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methyl potassium dinitroacetate, 33717-84-9; potassium dini-
troacetonitrile, 6928-22-9; ammonium dinitromethane, 12373-04-5;
potassium dinitroethanol, 6928-29-6; fluorodinitroethanol, 17003-
75-T; fluorodinitromethane, 7182-87-8; fluorodinitroacetonitrile,
15562-09-1; fluorodinitroacetamide, 15562-10-4; dimethyl dinitro-
malonate, 66901-53-9; dimethyl nitromalonate, 5437-67-2; fluorodi-
nitroethyl methyl carbonate, 66901-54-0; methyl cyanodinitroacetate,
66901-55-1; diethyl nitromalonate, 603-67-8; dinitromethane, 625-
76-3.
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Hydration of the allene complex [3, Fp = CpFe(CO)4], under acidic conditions, gives a mixture of ketone and al-
dehyde complexes (4 and 5). The aldehyde complex is shown to be derived by acid catalyzed rearrangement of the
allyl alcohol complex (6) in a process involving the metal-stabilized cation (7). Rearrangement occurs at an appre-
ciable rate even at pH 3.3, reflecting the unusually high stability of 7. Hydration of syn-3-methylallene and syn-3-
phenylallene complexes (13a,b) proceeds in a manner closely paralleling the parent complex, but the isomeric anti-
3-methylallene and anti-3-phenylallene complexes (14a,b) behave differently. These undergo hydration principal-
ly through the less stable tautomeric 1-methylallene and 1-phenylallene complexes (15a,b) due to steric effects as-

sociated with the anti substituent.

Recently, our interest in the use of complexes such as 1
as organometallic synthons prompted us to examine the
preparation of the precursor ketones (2) by routes other than
those previously employed?! [Fp = #5-CsHsFe(CO),).

+
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Since it is well known that coordinated olefins in Fp(olefin)
cations readily add a number of carbon and heteronuclear
nucleophiles,2 we considered the prospect that Fp(allene)
cations might serve as useful precursors of 2. The allene
complexes are readily available either through an exchange
reaction involving the Fp(isobutylene) cation and an allene3
or by protonation of a (o-propargyl)Fp complex.4 The latter
are conveniently obtained by metalation with Fp anion of
either 1-halo- or 1-tosyloxy-2-alkynes.> While the exchange
reaction with monosubstituted allenes may be expected to
afford mixtures of syn- and anti-3-substituted allene com-
plexes,? protonation of (o-progargyl)Fp complexes has been
observed to proceed stereospecifically to give the syn stereo-
isomers exclusively.®7 Furthermore, syn and anti stereoiso-
mers have been shown to be thermally interconvertible
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through a succession of 1,2 shifts by the Fp group? (Scheme
D).

Results

Hydration of the Fp(allene) Cation. In general, the ad-
dition of nucleophiles, including hydroxide ion, to Fp(allene)
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Dicarbonyl #?-(Cyclopentadienyl)alleneiron Cations

cations has been shown to occur preferentially at C(1).7
However, hydration in acid media might be expected to yield
the desired ketone, since under these conditions addition to
C(1) would be expected to be reversible, while reaction at C(2)
would not.

In the event, hydrolysis of the parent cation (3) in aqueous
acetone at room temperature for 10 min gave a 1:2 mixture of
the desired ketone (4) and a second component in 61% yield.
This substance could not be separated chromatographically
from the ketone, but an 1H NMR spectrum of the mixture
showed the presence of an aldehyde proton as a doublet signal
at 6 9.2, as well as a methyl doublet at § 1.20, a one proton
double quartet at & 2.3, and a singlet resonance at & 4.67 for
cyclopentadienyl protons. On the basis of these data, the
complex was assigned the structure 5, and this was readily

CHO OE:

+ " Ho < :
Fp‘“ : Fp_% + Fp 1 FpNa
0

2.AL0,

3 4 5
confirmed by its synthesis from a-bromopropionaldehyde
diethyl acetal by metalation and hydrolysis.

The formation of 4 in this reaction requires no special
comment, but the aldehyde (5) represents a form of rear-
rangement product not hitherto observed in the reactions of
Fp(allene) cations with nucleophiles.”

The allyl alcohol 6, a likely intermediate in the rearrange-
ment reaction, may be prepared by treatment of 3 with ben-
zyltrimethylammonium acetate, followed by lithium alumi-
num hydride reduction of the acetate, or more directly hy
treatment of 3 with excess 0.1 N sodium hydroxide.

Brief exposure of the allyl alcohol (6) to 1 equiv of fluo-
roboric acid in aqueous acetone at room temperature con-
verted it to a 1:2 mixture of 4 and 5 in 70% yield. Significantly,
when hydration of 3 was carried out in DoO-acetone, the
propionaldehyde complex obtained was found to be mono-
deuterated exclusively at C(3).

) OH ..
H
oH*Fp—( Zs> 4 +5

3 6
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These results are in accord with a mechanism involving
intermediacy of the cationic carbene complex (7), generated
by protonation of the allyl alcohol (6). Subsequent hydricle

H
* HO OH OH
| “ ’
3
CHO
— Fp
5

shift within this cation yields the aldehyde (5). This latter step
requires no special comment, since it is well precedented.®
However, the formation of the carbene complex (7) under
comparatively mild acid conditions is remarkable.
Evidence for the transient existence of the parent cationic
carbene complex (8) was provided some years ago by Jolly and
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Pettit,? and by Green, Ishaq, and Whiteley.!® More recently
the phenyl-stabilized derivatives 91! and 102 have been iso-
lated. The present results show that these ions may be gen-
erated even in relatively weak acid media. Thus, rearrange-
Fp
©af
8 9 10
ment of the allyl alcohol (6) takes place rapidly in an aque-
ous-acetone solution 0.2 M in HBF, and formation of 4 and
5 from 3 occurs with equal ease in 0.06 M agqueous-acetone
solutions of the salt, which therefore cannot be more than 0.06
M in HBF,. Hydrolytic rearrangement of 3 takes place slowly
even when the salt is suspended in an agueous phosphate so-
lution buffered to pH 3.3.
With these considerations in mind, we undertook an ex-

amination of the hydrolysis of 3 in aqueous acetic acid—sodium
acetate solutions, under conditions which would preclude the

OAc QAc™ I-:;p_‘u Oﬁl
Fp—<\_ H T Fp—>—0Ac

11 3 12

Ho, Fp
_>=O

4
rapid formation of 7, but would allow reversible formation of
the acetate (11) and hydrolysis of the more reactive enol ac-
etate intermediate (12). These reactions are summarized
below.

We found that aqueous acetic acid-sodium acetate solutions
(pH 3.3) were effective in converting the allene complex (3)
to ketone (4). The crude product, obtained in 53% yield,
contained <10% of the undesired aldehyde. Similarly, treat-
ment of the allyl acetate (11) under these conditions converted
it in 73% yield to the ketone (4), containing 10% of the isomeric
aldehyde.

Preparation of Syn- and Anti-Substituted Allene
Complexes. The results obtained with the parent allene
complex (3) prompted us to examine the reactions of the re-
lated 3-methyl- and 3-phenylallene complexes. These sub-
stances may exist in geometrically isomeric syn and anti forms
(13 and 14), which may equilibrate with one another through
the intermediacy of the 1-substituted allene complex (15). The
syn complexes (13a,b) were readily prepared by low-tem-
perature protonation of the related o-propargyl complexes
(16a,b), a process shown earlier3® to proceed with high ste-
reospecificity (Scheme II).

Although the anti-3-methylallene complex (14a) is ther-
modynamically more stable than the syn isomer, it cannot be
obtained in pure form by thermal isomerization of the latter
complex, since equilibration results in a 2:1 mixture of anti
and syn isomers. However, good advantage may be taken of
the transperiplanar stereospecificity of the protonation re-
action, which converts 16 to 13. The reverse process should
be equally stereospecific. In the event, deprotonation of an
equilibrium mixture of 13a and 14a by treatment with dicy-
clohexylethylamine at 0 °C for 30 min smoothly deprotonated
13a, leaving 14a unchanged. The latter was then isolated by
precipitation from methylene chloride solution with ether.

The preparation of the anti-3-phenylallene complex (14b)
was more direct, since the syn complex (13b) is completely
isomerized to 14b on heating in methylene chloride solution
at 40 °C for 30 min.

Before considering the hydration reactions of substituted
Fp(allene) cations it is of interest to digress briefly to note the

+ +
FpCH, FpCHPh
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behavior of the parent cation (3) on deprotonation with di-
cyclohexylethylamine. In contrast to the reaction of 13a, which
is smoothly converted to 16a on treatment with this amine,
similar treatment of 3 yields the o-allenyl complex (18), rather
than the anticipated o-propargyl complex (17). We believe
that 17 is the initial product of this reaction, but that it
undergoes a rapid sigmatropic change to give the more stable
allenyl complex (18).

The same process may intervene in the metalation of pro-
pargyl bromide®13 or benzenesulfonate® by Fp anion, which
yields 18 rather than 17, although a preference for SN2’ dis-

Fpo

H
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+Fp H Fp Fp X

3 17 18

placement in this reaction cannot be excluded. A similar sig-
matropic process appears to be involved in the formation of
(cis- and trans-(2-butenyl)Fp on deprotonation of the

\T-/ — —>_ — Fp_/J
D D
D
Fp

D
N/ _ RD -
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*Fp D Fp
Fp(cis-2-butene) cation,!* and in deuterium label scrambling
on deprotonation of the Fp(1,1-dideuterioisobutylene) cation
at0°C.14

Merour and Cadiot!5 have also reported that (1,1’-dideu-
terioallyl) Fp, prepared by metalation of 1,1’-dideuterioallyl
tosylate, undergoes facile equilibration at ambient tempera-
ture.

The limited data would suggest that equilibrium between
isomeric (n!-allyl)Fp complexes favors the complex with a
primary metal-carbon bond. Analogously, sigmatropic change,
which interconverts (nl-propargyl)Fp and (y!-allenyl)Fp
complexes, suggests the order of stability as:

R=alk,ar R
—= > = —/‘
R ——\ < —\
Fp Fp
R=H
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Table I. Hydration Products of Allene Complexes 13 and

14
allene complex products and ratio % yield
0,
CHO
OH
syn (13) I‘X)—<_R Fp_>_\R Fp—g—
R
19 20 21
a, R = Me® 2¢e 1 0 60
b,R = Ph? 10f 1/ 0 70
R
. OH OH
anti (14) F F - _27
p‘§=0 p—CR p
R
22 23 24
a, R = Me¢ 28 0 1! 30
b,R = Ph¢ 2h 1% 0 10

@ Registry no.: 59752-01-1. ¢ Registry no.: 66807-52-1. ¢ Reg-
istry no.: 41357-51-1. @ Registry no.: 66807-54-3. ¢ Registry no.:
66769-04-8. f Registry no.: 66769-05-9. & Registry no.: 66769-15-1.
h Registry no.: 66769-16-2. i Registry no.: 41611-23-8. / Registry
no.:. 41611-24-9. * Registry no.. 56810-66-3. ! Registry no.:
66769-17-3.

The difference in energy between such isomers cannot,
however, be great, since when R = CH,OH6 or CH,OMe3
equilibrium favors the allenyl form, possibly due to attractive
interaction between the heteroatom and a carbonyl ligand.

Hydration of Substituted Allene Complexes. With both
syn and anti isomers (13 and 14) in hand, we proceeded to
examine their behavior on hydration. The syn-3-methyl- and
3-phenylallene complexes (13a,b) behaved like the parent
complex, yielding mixtures of ketone and aldehyde complexes
(19 and 20). These results are summarized in Table 1.

The allyl alcohol complexes (21a,b) were not isolated in
these reactions, but could be prepared independently, as for
the parent complex, by quenching the cations (13a,b) with
hydroxide. As anticipated, treatment of these alcohols with
a catalytic amount of HBF in acetone solution converted
them to the corresponding aldehydes (19a,b).

The corresponding anti-3-methyl- and 3-phenylallene
complexes (14a,b) behaved very differently on hydration.
Complex 14a yielded only the rearranged ketone and allyl
alcohol complexes (22a and 24a) in low yield when treated
under conditions used in the hydration of 13a and 13b. Sim-
ilarly, 14b gave only the rearranged ketone complex (22b) and
a smaller amount of the unrearranged allyl alcohol (23b).

The formation of ketones 22a,b may be depicted as pro-
ceeding through hydration of the less stable tautomeric form
of the allene complexes (15a,b), as shown in Scheme I11.

Scheme III
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This sequence of steps closely resembles the course of re-
action leading to the aldehyde (5) from the parent complex
(3). The formation of the butanone complex (22a) does not
involve hydration at C-2 of the allene complex (15a) rather
than at C-3, since when the reaction of 14 is carried out in D0,
monodeuteration occurs at C-4 in the product in accord with
the steps: 14 — 15 — 24 — 22, The failure of water to add to
the internal carbon atom in the reactive intermediate allene
complexes (15a,b), as it does with 3 and with the isomeric syn
complexes (13a,b), is noteworthy and may possibly reflect
increased charge accumulation at the terminal allene carbon
center (C-3) due to substitution at this point. Evidence for the
role of allyl alcohols (24a,b) as intermediates in the formation
of ketone complexes {22a,b) is provided by the observation
that mixtures of 22a and 24a are converted to 22a on treat-
ment with HBF,.

The failure of the anti complexes (14a,b) to undergo hy-
dration competitive with isomerization to their less stable
tautomers (15a,b) must be attributed to steric effects asso-
ciated with the substituent at C-3. Pronounced steric effects
are to be expected, since, unlike the uncomplexed ligand, al-
lenes bound to transition metals through = complexation are
distorted from linearity.!” In Fp(tetramethylallene) tetra-
fluoroborate the allene carbon framework forms an angle of
145.7°, with the uncoordinated carbon atom being bent away
from the iron atom, but in the plane defined by this atom and
the coordinated carbon atoms.'® The consequence of this
distortion is to greatly increase the steric hindrance of an anti
substituent at C-3 for nucleophilic addition to both C-1 and
C-2, since such reaction takes place trans to the iron-olefin
bond?2>19 (25),

25

Since hydration of the syn complex (13a) gives none of the
products formed from its anti isomer (14a), the activation
energy for hydration must be at least 2 kcal/mol less than the
energy barrier (23 kcal/mol)?® separating these isomers, as-
suming a symmetrical energy barrier between 15a and both
13a and 14a. Furthermore, the activation energy for hydration
of 14a must then be at least 2 kcal/mol higher than the acti-
vation energy for conversion of 14a to 15a. Thus, steric effects
associated with the methyl substituent in 14a must contribute
at least 4 kcal/mol to the activation energy for hydration of
this complex compared with its syn isomer 13a.

Finally, since hydration of 14 proceeds through the less
stable isomer (15), and hydration of this species competes
effectively with its further isomerization to 13, it follows that
the rate-limiting step in the hydration of 14 is its conversion
to 15. It is therefore not surprising that hydration of 14 undar
conditions similar to those applied to 13 is a much slower
process, as is evidenced by the comparative yields of hydration
products. This is particularly so for 15b, where steric effects!®
due to the phenyl group would be expected to appreciably
destabilize the complex relative to its isomer 14b and raise the
energy barrier for the exchange of 14b with 15b. The forma-
tion of a small amount of the unrearranged alcohol (23b) in
the hydration of this substance no doubt reflects the balance
between steric effects which retard rearrangement to 15b as
well as nucleophilic attack at C-1 in complex 14b.
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Experimental Section

Solvents were routinely dried by standard procedures, maintained
under nitrogen over molecular sieves, and degassed prior to use.

All reactions, subsequent purification procedures, and spectroscopic
examinations were performed under nitrogen. Reactions were con-
ducted in flame-dried apparatus.

Infrared spectra were recorded on Perkin-Elmer Model 137 and
457 spectrophotometers. Nuclear magnetic resonance spectra were
recorded on Varian Model A 60-A (NIH GM-13183), Perkin-Elmer
R-32 (NSF GU-3852), and Bruker WH-90 (NSF GU-3852, GP-37156)
spectrometers.

Melting points were determined in sealed capillaries and are un-
corrected.

Elemental analyses were performed by Galbraith Laboratories,
Knoxville, Tenn.

Hydration of Fp(CH;CCH,)BF, (3). Formation of 4 and 5. The
salt (3; 0.2 g, 0.7 mmol) was dissolved in 10 mL of acetone at room
temperature and to this was added 1 mL of water. An immediate color
change from yellow to orange took place. Reaction was allowed to
continue for 10 min and the solution was then poured into a mixture
of 10 mL each of methylene chloride and water. The organic layer was
separated and the aqueous layer was extracted once with 10 mL of
methylene chloride. The combined organic extracts were dried, sol-
vent was removed, and the residue was chromatographed on 10 g of
activity III neutral alumina. Elution with ether-petroleum ether
mixtures of increasing polarity removed the product as a single yellow
band (with 70% ether-petroleum ether). The yield of product (4 and
5), obtained as a yellow oil, was 0.094 g (61%). 4: IR (CH»Cls) 1965,
2030, 1640 em~%; NMR (CSy) 6 4.76 (s, 5, Cp), 1.92 (s, 3, CH3CO), 1.60
(s, 2, CHoCO). 5: IR (CH4Cly) 1965, 2030, 1640 cm™1; NMR (CSg) 6
9.2(d, 1, = 3 Hz, CHO), 4.67 (s,5,Cp), 2.3 (dq, 1,/ = 3,6 Hz, FpCH),
1.20 (d, 3, J = 6 Hz, CH3). Anal. Caled for C1oHoFeOs: C, 51.32; H,
4.30. Found: C, 51.32; H, 4.15.

Preparation of Fp(CH3CHCHO) (5). A 0.5 M solution of NaFp
in THF was prepared from dicarbonyl 75-cyclopentadienyliron
dimer,?® and this was added (160 mL, 80 mmol) to 2-bromopropion-
aldehyde diethyl acetal (16.7 g, 80 mmol) at room temperature, After
stirring the solution for 3.5 h, solvent was removed in vacuo and the
residue was extracted with petroleum ether. The combined extracts
were filtered under nitrogen, and the solution was concentrated and
then chromatographed on 200 g of activity III neutral slumina. The
acetal, which hydrolyzes on the column, was eluted with 60-80%
ether-petroleum ether as a yellow band. Removal of the solvent left
a yellow solid, which was recrystallized from ether-petroleum ether
by blowing a stream of nitrogen through the mixture. The yield of 5,
mp 70-72 dec, was 2 g (11%). Its 'H NMR spectral properties were
identical with the product obtained in the hydration of 3. Anal. Calcd
for C1oH1oFeOs: C, 51.32; H, 4.30. Found: C, 50.81; H, 4.10.

Deprotonation of Fp(CH;CCH,)BF, (3). Formation of 18. The
allene complex (0.15 g, 0.40 mmol) was suspended in 5 mL of meth-
ylene chloride and cooled to 0 °C. Dicyclohexylethylamine (0.086 g,
0.4 mmol) was added to the solution. After 30 min reaction was
complete. The solution was filtered under nitrogen through a short
column of activity [1I alumina and the solvent was evaporated to give
0.060 (70%) of Fp(allenyl) (18).6

Synthesis of Fp(AcOCH2CCH_) (11). The allene complex (3) was
added to a methylene chloride solution (5 mL) of benzyltrimeth-
ylammonium acetate (0.15 g, 0.70 mmol), prepared from benzyltri-
methylammonium tetrafluoroborate by exchange on Dowex 1. After
stirring for 30 min, 30 mL of ether was added and the resulting mix-
ture was filtered under nitrogen. Evaporation of solvent left the
product (11),0.114 g (83%), as an orange oil, which was used without
purification: IR (CHsCly) 1960, 2030, 1725 em™!; NMR (CS5) § 5.65
(t,1,J = 1.5 Hz, CH=), 5.0 (t, 1, J = 1.5 Hz, CH=), 4.82 (s, 5, Cp),
4.4 (t,2,J = 1.5 Hz, CHy0Ac), 1.95 (s, 3, CH3).

Synthesis of Fp(HOCH>CCH,) (6). A. LiAlH, (0.06 g, 1.5 mmol)
was suspended in 50 mL of ether and cooled to 0 °C. The allyl acetate
complex (11; 0.57 g, 2.0 mmol) was dissolved in 5 mL of ether and
added to this by stringe. After 30 min the reaction was quenched
successively with 1 mL of H>0, I mL of 15% NaOH. and 3 mL of water.
The mixture was filtered under nitrogen and the ether solution was
separated and dried. After removal of solvent, the residue was taken
up in petroleum ether and chromatographed on 10 g of activity I1I
alumina with 60-80% ether—petroleum ether to give 0.162 g (35%) of
allyl alcohol complex (6), mp 58-59 °C. The product could be further
purified by crystallization as yellow needles from ether—petroleum
ether: IR (CHyClp) 3600, 2020, 1960 cm~!; NMR (CS3) 6 575 (t, 1, J
= 1.5 Hz, CH=), 5.0 (br 5, 1, CH=), 4.78 (s, 5, Cp), 4.0 (br s, 2,
CHy0H), 1.55 (br s, 1, OH). Anal. Calcd for C;oH.¢FeOs: C, 51.32; H,
4.30. Found: C, 51.20; H, 4.31.
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B. The allene complex (3; 0.2 g, 0.7 mmol) was dissolved in 20 mL
of carefully dried acetone and to this was added 7 mL of a 0.1 N NaOH
solution. The reaction mixture turned brown immediately. After 10
min the reaction was worked up and chromatographed on alumina.
Elution with ether-petroleum ether gave the alcohol, 0.53 g (35%),
identical with the product obtained above.

Rearrangement of Fp(HOCH,CCH;) (6). The allyl alcohol
complex (0.02 g, 0.1 mmol) was dissolved in 5 mL of acetone and 1.0
mL of 0.1 M HBF4 was added. The solution was stirred at room
temperature for 10 min and then worked up. Chromatography on 10
g of activity III neutral alumina gave 0.014 g (70%) of product as an
amber oil. A 'H NMR spectrum of the product showed it to be a
mixture of 4 and 5 in a ratio of 1:2.

Preparation of Fp(CH2COCH3) (4) from 3. The allene complex
(3; 0.20 g, 0.70 mmol) and potassium acetate (0.070 g, 0.7 mmol) were
taken up in a solution of 1.0 mL of acetic acid and 0.1 mL of water. The
solution was stirred at room temperature for 0.5 h. At the end of this
period, 20 mL of methylene chloride was added, and the organic layer
was separated and dried. After removal of solvent, the product was
taken up in a small amount of ether and chromatographed on 10 g of
activity III neutral alumina. Elution with 60-80% ether-petroleum
ether gave 0.073 g (50%) of product shown by its 'H NMR spectrum
to be 4. A small amount, estimated to be <10%, of the aldehyde (5)
was also present.

Hydrolysis of Fp(CH2CCH,)BF, with D»0. The allene complex
(0.2 g, 0.7 mmol) was dissolved in 10 mL of carefully dried acetone and
1.0 mL of D20 (99.8%) was added. The solution was stirred for 10 min,
acetone was then evaporated, and the product was worked up as de-
scribed in the hydrolysis of 3. The yield of product was 0.080 g (52%).
A NMR spectrum of the product showed the aldehyde component to
have resonances at § 9.2 (CHO), 4.67 (Cp), 2.3 (FpCH), and 1.2 (CHy)
in ratios of 0.9:4.6:1.0:2.2 (average of three integrations). The ketone
component similarly showed resonances at 6 4.76 (Cp), 1.92 (CH3CO),
and 1.60 (CH3CO) in a ratio of 5.0:1.9:1.9.

Conversion of Fp(AcOCH,;CCH,) (11) to FpCH;COCH; (4).
The acetate (0.050 g, 0.2 mmol) was taken up in 1 mL of acetic acid
containing 0.1 mL of water and 0.1 g of potassium acetate. After
stirring at room temperature for 0.5 h, methylene chloride and water
were added and the organic layer was separated and dried. Solvent
was removed in vacuo and the residue was taken up in petroleum ether
and chromatographed on activity III alumina. Elution with 60-80%
ether—petroleum ether gave the product as a 10:1 mixture of 4 and 5
in 73% yield.

Hydration of Fp(CH;CCH,)BF~ at pH 3.3. The allene salt (3;
0.30 g, 1.0 mmol) was suspended in 1.5 mL of a phosphate buffer so-
lution (pH 3.3) and stirred at room temperature for 15 min. The re-
sulting gummy material was added to 5 mL of methylene chloride,
and the organic phase was separated. After extraction of the aqueous
phase with methylene chloride, the combined organic solutions were
dried, solvent was removed, and the residue was chromatographed
on 10 g of activity lII alumina. Elution gave 55 mg of product (25%),
shown by NMR spectral analysis to be a 3:2 mixture of
Fp(CH2COCH3) and Fp(CH,CHCHO).

Preparation of Fp(anti-CH;CCHCHj3)BF, (14a). The syn-3-
methylallene complex (13a), prepared by protonation of 12,3 was al-
lowed to equilibrate in refluxing methylene chloride solution. A so-
lution of this mixture (0.50 g, 1.6 mmol) in 10 mL of methylene chlo-
ride was cooled to 0 °C and was then treated with 0.63 mmol of dicy-
clohexylethylamine for 30 min. At the end of this time 50 mL of ether
was added and the precipitate was collected under nitrogen in a
Schlenk tube and washed with 100 mL of 1:1 methylene chloride-
ether mixtures. The residue was dissolved in 10 mL of methylene
chloride and filtered. Addition of ether to this solution gave 0.14 g of
14a (41% based on the presence of 0.33 g of this isomer in the initial
mixture). An NMR spectrum taken in CD3NOs did not indicate the
presence of syn isomer in the product: NMR (CD3NQ3) 6 6.4 (m, 1,
=CH), 5.7 (s, 5, Cp), 3.2 (m, 2, =CHy,), 2.1 (m, 3, CHa).

Preparation of Fp(syn-CH;CCHPh)BF, (13b) and of
Fp(anti-CH>,CCHPh)BF, (14b). The syn-3-phenylallene complex
(13b; 0.5 g, 1.3 mmol) was prepared by protonation of 16,5 following
the procedure employed in the preparation of 13a: NMR (acetone-dg,
0°C)682¢(s,1,==CH), 7.3-7.9 (m, 5, Ph), 6.1 (s, 5,Cp), 3.6 (d, 2,J =
4 Hz, =CHs). This product was suspended in 10 mL of methylene
chloride and the solvent was brought to reflux for 30 min. Ether (30
mL) was then added to ensure complete precipitation of product,
which was collected in a Schlenk tube and washed with methylene
chloride~ether (1:1). The product (14b) was dried in vacuo: yield 0.43
g (86%); NMR (acetone-dg) § 7.3-7.9 (m, 8, Ph, =CH), 6.05 (s, 5, Cp),
3.9 (d, 2, J = 4 Hz, ==CHj); NMR (CD3NOy) $ 7.3-7.7 (m, 6, Ph,
=CH), 5.85 (s, 5, Cp), 3.7 (d, 2, J = 4 Hz, =CHy,).
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Hydration of Fp(syn-CHCCHCHj3) (13a). Formation of 19a
and 20a. The procedure employed for the hydration of 8 was followed.
From 0.21 g of 13a, 0.09 g (60%) of a 2:1 mixture of 19a and 20a was
obtained after chromatographic purification on alumina. The mixture,
which could not be separated, showed: IR (CH»Cly) 2030, 1965, 1640
em~1; NMR (CSg) 69.2 (d, 1,J = 3 Hz, CHO), 4.78 (s, 5, Cp), 4.68 (s,
5, Cp), 0.6-2.4 (m, CH, CH,, CH3). Anal. Calcd for C1;H 3FeOs: C,
53.26; H, 4.84. Found: C, 53.58; H, 5.01.

Hydration of Fp(syn-CH,CCHPh) (13b). Formation of 19b and
20b. Hydration of 1.0 g of 13b, following standard conditions, except
that reaction time was 1 h, gave 0.38 g (47%) of a 10:1 mixture of 19b
and 20b after purification of the crude product on alumina. The
mixture showed: IR (CHCly) 2030, 1965, 1640 cm~1; NMR (CSs) of
19b 6 9.15 (s, 1 CHO), 7.05 (s, 5, Ph), 4.72 (s, 5, Cp), 3.33 (m, 1, FpCH),
2.5 (m, 2, CHy); NMR of 20b 5 7.15 (s, 5, Ph), 4.46 (s, 5, Cp), 3.28 (s,
2, PhCHy), 1.76 (s, 2, FpCHy).

Preparation of Fp(cis-HOCH;CCHCH;) (21a). Fp(syn-3-
methylallene) tetrafluoroborate (13a; 0.21 g, 0.7 ‘mmol) was takenup
in a small volume of carefully dried acetone and treated with 7 mL
of 0.1 N NaOH. After stirring for 10 min, the solution was extracted
with methylene chloride and finally chromatographed on 10 g of
alumina. Recrystallization from ether-petroleum ether gave 0.05 g
(30%) of 21a; IR (CH5Cly) 3590, 2020, 1955 cm~1; NMR (CSs) 4 6.22
(q,1,J = 7Hz, CH=) 4.8 (s, 5, Cp), 4.0 (brs, 2, CHy), 1.74 (d, 3, J =
7 Hz, CHj3), 1.18 (br s, 1, OH). Anal. Caled for C11H,203Fe: C, 53.26;
H, 4.84. Found: C, 53.10; H, 5.02.

Preparation of Fp(cis-HOCH;CCHPh) (21b). Treatment of
Fp(syn-3-phenylallene) tetrafluoroborate (13b; 0.25 g, 0.7 mmol) with
8mL of 0.1 N NaOH as with 13a above gave 0.05 g (25%) of the alcohol
(21b): mp 109-110 °C; IR (CHCls) 3590, 2030, 1960 cm~!; NMR
(acetone-dg) 6 7.66 {br s, 1,=CH), 7.29 (m, 5, Ph), 4.88 (s, 5, Cp), 4.28
(d, 2, J = 6 Hz, CHy), 3.8 (t, 1, J = 6 Hz, OH). Anal. Caled for
C16H14FGO3Z C, 61.97; H, 4.55. Found: C, 61.21; H, 4.31.

Rearrangement of 21b to 19b. The allylic alcohol (21b;0.06 g, 0.2
mmol) was dissolved in 5 mL of acetone and 0.2 mL of 0.1 M HBF,
(48%) was added at room temperature. After 90 min of reaction, 30
mL of CHyCl; was added, the solution was dried, and soivent was
removed. An NMR spectrum of the product revealed it to be 3:1
mixture of 21b and 19b.

Hydration of Fp(anti-CH;CCHCH3)BF, (14a). Preparation
of 22a. The salt (14a; 0.064 g, 0.2 mmol) was taken up in 5 mL of ac-
etone and 0.2 mL of water was added. After stirring at room temper-
ature for 10 min, 20 mL of CH,Cl; was added and the solution was
dried and filtered. Chromatography of the product on 10 g of activity
IIT neutral alumina with ether—petroleum ether gave 22a as a yellow
solid (0.015 g, 30%); IR (CHyClg) 2030, 1960, 1635; NMR (CS.) 6 4.66
(s, 5,Cp), 2.40 (q,1,J = 7THz, FpCH), 1.98 (s, 3, CH3CO), 1.18 (d, 3,
J =7 Hz, CH3). Anal. Caled for C;;H1905Fe: C, 53.26; H, 4.84. Found:
C, 53.10; H, 4.86.

Treatment of 14a with D3O, Formation of 22a and 24a. When
the reaction was carried out on a larger scaie (0.2 g of 14a) in D50, the
product, obtained as a yellow oil (0.050 g, 30%) after chromatography
on alumina, exhibited NMR absorption (CSg) at § 5.76 (br s, =CH),
4,94 (br s,=CH), 4.8 (s, Cp), 4.15 (m, CHOH), and 1.14 (d, CHs), in
addition to resonances assigned to the major product (22a). The ratio
of major to minor products (22a/24a) estimated from the relative
intensities of cyclopentadienyl resonances was 2:1.

The product obtained above was taken up in 10 mL of THF and 0.5
mL of CF3CO0D was added at room temperature. Reaction was al-
lowed to continue at room temperature for 30 min. Solvent was then
removed in vacuo and the crude product was chromatographed on 10
g of alumina. Elution with ether-petroleum ether gave 0.036 g of
product identified as the monodeuterated complex (22a).

Hydration of Fp(anti-CH,CCHPh)BF, (14b). Formation of
22b and 23b. The hydration of 0.31 g (0.8 mmol) of 14b following re-
action and workup conditions for 3 gave 0.025 g (10%) of a mixture
of 22b [IR (CH.Cly) 2030, 1965, 1640 cm~*; NMR (CS;) 6.9-7.8 (m,
Ph), 4.58 (s, 5, Cp), 3.3 (q, 1, J = 7T Hz, FpCH), 1.4 (d, 3, J = 7 Hz,
CH3)] and 23b [IR (CHCly) 2030, 1965 cm~1; NMR (CS3) 6 6.9-7.1
(m, Ph), 593 (s, 1,=CH), 5.1 (s, 2, CHxOH), 4.4 (s, 5, Cp), 2.05 (brs,
1, OH)]. A third singlet resonance at § 4.87 about half the intensity
of the resonance assigned to cyclopentadienyl protons may indicate
the presence of the isomeric allyl alcohol 24b.

Preparation of the Allyl Alcohol (24a). Treatment of Fp(anti-
3-methylallene) tetrafluoroborate (0.2 g, 0.6 mmol) in acetone solution
with 7 mL of 0.1 N NaOH solution at room temperature for 10 min
gave 0.013 g (10%) of the allyl alcohol (24a), after chromatography on
alumina; IR (CH,Cly) 3590, 2020, 1950 cm—1; NMR (CS») § 5.47 (q,
1,J =7Hz,=CH), 4.8 (s,5,Cp), 4.15 (brs, 2, CH3), 4.1 (brs, 1, OH)
1.75(d, 3,J = 7 Hz, CHs).
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Preparation of the Allyl Alcohol (24b). Treatment of Fp(anti-
3-phenylallene) tetrafluoroborate (0.76 g, 2 mmol) as above with 21
mL of 0.1 N NaOH in acetone gave 0.10 g (16%) of the allyl alcchol
(24b): IR (CH,Cly) 3590, 2030, 1960 cm~1; NMR (CS;) 6 7.1-7.4 (m,
5, Ph), 5.94 (s, 1,=CH), 5.1 (s, 2, CHy), 4.4 (s, 5,Cp). 1.65(d, 1, J =
4 Hz, OH).
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The use of solid acid catalyst for the gas-phase dealkylation of a tert-butyl group from 4-¢-Bu-2-BrCe¢H3X was
studied. Reactions were carried out in a flow system in the temperature range of 250400 °C at atmospheric pres-
sure. The tendency of the bromine atom to cleave under the experimental conditions was followed. The lifetime of
the catalyst was limited, but it could be reactivated easily. The advantages and limitations of the process are dis-

cussed.

Introduction

Electrophilic aromatic substitution has been and still is
being investigated, offering a large body of data including
information on isomer distribution in the electrophilic sub-
stitution of substituted benzenes.? However, only a limited
number of procedures for the selective introduction of a
functional group into a substituted benzene using bulky
positional protecting groups have been described earlier.13-12
One of the bulk groups more frequently used as a positional
protecting group is the tert-butyl group. In order to recover
the final product, i.e., the 1,2-disubstituted aromatic cora-
pound, the tert-butyl group is usually removed by transfering
it to another aromatic nucleus via a Friedel-Crafts type
transalkylation reaction.!-3-512 Catalysts for this reaction are
generally based on aluminum chloride and related Lewis acid
halides. However, this procedure requires an extensive sepa-
ration technique due to the formation of a complex between
the reactants and products with the catalyst as well as the
formation of by-products.?

We now wish to report the easy and fast dealkylation of the
tert-butyl group from 4-¢t-Bu-2-BrC¢H3X over an acidic solid
catalyst in a continuous process.
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Results and Discussion

In the course of our studies on the specific ortho bromina-
tion of substituted benzenes,!?* we found that the removal
of the tert-butyl group from 4-t-Bu-2-BrC¢H3X to yield 2-
BrCgHsX is achieved in the liquid phase by transalkylation
reaction (eq 1), using AlCl3 as catalyst, and excess benzene as

X X
Br Br
+ @ + @ n
t-Bu t-Bu

X = CH,, C,H,, Cl, Br

AICH,

solvent to shift the equilibrium composition to the right-hand
side of eq 1.

Although resulting in high yields and high isomer purity,
the batch reaction is not convenient for preparation on a large
scale. Since it is known that the tert -butyl group attached to
an aromatic ring has a great tendency to cleave over solid
acidic catalysts at elevated temperatures,!? we investigated
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