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The protonotion of ketones and the observotion of the corresponding cations by nmr, has recently 

received considerable attention 
3,4 

. Our interest in this area led us to investigate seveml metal complexes 

of ketones, among which were troponeiron tricarbonyl Z and bicycle [3.2.2] nonatrieneiron tricarbony?, 

in strongly acidic media. Z has been known since 1962 and was prepared in very poor yields, either 

from acetylene and Fe2(CO)96 or from tropone and Fe3(CO),* 
7,8 

. We obtuined Z in high yield from 

tropone and Fe2(C0)9. 

When a CH2C12 solution of Z was extracted with concentrated H2S04 (98%) at O”, the ion 

Zlo was formed and its nmr spectrum was measured at ambient hmpemture. A priori, one might expect 

protonotion to take place at oxygen to form ZZZ 
3,4 . However, the observed nmr spectrum is consistent 

only with the proposed structure ZZa i.e., cycloheptadienyl-1 -one iron tricarbonyl, and not with hydroxy 

tropylium iron tricorbonyl ZZZ, olthough the latter might constitute an intermediate species to ZZa via II’. - 

This constitutes, to the best of our knowledge, an unprecedented case of observed C-protonation in such 

systems. The high field AB pair at 26.77 and r7.68 (as part of an ABX pattern) is inconsistent with 

ZZZ, and supports the formotion of o C-p;ptonoted cationic species. 
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a) X=Y=Z=H; 

T 

b) X=Y=D; Z=H; 

c) J@Y-Z=D; 

i) X=D;Y=Z=H; 

The chemical shifts ond the coupling constants found for ZZa were similar to those reported for 

tt,e cations IV, 
9 10 

ondV , The cations resemble ours, especially in the nmr region due to the two 

methylene protons on C 
9 

2’ 
where the signals appear as AB pairs, In the spectrum of ZZa, the lower 

field qwrtet ot 26.67 is ottributed to the absorption of Hendo, with two large coupling ~onstanh: 

>ndo, exe = 16.5 Hz ond ,]endo,3=8.0 Hz. The upfield double doublet is assigned to -0, the 

very small coupling constant being due to the interaction of Hexo with H,,. Such a pattern wan 

interpreted by Wilkinson' in terms of non-equivalence of the protons on Cl and of the non- 

planarity of the cyclohexadienyl ring in IV. 

6I.3 
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The cation ZZa is very stable in acidic solution (H2S04) and does not noticeably decompose 

on standing at room temperature for five days. In addition, 

charge adjacent to the keto-group, 

When a’s;l;p of ZZa was quenched in a rapidly 

methanol at O”, VI ’ in greater than 90% yield (based on 

ation process) was recovered. 

cation ZZa is unusuol in exhibiting positive 

stirred suspension of sodium carbonate in 

troponeiron tricarbonyl used for the proton- 

zza 
CH30H - Na2C03 4.72 

O0 

VI 

In addition to the direct observation of cation ZZo in strong acid, we were able to isolate it 

in qwntitative yield as the stable solid crystalline tetmfluoroborate salt, “‘13 (decomp.140” ZZd, by 

treating the methoxy-dienone complex VI, with HBF4 in Ac20. 

1. HBF4-Ac20 

VI 
2. Ether NaN3 

BF4’ 

Attack on the solt ZZd by a strong nucleophile such as NaN3 in aqueous solution gave the 

corresponding aride, VIZ, with ir and nmr spectra very similar to those exhibited by VI. 

When tmponeiron tricarbonyl was dissolved in D2S04 (99%) at 0’ and the nmr spectrum of the 

solution observed, the absorptions which had been present for ZZa in H2S04 at r6.7 and 77.6 had 

almost disappeared ( > 95%) within 15 minutes ond there were no peaks above 7.-6.0. This suggests 

tmnsient formation of ZZb on which we also observed the replacement of H ( T5.2) with deuterium, but 
176 

at a slower mte disappeamnce after about 2.5 hr; to yield eventually ZZc . Replacement of H, with 

D at ambient temperature (co_ 40’ was followed as a function of time and gave a first order rote constant 

of ca. 4x10 
-4 

- set-’ (half life of 2. 30 minutes). 

Z 
D2S04 

D” 

-f zzb > zzc 
ca.. 35O 

k= 4.10-let 
-1 
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Initially, one might expect to find two deuterium atoms per cation ZZo at C2 as a result of oxchange via 

an enolic intermediate. However, to accommodate the incorpomtion of the third deuterium atom at C7, 

we suggest a 1,2 shift of the pentadienyliron tricarbonyl system around the ring, as shown in the scheme 

below. The rate constant, k,, of the enolic doub e bond deutemtion is much faster than k2 which 

represents the rate of fluxioml isomerization of this double bond. 

VZZZe 

zzc 

Thus, if the proposed mechanism is correct, the rote constant for incorporation of the third deuterium at C7 

in ZZb gives on estimate of the rate of ring fluxioml isomerism of the Fe(CO)S moiety. 

The single band at 74.2 observed in the tropyiiumiran tricarbonyl IX was interpreted in 

terms of a rapid valence tautomerism of the C7H7 riw 
14 

. In the case of catian ZZa, the suggested 

intermediate which probably undergoes valence tautomerism is hydroxy-tropylium iron tricarbonyl, ZZZ, and 

it appears that the presence of the hydroxy substituent increases the energy barrier ta the isomerizatim 

process, in the comparison to the parent cutim IX. 

We also attempted to measure the exchange mte of the methylene protarr at C2 by mmitorig 

the mte of deuterium incorpomtion using S02-FSOSD (40 fold excess of the acid) at -78’ and nmr spectra 

were recorded at -34 and -14 
15 

, no exchange was detected after 2 haun at -14’. Them was no exchaw 

even after 2 days at -20’. (The first deuteration in FSOSD was found to be nm-stereoselective). 

However, if the sample was allowed to warm up to room tempemtum (the SO2 was l vafvxated) and stand 

for 24 hrs., the nmr spectrum showed almost full incorpomtim of two deuterium atoms at C2, and, In 

cmtmst to the measurements in D2S04, only N 209&D at C7. 

-4 

The exchange rate of the methylene proton at C2 

ca. 2x10 set-‘( 4 = 60 min). 

in S02-FSOSD at 16’C (Z+ ZZb), was 

- Moreover, the incorporation of the third D at C7 was much slower in 

FSOSD than in D2S04, w,SxlO 
-6 -1 

set . A ratiomle to the slower rote of D--exchange at all pow 

itions in FSOSD as compared to D2S04 is possibly given by the increased acidity of the former, inhibiting 

the deportonation step in FSOSD. 

SO2 
- FSOSD -20°/ 2 days x 

Z > ZZe +l6’/ 2 x 10-4sec ZZb 

1 L 
-6 -1 

r. . CQ. 8x10 set 
zzc 
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zzc 
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O0 


