &hydrogen (deutsrium) which is abetzacted from 1 

when 1 is amverted to 3 is lost aa a hydmgen (deutium) s Tom a cation-radical 

intermediate (path c, scheme 6) rathor than M a hvdride (deuterjde) fnxn the 

etarting Pp alkyl (path a). It ir powiblc of axuw that thir part&&r 

cydopmpylaubinylflmmoallyl reammgement (path c, Scheme 6) in either too elor or 

too themmdynmnically unf%tvorable mlative to path b ta intarcept a cation dimdical 

such M Cl8 but we know of no evidence supporting either of these poeeibilities. 

In view of our inability to demonstrate &hydrogen-atom loea hrn an Fe(lIlJ 

cation-radical (path “b”, Scheme 4). it seemed appropriate to attempt a-hydrogen- 

atom abstraction from a compuable intermediate. To avoid competing j&hydride 

transfer to taiphenylmethyl cation (2+), eq 1, we have utilized an Fp alkyl having no 

&hydrogens. Two examples had been studied pmvioualy. Green, et aLI* mport 

PpCH, to be eaeentially unreactive towud triphenyhnethyl peddomte: after 10 h a 

little (FpH*O)+ wu noted but no [Fp(q2-ethene)l+ClO,- or triphenylmethane, 

upectui producta of a-hydrogen abetraction,2o were observed, eq 12. Giering, et 

10h 
FpCH3 + Ph3C+C104’ .THpb (Fp~H,O)+CIO,- + 7 (12) 

al.& mport only 1,1.1,2-tetraphenylethane an the renction product of FpCEi$‘h and 

triphenylmethyl huafluorophaphate, eq 13. Although it ir not clear that either of 

F’pCH$‘h + Ph,C+PF6- F Ph,CCHgh (13) 

these ma&one was attempted under conditiona appropriate for one-electron 

transfer, rather than reexamine them we decided to concentrate instead on 

FpCH&(CH,), (10) as it pmmircd a better comparieon with the recent work of 

Gladyez, et al.&, Scheme 2. 

The mquimd starting material w(u pmpamd ti pivaloyl chloride M outlined 

in eq 14, 1S.21 When yellow u~lutionr of 2 and IO in C&C4 are mixed under one 

(CH,),CCOCl + K +Fp 
N,, 26.c 

Tizy 
UX,),CCOFp (14) 

6 1 
9 55% 

(CH,),CCOl$ + BH,-THF 
N1, m 

(16) 
THP 

b (CH3),CCHQp 

B 10 39% 

a-hem ofC0 at -73% and the bruiting green d&on* ie stirred for 4 h at that 

temperature. then at -2O’(: for 2.6 h. the product mixture containa only FpCOC+ 

CXCH,), (11). the hartion product, eq 16. No unreacted &arting mat 10, 
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1) -7rc. 4 h 

FpCH,C(CH,), + Ph&+BF,’ + CO 
2)-2@C,2.6h 

10 3 
TEiy ¶ 

I;pc(=WCH3)3 (16) 

11 71% 

[Fp = CHUCH,),] +BF,‘, or Mphanyhnethaae is apparent. When camied out 

analogously undar N, imtead of CO the macfion exhibita a more pemiatent gmrn 

color but the m&ion mixture contains only unreacted staAng material. After an 

additional 20 h at room temperature, 10 b no bnger evident; workup mvuk a amall 

amount of 11, mme tripheaylmethanol and benzuphenone, and a polyam~tic which 

we believe may bs S,S-dSmethyl-l,l,l-tiphenylbutancs eq 17. ‘Ike truuient gmen 

1) -78X, 4 h 

2) -2oT, 2.5 b 
@t%,c(cH,), + Ph3C+BF,’ m 

10 2 1’ 1 t 

-25’C,U)h 

FpCOCH.#CH,), + PhJOH + Ph&=O + Ph3CCH2C(CH3), (17) 

11 17% 

oolor,%be formation of the l cyl complex, L 11, and the observation ofbenmphenone 

after wortup22 suggest one-electron trmufer b pruduce cation-radical G and 

triphenylmethyl radical, Scheme 7. The hence of IFpalkylidene]+ (HI, of 

[Fp(q&lkene)]+ (I), and probably of free alkene M well, indicate that a-hydmgen is 

not lo&, either as an w from the cation-radical 0 or u hvdkdq from the &arting 

mabrial. 10. 

FpCOCH,WH,), 
+ le 

- ( IFpCOCH2C(CH3)I+-) 

11 

FpCH&(CE3)3 + Ph3C + <-b ( DWH&(CH,),1+*)+ Ph,C- 

I0 1 2+ -Hz’ ): c &j-H. 

( [Fp(s2-CH,CH = CKX3,),1+ ) 
-CH, 

Y ( Wp = CHC(CH,),l+) + Ph,CH 

H 7 

(Fp+ + CH3CH=(CH3), ) 

Scheme 7 



Reaction, of (CO)2(q’C,H,)Fe alkyb d &C-F; 1101 

Thinking that perhaps the steric bulk of the tiphenylmsthyl cation (2 + ) and 

the hindered nature of the neopentyl hydrogena in 10 may inhibit hydrogen 

tau&& we attempted a similar reaction with the slightly lm hindered FpCH,- 

(l-no&or@ (13) prepared by reductional of the known acyk” 12, eq 18. A&r 43 h 

N,, 0-2 
+ BH$HF THp 

CH,FP 

(18) 

12 13 

under nitrogen in dichloromethane at ambient temperature an approdmately 

equimolar mixture of 13 and 2 forma FpCOCELJl-norbornyl) (14) in 46% yield, eq 19. 

N,. 26c 
+ Ph& + BF,’ 

CH,Cl, (19) 

CH,FP CH,COFp 

13 2 14 46% 

When carried out under CO instead of N2 the yield of I4 is 89%. No other 

organometallica were detected. That a-hydrogen ir not lost in this case either is 

evident from the absence of 16, the rearrangement product of the cationic Fp 

alkylidene, 15, that would have resulted, eq 20.U 

+ Ph,C+BF,- 
N,, SC 

b 

CH,Cl, 

CH,Fp 

13 2 15 
Fp+BF,’ 

N,. WC 

CH,CI, ä & 

(20) 
/ 

16 

There are many similarities in the behavior of Fp neopantyls and 

Cp(NO)(Ph,P)ReCH&EI,), toward triphenylmethyl cation.& In no case ia 

a-hydride ah&acted even though it is in many nonneopentyl ReW alkyls.@” 

Instead. one-electron transfer occum in all cases though in none ir it followed by 

a-h--atom low from the metal cation-radical to the resulting tiphenyhnethyl 

radial 8a h8ppens in axne [ChWRJ +. caeea @heme l).& Insertion of CO follow8 

in the Fs(m) cation-radicala but the Rdn) cation-radical, lacking a tatminal CO, 

&or decomposes another way. 





Reactha of (CO),(q’C,H,)Fe dkyls and Ph,C*BF; 

DicnrbonyU~5+yclopentadienylX2-cyclopmpykthyl-, 2q4opmpyL1 .I -dideuterio- 

cthyl-,and2~k~l-1~-~hyl)iron(l~, lb, and Ic, mepectively). 

A degumd eolution of 1.05 g (4.6 mmol) of 2-cyclopropylethyl ptcluene- 

sulfkmte @a) in 50 ml of btrahydrofuran wu cooled to or= and 1.6 g (7.0 mmol) of 

potudum dinrbo~yl(rl~~~op~~~yl~~~~~ (6) was added slowly with 

alining under a nitmgen atamephcra. The mixture was allowed to rann to room 

tempem and stirred for 5 h. The solvent wae removed under reduced prenum. 

The residue wu digeeted with pentane and filtered through a Celite mat. The Mite 

warn waehed with wveral portions of pentane and the combined ffltrate and washings 

concentrated to -10 ml under reducad pressure. The concentrate wee chromatb 

graphed on neutral alumina (Activity III) at 0°C using pentane ae eluent. After 

removal of the solvent under reduced pressure. 0.896 g (79%) of a yellow oil waa 

obtained: IR (CDCl,) 2000.1940 an-’ (C-0); ‘H NMR UXCl,) 64.65 (IJ, Cp), -1.5 

(m, 4H -C!H&H$e), 0.9-O (m, 5H. -&@?H$; ‘*{‘II) NMR (CDC13, OTC) 8 217.6 

(C-O), 85.2 (Cp,, 43.1 E-2). 16.1 &iCH,~H,), 4.9 (2C, -&!&&I$, 4.6 (Cl); 

MS, m/eU6[bfl+-, 218[M-CO]+*, 19O[M-2COl+*. 121 IM42CO+C,H,)l+*. 

The deutemted complexes 1 b and I c were prepared in comparable yields fkom 

the corresponding toeylatea (Sb and Sc). Their mane em, detetined at an 

ionration potential of 15 ev. showed 99.3% 4, (248[Ml+); 0.7% d, (247 [M+) for lb 

and 96.2% d,, 3.8% d, for lc. 

1103 

The Renction of DmrbonyUq5xyclopentadienylX2-cycloprvpykthyl)iron (1) and 

Triphenylmethyl Tetrafluorobomk (2). 

A nitrogen-blanketed solution containing 0.30 g (0.91 mmol) of fl in 10 ml of 

dichlommethane was cooled to -78°C and cannulated into a stirred, nitrogen- 

blanketed solution of 0.22 g (0.89 mmol) of la in 10 ml of dichlommethane, alao at 

-78°C. The mixture wan stirred at -78°C for 4 h and at -20°C for an additional 14 h. 

The lR spectrum, determined on a small aliquot of the reaction mixture, showed 

abaorptions at 2075 and 2040 cm’l (C -0 of 3a) but none at 1965 or 1640 an.’ (C = 0 

and C = 0 of 8a). The solution wan concentrated to -5 ml under reduced pressure, 

combined with 10 ml of dietbyl ether and the yellow precipitate wae isolated by 

filtration. Complex 3r (0.28 g) was obtained in 93% yield after two recryatallizationa 

from dichloromethandether, mp 12s130°C (deck IR (CH,Cl,) 2075, 2040 cm-l 

(C-0); ‘H NMR [(CD,$Ol8 5.74 (8, Cp), -6.3 (sextet, >CHCH=CH,), 3.70 (d. J 

= 9 Hz, cti-CH=CHH), 3.54 (d. J = 16 Hz, tmns-CH=CHH). -1.3-0.6 (m, SH, 

--Hz); 13C{‘H} NMR [(CD, 018 212.0,208.8 (CO). 101.4 (C-2). 89.6 (Cp), 

49.6 (C-l). 18.2.13.4,12.1 (-eHCH .$; Anal. CalaI for C12H13BFlFe02: C. 43.43; 

H, 3.95. Found: (2.43.49; H.4.00. 

A similar experiment with 1 b (0.63 mmol) produced 84% of q2-olefin complex 

(3b) and 88% of hiphenylmethane (7b) while with lc (0.76 mm011 90% of 3c and 

102% of 7c were ieolated.*5 The 13C[‘H} NMR spe&um of 3b exhibits a singlet of 

full intensity at 8 101.4 ( = CA -1 but ahowa no detectable reeonance at 8 49.6 where 

that of undeuterated C-l (=CH,) would normally appear; the spectrum of 3c 

displays a very weak triplet for C-2 ( = CD - 1 at i3 101.2 but a singlet of full intensity 

for C-l ( =CH,). The triphenylmethanea. 7b end 7c. were analyzed for deuterium 

content by mane spectroscopy and found to contain no deuterium in the case of 7b but 

87.8%d, ([bfl” =245) and 12.2%do([M1+‘=244) in thecaaeof7c.15 

The Reaction of 1 and 2 Under a Carbon Monaxldc Atmaphen was carried out an 

deraibed in the preceeding experiment using equimolar amounts (0.79 mm01 each) 

la and 2. After tbe reaction mixture had been atitimd under carbon monoxide at - 
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78% for 4 h and at -20% for 14 h, the IR spectrum of the mixture showed atmng 

abeorptionr of 2076 and 2040~11” and weaker on= at 1955 and 1640 an-l. The 

qz-olefin, &, WM isolated in 85% yield aa described above. After filtration, the 

mother liquor WUI concentrated to -6 ml and chromatogmphed on neutral alumina 

iActivity III). Elutioa with pentane gave 0.187 g (87%) of triphenylmethane (7a). 

Elution with a 2% etheripentane mixture gave 0.016 g (7%) of dicarbonyl($-cyclo- 

pentadienyl)(S-cycloprpylpropionyl)iron (8a) aa a yellow oil: IR (CH2C12) 2016. 

1966 (C-0). 1641 cm-’ (C=O); ‘H NMR (CDCl,) 5 4.80 (I, Cp), 2.96 (t, J = 7 Hz 

FeCoCH&. 1.40 (q, J = 7 Hz, -CH,-1, -0.6-O (m, SH, -mH& %{‘H} NbfR 

(CDCl,, 0%) 8 258.3 (C=O). 214.3 (C=O), 86.2 (Cp), 66.6 (C-21, 302 (C-31, 10.3 

(&CH$H,), 4.4 (2C, -~~@I; MS, m/e 274 [MI+*, 246 DfCO)I+-, 206 [bi- 

C,H,] +., 190 [M-SC01 +-, 121 [M-(3C0 +C,H.$l+*. 

The above procedure was repeated by combining solutiona of Ic (0.86 mmol) 

and 2 (0.87 mmol), each dissolved in 12 ml of dichloromethane. After completion of 

the reaction, 3c (509) wu isolated by concantradon of the solution, addition of ether, 

and filtration an described above. The solvent was removed from the filtrate and the 

residue wan washed with pentane. Chromatography of the pentane-soluble portion 

gave triphenylmethane (7~) and acyl 8c (9% after a second chromatography). mixed 

with some unidentified ametallic aromatic compound(s), presumably formed during 

work-up from unreacted 3. l6 The portion of the residue which did not dissolve in 

pentane apparently contains a complexed salt, probably formed from 8c and 2.*O Ib 

13C{lH} spectrum (d,-acetone) shows at 8 318.8, 209.8 (CO). several plana in the 

148-126 region (phenyl), 106.1.89.7 (Cp). 62.5 and 9.4. 

The reaction wan repeated using 0.78 mm01 of lc and 0.44 mm01 of 2 (a 1:0.65 

molar ratio) and the producb were isolated in the same manner. The yields of 7c and 

& were 42% and 629, respectively; very little of the unknown complexed product 

was formed. 

DicarbonyUq5-cycfopentadienyl~iron(2,2-dimethylpropionyl) (9X 

To a stirred, nitrogen-blanketed solution of 1.3 g (11.8 mm011 of pivaloyl 

chloride in 50 ml tetmhydrofuren wae added gradually at room temperature 3.2 g 

(14.8 mmol) of potasuium dicarbonyl($-cyclopentadienyl)ferrate3* (6). After the 

mixture had been stirred for 20 h at room temperature. the solvent wan removed 

under reduced pressure. The residue was extracted with several portion8 of 10% 

ether/pentane and the washings were filtered through a Celite mat. The Iiltrate wan 

concentrated to -10 ml under reduced pressure and the concentrate was 

chromatogmphed on neutral alumina (Activity III) at 10°C using 2% ethedpentane 

an eluent. The solvent was removed under reduced pressure to give 1.7 g (55%) of 

yellow crystalline prcduct. 9,: mp 70-71°C; IR (CH.$l2) 2005. 1950 (C=O), 1620 

cm-l (C=O); ‘H NMR (CDCI,) 5 4.76 (s, Cp). 1.0 (6. 9H); 13Cj1H} NMR (CDCl,) 5 

262.7 (C=O). 215.4 (C-0). 86.3 (Cp). 57.9, 26.9 (3C); MS, mlc 234 [M-CO]+-, 205 

[M-t-Bu] + -. Anal. Calcd for C12H16Fe0.$ C.56.00; 11, 5.38; 0, 18.31. Found: 

C. 54.91; H, 5.21; 0.18.32. 

Drcclr&nyMqs-cyclopcntodicnyl~ir~~o~ntyi~ (10). 

To a stirred, nitrogen-blanketed solution of 0.18 g (0.69 mmol) of 9 in 5 ml of 

t,etrahydrofur~ at O’C wan added slowly by syringe 5.0 ml of 0.97 M borane in 

t.etrahydrofuran.3J The solution was stirred for 10 h at room temperature, cooled to 

-78°C and exceaa bomne wan decomposed by adding 2 ml of methanol. The solvent 

was removed under reduced pressure and the residue was chiomatographed on 

neutral alumina (Activity Iv) using pentane M eluent. After removal of the solvent 
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m&r &uad pnaurc 0.068 g (39%) of 16 wa obtained M an amber oil:” iR 

(CH,Cb) 2600.1910 an-’ (C-O); ‘H NMH (CDCl,) 5 4.73 (I, Cp). 1.73 (b 2I-U. 0.33 

(% gH); ‘v{‘H} NMR (CHCl,, -5°C) 8 218.8 (C-O],856 (Cp], 35.2 (>C<), 33.1 @C, 
CHJ, 19.5 (-c&Fo). Anal. Calcd for C,@,,FeO,: C, 58.10; H, 650; 0, 12.89. 

FM& C, 58.26; H. 6.54; 0.13.01. 

The Reaction of DlcarbonyUqs~fo~yclopcnladicnyl)iton(ncop (10) and 

Trrphenylmethyl Tetmfluombomte (2) m the Presence and in the Abaecncc of Carbon 

hfonoxide. 

A solution of 0.055 g (0.17 mmol) of 2= was cooled to -78°C and cannulated into 

a stirred solution of 0.040 g (0.16 mmol) of 10 alao at -78°C un&r a carbon monoxide 

atmosphere. The progress of the reaction wan monitored by periodically withdrawing 

small sampler and scanning the 2200-1600 cm-’ region in the IH. Absorptione at 

2010,195O and 1640 cm.‘, characteristic of complex 11, were evident aRer -3 h at 

-78’C. After 4 h at -78°C and an additional 2.5 h at -20°C the reaction wan virtually 

complete as evidenced by the absence of absorptiona at 2000 and 1940 ~11.’ (C-0 of 

the starting material). The solvent was removed under reduced pressure and the 

residue wag chromatographed on neutral alumina (Activity HI) at 10°C witb 10% 

ether/pentane as eluent. A yield of 0.031 g (71%) of 10 wan obtained: IH (C!H.$XJ 

2010, 1950 (C=O], 1640 cm.l (C=O); ‘H NMFt 0X1,) 8 4.70 (I, Cp), 2.80 (s, 

>CH,), 0.83 (s, 9H, CH,); 13C{‘H} NMR (CDCl,) 3 257.2 (C=O]. 214.6 (C-0). 86.3 

(Cp), 79.2 (-CH,COFe). 32.7 (>C<), 29.3 (3C. CH,); MS. m/e 276 [Ml +-, 248 [M- 

CO]+-, 220 [M2COl+-. 205 [M-CSHIIIl+*. Anal. Cakd for C13HIBFe03: C, 56.60; H. 

5.84: 0,17.38. Found: C. 58.42; H. 5.90.0.17.19. 

A second sample of 10 was treated with 2 under identical conditions but under 

a nitrogen atmosphem After 4 h at -78°C and 2.5 h at -2O’C only unreacted starting 

material was detected by IH. After an additional 20 h at mm temperature 

unnacted starting material could no longer be detected; the product, 11, was isolated 

in -17% yield by chromatography together with benxophenone, some triphenyl- 

methanol, and a compound which we believe to be 3.3~dimethyl-l,l,l-tri- 

phenylbutane. The presence of the dimethyltriphenylbutane ia auggerrkd by 

resonances at 5 1.01 (9, -9H). 2.52 (8, -2H) and 7.1 (s. -15H) in the ‘H NMH 

(CDCI,) spectrum of the mixture. 

D~carbonylf~5yelopcntodienyl~iro~l--norbornylarrbinyl~ (13) wan prepared and 

isolated by a procedure similar to that employed for 10. A sample of 0.10 g (0.33 

mmol) of dicarbonyl(q5-cyclopentadienyi~iron~1-norbornanecarbonyl) (12P in 7 ml 

of tetrahydmfuran was combined with 1.75 ml of a 0.97 M solution of boranc in 

tetrahydrofuran3’ at 0°C. The reaction mixture wan atimd at 0°C for 30 min and at 

room tempemture for an additional 2.5 h. A yield of 0.065 g (68%) of the oxidatively 

and thermally sensitive oil 13 was obtained: lH (CH,Cl,) 1998,194l an.’ (C-O); 

‘H NMR (CD,C~) 6 4.78 (a, Cp], 2.05 (br s) CH. bridgehead), 1.90 (s, -CH,Fe), 1.40 

(m. 10H); ‘%{‘H} NMH (CD&l,) 6 218.0 (C=O), 85.9 (Cp), 53.8 (C-1). 46.9 (C-41, 

38.O(C-7). 37.9 (C-3, C-5), 31.7 (C-2. C-61, 9.42 (C-8); MS. m/e 286 [Ml+., 

258 [M-CO] +*, 230 [M-2CO]+*, 109 [M-Fp] +-. 

The Renction of DkarbonyUq5qclopentadienylkon(1 -norbomylcurbinyl) (13) and 

Triphenylmethyl Tetmflwmbomte (2) in the Presence and in the Absence of Carbon 

MOlWXidU. 

A solution of 0.061 g (0.19 mmol) of g3 in 6 ml of dichloromethane was added 

by syringe to a stir& solution of 0.048 g (0.18 mm011 of 13 in 5 ml of dichlor~ 

methane under a carbon monoxide atmorphm. The mixture w(u stirred at mom 
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temperature for 6 h. The wlvent was removed under redu& premure and the 
pruduct was chromatographed on neutral alumina @tivity III) at 10% with 6% 

ether/pentane as eluent to give 0.042 g (80%) of 14 as a yellow oil. Purification by 

sublimation @O’C/O.l mm) gave a crystalline pmduct@ mp SO&61.6%; IR 2001, 

1947 (C =0),1662 cm-r X=0); ‘H NMR (CDCl,) i 4.89 (I, Cp), 3.41 (s, -CH.$‘e), 2.03 

(br s+CH, bridgehead), -1.3 (m. lOHI; ‘*{lH} NMR (CDCl,) i 255.7 (C =O), 214.6 

(C-O). 86.4 (Cp), 72.4 (C-8) ,47.2 (C-l), 43.5 (C-71.36.3 (C41.34.3 (C-3, C-S), 30.6 

(C-2, C-6); MB, m/e 314 [Ml +-, 286 [M-CO] +-, 258 [M-2CO]+.. 230 [M-SC01 +., 137 

[M-Fp] +-. Anal. Calcd for CIBH1803Fe: C, 61.17; H. 5.78. Found: C. 60.67; A. 5.92. 

A second solution of 0.056 g (0.19 mm011 of 13 in 6 ml of dichloromethane was 

combined with an equimolar solution of 2 and rtird under a nitrogen otrnorp~crc at 
mom tempemtum. hfiamd analysis of a small aliquot after 6 h showed mostly 

unreacted starting material. Workup after 43 h followed by chromatography yielded 

two fractions. The first fraction (0.030 g) was a mixture of unrea&d starting 

material, 13. and benzophenone; the second fraction (0.028 g, -46%) was the acyl 

complex, 14, contaminated with some benzophenone. 
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