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Mstrrct-The reactton of methyl a-acylaminocrotonatcs with thallium~lIl) ~CCLJIC in methanol results in the 
formation of a mixture of diaqtcrcomcric a.j?adlmethoxy dcrivatwcs. ‘Ihc mechanism and stcrcockmwr) arc 
discussed. 

Although oxymetalation reactions of simple acyclic 

olefins have been extensively investigated. little is known 
of these reactions with enamines and their IV-acyl 
derivatives. Two reports concern the oxidation of 
cnamincs with thallium(III) salts’ and a third com- 
munication describes the alkoxymercuration of a -acyl- 
aminoacrylic acids.’ We now report the results of the 
oxidation of methyl u .acylamin~rotonates with thulium 
triacctate in methanol. 

The a-acylaminocrotonic acids were prepared. ac- 
cording to the proccdurc of Maving and Slaughter (des- 
cribed for a-chloroacetamidocrotonic acid’) starting 
from a-kctobutyric acid and the appropriate amide. 
WhiIe only one Q -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 o-acylamin~rotonates 
has been assigned by NMR. following the work of Mor- 
genstem,’ on the basis of the signal of the vinyl proton 
which, when ris 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 I to the more polar isomer obtained in higher 
yield, and the E configuration 2 to the other. 

This assignment was subsequently confirmed by 
Srinjvasan PI uf.’ who es~bl~shed the stcre~hcmistry of 
a-acylaminocrotonates on the basis of the shift positions 
of the @-methyl groups. 

Preliminary analysis of the reaction mixture obtained 
by oxidation of Is with thulium triacetate in refluxing 
methanol (by TLC. IR and NMR) revealed, beside start- 
..- ------- -,. -_. 
*The diastereomertc a@-dimcthoxy derivatives k and Jc 

derived from lc were 1)ot separated: their composition (by N%R. 
after o~nnl~tion) 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 (by PLC 
on silica) was made easier. Elemental analysis. IR and 
NMR spectra indicated that the compounds were prob- 
ably two diastereomcric methyl Q . methoxy - R - 
acctamido - j3 - mcthoxy - n - butyrates (3s: less polar 
isomer, 43: more polar isomer). 

The methoxythallation reaction was extended. with 
similar results, to phenylacetamido lb and benzamido Ic 
derivatives. A characteristic IR absorption pattern was 
shown by more polar compounds, Jo and 3b+ in the 
region 1200-l I00 cm ‘, and the Icss polar isomers 4a and 
4h+ also showed typicai IR absorption bands in the same 
region. 

Confirmation of the above structures was achieved by 
hydrogenolysis of 3a and 40 on palladium in acetic acid: 
both isomers gave a mixture of acetyl-O-methyl- 
threoninc methyl ester Ss, acetyl-U-methyl-allothreoninc 
methyl ester 60 and methyl N . acctyl - a - amino . n - 
butyrate 7s. 

Con~~u~tion ~~s~ignments for diastereomeric methyl Q 
. methoxy - a - acylamino - B . methoxy - n - butyrates. 
L, 4a. 3b and 4b was attempted by comparing their 
NMR spectra with those of acyl-O-methyl-threonine 
methyl esters, Sa and Sb and acyl-U-methyl-allothreonine 
methyl esters, 60 and 6b prepared inde~ndentl~. The 
NMR spectral parameters of the\e compounds are given 
in Table I. 

The coupling constants of the two vi&al protons 
(CH - CH) of acyl - 0 - methyl - threonine methyl esters 
So and Sb and those of acyI-0-methyl-ailothreontne 
methyl esters 60 and 6b are low. This, in agreement with 
Karplu\’ rule, emphasizes a predominant contribution to 
the conformatio~l e~uilib~um of g~ouche, rather than 
truns, rotational conformers of both threa and e~rhm 
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Tabk I. NMR data+ of methyl a . m~hoxy - u . acylamino . @ - mcthoxy . n - bufyrates. acyl.O-methyl-threonine methyl 
cs~ers and acyl-O-merhyl-alolhreonine methyl esters 

6 fppml J 
Compound* &CH, tXH,fu.f3) CO,CH, &CJt a-CH SK COR CK-CH CH-CH, CHSH 

38 1.14d 
48 l.?Jd 

3b md 

4b 1.1-w 

58 I.Md 
68 1.23d 
5b I.o!M 

(b I.146 

3.42s 
32% 
3.3ss 
3.1% 
3.33s 
3.19s 
3.22s 
3.28s 
3.3% 
3.20s 

3.255 

3.76s 3.67q - 
3.80s 3.96q - 

3.74s 3519 - 

3.74s 3.899 - 

3.7% 3.930 4b4dd 
3.75s 3.660 472dd 
3.70s 3.88o 4b&fd 

370s 3.570 4.73dd 

b.?6bs 
b.?Ohs 

6.6Sbs 

6.bObS 

b.!!bd 
6.3&d 
6.13hd 

b.?W 

?.iXS 

?.ORS 

3s9s 
7.27s 
3s9s 
7.27s 
2.08s 
?.O.(S 
3.62s 
7.28s 
3.61s 
7.31s 

- 6.3 - 
- 6.3 - 

6.3 - 

6.3 - 

2.4 6.3 9 
3.6 6.3 85 
24 6.3 9 

36 6.3 8.2 

*a: K - CH,, h: R = CHIPh. 
tlifppm) vatucs relative to TMS as internal standard; coupling constants in Hz. Intcnsitks of the signals in accordance 

with the number of protons; s: singJet. d: douhkt. dd: double doubkt. q: quartet. o: octet. b: hroad. 

derivatives. The higher coupling constant of alloth- 
reoninc derivatives (J,, 3.6 Hz), than that observed in 
co~es~nding threonine derivatives (J., 2.4 Hz) could be 

due to the increase in steric hindrance in the franr forms 

of the latter compounds.’ The different preferential dis- 
tribution of conformers affects the shifts of protons of 

threoninc and allothreonine derivatives. The more re- 

markablc difference in shifts between the two sets of 
diastercoisomers concerns the &proton. which in 
threoninc derivatives absorbs downfield relative to the 

corresponding isomers IA& = 0.29 ppm in the acttyl 
derivatives Soda: A& = 0.31 in the phenylacetyl 
derivatives sb6bJ. 

Substitution of the &proton by a methonyl group 
should not cause substantial change in conformational 
equilibria, on the assumption that a mcthoxyl group is 
(like the @-proton) the smallest of the groups bonded to 
the o-carbon. Furthermore. the effect of diamagnetic 
anisotropy of the oxygen atom in cthcrs and alcohols 
seems to be less important than that of carbonyl groups.” 
In agreement with this, we found an identical AS,,, 
(0.29ppm) between the /3-protons of 4a and 3s. In ad- 
dition. the A& (0.38 ppm) observed between 48~ and 3b 

is similar to that between !Rt and 6b (0.31 ppmf. In view 
of these results. it seems probable that the configuration 
of the less polar isomers 30 and 3b may arise from 6s and 

6b by replacing the &proton by a methoxyl: as a con- 

sequence, the configuration of 4~ and Jb would be that 

deriving from Sa and Sb. 
It is noteworthy that the only products observed in this 

oxidation were a&dimcthoxy derivatives. In the first 
stage of the reaction (the formation of the adduct) it is 
likely that thallium attack occurs on the &carbon atom 
with uptake of methanol at a-C. This is supported by the 
results of Wlina et al.’ and by the lack of both acetoxy 

substituted products (which would have been expected 
for a concerted addition) and geminal dimcthony deriva- 
tives (arising from a possible shift of the &hydrogen).’ 
As concerns the de~om~~ition step, the lack of acetyl- 
ated products excludes an S,i process,‘ the ncariy equi- 
molecular rate of two a./3_dimethoxy dcritatiyes oh- 
taincd. suggests that the reaction step proceeds via an 
ionic mechanism &I) but cannot exclude some an- 
chimcric assistance IO heterolysis of carbon-metal bond 
by the a.mcthoxy suhstitucnt. To obtain further me- 
chanistic information. WC have carried out the reaction 
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with the E geometrical isomer 2a. The reaction mixture 

(analysed by NMR) was formed of 3s and 4~ (in a similar 
ratio IO that obtained by oxidation of la) and by the same 

18. 
This result. together with lack of isomerization of 21 

under similar reaction conditions, but in the presence of 
CHrCOOH 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. 

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 repOTted’*.‘b 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 thalliumtlll) acetate in acetic acid”: Q- 

methoxy ketones and a-diketones were isolated after 
hydrolytic work up of the reaction mixture arising from the 

oxidation of tautomeric imines wrth thallium (III) nitrate in 
methanol.” 

-AL 
Thallium Irlacclalc was prepared by the mcrhod of KochI and 

BeIhea.’ Y ps were delermincd wIIh a Buchi oil baIh apparalus; 

IR tpccrra were recorded on a Pcrkin-Elmer 521 spcc- 

Iropholomerer In Ccl. solulions. NMR spcc~ra wcrc measured 

for CLXI, solulions (TMS as inIernaJ standard) wirh a Jeol C643 

HL spccrromcter. Preparative layer chromatography (PIG) was 
carried OUI wiIh Merck HF,,, sihca gel flayers 0.5 mm IhIck). 
LighI plrokum refers IO Ihe fracIion wiIh bp. W 

Aftthy/ a-arrramidocm~onarcs Ir and t 
A mixlure of a-keroburyric acid (2OgJ and aceIamufe f6 g) In 

IrichloroeIhyknc (2W ml) uas r&red for 26 h. using a SoxhlcI 

condenser filkd with molecular ~KVC lypc 4 .A (Merck). AfIcr 

cooling at 4c o\erruphI. rhe crude precipiIaIe (12.27 gl was collcc- 

Icd and crysIalliscd from acelone. givmg pure I&x-aceIamido- 
crolonic acid (5.7 gl. m.p. 161L14 (III.’ lS%O’). EsIcrificaIion of 

this acid with eIher diazomcthane yielded methyl (&z.aceIami. 

docroIonaIc la. m.p 5960’ (from eIherhghI peiroleum): Y,. 

3400. 1730. 1700. l6sR and 126.Ccm ‘. 6 1.7s f3H. d. 167 Hz. 
f.3.Mel. 208 (3H. s. COMel. 3.68 I3H. \. CO,Me). 6.66 (IH. q. 
16.7 Hr. vinylicl. i.04 (1H. s broad. NH) (Found: C. 53.31; H. 

6.93; N. 8.93. C,H,,NO, rcquuev C. 53 49. H. 7 05: N. 8 919fl. 

The moIher Iquors from IhIs reacnon were cvaporaled under 

reduced pressure lo yield an oily residue ( ‘- log) This residue 
(3..(g) was c\Ierihcd wiIh erhcr-diaromclhane and chromaIog 

raphcd on a column of sdica (I : .30) Elubon with ethyl aceIaIe 

and ethyl aceIaIc-methanol (8.2) gave a nearly pure product 

fO.Mpl. which. rechromatographcd on s111ca lP1.C) lbenzenc- 
eIhyl aceIaIc I I 1) as clucm] finally yielded pure merhyl (E) a 
accIamidocroIonaIc Za. m p 4tt-W (from cIhcr-IighI peIrokum): 

Y,. 3440 Iwl. 3600. 1730. 1680 and 1260cm ‘: 6 207 I3H. d. 

17.5 Hz. B-Mel. 2.08 I3H. s. COMcL 3.82 (3H. s. CO,Mel. 7.05 

IIH. q. 17.5 Hz. vinylic). 7413 (IH. s broad, NH). (Found. C. 

53.36: H. 6.92, N. 8.70. C,H,,SO, require\: C. 53 49; H. 7.05; N. 

8.91951. 

Methyl o-ph~nylac-cfamidncro~(~na~es lb and 2b 

q-LeIobuIyric acid I20 9) and phenylaccIami& (I 3 5 g) In Inch- 

IorocIhykne (2SOmll gave. afIcr convenIronal uork-up. n solid 

prccipiIaIe fm.p. lIX8-W (II g). which. afkr CrysIallisaIion from 

acelone. afforded fZ)-o-phenylaccIamidocroIonic acid. m.p. l95- 

%” (5.5 g). EsIerihcaIion wiIh erbrr-dlacomcrhane yielded methyl 

(0a-phcnylaceIam&croIonaIc lb. mp 8081 (from elbcr- 

IighI peIrokum); Y,. 34W. 1715. 1695. 1658. 1275 and 7OOcm ‘. 

6 171 (3H. d. 17.1 Hr. fl-Mel. 3.67 (2H. s. CH,-Ph). 3.69 (3H. s. 

CO,Me). 6.70 IIH. q. 17.1 Hr. vinyhc). 6.G (IH. s broad. NH). 

7.30 t5H. aromabcl. (Found: C. 66.92. H. 6.46. N. 5.94 

C,,H,,NO, requires. C. 66.93; H. 6.48; S;. 6.OlsCl 

The mother liquors from ~hc reacbon were c\aporaIcd under 

vacuum IO give an ody residue (16.7 g). This residue (I I5 gl was 

csIerified and chromalographcd on sdica (PI.Cl [bcnrcnc-ethyl 

acetalc Ill.21 as clucnl] lo gi\c mcrhyl tE).a-phcnyl- 

aceramidocroronare 2b (0.13 g), m.p. 6666 Cc (from eIhcr-IighI 

pcIroleumJ. Y,. 34IKJ. 3365. 1722. 1702. 161u). 1265 and 69Scm ‘. 

6 2.0s (3H. d. J7.! Hr. B-Me). 3.62 (2H. s. CH,Phl. 3.?l (3H. s. 

CO,Mel. ? I3 IIH. q, 17.5 Hz. vmylic). 7 03 f6H. aromanc. NH) 

(Found. C. 66.99; H. 6.56: N. 5.99 C,,H,.W, requires. C. 6693; 

H. 6.48; N. 6.016). 

hftrhyl a~bmzamidocrofonarr Ic and k 
o.kcIobuIyric acid IlOp). benramide (!.Khg) and Inch- 

IorocIhyknc II!Smll Rake. afIcr usual workup. a solid prc- 

cipiIaIc. m.p 181-85’ (5.68~). which, after crysIallisaImn from 

accIone. gave (ZJ-abcnramidocroIonIc acid. m.p. 192-3’ (I.31 gl 

flir.‘” 19>!“.” 192-3’). EsIcriticaIion with cIher diaromeIhanc 

yielded methyl (Z).a-bcnramIdocroIonaIc Ic. m.p. XI-Op (from 

ether-IinhI pcIroleuml (III.” m.p. W.” 78-79’1. Y,. .34&l. 1713. 

1688. 1660. 1280 and 7OOcm ‘; d I 84 (311. d. J7.1 HI. B.MeJ. 3.76 

(311. s. CQMcl. 6 RR (111. q. I7 I Hz. bmylicl. 7 3&8 (6H. aroma. 

lit. SH). 
From ~hc molhrr hquors (4.4 pl. aficr esIenficaIion uIIh erher- 

diaromcrhanc and chromatography on silica (PI.Cl lbcnrtnc- 

crhyl accIaIe (K: 2) as cluenIl mcIhyl (El-u-bcnzamidocroIonaIc 

Zc was recovered. m.p. I07 C-W (from cIher-IighI pcIroleumJ 

(0.5 gl; U,. 3440 (wl. 3400. 1735. 1700. 1670. 1265 and 7M)cm ‘; 

6 2.13 (3H. d. 17.4 Hz. /t.Mel. 3.86 I3H. s. CO,Mc). 7.X-7.92 
(6H. aromatic superimposed on bmylic signal). 822 (111. 5. NH) 

(Found C. 65 71: H. 6.09; N, 6.31. C,,H,,NO, require\: C. 65.74; 

H. I.98; N. 6 39Sl. 

Gnrral proc-rdurr for oxidation of mrrhyl a-acyl. 
aminucmfonarrr 

To a solubon of methyl u-acylammocroIonaIe in merhanol 

(I.Ugll00mll wa\ added thallium IriaceIaIc (molar raIio I :3). 
‘The mixture was rcfluxed for Ihrcc days. cooled. IilIcrcd and 

evaporarcd under vacuum. The re\duc was exrracred xveral 
Iimc\ uiIh hoI crhyl accIaIe. Ihc hot slurry was filrcrcd each Iime 



and the combined organic solutions were concentrated and then from ether, m.p. X2-83”. v,, 343, 1748, IhfS. 1163. 1092 and 
passed !hrough a column of silica (IO g per 1 g of crotonarcl; the 693cm ‘. (Found: C, 63 28; H. 7.17: N. !.IR C,,fi,,NO, 
chttion tcthyl acetate) was continued until the comhmcd frastionr rtquucs: c. 63.38; H, 7.22; N. !.?ttSl 
gave, rtftcr evaporation, a residue of Lonstant weight. The oily 
residue was examined by Ti.C, IR and !iMR. then dissobcd in Phucyfacervi-I)-merh~~.R.Sal,thm,ninc m&vl estrr 6b 
methykm chloride t!Omt for I g of crutonatrt. cooled to about Phtnylacet~l-O-methyl-R.S~allothreoninc methyl ester 6b was 
- ut” in a Ikwar flask containing dry-ice .+nd acctonc and prepared as described above for C. using phenyiacctyl chloride 
orooird until a bh.k colaur appeared. Zinc dust and acetic acid and sodium hydroxide. 6b was ohtamed as an oil which failed to 
(4 g in 3 ml per I 8 of crotonatcf were added to the solution; after cry-staltix: v,,, 3422. 1339. 1675. 1200. IO?? and 6%cm ’ 
slirring for 90min. the mixture was hltcrcd, evaporated under f Found: C, 63.20; H. 7.37; p1. 5.3 I. C,,H,,NO, rcquirts C. 63.3R; 
vacuum and chromatographcd on silica tP1.C). H. 7.“. ti !.‘8Y+). *** ~ 1 

I g of methyl tZf~a~acctamid~roton;rtc in and thallium tti- 
acctatC if.3 gl in methanol tB0 ml) gakt. after conucnlional work- 
up. an oil uhich was chromatographcd on silica tPLC1 (bentcne- 
ethyl acefatc (I : If as cluenfl. to yieid the ksc polar methyl Q I 
mcthox) . K,S . a . acetamido f j3 merhoxy . n . butyrarc 38 
ttJ26gI. m.p. ?&rtt (from ether-light petrokuml. Y,. .MlR. 
IfJg. 1735. 1692. II70 and IlOOcm ‘; and the more polar dtas- 
ftrtoisomer da (0.22 gl, m.p. ?I-?? (from ether-light petroicuml; 
I’,. 3410. 1747, t731 and II!Ocm I tFound 38: f‘. 49.33; Ii. 
7.73; S. 6.46: 48: C, 49.41; H. 7.82; h’. 6.3s C,ll,.?((f, requires: 
C. 49 30; Ii. 7.82; N. 6.395X1. 

CM&on of mcrh,vi 12, - o . phtnslactrumid~~cnrtff~ute lb 
O.i,g of methyl tZ1 I (I * phco);lacctamidocrotonate Ib and 

thallium triacctate (2dfgl in met~nol t4Omlf gaue, after the 
usual work-up. an oil. which was ~hromato~ap~d on sihca 
tP1.C) [benrene-ethgl acetate (8: 2f as rluent) to yield the less 
polar methyl I . methoxy . N.S _ a _ ph~o~ia~etami~ . B . 
methuxy . n . hutyrarr .3b (024gl. m.p. M-&5” (from ether-light 
~trokuml. v.,.. Ml0 tshoulderl, 33x5. 1760, 1735, 1685. 1170. 
II00 and 697cm ‘. and the more polar diastcrtoisomer cb 
(0.22 ~1. m.p. &MU” (from ether-hght prtrokuml; v,.. 3402.3380 
(shoulder). 047. 1732. 1685, ill5 and 6%cm ‘. (Found 3h: C. 
61.09: H, 7.26; N. 4.76; db: C.Sf.09: H, 7.12; N. 5.65. f’,,H,,SO, 
requires: C. 61.00; H, 7.17; K. 4.74%). 

I g of methyl tZl . a + bcnramidocrotonate Ic and thallium 
triacetate t!.?? g) in methanol (SO ml) gave after the usual work. 
up. an oil, which was chromato~~hcd on silica tPf.0 to afford 
the mixture tO.S3gl of diastereomeric methyl n . methoxy- . R.S _ 
a - ben~amido - fl . methoxy . n . butyrattc, in 54% and 46% 
relative amounts (by NMR on the basis of the signals of &methyl 
proton\. d I ?I and 1 3417.0 HI). (Found: C. 59.74; H. 6.R!: $, 
4.90. C,&?(t), requires: C. 59.77, H. 6.81: N, d.9@+1. 

.~crt~t-O.meth~~-R.Sthrr~?ninr mrth!-I ester $a 

Methylation with ether dia.zomcthane of acttyl . 0 . methyl - 
R,S . threoninr. prepared according to the proccdurt of Wtnitr rr 
a!” yielded tbc methyl ester 58. m-p. St-?? (from ether-light 
petrokuml: v,, 3440, l?d?, 16t30. ItuO, 1160 and 109cm ‘. 
(Found: C, 50.59; 11. ?.R?; N, 7 JR. C.tf,,NO, requires: C. !O.?g; 
H. 3.99; Ii. ?.dOGl. 

l~.u.acetamrd~rotunk acid f0.3pl in methanol t30mlt was 
hydrogenated OYCP IOS palladium catalyst on C t6OO mpl under a 
prtssurc of hydrogen shghtiy grcatcr than one atmosphere and at 
roum temperature until the absorption corresponded to one 
molar proportion. The catalyst was removed and the solution 
evaporated under reduced pressure, to yield acttyt R.S a . 
amino . n . hutyric acid, m.p. 12931” (from .iuctoact tht.” m.p. 
129-3131. The acid was methyiatcd with cther-diaromethanc to 
give methyl ace~yl _ KS * a . amino. n 1 botyntt ?a. m.p. d4-G 
(from di~i~propyl ctbcrl: v._ 3422. 3339 tbroadl. 1731, 167R. 
1,X@ and IlSOcm ‘: 6 0.91 t3H. t. J7.1 Ht. &-Met, 1.8 f?fL m, 
tH,l. 2.02 t3H. s, CO?&). 3 f&t t3H. s. CO,Mcl. 4.5 (Ifi. m. CHI. 
6.43 (IH, broad signal. NH). (Found: C. d9&4; H. X.42: S. 8.27. 
r‘~H,,NrI,~H,O rrqurre\: t‘. 4Y.94: H. 8.32: N. Il.325 I. 

Hydrogenolyses of 3~ and & were effected hi_ dissolving the 
dimethoxy compounds to.3 gl in acetic acid t Y, mlf, using IOrr Pd 
on C as catalyst (0.6 g) at 60” and under 46 ps i., for one da) tn a 
Parr apparatus. The catalyst was filtered and the solutions 
evaporated under vacuum. The residues were chromatographed 
on silica (PLCI. Two fractions were c&ted with f i : 1) benrene- 
ethyl acetate and examined by S.HR and fR spectra. The less 
polar fraction to.1 1 p from 33.0.12p from ds1 was a mixfurs of fa 
and So fmolar ratio 3: II: the more polar fraction tO.#9g from 3a. 
0.04g from &I resulted to be fairly putt dr. 
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