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Abstract—The reaction of methyl a-acylaminocrotonates with thallium(liD) acetate in methanol results in the
formation of a mixture of diastereomeric a.8-dimethoxy derivatives. The mechanism and stercochemistry are

discussed.

Although oxymetalation reactions of simple acyclic
olefins have been extensively investigated, little is known
of these reactions with enamines and their N-acyl
derivatives. Two reports concern the oxidation of
enamines with thalium({lll) salts’ and a third com-
munication describes the alkoxymercuration of a-acyl-
aminoacrylic acids.’” We now report the results of the
oxidation of methyl a-acylaminocrotonates with thallium
triacetate in methanol.

The a-acylaminocrotonic acids were prepared, ac-
cording to the procedure of Flaving and Slaughter (des-
cribed for a-chloroacetamidocrotonic acid’) starting
from a-ketobutyric acid and the appropriate amide.
While only one a-acylaminocrotonic acid was isolated by
the above-mentioned workers, we have been able to
separate the other geometrical isomer as the methyl ester
(by PLC on silica).

The configuration of methyl a-acylaminocrotonates
has been assigned by NMR, following the work of Mor-
genstern,’ on the basis of the signal of the vinyl proton
which, when cis to the acylamino function, occurs down-
field relative to the corresponding proton in the other
geometrical isomer. We have thus assigned a Z confi-
guration 1 to the more polar isomer obtained in higher
yield, and the E configuration 2 to the other.

This assignment was subsequently confirmed by
Srinivasan ef al.’ who established the stercochemistry of
a-acylaminocrotonates on the basis of the shift positions
of the 8-methyl groups.

Preliminary analysis of the reaction mixture obtained
by oxidation of 1a with thallium triacetate in refluxing
methanol (by TLC. IR and NMR) revealed, beside start-

*The diastereomeric «.8-dimethoxy derivatives 3¢ and &
derived {rom I¢ were not separated; their composition {(by NMR,
after ozomzation) was equimolar.

ing material, two new compounds in about equal
amounts and in 50% overall yield. After ozonization, the
separation of two unchanged reaction products (hy PLC
on silica) was made easier. Elemental analysis, IR and
NMR spectra indicated that the compounds were prob-
ably two diastereomeric methyl a - methoxy - a -
acctamido - B - methoxy - n - butyrates (3a: less polar
isomer, 4a: more polar isomer).

The methoxythallation reaction was extended, with
similar results, to phenylacetamido 1b and benzamido k¢
derivatives. A characteristic IR absorption pattern was
shown by more polar compounds, 3a and 3b* in the
region 1200-1100cm °, and the less polar isomers 4a and
4b? also showed typical IR absorption bands in the same
region.

Confirmation of the above structures was achieved by
hydrogenolysis of 3a and 4a on palladium in acetic acid:
both isomers gave a mixture of acetyl-O-methyl-
threonine methyl ester Sa, acetyl-O-methyl-allothreonine
methyl ester 6a and methyl N - acetyl - a - amino - n -
butyrate 7a.

Configuration assignments for diastereomeric methyl o
- methoxy - a - acylamino - 8 - methoxy - n - butyrates,
3a. 42, 3b and 4b was attempted by comparing their
NMR spectra with those of acyl-QO-methyl-threonine
methyl esters, 8a and 3b and acyl-O-methyl-allothreonine
methyl esters, 6a and 6b prepared independently. The
NMR spectral parameters of these compounds are given
in Table 1.

The coupling constants of the two vicinal protons
(CH - CH) of acyl - O - methyl - threonine methyl esters
S$a and 5b and those of acyl-O-methyl-allothreonine
methyl esters 6a and 6b are low. This, in agreement with
Karplus® rule, emphasizes a predominant contribution to
the conformational equilibrium of gauche. rather than
trans, rotational conformers of both threo and ervthro
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Table 1. NMR datat of methyl a - methoxy - a - acylamino - 8 - methoxy - n - butyrates, acyl-O-methyl-threonine methyl
esters and acyl-O-methyl-allothreonine methyl esters

& (ppm) §
Compoundt* B-CH, OCH.(a.f) COCH, BCH aCH NH C(COR CH-CH C(H-CH, CHNH
k 1.14d 342 3.76s 367q —  6.76bs  2.06s — 6.3 -
da 1.254 3.29s 1.80s 31.96q —  670bs  2.08s - 6.3 -
3.35s
» 1.06d 315 3.74s 1519 —  6635hs  3.5% - 6.3 e
333 1.2%
& 1.14d 3% 3%4s 3.8%q - 660bs 35% - 6.3 -
322 127
52 i.18d 3.28s 375 3950 464dd 62ibd  2.08s 24 6.3 9
[ 1.23d 335 3.75s 3660 4.72dd 6.38bd 205 36 6.3 835
1) 1.09d 3.20s 3.70s 1880 460dd 6.13bd  3.62s 24 6.3 9
7.28¢
(1] 1.14d 3.25s 3.70s 3570 473dd 6.24bd  361s 36 6.3 8.2
131

ta: R=CH,, b: R=CH,Ph

18(ppm) values relative to TMS as internal standard; coupling constants in Hz. Intensitics of the signals in accordance
with the number of protons; s: singlet, d: doubiet, dd: double doublet, q: quartet, o: octet, b: broad.

derivatives. The higher coupling constant of alloth-
recnine derivatives (J,. 3.6 Hz), than that observed in
corresponding threonine derivatives (J,.. 2.4 Hz) could be
due to the increase in steric hindrance in the trans forms
of the latter compounds.® The different preferential dis-
tribution of conformers affects the shifts of protons of
threonine and allothreonine derivatives. The more re-
markable difference in shifts between the two sets of
diastercoisomers  concerns the g-proton, which in
threonine derivatives absorbs downfield relative to the
corresponding isomers [A8y, = 0.29ppm in the acetyl
derivatives S$a-6a: A48y, =031 in the phenylacetyl
derivatives Sb-6b].

Substitution of the B-proton by a methoxyl group
should not cause substantial change in conformational
equilibria, on the assumption that a methoxyl group is
(like the B-proton) the smallest of the groups bonded to
the a-carbon. Furthermore, the effect of diamagnetic
anisotropy of the oxygen atom in cthers and alcohols
seems to be less important than that of carbonyl groups.”
In agreement with this, we found an identical Ad,,
(0.29 ppm) between the B-protons of 4a and 3a. In ad-
dition. the A8y, (0.38 ppm) observed between 4b and 3b

is similar to that between 5§b and 6b (0.31 ppm). In view
of these results, it seems probable that the configuration
of the less polar isomers 3a and 3b may arise from 6a and
b by replacing the 8-proton by a methoxyl; as a con-
sequence, the configuration of 4a and 4b would be that
deriving from $a and 5b.

It is noteworthy that the only products observed in this
oxidation were a,8-dimethoxy derivatives. In the first
stage of the reaction (the formation of the adduct) it is
likely that thallium attack occurs on the 8-carbon atom
with uptake of methanol at a-C. This is supported by the
results of Gallina ef al’ and by the lack of both acetoxy
substituted products (which would have been expected
for a concerted addition) and geminal dimethoxy deriva-
tives (arising from a possible shift of the 8-hvdrogen).
As concerns the decomposition step, the lack of acetyl-
ated products excludes an Sui process,” the nearly equi-
molecular rate of two a.8-dimethoxy derivatives ob-
tained, suggests that the reaction step proceeds via an
ionic mechanism (Sx1) but cannot exclude some an-
chimeric assistance to heterolysis of carbon~metal bond
by the a-methoxy substituent. To obtain further me-
chanistic information, we have carried out the reaction
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with the E geometrical isomer 2a. The reaction mixture
(analysed by NMR) was formed of 3a and 4a (in a similar
ratio to that obtained by oxidation of 1a) and by the same
1a.

This result, together with lack of isomerization of 2a
under similar reaction conditions, but in the presence of
CH,COOH instead of thallium triacetate, allows us to
conclude that the formation of adduct is reversible but
does not exclude some participation of anchimeric as-
sistance to the reaction mechanism.

CONCLUSION

In agreement with the referee’s suggestion we could
conclude the discussion as it follows: Our results of the
methoxythallation of methyl a-acylaminocrotonates are
quite different from those previously reported'*'” con-
cerning the oxidation of enamines with thallium salts. The
formation of a-acetoxyketones was observed after the
oxidation of morpholine enamine derivatives of several
ketones with thallium(ll) acetate in acetic acid"; a-
methoxy ketones and a-diketones were isolated after
hydrolytic work up of the reaction mixture arising from the
oxidation of tautomeric imines with thallium (111) nitrate in
methanol.™

EXPFRIMENT AL

Thallium triacetate was prepared by the method of Kochi and
Bethea.® M.ps were determined with a Buchi oil bath apparatus:
IR spectra were recorded on a Perkin-Elmer 521 spec-
trophotometer in CCl, solutions. NMR spectra were measured
for CDCl, solutions (TMS as internal standard) with a Jeol C-60
HL spectrometer. Preparative layer chromatography (PL.C) was
carried out with Merck HF,,, silica gel (layers 0.5 mm thick).
Light petroleum refers to the fraction with b.p. 40-60°.

Methyl a-acetamidocrotonates 1a and 2a

A mixture of a-ketobutyric acid (20g) and acetamide (6g) in
trichloroethylene (250 ml) was refluxed for 26 h, using a Soxhlet
condenser filkkd with molecular sicve type 4 A (Merck). After
cooling at 4° overnight, the crude precipitate (12.27 g) was collec-
ted and crystallised from acetone. giving pure (Z)-a-acetamido-
crotonic acid (5.7 g). m.p. 160-1° ()it.* 159-60°). Estenfication of
this acid with ether diazomcthane yielded methyl (Z2)-a-acetami-
docrotonate la, m.p. $9-60° (from cther-light petroleum); »v...
3400, 1730, 1700. 1658 and 1265cm '. & 1.75 (3H. d. J6.7 Hz.
B-Mc). 208 (3H. s, COMe). 3.68 (3H. s. CO;Me), 6.66 (1H. q.
J6.7 Hz. vinylic), 7.04 (1H, s broad, NH). (Found: C, $3.31: H,
6.93. N, 8.93. C,H,,NO, requires: C, 53.49; H, 7.05; N, 891%).

The mother liquors from this reaction were cvaporated under
reduced pressure to yield an oily residue (~ 10g). This residuc
(3.5g) was csterified with ether-diazomethane and chromatog-
raphed on a column of silica (1:30). Elution with ethyl acetate
and ethyl acetatc—methanol (8:2) gave a nearly pure product
(0.36 g). which, rechromatographed on silica (PL.C) [benzene-
cthyl acetate (1:1) as cluent] finally yielded pure methy! (E) - a -
acctamidocrotonate 2a. m.p. 4849 (from ether-light petroleum):

Veas 3440 (w), 3400, 1730, 1680 and 1260cm *; § 207 (3H, d.
J1.5Hz, B-Me). 2.08 (3H, s, COMe), 3.82 (3H. s. CO;Me), 7.05
(1H, q. J7.5 Hz, vinyli). 7.48 (1H, s broad, NH). (Found: C,
$3.36: H, 6.92. N, 8.70. C;H,,NO, requires: C, $3.49; H, 7.05; N,
891%).

Methyl a-phenylacetamidocrotonates 1b and 2b

a-ketobutyric acid (20 g) and phenylacetamide (13.5 g) in trich-
loroethylene (250 ml) gave, after conventional work-up, a solid
precipitate (m.p. 188-8%) (11 g), which, after crystallisation from
acetone, afforded (Z)-a-phenylacetamidocrotonic acid, m.p. 195-
96° (5.5 g). Estenification with ether-diazomethane yielded methyl
(Z)-a-phenylacetamidocrotonate 1b, m.p. 80-81° (from ether-
light petroleum); va.. 3400, 1715, 1695, 1658, 1275 and 700cm ';
§ 1.71 (3H. d. J7.1 Hz, 8-Me), 3.67 (2H, s, CH,-Ph), 3.69 (3H, s,
CO,Me), 6.70 (1H, q. J7.1 Hz, vinylic), 687 (1H. s broad, NH),
7.30 (SH. aromatic). (Found: C. 66.92; H, 646 N, 594
C,H4NO, requires: C, 66.93; H, 6.48; N, 6.01%).

The mother liquors from the reaction were evaporated under
vacuum to give an oily residue (16.7 g). This residue (1.15 g) was
esterified and chromatographed on silica (P1.C) [benzenc—ethyl
acetate (8:2) as cluent] to give methyl (E)a-phenyl-
acetamidocrotonate 2b (0.13g). m.p. 66-66.5° (from ether-light
petrolcum); v.,. 3400, 3365, 1722, 1702, 1680, 1265 and 695 cm .
§ 205 (3H, d, J7.5Hz. B-Me), 3.62 (2H. s, CH,Ph). 3.71 B3H, s,
CO;Me). 7.13 (1H, q. J7.5 Hz. vinylic), 7.03 (6H, aromatic, NH).
(Found: C,66.99. H,6.56: N, $.99. C,,H,.NO, requires: C, 6693;
H. 648, N, 6.01%).

Methyl a-benzamidocrotonates ¢ and 2%

a-ketobutyric acid (10g), benzamide (5.86g) and tnch-
lorocthylene (125 ml) gave. after usual work-up, a solid pre-
cipitate, m.p. 181-85° (5.68g). which, after crystallisation from
acetone, gave (Z)-a-benzamidocrotonic acid. m.p. 192-3° (1.31g)
(it."° 193-5°."" 192-3%). Esterification with cther diazomethance
yiclded methyl (Z)-a-benzamidocrotonate I¢. m.p. 78-9 (from
ether~light petroleum) (lit."? m.p. 80°."" 78-79°). v... 3400, 1713,
1688, 1660, 1280 and 700¢m '; § 1.84 (3H. d. J7.1 Hz, 8-Me). 3.76
(3H. 5. CO:Me), 688 (1H, q. J7.1 Hz, vinylic), 7.30-8 (6H, aroma-
tic. NH).

From the mother liquors (4.4 ), after esterification with ether-
diazomethane and chromatography on silica (P1.C) (benzenc-
cthyl acetate (8:2) as eluent] methyl (E)-a-benzamidocrotonate
% was recovered. m.p. 107.5-108° (from cther-light petroleum)
(0.5 8): va,. 3440 (w), 3400, 1735, 1700, 1670, 1265 and 700cm ';
5 213 3H. d. J7.4 Hz. 8-Me), 3.86 (3H. s, CO,Me). 7.20-7.92
(6H, aromatic superimposed on vinylic signal), 8.22 (1H, s. NH).
(Found: C, 65.71;: H. 6.09: N, 6.31. C,,H,,NO, requires: C. 65.74;
H. $.98. N, 6.39%).

Gieneral procedure for oxidation of methyl
aminocrotonates

To a solution of methyl a-acylaminocrotonate in methanol
(1.25g/100 ml) was added thallium triacetate (molar ratio 1:3).
The mixture was refluxed for three days, cooled, filtered and
evaporated under vacuum. The residue was extracted scveral

times with hot ethy! acctate; the hot slurry was filtered cach time

a-acyl-
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and the combined organic solutions were concentraled and then
passed through a column of silica (10 g per | g of crotonate}); the
elution {cthyl acetate) was continued until the combined fractions
gave, after evaporation, a residue of constant weight. The oily
residue was examined by TLC, IR and NMR. then dissolved in
methylene chioride (20 mi for 1 g of crofonate), cooled to about
=307 in a Dewar flask confaining dry-icc and acclonc and
ozonised until 2 blue colour appeared. Zinc dust and acetic acid
{4g in 3ml per | g of crotonate) were added to the solution; after
stirring for 90 min. the mixture was filtered, cvaporated under
vacuum and chromatographed on silica (PLC).

Oxidation of methyt (7y-a-acetamidocrolonate Ia

I g of methyl {2)-a-acetamidocrotonate 1a and thallium tr-
acetate {7.3g) in methano! (80 mb) gave. after conventional work-
up, an ol which was chromatographed on silica {PLC) {benzene-
ethyl acetate {1:1) as eluent], to yield the less polar methyl a -
methoxy - RS - a - acetamido - 8 - methoxy - n - butyrate 3»
(0.26 g1, mp. 76-T7 (from cther-light petroleum), v.,. MIR,
1758, 1735, 1692, 1170 and 1100¢cm ' and the more polar dias-
tereoisomer 43 (0.22 2), m.p. 71-7X {from ether-light petroleum};
Ve 3410, 1747, 1731 and 1120cm . {(Found 3a: (., 49.33; H.
773N, 6.46: 4u; C, 49.41; H, 782, N, 6.35. (LH,NO, requires:
C. 49.30; H. 782; N. 6.39%).

Oxidation of methvl (2) - & - phenylacetamidocrotonate 1y

0.5g of methyl (Z) - & - phenylacelamidocrotonate b and
thallium tniacetate (2.45g} in methanol (40mh gave, after the
usual work-up, an oil, which was chromatographed on silica
{PLC) [benzenc—ethyl acetate (8:2) as cluent] to yield the less
polar methyl a - methoxy - RS - a - phenylacetamido - 8 -
methoxy - n - bulyrate 3b (0.24 g). m.p. 64-65° {from ether-hght
petrokeum), va., 10 (shoulder), 3385, 1760, 1735, 1685, 1170,
1100 and 6%7cm ', and the more polar diasterecisomer 4b
{0.22 g}, m.p. BO-81° {from ether-light petroleumy; s,,,. 3402, 3380
(shoulder), 1747, 1732, 1685, 1115 and 69 cm ' {Found 3 C,
SLO9 H. 7.24. N, 476, 4b: C, 6109 H, 712, N 465 C, H,, NGO,
requires: C, 61.00; H, 717, N, 474%),

Oxidation of methyl {2} - « - benzamidocrotonate ¢

1 g of methyl {Z) - o - benzamidocrotonate le and thalhum
triacetate (5.22 g) in methano! (80 ml) gave, after the usual work-
up. an oil, which was chromatographed on sifica (PLC) to afford
the mixture (0.53 g) of diastereomeric methyl a - methoxy - RS -
a - benzamido - 8 - methoxy - # - butyrates, in 4% and 6%
relative amounts {by NMR on the basis of the signals of 8-methyl
protons, § 121 amd 1.34, JT0Hz). (Found: €, 5974, H. 683 N,
490, C, H, NO, requires: C. $9.77; H, 681 N, 4. 98%).

Acetsl-O-methyl-R S-threonine methyl ester Sa

Methylation with ether diazomethane of acetyl - () - methyl -
R.S - threonine, prepared according to the procedure of Winitz ¢t
al'* viclded the methyl ester Sa. mp. S8-59 (from cther-light
petroleum); ra,. 3440, 1747, 1680, 1200, 1160 and 1095cm *
{Found: C, 50.59; H, 7.87; N, 7.48 (,H,.NO, requires: C, S0.78;
H. 799 N, 1.40%).

Acersl-O-methyl-R S-allothreonine methyl ester 62

O-Methyl-R. S-allothreonine was prepared from crotonic acid
according to the procedure of West ef al” and subsequently
acetylated. as described previousiy.™ Acety! - O - methyl - RS -
allothreonine (m.p. 141%) was esterified with ether-diazomethane
to afford the methyl ester 6a as an oil, which failed to crystallise;
Voan 3435, 1738, 1680, 1200 and 1086¢cm ' (Found: C, SO82; H,
801 N, 7.59. CLH,WNO, requires: €, S078; H, 799 N, 7.40%).

Phenviaceryl-O-methyl R S-threonine methyl ester §b
Phenylacetyl-O-methyl-R.S-threonine methyl ester $b was
prepared in a manner analogous to that employed for Sa, except
that sodium hydroxide was used as the base and phenylacetyl
chloride as the acylating agent. The methyl ester crystallised

M. Pacriatuscs Parapst and G. Pacant ZECCHING

from ether, m.p. B2-83° »,_,, 3425, 1748, 1675, 1163, 1092 and
§93cm ' (Found: €, 63.28; H, 7.170 N, S18 C.H.WNO,
requires: C, 631.38; H, 7.22; N, 5.28%).

Phenylacetvl-O-methsi-R . S-allothreonine methyl ester §b

Phenylacetyl-O-methyl- R S-allothreonine methyl ester 6b was
prepared as described above for 6a. using phenylacetyl chloride
and sodium hydroxide. 6b was obtained as an oil which failed to
crystallise; wa., 3422, 1739, 1675, 1200, 1075 and 6%cm '
{Found: . 63.20; H. 7.37: N, .31 C,H N, requires: €, 63.38;
H, 7220 N, 5.28%).

Methyvl acetyl-R.S-a-amino-n-butyrate Ta
(Zr-a-acetamidocrotonic acid (0.3 g) in methanol 30 mi} was
hydrogenated over 10% palladium catalyst on C (600 mg) under a
pressure of hydrogen slightly greater than one almosphere and at
room temperature. until the absorption corresponded to one
molar proportion. The catalyst was removed and the solution
evaporated under reduced pressure, to yield acetyl - RS - a -
amino - & - butyric acid, m.p. 129-31° (from acctone) (" m.p.
129-31%% The acid was methylaled with cther-diazomethane o
give methyl acetyl - R.S - a - amino - n - butyrate Ta, m.p. 4445°
{from di-isopropyl ether). ... 3422, 3330 (broad), 1731, 1678,
1200 and 1150cm ": 8 091 (3H. t. J7.1 Hz, B-Me), 18 QH. m,
CH,) 202 (3H., 5, CO-Me), 3.68 (3H, 5. COMe), 4.5 (1H, m. CH),
6.43 (1H, broad signal, NH). (Found: C. 49.84; H, 842, N, 827
CHLNOGHO requires: C 4994 B 830 N B 1XM,

Hydrogenotvses of 3a and $a

Hydrogenolyses of 3a and da were effected by dissolving the
dimethoxy compounds (0.3 g} in acetic acid (30 mi}, using 10% Pd
on C as catalyst (0.6 g) at 60° and under 46 p.s.i.. for onc day ina
Parr apparatus. The catalyst was filtered and the solutions
evaporated under vacuum. The residues were chromatographed
on silica (PLC). Two fractions were eluted with {1:1) benzene-
cthyl acetate and examined by NMR and IR spectra. The less
polar fraction (0.11 g from 3a, 0.12 g from 4u) was a mixture of Ta
and 8a (molar ratio 3:1); the more polar fraction {0.09 g from 3a,
0.04 g from da) resulted to be fairly pure da.
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