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Abstract: The dimethyldioxirane (DMD) promoted oxidative decomplexation of Fischer carbene
complex 1, which contains a conjugated enamino moiety, was investigated. Thus, treatment of 1 with 3
molecular equivalents of DMD afforded a 52% yield of amide 3 as unique isolable organic product. When
the reaction was performed with 1 molecular equivalent of DMD the formation of the enol intermediate
15 was evidenced by its capture as the tetrafluoroboric acid salt 16. This salt was unstable and when it
was exposed to air gave rise to amide 3 and to low amounts of ethyl benzoate and acetophenone. These
results indicate that the presence of an enamino group conjugated to the Fischer carbene moiety inverts
the chemoselectivity previously observed in the DMD promoted decomplexation of these compounds.
Thus, the major pathway involves the oxidation of the enamino double bond through the formation of
an enol intermediate which reacts with oxygen to give products resulting from the breakdown of the
molecule.

Recently we reported that dimethyldioxirane (DMD) is a valuable reagent for the oxidative decomplexation of
Fischer carbene complexes.! In some cases, the more powerful reagent methyl(trifluoromethyl)dioxirane
(TFMD) was required for accomplishing the decomplexation reaction in satisfactory preparative yields.2 From
the different compounds examined it was apparent that the oxidation of the metal carbonyl moiety was preferred
to that of the organic ligand. However, when this decomplexation reaction was assayed on a Fischer carbene
molecule bearing a conjugated enamine moiety, i.e., compound 1, the expected enaminoester 2 was not
obtained. Instead, N,N-diethylbenzamide (3), was isolated in 52% yield (Scheme 1).
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According to dioxirane reactivity,? carbene complex 1 presents three sites susceptible of attack by DMD, i.e.,
the carbene moiety, the nitrogen atom and the enamine double bond. The above result could be explained
assuming the initial formation of enaminoester 2, the expected compound resulting from the decomplexation,
which could then react with excess DMD to give 3. Alternatively, the enamine moiety present in 1 might
undergo a direct oxidative cleavage to render 3 as the unique isolable organic compound. In this latter case, the
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enamine moiety would had been the most reactive center of the carbene complex towards DMD. The present
paper reports the results obtained for elucidating the pathway operating in this oxidation reaction. This study
might contribute to shed additional light to the problem of chemoselectivity in dioxirane reactivity, particularly in
molecules containing heteroatoms and unsaturated moieties.*

Results and Discussion

Reaction with model enamines. After the preliminary results obtained from the reaction of 1 with DMD,
we focused our attention on the oxidation of enamine 2, which can be considered as a model of that one present
in carbene complex 1. Enamines are highly oxidizable molecules and their reaction with peroxyacids 56 or N-
sulfonyloxaziridines 7 affords products that could be rationalized by the initial formation of a hypothetical epoxy
intermediate, although the enamine substitution pattern would also condition the reaction course.?

Concerning the reaction of enamines with DMD, Adam et al. described the oxidation of enamines derived
from aldehydes to give 1,4-dioxane derivatives. These compounds would had been originated from a formal
dimerization of the corresponding epoxy intermediates.® Subsequently, this same group reported the reaction of
DMD with ketone derived enamines bearing silyl substituted nitrogen atoms, which enabled the NMR detection
of the corresponding epoxy intermediates at low temperature, although the rearranged a-aminoketones were the
compounds finally isolated.'?

In our case, reactions of enamine 2 with DMD were conducted in anhydrous dichloromethane in an inert
atmosphere, observing after 30 min at -70 °C the total conversion of the substrate using 3 molar equivalents of
the oxidation reagent. The analysis of the crude reaction mixture by GC showed the presence of two peaks,
which were distinct from that corresponding to amide 3. However, the GC analysis of the residue obtained after
solvent elimination showed the absence of one of the these peaks and the concomitant presence of that
corresponding to amide 3. Moreover, when the elimination of solvent was carried out in the absence of oxygen,
the original GC profile was maintained. Finally, an experiment carried out with 1 molar equivalent of DMD at
-70 °C, followed by elimination of solvent in a 180, atmosphere, showed the conversion of the above initial
intermediate into !80 labeled amide 3 as major compound (GC/MS analysis). Labeled N-ethyl benzamide (4)
and benzoic acid were also detected, although in very low amounts, in the crude reaction mixture. (Scheme 2).
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The above unstable intermediate was identified as enol 5. The presence of a quadruplet at 3.07 ppm and a
triplet at 1.05 ppm (J = 7 Hz) in the 'H NMR spectrum indicated that the NEt; group was still linked to the C=C
moiety. Likewise, the absorptions corresponding to the aromatic hydrogen atoms and to the ethoxy moiety were
not different from those of enaminoester 2, and no peaks that could be attributed to hydrogen atoms of an
epoxide ring or o to a carbonyl group were observed. Instead, a broad singlet at 5.3 ppm which was assigned to
the enol hydroxy group was detected. With respect to the 13C NMR data, significant shifts in comparison with
those of 2 were observed for C-3 (from 161.9 (2) to 139.0 (5) ppm) and C-2 (from 85.4 (2) to 124.2 (5) ppm),
which were in agreement with the effects reported for the presence of an oxygen atom linked to a C=C bond.!!
These data were more consistent with the structure of enol 5 in front of its putative rearranged product, ketone 6
(Scheme 2). Finally, the formation of amide 3 by reaction of this intermediate with oxygen supported its
identification as enol §. Actually, the oxidative cleavage of 1,2-diarylethenols to give carbonyl and carboxyl
derivatives has been described.!2

The second product formed in the reaction of enamine 2 with DMD was identified as hydrate 8 by comparison
with an authentic sample independently prepared. Thus, treatment of ethyl benzoylacetate with DMD afforded the
corresponding acyloin 7 !3 which was further oxidized by Cu(OAc); to give a 4:1 mixture of 8 and the
structurally related a-dicarbonyl derivative 9 (Scheme 3). In this context, previous work by Curci et al.14 and
Bovicelli et al.!3 on the oxidation of 1,2-diols with dioxiranes supported the reluctance observed for the DMD
mediated oxidation of the above acyloin to give 9. The fact that acyloin 7 did not afford 8 or 9 upon treatment
with DMD indicated that it was not an intermediate in the formation of 8 from the oxidation of enamine 2.

Scheme 3
EtOOC, Ph Ph Ph
DMD EtOOC, Cu(OAc), 8 + EtOO0C
e} CHyCly /MgS0Oy H O: ;O 67% O; ;O
6 7% 7 @4:1 9

Reaction of 2 with 3 molar equivalents of DMD gave a 23:77 mixture of enol 5 and hydrate 8, and this ratio
was not substantially modified by performing the oxidation at 0 or 20 °C. Use of lower amounts of DMD led to
the partial recovery of unreacted enamine. For instance, reaction with 2 molar equivalents of DMD at 0 °C
afforded a 38:25:34 2:5:8 mixture of products (GC), and use of more than 3 DMD molar equivalents gave a
lower amount of enol 5§ with the concomitant increase in hydrate 8. These results suggested that further
oxidation of enol § might give rise to diketone 9, which would be easily hydrated in DMD solutions to render 8.

With respect to the diethylamino moiety present in enamine 2, analysis of the crude reaction mixture after the
elimination of solvents revealed the presence of nitrone 10 (Scheme 2) The formation of this compound could be
rationalized assuming the release of diethyl amine during the conversion of 5 into 9, and its further oxidation by
DMD. 16

The results obtained from the oxidation of enamine 2 prompted us to assay the reaction with another model
enamine, i.e, compound 11, where the polarization induced by the ester moiety in 2 was absent (Scheme 4).
Reaction of 11 with 3 DMD molar equivalents at -70 °C afforded a mixture of benzoin (12), benzil (13) and
ketone 14 in a 15:37:26 ratio, respectively (\H NMR). When 1.5 molecular equivalents of DMD were used, a
21:27:52 12:13:14 ratio, respectively, was obtained. As occurred above, acyloin 12 did not yield benzil upon
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treatment with DMD. Likewise, it was observed that ketone 14 was slowly converted by DMD into 13. Finally,
the presence of water led to a slow hydrolysis of enamine 11 (30% after 5 days at 20 °C), and in contrast to what
happened with enamine 2, the ketone generated (which was not enolized in CDCl3 solution), did not give acyloin
12 by treatment with DMD. These results suggested that benzil was probably originated from the oxidation of
the rearranged ketone 14, and that benzoin did not arise from 14 or from the oxidation of the enamine hydrolysis

product.
Scheme 4
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In summary, it appears that DMD performs a rapid reaction on the enamine double bond to form an epoxy
intermediate which can give rise to different products (Scheme 5).
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It is worth of noting that no product originated from a preferential attack on the nitrogen atom was detected, in
agreement to that previously reported by using either DMD or other electrophilic oxidation reagents.”->10 This
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epoxy intermediate or its zwitterionic tautomer, if contains a 8 hydrogen atom, would rearrange to give the
corresponding ketone as major product (pathway A). On the other hand, it can react with nucleophiles present in
the reaction medium. In the case of water, this reaction would originate the acyloin (pathway B), and the relative
rates of both processes would determine the ratio of products obtained. In addition, the rearranged carbonyl
intermediate might be in equilibrium with its enol form, and this species could then react with excess DMD to
give diketone derivatives and compounds arising from the oxidation of the released secondary amine (pathway
(), or with oxygen leading to breakdown products such as the corresponding amide (pathway D).

According to these proposed pathways, rearrangement of the hypothetical initial epoxy intermediate to the
corresponding ketone would be the preferential reaction for the case of enamine 2. This ketone intermediate
would be converted into its enol tautomer 5, a highly unstable compound susceptible of further oxidation by
DMD and/or O3 to give the reaction products shown in Scheme 2. In this context, the presence of labeled amide
4 and benzoic acid in addition to amide 3 in the experiments carried out in 1807 atmosphere indicates that
breakdown of enol 5 is a complex process in which radical intermediates are probably involved. This fact could
explain the moderate yields systematically obtained in amide 3.

Reaction of DMD with carbene complex 1. With these antecedents, the reaction of carbene complex 1
with DMD was investigated to elucidate whether the carbene or the enamine moiety was the initial target of the
oxidation reagent. As indicated above, treatment of 1 with 3 molar equivalents of DMD afforded a 52% yield of
amide 3 as sole organic isolable product. Therefore, assuming that in parallel to what occurred with model
enamine 2, the enamine double bond could be the more reactive species in 1, the detection of the putative enol
intermediate 15 was attempted (Scheme 6). For this purpose, the oxidation of 1 with 1 molecular equivalent of
DMD was assayed. However, the formation of enol 15 was not detected by NMR, even working at low
temperatures. Consequently, its indirect detection by formation of an enol ether was contemplated.
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When the orange-brown precipitate formed in the reaction of 1 with DMD at -30 °C in CH,Cl, was treated
with Et30BFy, an intense red colour was developed. The residue obtained after elimination of solvent at -70 °C
was partially soluble in CDCls. The oil separated from this organic solution was dissolved in CD3COCD3. The
H and !13C NMR spectra of the CDCl3 solution showed the presence of a complex mixture of compounds in
which unreacted 1 was the only product identified. Conversely, the spectral data obtained from the CD3COCD3
fraction indicated the presence of a major compound which was identified as the tetrafluoroboric salt of the enol
intermediate 16. Thus, absorptions at 344, 223 and 215 ppm in the 13C NMR spectrum showed that the
pentacarbonylcarbenechromium structure was maintained. It is remarkable that the carbon atom absorption in 1
(292 ppm) was shifted downfield to 344 ppm in 16. This difference suggested that intermediate 16 lacks of the
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stabilization due to conjugation present in 1. On the other hand, the 'H NMR spectrum showed the resonances
from four ethyl groups (5.28, 4.61, 4.26 and 3.97 ppm for the CHy quadruplets). In this context, the
absorptions centered at 4.26 and 3.97 indicated that the nitrogen atom was quaternized. Finally, the absence of
resonance attributable to the vinyl hydrogen atom and the presence of two quaternary carbon atom peaks in the
13C NMR spectrum (212 and 167 ppm), supported the existence of an enol ether moiety bearing a quaternized
nitrogen atom at -position.

Unfortunately, this salt was too unstable to be isolated. Actually, when exposed to air, this CD3COCD3
solution gave rise to 2 mixture of compounds from which amide 3 was the major product (GC/MS analysis).
Other minor products identified in this mixture were ethyl benzoate and acetophenone. Formation of these
products indicate that radical intermediates are involved in the decomposition process suffered by 16. It is worth
of noting that no evidence of the formation of hydrate 8 or ketone 9 was obtained in these experiments, which
rules out the possibility that a direct attack of DMD on the carbene moiety with concomitant release of enamine 2
had occurred.

In conclusion, the above results indicate that the presence of an enamino group conjugated to the Fischer
carbene moiety inverts the chemoselectivity previously observed in the DMD promoted oxidative decomplexation
of these compounds. Although a partial attack on the carbene moiety cannot be completely discarded, the major
pathway involves the oxidation of the enamino double bond. This oxidation follows a similar pattern to that
observed for more simple enamines conjugated to carbony! groups. Crucial steps of this reaction pattern are the
formation of an enol intermediate and its further reaction with oxygen to give products resulting from the
breakdown of the molecule.

Experimental Section

Melting points were obtained with a Koffler apparatus and are uncorrected. The IR spectra were recorded in
film layer with a Bomen model MB 120 apparatus and absorptions are given in cm-l. The NMR spectra (1H,
300 MHz; 13C NMR, 75 MHz) were recorded with a Varian Unity 300 spectrometer. Unless otherwise
indicated NMR spectra were performed in neutralized CDCl3 solutions and chemical shifts are given in ppm
downfield from tetramethylsilane for 1H and deuterochloroform for 13C. The GC-MS-EI spectra (70 eV) were
obtained using a Fisons model MD 800 mass spectrometer coupled to a Fisons GC 8000 apparatus, which was
equipped with a 25 m HP-5 capillary column.

Benzoin (12) and benzyl (13) were commercially available. Unless otherwise stated, organic extracts coming
from crude reaction mixtures were routinely washed with water, brine and dried over MgSQy, and silica gel was
used for the chromatography purifications. Solutions of dimethyldioxirane (70-90 mM) in acetone were obtained
as described previously.!” All experiments carried out under inert atmosphere were conducted in a vacuum line
using Ar as inert gas.

Ethyl (2E)-3-diethylamino-3-phenylprop-2-enoate (2).!3 A mixture of ethyl phenylpropiolate (0.99
g, 5.8 mmol) and diethyl amine (0.46 g, 6.3 mmol) was heated for 7 h at 100 °C under N, atmosphere.
Purification of the crude reaction mixture by bulb-to-bulb distillation afforded pure enamine 2 (175 °C, 1 Torr)
(1.3 g, 96% yield). 2: '"H NMR: 7.44-7.34 (3 H, Hy,), 7.23-7.15 (2 H, Hy,), 4.81 (s, | H, H-2),3.87 (q,J =
7 Hz, 2 H, OCHjy), 3.13 (q, ] = 7.0 Hz, 4 H, CHpNCH>), 1.09 (t, ] =7 Hz, 6 H, 2 x CH3), 1.05 (t, J = 7
Hz, 3 H, CH3 ester); 13C NMR: 168.0 (C-1), 161.9 (C-3), 136.9 (C4,), 128.0 and 127.9 (CpH), 85.4 (C-2),
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58.1 (OCHp), 43.7 (CHpNCH>), 14.3 (CH3 ester), 12.8 (CH3 NEtp); MS 248 (M*+1, 5), 247 (M*, 45),
246 (M*-1, 100), 218 (M+-29, 37), 202 (M*-45, 31).

(1Z)-1-Morpholino-1-phenyl-1-propene (11).!° A solution of TiCl4 (1.15 g, 6 mmol) in benzene (10
mL) was added dropwise to a solution of deoxybenzoin (2.0 g, 10.2 mmol) and morpholine (2.7 g, 31 mmol) in
benzene (60 mL), maintained at 5 °C under Ny atmosphere. The mixture was stirred for 24 h at 25 °C, filtered
and solvent was eliminated under vacuum. Purification of the residue by bulb-to-bulb distillation afforded pure
enamine 11 (140 °C, 0.4 Torr) (1.6 g, 60% yield). 11: 1H NMR: 7.34-7.27 (5 H, Hyp), 7.06-6.90 3 H, Hy,),
6.78 (d, J =7 Hz, 2 H, Hy,), 5.62 (s, 1 H, H-2), 3.75 (m, 4 H, CHOCH)), 2.90 (m, 4 H, CHpNCH}3); 3¢
NMR: 151.0 (C-1), 138.5 and 136.9 (Cp,}, 130.4, 128.5, 128.4 (Cp H), 128.2 (CyH), 127.7 (Cx,H), 124.3
(CarH), 105.9 (C-2), 67.1 (CHaNCH»), 49.4 (CHROCHj); MS: 266 (M*++1, 25), 265 (M, 88), 264 (M+-1,
100), 206 (M*-59, 66).

Preparation of acyloin 7. A solution of DMD (0.7 mmol) was added to a suspension of ketoester 6 (0.12
g, 0.6 mmol) and MgSO4 in CHCl; (8 ml), and the mixture was stirred at 20 °C until reaction was complete (2
h, HPLC monitoring). The crude reaction mixture was filtered off and the solvent was eliminated to render
acyloin 7 (0.13 g, 97% yield), which showed by !H NMR to be a 84:16 keto:enol mixture. Ethyl 2-
hydroxy-3-phenyl-3-oxopropanoate (7)2°: |H NMR: 8.08 (2 H, Hy, keto form), 7.82 (2 H, Hy, enol
form), 7.65 (m, 1 H, Hp,), 7.51 (m, 2 H, Hp,), 5.60 (s, 1 H, H-2), 4.17 (q, J =7 Hz, 2 H, OCHj), 1.16 (t, ]
=7 Hz, CH3); 13¢ NMR: 193.9 (C-3), 168.6 (C-1), 134.6 (Cpp), 129.4 1 128.8 (CxH), 74.6 (C-2), 62.3
(OCHjy), 13.8 (CH3).

Preparation of diketone 8 and hydrate 9. A mixture of an aqueous saturated solution of Cu(OAc);-
H,0 (0.73 g, 3.7 mmol) and acyloin 7 (0.13 g, 0.6 mmol) was stirred at 20 °C until reaction was completed (1
h, HPLC monitoring). The precipitate was filtered and the filtrate was diluted with water and extracted with
Et0. Purification of the crude reaction mixture by chromatography afforded a mixture of 8 and its hydrate form
9 in a 35:65 ratio (\H NMR) (0.08 g, 60% yield). An aliquote of this sample was further distilled bulb-to-bulb
to give a 8:9 mixture in a 4:1 ratio (\H NMR).?0 IR: 3450, 1751, 1731, 1689, 1685, 1675, 1596, 1238; 1§31
NMR: 8.08 (m, 2 H, H,, hydrate), 8.00 (m, 2 H, Hy, diketone), 7.71 (m, 1 H, H, diketone), 7.63 (m, 1 H,
Hy, hydrate), 7.55 (m, 2 H, H,, diketone), 7.47 (m, 2 H, Hu, hydrate), 5.39 (br. s, 1 H, OH), 4.43 (g, J =7
Hz, 2 H, OCHj, diketone), 4.21 (q, J = 7 Hz, 2 H, OCHj, hydrate), 1.39 (t, J = 7 Hz, CH3, diketone), 1.08
(t, J = 7 Hz, CH3, hydrate); 13C NMR: 191.6, 169.8 (CO hydrate), 190.1, 183.8 i 160.5 (CO diketone),
135.4 (C4H diketone), 134.5 (C5H hydrate), 131.6 (Cy,, diketone), 131.5 (Cay, hydrate), 130.1 (CpH,
hydrate), 130.0, 129.1 (CxH, diketone), 128.7 (CH, hydrate), 91.7 (C hydrate), 63.2 (OCHj, diketone),
63.1 (OCHp, hydrate), 13.9 (CH3, diketone), 13.6 (CH3, hydrate); MS: 206 (M+, 0.5), 178 (M+-28, 1), 106
(20), 105 (100), 77 (81).

Preparation of nitrone 10. A solution of N,N-diethyl amine (0.05 g, 0.7 mmol) in acetone (5 mL) was
treated with 2 molecular equivalents of DMD for 30 min at 0° C. Elimination of solvent under vacuum afforded
compound 10 (0.03 g, 45 % yield), which was identified from its spectroscopic data. N-(a-Methylidene)ethyl
amine N-oxide:2! 13C NMR: 133.1 (CH=N), 59.9 (NCHy), 13.3 and 12.6 ( 2 x CH3).

Preparation of amide 3. A solution of diethyl amine (0.16 g, 2 mmol) in CH2Cly (5 mL) was added
dropwise to a solution of benzoyl chloride (0.14 g, 1 mmol) in the same solvent (5 mL) and the mixture was
stirred for 30 minutes at 20 °C. The crude reaction mixture was washed with water, 0.5 M NaOH, 0.5 M HCl
and dried. The residue obtained after elimination of solvent afforded pure amide 3 (0.16 g, 89% yield). N,N-
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Diethylbenzamide (3):22 'H NMR: 7.37 (m, 5 H, Hy,), 3.53 and 3.26 (br. s, 4 H, CH)NCHj), 1.21
and1.13 (br. s, 6 H, 2 x CH3); 13C NMR: 171.3 (CO), 137.2 (Cp,), 129.0 (Cp H), 128.3 (Cp H), 126.2
(CarH), 43.2 and 39.3 (CHyNCHy), 4.2 (CH3), 12.9 (CH3); MS: 177 (M*+1, 10), 176 (M*, 31), 106 (8),
105 (100), 77 (41).

Preparation of ketone 14. A mixture of 2-chloro-2-phenylacetophenone (0.5 g, 2.2 mmol) and
morpholine (0.43 g, 4.9 mmol) in toluene (7 mL) was heated for 6 hours under reflux. The crude reaction
mixture was cooled down, washed with 10% NaOH and the aqueous phase was extracted with toluene. The
residue obtained after elimination of solvent from the joined organic fractions was redissolved in AcOEt and
extracted with 1 N HCI. The acid fraction was basified to pH 8 with NaOH and extracted with CH,Cl, and
dried. The residue obtained after elimination of solvent afforded the expected ketone (0.37 g, 60% yield). 2-
Morpholino-2-phenylacetphenone (14):23 IR: 1687; 'H NMR: 8.02 (m, 2 H, Hp, PhCO), 7.54-7.24 (8
H, Hup), 493 (s, 1 H, H-2), 3.76 (4 H, CHOCH»), 2.51 (4 H, CHpNCH)); 13C NMR: 197.3 (CO), 136.4
(Car PhCH), 134.7 (Cp; PhCO), 133.1 (CpH PhCO), 129.7 (CpH PhCO), 128.9 (C,,H PhCO), 128.7,
(CarH PhCH), 128.5 (CaH PhCH), 128.4 (C5H PhCO), 76.5 (C-2), 66.9 (CHpOCHj»), 52.2 (CHOCH3) ;
MS: 281 (M, 2), 177 (M+-104, 68), 176 (M*-105, 100), 117 (58), 105 (87), 91 (82), 77 (82).

Reaction of enamine 2 with DMD. A solution of 2 (0.20 g, 0.8 mmol) in anhydrous CH;Cl, (2 mL)
was allowed to react with DMD (1.5 mmol) under Ar atmosphere at -70 °C. After reaction was completed (GC
monitoring), solvents were eliminated under vacuum in an inert atmosphere at -20 °C, and the residue was
dissolved in degassed CDClI3 and transferred into the NMR tube. The NMR analysis showed the presence of a
mixture of enol 7, hydrate 8 and nitrone 10 in a 27:49:24 ratio, respectively. An aliquote from this solution was
analyzed by GC/MS. Finally, the residue obtained from the elimination of solvent was purified by
chromatography to give hydrate 8 and nitrone 10, which were identified by comparison with standard samples
independently prepared. Ethyl 3-diethylamino-2-hydroxy-3-phenylprop-2-enoate (5): !H NMR:
7.50-7.18 (5 H, Hy,), 3.82(q, J = 7 Hz, 2 H, OCHp»), 3.08 (q, J = 7 Hz, 4 H, CHpNCHp»), 1.05 (t, ] = 7 Hz,
6 H, CH3 from NEt)), 0.72 (t, ] = 7 Hz, 3 H, CH3 ester) ; 13C NMR: 166.7 (CO), 139.0 (C-3), 136.8 (Ca,),
129.9 (Ca H), 128.1 (CpH), 127.4 (C5.H), 124.2 (C-2), 60.1 (OCHjp), 45.1 (CHNCH3), 14.1 (CH3
ester), 13.2 (2 x CH3 NEtp); MS: 263 (M, 18), 234 (M*-29, 3), 190 (6), 189 (14), 162 (29), 161 (46), 160
(40), 133 (14), 132 (100).

A solution of 2 (16 mg, 70 umol) in CH;Cl; (1 mL) was allowed to react with DMD (1.2 mL., 96 pmol) for
30 min at -20 °C under the above inert conditions. The GC analysis of the crude reaction mixture revealed the
presence of a 23:23:47 mixture of 2:7:8, respectively. Then solvents were eliminated in the vacuum line at -20
°C, the temperature was allowed to reach 20 °C under vacuum, 80, and degassed acetone (5 mL) were
introduced into the system and the mixture was stirred for 3h. The GC/MS analysis of an aliquote of this mixture
revealed the absence of enol 7 and the presence of labeled amide 3 as major compound, and traces of labeled N-
ethyl benzamide (4) and benzoic acid. [130]-3: MS: 179 (M*++1, 8), 178 (M+, 25), 177 (M+-1, 2), 176 (M*-
2, 6), 108 (8), 107 (PhC180, 100), 106 (4), 105 (PhCO, 25), 77 (38).

A solution of 2 (0.11 g, 0.4 mmol) in CH7Cl, (5 mL) was allowed to react with DMD (1.3 mmol) for 1h at 0
°C. After evaporation of solvents in the vacuum line at -20 °C, the residue was purified by chromatography to
give hydrate 8 (0.05 g, 57% yield) and amide 3 (0.01 g, 13% yield). This latter compound was identified by
comparison with a standard independently prepared.
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Reaction of enamine 11 with DMD. A solution of enamine 11 (0.13 g, 0.5 mmol) in CH,Cl; (6 mL)
was allowed to react with DMD (0.8 mmol) for 1 hour at -70 °C. The crude reaction mixture was treated as
indicated above to give a residue which showed the presence of a mixture of 12:13:14 in a 21:27:52 ratio (IH
NMR). Purification of this residue by chromatography afforded benzoin (12, 0.015 g, 15% yield), benzil (13,
0.037 g, 37% yield) and ketone 14 (0.034 g, 26% yield). This latter compound was identified by comparison
with a sample independently prepared.

Preparation of carbene complex 1. Diethyl amine (0.9 mL, 8.7 mmol) was added to a solution of
pentacarbonyl[(ethoxy)phenylethynylcarbene}chromium (0) (3.0 g, 8.6 mmol, prepared according to Fischer
and Kreissl 24) in anh. EtoO (150 mL) and the mixture was stirred at 20 °C for 15 min. The residue obtained
from the elimination of solvent was purified by chromatography to give pure carbene 1 (1.9 g, 63% yield).
Pentacarbonyl[(ethoxy)(E)-2-diethylamino-2-phenylvinylcarbenelchromium(0) (1):25 IH
NMR: 7.35-7.41 (3 H, Hay), 7.08-7.15 (2 H, Hpy), 6.62 (s, 1 H, =CRH) , 4.14 (q, ] = 7.0 Hz, 2 H, OCH2),
3.57 (br. s, 2 H, NCH2), 2.98 (br. s, 2 H, NCH2), 1.42 (br. s, 3 H, NCH2CH3), 1.02 (br. s, 3 H,
NCH)CH3), 0.56 (t, J = 7.0 Hz, 3 H, 0CH2CH3); 13C NMR: 292.0, (C=Cr), 224.4 (CO trans), 219.2 (CO
cis), 153.8 (=C), 137.6 (Cay), 128.42 (Ca H), 127.32 (Ca(H), 128.3 (Ca(H), 117.6 (=C), 73.0 (OCH2),
45.4 (NCH3), 44.6 (NCH?), 14.1 (OCH2CH3), 11.7 (NCH2CH3).

Reaction of carbene complex 1 with DMD. A soln. of 1 (0.16 g, 0.4 mmol) in acetone (16 mL) was
allowed to react with 80 mM DMD, added in 1 equiv. portions during 24 h at -20 °C. After the addition of 4.5
molar equivalents of DMD, reaction was completed. The residue obtained after filtration and elimination of
solvents was purified by chromatography on silica gel eluting with 4:1 hexane EtOAc, to give 35 mg (52%
yield) of N,N-diethyl benzamide.?2

In another experiment, where all solvents used were previously degassed, a solution of DMD (0.24 mmol) in
acetone was added to a solution of complex 1 (0.10 g, 0.24 mmol) in CH2Cl2 (8 mL) maintained at -30 °C. The
mixture was stirred for 15 min and the formation of brownish precipitate was observed. Then a solution of
Et30BF4 (0.96 mmot) in CH2Cl2 (1 mL) was added to the reaction mixture and stirring was prolonged for 1 h.

A deep red color was developed during this period. After the elimination of solvents at -70 °C, the residue was
resuspended in neutralized CDCI3 (2 mL). An oil was separated from this solution, which was redissolved in
CD3COCD3. The analysis of both fractions by 1H and 13C NMR revealed, for the CDCI3 fraction, the
presence of a complex mixture of compounds from only which the starting complex 1 could be identified. The
deuterated acetone fraction contained as major component compound 16. 16: IH NMR: 7.60 (br. s, S H, Hap),
5.28 (q, 2 H, J = 6.5, CH20), 4.61 (br. s, 2 H, CH20), 4.26 (q, 2 H, J = 6, CH2N), 397 (g, 2 H, 1 = 6,
CH2N), 1.72 (t, 3 H, J = 6.5, CH3CH?20), 1.55 (br. 3 H, CH3CH?N), 1.37 (br. s, 3 H, CH3CH2N), 1.27
(br., 3 H, CH3CH20); 13C NMR: 344.5 (C-1), 223.5 (CO), 215.5 (4 x CO), 212.3 (CN), 167.6 (CO), 133.8
(Cap), 132.7 (CarH), 130.2 (Ca H), 126.6 (Ca H), 80.7 (CH20), 56.4 (CH20), 52.4 (CH2N), 51.0
(CH2N), 15.2 (CH3CH20), 14.9 (CH3CH?20), 13.6 (CH3CH2N), 13.3 (CH3CH2N).
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