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Protonation of 1,3-butadieneiron tricarbonyl (1) can yield
different products depending on the strength of acid.2 Addi-
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tion of HCI forms covalent w-allylchloroiron tricarbonyl (2),3
which upon treatment with silver tetrafluoroborate gives the
w-allyliron tricarbonyl cation 3.4 On the other hand, proton-
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ation by stronger acids, such as HBF 4 or HCIOy, produces the
isomeric cation 4.5 Interestingly, Young, Holmes, and Kaesz®
reported the formation of a diprotonated dication 5 when 1
was treated with excess of the even stronger acid, FSOsH. In
contrast, Brookhart and Harris alternatively suggested that
the diprotonated species 5 was actually better formulated as
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a monoprotonated s—7w complex 6.7 Further experimental
evidence supporting structure 6 has recently been provided
by Whitesides and Arhart.?

In order to clarify the structure of protonated butadieneiron
tricarbonyl we now report the **C NMR spectroscopic study
of the system in strong acids.

Results and Discussion

Addition of HCI or 1 equiv of FSO3H in sulfur dioxide so-
lution to butadieneiron tricarbonyl (1) at —60 °C affords
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Figure 1. Carbon-13 NMR spectra of butadieneiron tricarbonyl
complex in (A) HCI-SOs solution, proton decoupled; (B) FSO3zH (1
equiv)-S0s solution, proton decoupled; (C) FSOzH (excess)-SO»
solution, proton decoupled; (D) FSOzH (excess)-SOg solution, proton
coupled; (E) FSO3D (excess)-S0g solution, proton coupled.

species showing very similar 13C NMR spectra (Figure 1).
Table I summarizes the 13C NMR carbon resonances, multi-
plicities, and coupling constants (Jc_g, in hertz) along with
their assignments.? There are three allylic carbon resonances
and one methyl resonance, based on their proton-coupled *C
NMR spectra, clearly indicating protonation of the butadiene
moiety to give a methylallyl system. C3 experiences about 30
ppm more deshielding than C,; owing in all probability to a
methyl substituent effect.l? According to the previous con-
clusions by Whitesides the covalent methylallylchloroiron
tricarbonyl complex 2 was formed from 1 in HCl solution. The

TableI. Carbon-13 NMR Parameters of Protonated 1,3-Butadieneiron Tricarbonyl in Varying Acid-SO2 Solution 2
Solution, °C 4 Csg Cs CcO CHs
S0y, —60 40,95 85.76 209.0 (av)
(t, 158.7)® (d, 170.0)
HCI-80q, ~60 67.63 77.71 99.02 205.89 17.66
(t, 166.2) (d, 170.0) (d, 162.5) 205.48 (q, 127.5)
204.64
FSO3H-S0,, —60 70.88 83.23 101.38 203.6 (av) 15.4
(1 equiv) (t, 168.0) (d, 165.0) (d, 162.5) (g, 130.0)
FSO3H-S0g, —60 53.06 80.92 100.29 203.11 -2.76
(excess) (t, 165.5) (d, 184.1) (d, 173.9) 199.23 (t-d, 146.5,73.7)
196.04
FSO3D-S0,, ~60 52.78 80.88 100.46 203.22 —-2.99
(excess) (m) (d, 182.9) (d, 170.3) 199.35 (m)
196.18

¢ Carbon resonances (813, are in parts per million from external (CHs)4Si (capillary). ® Multiplicities and coupling constants (Jc_n,
Hz) are given in parentheses: d = doublet, t = triplet, g = quartet, t-d = triplet of doublets, m = multiplet.
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species 7 formed from 1 with 1 equiv of FSOsH in SOz solution
also seems to be covalently bonded because of the nearly
identical nature of the 13C NMR spectra for the.species.ob-
served in both acid systems. Ionic species such as 3 and 4, even
if intermediately formed, are not observable under the con-
ditions as they would be rapidly quenched by the fluorosulfate
acids. As the syn-methylallyl cation 4 was observed in HBF,
or HC10, solution,*? the covalent species 7 is assigned to be
the syn-methylallylfluorosulfatoiron tricarbonyl complex.

FSO,—Fe CH
(CO),
7

When the solution of 7 was treated with excess of FSOzH,
both the C; and the methyl carbon resonance were shielded
by about 17 ppm. Although C; remains as a triplet (Figure
1D), the methyl quartet originally present in 7 now becomes
a triplet of doublets indicating that the methyl carbon couples
with two equivalent and a third different proton with Je_u
of 146.5 and 73.7 Hz, respectively. It is further noticed that
the magnitudes of Jc_g for the methyl carbon, as well as Cy
and Cs, are substantially larger than those in 7. The increase
in coupling constant and the shielding of the methyl carbon
and that of C; thus agrees with the formation of 6 as the o=
type complex in accordance with the suggestion of Brookhart
and Harris.’®P The observation of the geminal 13C~Fe-tH
coupling (73.7 Hz) further substantiates the proposed struc-
ture.

The 13C NMR observations are thus best interpreted in
terms of initial formation (by 1 equiv of FSO3H) of a covalent
fluorosulfonic acid adduct 7 of butadieneiron tricarbonyl
which upon treatment with excess of FSO3H ionizes to give
6.
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Protonation of butadieneiron tricarbonyl (1) with excess
FSO3D in SO solution at ~60 °C, based on the proton-cou-
pled 13C NMR spectrum (Figure 1E), gives an ion bearing
deuterium on both C; and methyl carbon, but not on Cy and
Ca. This observation is thus in agreement with a slow intra-
molecular exchange process.
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Our 3C NMR spectroscopic studies reinforce the conclu-
sions reached by Brookhart” and Whitesides® that butadi-

eneiron tricarbonyl is monoprotonated in strong acids and not
diprotonated as suggested previously by Kaesz.®
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Experimental Section

Materials, Butadieneiron tricarbonyl (1) was obtained from
Ventron Corp. Alfa Products, and was used without further purifi-

Notes

cation. Both FSO3H and FSO3D (Cationics, Inc.) were freshly distilled
under nitrogen.

Preparation of Ions. A weighed amount of 1 in SO5 was placed in
an NMR tube at dry ice-acetone bath temperature (ca. —78 °C) under
nitrogen and was dissolved in SO; containing a known amount of acid
(equimolar or fewfold excess FSO3H) with stirring to give an about
10% solution. Samples were immediately transferred to a precooled
NMR probe for spectroscopic study.

'H and 13C NMR Spectroscopy. Both 'H and 13C NMR spectra
were obtained as previously reported.t
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Treatment of dithioacetals with strong base can result in
carbanions capable of reacting with alkyl halides to give
moderate to poor yields of products.? Corey and Seebach
improved considerably upon this reaction with the intro-
duction of the lithium salts of dithiane and its derivatives.?
The importance of these reactions in addition to the formation
of new carbon—carbon bonds stems from the convenience of
utilizing the resulting bis(alkylthio)ketals to obtain ketones
after hydrolysis, or methylene groups following reduction with
Raney nickel. Recently a need arose in this laboratory for a
two-carbon fragment that could be alkylated and act as a
precursor to a-keto esters. A few years ago, a preparation of
a-keto esters was reported using the carbanion from ethyl
1,3-dithiane-2-carboxylate in condensations with alkyl ha-
lides.* In this work ethyl 1,3-dithiane-2-carboxylate was
prepared by a boron trifluoride catalyzed reaction of 1,3-
propanedithiol with ethyl diethoxyacetate.

In the present report it is demonstrated that the activating
effect of the ester group on the acidity of the neighboring
proton is such that a simple bis(alkylthio)acetal will work
equally well. Moreover, the cost of preparing the reagent as
performed below is a small fraction of that required to prepare
the dithiane derivative. Methyl bis(ethylthio)acetate (1) was



