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Abstract: Lithiutn enolates of NJWiprotected glycine esters wen. reacted with isothiocyanates, 

afford@ JZ@ cod&ted lithium thiolates RIN(H)-C(SLi)=c(NRz)coOEt (2~ R2 = -Si(CH&- 
CH2CH2-Si(CH3)2-; Rt = ph. 2b: R2 = -Si(CH&CH2CH2-Si(CH3)2-; R1 = -CH2Ph; 2cz R = Et; 
R1 = Ph), in which the cahoxyl oxygen atom is coodhkd to lithium. Tbiolate 2a was shown to be 

diItWiCilltbedidstatebyX.~Cry&IlWUCillE&~. 

Hydrolysis of N-pdected lithium thiolates 2n and 2b affoded 2-m esters 3a and 3b, 

resulting from C-protonation. N,Ndiethyl substituted lithium thiolate 2c afforded mainly [2-(NJ+ 

diethY dllo-3-mercapm]-g esteI 3c’, the s-protonated produc& which is in slow equilibrium 

with the C-protonated tautomer. Ring closure to 4.tbioxo-&lactams was unsuccessful. Highly 
. . funcaonslrzed 3.me&yltllio+ellamino esters were obtained via S-alkylatioo of the litbiun thiolates 2 

witbicdanem. 

INTRODUCTION 

Jn the past decades, much research has been devoted to the development of synthetic routes to B-lactam 

antibiotics. However, completely synthetic routes to penicillins cephalosporins have not found widespread 

applicat&, due to problems encountered in the synthesis of p-lactam precursors with a C(4jsulphur substituent 

and the availability of intermediates from biological sources 2. Starting from thioimidates, both the classical 

Staudinger tea&m3 and the modified procedure using acid chlorides‘t commonly produce tmns-substituted B- 

*Towltomaxrespondenccsbouldbemkhdsd 
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hr~ams,5~~ whereas the ck-contiguration is a prerequisite for antibackal activityl. An altemative synthetic route is 

the condensation reaction of ester enolates and imines’. This route offers control of the diastereoselectivity of the 

reaction through the choice of the metal counterion. However, &llcylthio substituted p-lactams appear not to be 

accessible via this ester enolateimine condensation route? 

4-Thioxo-B-lactams, which were first obtained via thermolysis~ or photolysisg of sulfoxides of rruns-4- 

alkylthio-&lactams, were recognized as possible penem and cephem precursors. Furthermore, these compounds 

have been converted into 4-alkylidene-2-azetidinones10, azetidine-2,4-diones10 and 4-spirocyclopropyl-2- 

azetidinonesll. Several miscellaneous routes to 4-thioxo-P-lactams have been published, e.g. a [2+23 

cycloaddition of thioketenes and isothiocyanates 12, photocyclisation of N-acetyl-thiocarbamatesl3 or selective 

thionation of azetidine-2,4-diones l3. Recently, the synthesis of 4-thioxojGctams from ester enolam has been 

reported, by reacting them with isothiocyanates instead of imines14. The intermediate thiomalonamic esters are 

cyclized to 4-thioxo-p-lactams, that are ~~.&ly converted to 4-acetylthio-2-azetidinones. However, the cyclisation 

gave poor yields (# %) of 3-alkyl-P-lactams when monosubstituted ester enolates were employed. The reported 

3.3~dialkyl-/&lactams arc merely interesting from a scientific point of view. 

As the biologically active cephems and penems possess an amidofunction at the 3-position of the p-lactam 

ring’s, we selected suitably protected glycine ester enolates as the starting compounds in the C-C coupling 

reaction with isothiocyanates. Not only the lithium enolates, but also the chlorozinc and dimethylaluminum 

enolates of protected glycine esters were studied. We have previously demonstrak@, that these enolates combine 

excellent diastereoselectivity and a high reactivity in the ester enolate-imine condensation reaction. 

RESULTS & DISCUSSION 

C-C coupring Reactions The lithium enolate of ethyl ([2,2S,5-tetmmethyl-l-aza-25-disilalcyclopentyl)- 

acetate17 la was meted with phenyl isothiocyanate in EbO at -78 ‘C to afford lithium thiolate 2a (scheme 1). 

Recrystallisation from EbO/pentane afforded 2a as light yellow disk-shaped crystals, in 80% yield. One 

equivalent of EbO was incorporated in the crystals, as was evidenced by ‘H and ‘SC NMR and by X-ray 

diffraction (vi& infu). Benzyl isothiocyanate reacted similarly with 

coupled product 2b in a good yieldl*. 

1) LDA 
2) R’-N=C=S 

* 
Et20, -78 ‘C 

la: R2 = - Me2SiCH,CH,SiMe,- 

the lithiun~ enolate of la to give the C-C 

2a R’ = Ph, 
R2 = -Me2SiCH2CH2SiMe2- 

2b: R’ = PhCH,, 

R2.= -Me2SiCH2CH2SiMe2- 

lb: R=Et 

scheme I 
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Tbe lithium enolate of ethyl (N,N-diiyl)glycinate lb nsts only at elevated tempemtms, because it is 

stabilized by intramolecular coordination lee. lbe reaction with plmnylisothiocyanate was tkefote performed in 

refhming THF and in the absence of diisopropylamine. since this adds readily to phenylisothiocyanate to give the 

conesponding tbioureato. Prior to the reaction, the diisopropylaminofree enolate was iaolauxl by evacuating to 

dryness in vuctw. Akanatively, the litium enolate was genemtedin situ by deprotonation with LiHMDS, because 

hexamethyldisii is not nuckophihc enough to mact with phenyl isothiocyanate. kmspective of the method, 

the conversion of the C-C coupling reaction was almost quantitative. Repeated crystallisation from &O afforded 

the Et20 adduct of the litbium thiolate 2c as yellow disk-shaped crystals in 76 % yield. 

Me2AICI 
s-Al\ - 

\ Et*O, -50’C 

26: 97% 

2a bow 

or 

ZnCI, 
c 

Et&, rt 

or 

scheme 2 

The reaction of the chlorozinc enolate of la with pheayl isothiocyanate was so slow, that decomposition of 

the enolatel~~ became competitive. To avoid thioutea formation. the enolate was generated with LHMDS instead 

of LDA. The dimethylaluminium enolate of la did not react at all, even though 10 % excess of M+lCl was used 

in the tranknetallation steptac. Transmetallation of 2a with zinc chloride or dimethylahuninum chloride in Et;?0 

afforded the conespondmg chlorozinc (2d) and dimethylaluminum (2e) thiolates in almost quantitative yields 

(scheme 2). The dimethylaluminum compound b crystallized teadily from pentane as yellow disk-shaped 

crystals, containing no EtzO. Tbe chloroz,inc thiolate 2d could not be obtained in a crystalline form. Compounds 

2a-e were characterized by lH and 13C NMR, cryoscopy and IR_ The solid state structure of 2a was determined 

via an X-ray crystal structure determination. 

iUoleculur Structure of 2a. 

Crystals of 2a, suitable for X-ray crystal structute determination, were obtained by careful mcrysmllisauon 

from E%O. ‘Ibe molecular structure of 2a is shown in figure 1, while selected bond distant and angles a~ given 
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in table 1. Compound 2~ is a dimer bridged by tbe carboxyl oxygen atom. ‘The organ& moiety acts as a rigid, 

planar (S,O)-bidentate l&and to lithium, with a bite angle of 91.1(2)‘. Noteworthy, N(1) is q? hybridkd, as the 

sum of angles for N(1) is 360’ within experimental error. ‘Ihe shortened CfJ>N(l) bond length of 1.371(4) A and 

the coplanarity of the plane of the N(1) substituents with the delocaked system of SC(7)-C(8)-C(lS)-O(l) 

shows that the p,-orbital of N(l), and possibly also the phenyl tig. is conjugated with this delocalixed system. 

The tilt angle of 3X30(13) between the planes of the delocalkd system and the phenyl ring might be a result of 

Figure 1: Molecular structure of 2% PLUTON drawing showing the adopted numbering scheme. 
. . . 

Table 1: Selected Geometrical Data for 2a 

bond lengths (A) 

s-an 1.708(3) C(8)-C(M) 1.416(4) o(h)-Li 193x6) 
s-Li 2.413(6) o(lml5) 1.2.49(4) N(lMX7) 1.371(4) 

C(7wm 1.424(4) OwLi 1.896(6) N(2)-W) l&1(4) 

bond an&s 0 

C(7)-s-Li 

s-Li-o(I) 

C(I5)-o(l)_Li 

o(l)-c(l5)-c(8) 

S-C(7)-C(8) 

C(7)-C(wC(15) 

102.7(2) 

91.1(2) 

127.0(3) 

n&7(3) 

127.6(2) 

124.4(3) 

C(6)-N( 1)-C(7) 1329(3) 

C(6)-N(l)-H(14) 113(3) 

C(7)-N(l)-H(14) lW3) 
C(E)-N(2)-Si(1) 124.9(2) 

C(&N(2)-Si(2) 119.3(2) 

Si(l)-N(2)-Si(2) 113.2(l) 

torsion angles (‘1 

C(S)-C(l5)-0(1)-Li 

C(S)-C(7)_S-Li 

SC(7)-C(8)-C(15) 

29.6(5) 

-15.0(3) 

-12.4(5) 

C(l)-C(6)-N(l)-C(7) 

O(l)_C(l5)-0(2)X(16) 

C(7Hw-C(l5)-0(1) 

35.30(13) 

-1.7(4) 

11.6(5) 

, 
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The other nitrogen atom N(2) is also sp2 hybridized. However, it is not part of the aforementioned 

delocalized system, because this is nearly perpendicular to the px-orbital of N(2). The s$ hybridisation is not 

uncommon for nitrogen atoms bound to two silicon atoms. l”Ithasbeengenerallyacceptedthattheoverlapofthe 

filled px orbital of N(2) with empty, low-lying orbitals on silicon is a stabilixing factor, although the nature of these 

orbitals (3d or rt*) is the subject of diiussion21. 

The X-ray structure of 2a represents the first example of a thiomalonamic ester metal complex. The 

structum resembles that of lithium acetylacetonate (Li[acac]) and lithium ethyl acetylacetate. The Li-0 distance of 

1.8%(6) A in 2a is short (comparable with CH3COOLi: 1.895 A22); in Li(acac)23. the Li-0 distances am in the 

range of l-923(6) to 1.967(6) A. The 0(1)-C(U) distance of 1.249(4) A is close to tbe value found for the 

isolated C=O double bond in a lithium aldolak? (1.22 A), in which the oxygen atom is coordinating to lithium. 

On the other hand, the C-O single bond lengths in litbium ester enolates25 (1.30-1.32 A) are much longer. The 

C(7)-C(8) and C(8)-C(15) bonds in 2a (1.424(3) and 1.416(4) A) are somewhat longer than in Li(acac) (l-398(9) 

and 1.400(9) A). whereas the O(l)-C(15) distance of 1.249(4) A in 2a is slightly smaller than the cormspondmg 

values of Li(acacp3 (1.256(g) and 1.269(8) A). Therefore, the C=O bond of 2a has a higher bond order than the 

C=O bonds of Li(acac). and O(1) carries less negative charge. However, as both in 2a and in Li(acac) these bonds 

are significantly longer than the corresponding distances in the ionic 15-crown-5 complexed sodium 

ethylacetylacetonate~ (1.20 A for tbe ester carboxyl bond, 1.35 and 1.39 A for the C-C bonds), they possess a 

significant amount of covalent character. 

The Li-S distance of 2.413(6) A is in tbe typical range for lithium thiolates.27 The C-S bond length of 

1.708(3) A is however relatively short, as the corresponding value in lithium thiolates ranges from 1.75 l(3) A for 

~1thiolatesna-d to 1.890 A for sterically hindered alkylthiolates.nef It is similar to the 1.703 A for the C-S bond 

in Li-S-C(0)-Ph27g. Pmsumably, the major part of the negative charge in 2a is located at the sulphur atom, which 

has a higher polarixability than oxygen. We therefore describe 2a as a lithium thiolate. However, because the dimer 

is bridged by O(l), the highest charge density is located at this atom, the hardest Lewis base of the two. 

Struntre in Solution. ‘Ihe solution behaviour of the lithium thiolates 2a and 2c and the aluminum thiolate 2e 

was studied by cryoscopy in benzene. with naphthalene as an internal reference, and by low-temperature NMR By 

cryoscopy, no concentration dependence was observed over a concentration range of 0.008 to 0.1 M. The observed 

molecular weights of 440 f 50 for 2a (calculated value: 460). 380 f 40 for 2c (375) and 390 f 40 for 2e (436) 

seem to correlate well with a monomeric species in solution for both lithium thiolates. For the aluminum 

compound Ze, a monomeric structure is expected. 28 However, it is highly unlikely that the lithium compounds am 

monomeric with 1 equivalent of Et20 coordinating. 

The observed molecular weights can also be rationalized by higher aggregates w], (e.g. hexamers) and n 

equivalents of free Bt20. In fact, this interpretation is in accord witb NMB measurements. The Et20 signals are 

almost exactly at the position of free Et20 over a temperature range of 190-298 K in toluene-dg. indicating the 
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absence of any signiticant interaction between &O and the lithium thiolate. Moreover, the coordinated QO of 2a 

can be almost completely removed by repeatedly dissolving the compound in benzene and evaporating in vacua. 

The EbO compound that is obtained is very soluble in common organic solvents, even in pcntane. The NMR 

signals of this compound are almost identical to those of 2a. over the temperature range of 190-298 K. We did 

not succeed in purifying the Et+free compound to such an extent that a cryoscopic determination of the 

aggregation state of this compound would be meaningful. 

Table 2: Relevant ‘H and 13C NMR Data for Compounds 2a-2e 

‘H NMR (C&j, ppmb) 2a 2b 2c 2d 2e 

N-H 9.05 7.36 8.51 8.31 8.78 

-2CH3 4.15 4.23 4.23 3.88 3.75 

Si(CH3)2 0.21 0.21 0.19 0.01 

0.05 

13C NMR (C6Da, ppmb) 2a 2b 2c 2d 

GS 178.6 181.5 182.9 n.da 

GO 172.1 171.2 171.2 n.da 

s=c-C-C=0 loo.1 97.5 107.3 n.da 

WIH2CH3 60.1 59.8 59.7 61.9 

a: not detemined, because of tbe limited volubility of 2d in C@6; b: relative to TMS 

2e 

174.2 

171.3 

99.9 

62.3 

NMR spectroscopy: The lithium thiolates 2a-c display similar lH and l3C NMR patterns. Hence, we 

assume tbat the solution structure of 2b and Zc is similar to that of 2a. The multiplicity of the signals in ‘H and 

l3C NMR for the STABASE group of 2a and 2b and the N-ethyl groups of k shows, that in all three compounds 

rotation around the C(8)-N(2) bond is fast on the NMR time scale. 

The 1H and t3C NMR spectral data (table 2) of 2d and 2e differ only slightly from those of 2a. 

Noteworthy. the ester C% protons in both 2d and 2e a~ shifted 0.4 ppm to higher field, suggesting that in 2d and 

2e coordination of the alkoxy oxygen atom to the metal plays a role. Precedent exists for the coordination of the 

alkoxy rather than the carbonyl oxygen atom to the metal in ester complexes of zinc and aluminum29. 

Reactions of Lithium Thiolates 2a-c 

Hydrolysis: The lithium thiolates 2a-c were hydrolysed, affording thiomalonamic esters 3a-c. (scheme 3). 

The products were chamcterized by ‘H and l3C NMR. IR. and GCMS. Hydrolysis of lithium thiolates 2a and 2b 

is a rather slow reaction. Deprotection of the STABASE moiety occurs readily, necessitating the use of exactly one 

equivalent of water. In thii way the STAEtAS&pr~tected~~ thiomalonamic esters 3a and 3b were obtained. When 

an excess of water was used, 3a was &protected to 4a. 
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“2y; ~ EtOqf~ex~ssH*o fKN 
H S’C 2 

t 

Et20 
.A. c Et0 

. 1 =LSi= 
THF 

q ,R’ 

NH2 
c: 

k”w 

He.0. 1 3a: R’ = Ph (34%) 4az R’ = Ph 

EC6 
Ir 

3b: R’ = PhCH2 (76%) 
91% 2c:R’=Ph.R=Et ---- T i 

0 SH 0 s _ - 

Et0 
.Ph slow 

Et0 
.@I 

_ 
- i! 

3c’ 3c 

scheme 3 

Although 2c does not contain sensitive protecting groups. the hydrolysis of this com~d with more than 

one equivalent of water leads to unidonMfied side-products. Hydrolysis of 2c (scheme 3) with one equivatent of 

water affords both the C-protonated product (thiomalonamic ester 3~) and the S-protonated tautomer (~-enamino 

ester 3c’, possessing an enethiol function30) in a 8:92 ratio. The selectivity of the protonation cannot be 

dorermined precisely, because the product slowly equilibrate8 to a 38:62 ratio of 3c and 3c’ (tm = 3 h. at 20 ‘C in 

C6D6). The initially observed 8:92 ratio is considered the m~um value for the regioselectivity of the 

protonation. The unexpected reaction of lithium thiolate 2e suggests, that the p-enamiuo ester 3~’ is stabilized by 

overlap of the pz orbital of the EQN nitrogen atom with the C=CC=O delocalized system. “Ike STABASE 

protected amino substituent of 3a and 3b lacks the possibility for this stab&&on, because the pz orbital of the 

nitrogen atom is delocalized into low-lying orbitals of the two attached silicon atoms. Consequently, hydrolysis of 

2a and Zb affords no S-protonated product. 

By deprotonating an equilibrated mixture of 3c and 3~’ with L,iHMDS, the starting lithium thiolate 2c was 

obtained quantitatively, proving that 3c and 3~’ are tautomers. The assignment of 3c and 3~’ is further 

subs~tia~ by IR, 1H and I%! NMR spectral data. The IR spectrum of the mixture, dissolved in benzene, 

showed absorptions at 1743 (isolated ester GO) as well as 1632 and 1592 cm-l (N-C=C-C=@l). The major 

isomer 3~’ crystalliaed madily from pentane&O (2: 1) as colorless needles. This compound shows only the IF& 

absorptions expected for the p-enamino ester31 (KBr, 1613 and 1596 cm-l). Compounds 3c and 3a display 

similar NMR spectra but, 3~’ is diffenent, The proposed conjugation of the B&JN pz orbital with the enaminone 1~- 

system is supported by the pnzsence of hvo discrete, broad signals for the CHz protons of the N-ethyl groups in 

the lH NMR spectxum. showing that the pyramidal inversion is slow on the NMR time scale up to 335 K in 
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toluene-&. The tautomers are not exchanging on the NMR time scale at this temperature, since diitete sets of 

signals for the two species am observed. Noteworthy, the SH and NH protons do not exchange either at 335 K in 

tohlene-4. 

0 S’ 0 HNeR’ 

= EtO~N*R’ C_ EtO+/ s 

NR2 H NR2 

5a’, 5b’, 5c 5a. 5b, 5c 

5a, 5a’: R’ = Ph, R2 = -Me2SiCH2CH2SiMe2- 

5b, 5b’: R’ = PhCH2, R2 = -Me2SiCH2CH2SiMe2- 

5c, 5~‘: R’ = Ph, R = Et 

scheme 4 

Reactions with electrophiles. The lithium thiolates 2 possess several nucleophilic sites. Both the sulphur and 

the carbon atom C(g) are soft Lewis bases, whereas the carboxyl oxygen atom is a hard Lewis base. Weak 

electrophiles will mact at the sulphur atom for steric masons. Thus. compounds 2a-c were converted into highly 

functional&d fl-enamino esters by reacting them with weak carbon electrophiles. The reaction of 2a with 

iodomethane in tefluxing THF afforded the sulphur akylated product 5a in almost quantitative yield (scheme 4). 

Initially, a tautomeric compound 5a’ is formed, observed as the major product after refluxing for 10 minutes. This 

kinetic product probably has the (E)-con@uration, resulting ftom the configuration of the starting lithium thiolate. 

By &htxing the reaction mixture for 4 hours, it is completely converted into the thermodynamically mote stable 

product 51, which probably is the Q-isomer, having a stabilizing hydrogen bridgdl. 

0 HNnPh 

Et0 

5b 

0 S' 

L 

5b” (not observed) 

scheme 5 

The N-benzyl substituted lithium thiolate 2b is alkylated much more easily. Probably the absence of a 

stabilizing conjugation with the phenyl group is the basis for this enhanced reactivity. The reaction of 2b with 
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iodomethane is complete within minutes at room temperature, &&ding a 92:8 mixture of the (?I- and Q-isomers 

(tH NMR, CeDe, 20 ‘C) of 5b and 5b’ as a yellow oil. Another possible explanation32 for the presence of two 

isomers is an equilibrium between S,N-acetal5b and thioimidomalonic ester Sb” (scheme 5). However. the 

presence of an imine functionality may be excluded by the multiplicity of the NH proton (triplet), due to coupling 

with the adjacent CH2 protons, in the lH NMR spectrum of both isomers. probably, 5b” is a transition state 

structure in the equilibration of 5b and 5b’. 

A 94:6 mixture of the two tautomeric products 5c and 5c’ was obtained by mfhuing 2c with iodomethane in 

THR (scheme 4). Again, the major product probably is the (2)~isomer, stabilized by the intramolecular hydrogen 

bridge. The enaminone system of 5c is stable to acid hydrolysis; after work-up, 5c is almost completely recovered 

(> 95 %). Like 5a and 5b, 5c is an oil, which makes purification difficult. In the pn%ence of lithium iodide, both 

5b and 5c crystallixe from Rt20 as yellow needles. The. ele.memal analysis conelates well with 2 molecules of 5 

complexed to 1 molecule of LiI (5b4MLiI). In both cases, the presence of lithium in the sample was established 

by a flame test, and iodide was confined by the formation of a precipitate upon addition of alcoholic AgN$. In 

the lH NMR spectra of the crystalked Lii adducts. the original ratios for the Q- and (&isomers of 5b (92:8) 

and 5c (94:6) am still present We therefore believe, that these are the equilibrium ratios. The. organic products can 

be easily obtained quantitatively by dissolving the crystalline compounds in CH$&, from which LiI precipitates. 

Attempted reduction To convert the p-enamino esters into ~4actam.s. selective reduction of the C=C double 

bond and ring closure of the resulting B-S,N-acetal ester was attempted. The l&reduction of simple enaminones 

and enamino esters has been performed using NaRHq in alcohok&. However, enamino ester 5c did not react with 

NaRQ in 2-propanol at room temperature, whereas refluxing resulted in an unidemifii mixtum of products, 

containing (among others) desulphmixed compounds33. as was evidenced by the disappearance of the S-methyl 

signals in ‘H and 13C NMR. 

Attempted ring closure to /34zctums. Cyclisation of the thiomalonamic esters 3 was attempted with 

alkylahuninum reagents, according to literature procedures 34. However, no fl-lactams were formed, due to the 

stability of the intermediate aluminium thiolates. Instead, the starting materials were recovered in 90 96 yield after 

careful hydrolysis. The same result was obtained when the recrystallixed aluminum thiolate 2e was refluxed in 

tohIenc. 

We have previously reported, that in the reaction of chloroxinc enolates with imine@ the intermediate 

chloroxinc amide is readily cyclixed to the corresponding B-lactam. Lithium thiolate 2b was transmetailated in 

situ with ZnCl2 to give the corresponding chloroxinc thiolate. Also in this case no &lactam formation was 

observed after mfluxing in tohrene for 16 hours. Careful hydrolysis afforded again thiomalonic ester 3b. 
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CONCLUDING REMARKS 

The reaction of isothiocyanates with nucleophiles constitutes an easy route to thioamides35. Ihiomalonamic 

esters and diestem have been prepared via the reaction of isothiocyanates with sodium acetylacetonates and 

malonates32*36. These compounds have been employed as ligands in organometallic chemistry; e.g. they form very 

stable, chelated nickel(B) complexes32. The CC coupling reactions of lithium enolates of protected glycine esters 

with isothiocyanates afford, in good yields, the corresponding thiomalonamic esters, which am easily purified via 

crystallisation. However, these thiomalonamic esters 3 have unexpected high stability, to the effect that cyclisation 

to B-&tams via standard methodology could not be achieved 

Sulphur alkylation of the lithiated thiomalonamic esters offers a straightforward route to functional&d B- 

enamino esters 5. Bnarninones and enamino esters are versatile intermediates for the synthesis of heterocyclic 

prod11cts3~. such as alkaloids and antibiotics. Em&nones similar to compounds Sa-c, possessing the S,N-acetal 

function, have recently been employed in a one-pot synthesis of pyranones38, via l&addition of a Reformat&y 

reagent. Although NaBHq-reduction of &mamino ester 5c to the corresponding B-amino ester was unsuccessful, 

the observed desulphurisation in itself is promising. Selective desulphurisation offers an entry to 4unsubstituted 

B&tams, via cyclisation of the intermediate B-amino ester. 

EXPERIMENTAL SECTION 

General Data. All synthetic manipulations with air-sensitive magents were carried out under a dry, inert 

nitrogen atmosphere using standard Schlenk techniques. Solvents were dried and distilled from sodium / 

benzophenone prior to use. Diisopropylamine and hexamethyldisilaxane were distilled at atmospheric pressure 

and stored over molsieves (3A). Ethyl [(2,2,5.5-tetmmethy1-1-aza-2,5-diiila)cyclopentyl]acetate (l&17, ethyl- 

(diethylamino)acetate (lb)‘&, and dry xinc chloride.39 were prepared according to literature procedures. lH and 

l%! NMR spectra were recorded on a Bruker AC 200 and a Bruker AC 300 spectrometer in chloroform-d or 

benzene-d6. Chemical shifts are in ppm relative to TMS; coupling constants are presented in hertz (Hz). IR spectra 

were recorded on a Mattson Galaxy FI’lR 5000 Spectrometer. Mass spectra (Bl, 70 eV) of pure compounds were 

recorded on a Unicam 610 Automass GCMS System using a direct inlet probe. Melting points and boiling points 

are uncorrected. Elemental analyses were performed by the Institute of Applied Chemistry TNO, Z&t, The 

Netherlands, and Dornis und Kolbe Mikroanalytisches Laboratorium. Miilheim a/d Ruhr, Germany. 

Lithium {ethyl 3-(N-phenyl)amino-3-sulrido-2-([2,2,5,5-tetramethyl-l-aza-2,5-disila]- 

cyclopentyl)propenoate-KS,O} * OEh (2a): To a cooled (-78 ‘C) solution of 6.12 g (60.5 mmol) of 

diisopropylamine in 100 ml of Et20 60.5 mmol of n-butyllithium (40.3 ml of a 1.5 M solution in hexanes) was 
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added. After stir&g for 15 min a pmcooled solution of 14.80 g (60.3 mmol) of ethyl-[(2.2.55-tetramethyl-l-axa- 

2,5-disila)cyclopentyl]acetate in 60 ml of QO was added over a 5 min period via a dropping funnel. Stining was 

continued for 30 min at -78 ‘C, followed by the addition of 8.15 g (60.3 mmol) of phenylisothiocyanate. The 

solution was warmed to -30 “C in 3 h and was kept at this temperature overnight, resulting in the fonnation of an 

off-white precipitate, that mdissolved upon warming to room temperature to give a clear, yellow solution. All 

volatiles were completely removed in yc~cuo. Recrystallisation from a 1:3 Et2O/pentane solution afforded 22.16 g. 

(48.2 mmol, 80%) of yellow disk-shaped crystals in 2 crystalliitions. lH NMR (C&& 6 9.05 (s, lH, NH); 7.84 

(d. J = 7.6.2H. &h-H); 7.17 (dd, J = 7.6.8.0.2H. m-Ph-H); 6.95 (t, J = 8.0, lH, p-Ph-H); 4.15 (q, J = 7.1,2H, 

0CH2CH3); 3.30 (q. J = 7.0.. 4H, CH2 of Et20); 1.16 (t, J = 7.1, 3H, 0CH2cH3); 1.08 (t, J = 7.0,6H. CH3 of 

%O); 0.91 (m. 4H, SiC&C&Si); 0.21 (s, 12H, Si[CH&). l3C NMR (C6D& 8 178.6 (C=S); 172.1 (C=O); 

141.4, 128.5. 124.7, 124.2 (aryl C); 100.1 (C[=S]-C-C[=O]-); 65.8 (CH2 of Et20); 60.1 (OCH2CH3); 15.3 (CH3 

of Et20); 14.6 (OCH2CH3); 9.0 (SiCH$H2Si); 1.0, 0.1 (Si[CH&). Anal. Calcd for C2~H37Lii20$Si2: C 

54.75; H 8.09; N 6.08. Found: C 54.38; H 7.83; N 6.04. 

Lithium {ethyl 3-(N-benzyl)amino-3-sulfido-2-([2,2,5,5-tetramethyl-l-aza-2,5-disila]- 

cyclopentyl)propenoate-KS,O] * OE% (2b): Via the same procedure, starting from 1.05 g (7.2 mmol) 

benxylisothiocyanate, 2b was obtained as a colorless crystalline compound. Yield (1 crystallisation from 

Et@&Wane): 1.80 g (3.7 mmol, 51%). ‘H NMR ((&De): 8 7.3 (m. 3H, NH & o-Ph-H); 7.1 (m. 3H, Ph-H); 

5.02 (d, J= 5.1,2H, NCH2Ph); 4.23 (q. J = 7.0. W, CXXzCH3); 3.36 (q. J = 7.0,4H, CH2 of Et20); 1.25 (t, J = 

7.0, 3H, OCH2CIf3); 1.13 (t, .I = 7.0, 6H. CH3 of Et20); 0.73-0.91 (m. 4H, SiCH2CIf2Si); 0.21,0.05 (s. 12H, 

SiKH312). 13C NMR (C&): 8 181.5 (C=S); 171.2 (GO); 139.6. 129.1. 128.6, 127.5 (a@ C); 97.5 (C[=S]-C- 

C]=Ol-); 65.8 (CH2 of Et;?O); 59.8 (OCH2CH3); 48.7 (NCHZPh); 15.3 (CH3 of E$O); 14.6 (OCH&‘H3); 9.0 

(SiCH$H$W; 0.9, 0.1 (Si]CH&). Anal. Calcd for C22H3gLiN203SSi2: C 55.66; H 8.28; N 5.90, S 6.75. 

Found C 55.53; H 8.35; N 5.94; S 6.84. 

Lithium {ethyl 2-(N,N-diethyl)amino-3-(N-phenyl)amino-3-sulfidopropenoate-~S,O} - Et20 

(2~): A solution of 4.62 g (28.7 mmol) of HMDS in 100 ml of THF was cooled to 0 ‘C. After addition of 28.7 

mmol of BuLi (18.0 ml of a 1.6 M solution in hexane). 4.57 g of ester lb and 3.88 g of phenylisothiocyanate 

(both 28.7 m01) with 10 min intervals, the reaction mixture was refluxed for 45 min. After cooling to room 

temperature, all volatilea wem removed in vucuo, leaving a yellow solid. Yellow dish-shaped crystals of 2c were 

obtained by crystallisation from Et20. Yield: 8.16 g (21.8 mmol, 76%). ‘H NMR (CeD& 8 8.51 (s, lH, NH); 

7.89 (d, J = 7.6,2H. o-Ph-H); 7.16 (dd, J = 7.6,7.4, W, m&-H); 6.91 (t, J = 7.4, 1H. p-Ph-H); 4.23 (q, J = 7.1, 

2H. mH2CH3); 3.32 (q. J = 7.0. 4H, CH2 of EbO); 2.95 (m, 4H. N[CH2CH3]2); 1.17 (t. J = 7.1, 3H, 

fXH$X3); 1.08, 1.05 (t, J = 7.0. 12H. CH3 of EbO and N[CH$X3]2). l3C-NMR (C!eD& 6 182.9 (C=S); 

171.2 (C=D); 141.7. 128.4, 124.0, 123.7 @h-C!); 107.3 (&N-C); 65.7 (CH, of Et20); 59.7 (OCH~H3); 48.8 
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(N[ci$CH3]2); 15.1 (CH3 of EbO); 14.8 (@&(=H3); 14.5 (N[CH$H&). Anal. Calcd for C1gH3tLiN&S 

(MW = 374.47): C 60.94; H 8.34; N 7.48. Found: C 61.06; H 8.39; N 7.42. 

X-Ray data Collection, Structure Determination, and Refinement of Lithium thiolate 2a: A 

yellowish, plate-shaped crystal was glued to the tip of a glass fiber and transfetred into the cold nitrogen stream on 

an Enraf-Nonius CAD4-F diffractometer. Accurate unit-cell parameters and an orientation matrix were determmed 

by least squares refinement of 25 well-centeted reflections (SET4) in the range 10.6” < 0 < 19.5s Reduced-cell 

calculations did not indicate higher lattice symmetry. 40 Crystal data am presented in table 3. Intensity data of 7604 

reflections were collected in the range 1.16” < 0 < 27.5”, 5867 of which am independent. 3746 reflections with 

intensities above the 2.5@I) level were used in the structum analysis. Data were corrected for L.p effects and for 

observed linear decay, but not for absorption. The structure was solved by automated direct methods 

(SHELXS8641). Refinement on F was carried out by full-matrix least-squares techniques (SHELX7642). 

Hydrogen atoms were included in the mfmement on calculated positions (C-H = 0.98 A) riding on their carrier 

atoms, except for the amine hydrogen atom, which was located on a difference Fourier map and subsequently 

included in the refinement. All non-hydrogen atoms were refmed with anisotropic thermal parameters; the 

hydrogen atoms were refined with two overall isotropic thermal parameters. A final difference Fourier map 

showed no residual density outside -0.42 and 0.69 e Am3. Neutral atom scattering factors were taken from Ctomer 

and Mann4~, anomalous dispersions from Cromer and Liberman.~ Geometrical calculations and illustrations 

were performed with PLATON.45 All calculations were performed on a MicroVAX-II. 

Table 3. Crystallographic Data for2n 

formula [C,,H,L~~O~SS~,.C~H~OOI~ 

space group P2,lc 

tryst. system monoclinic 

Z 2 

%A 14.238(2) 

b.A 10.217(l) 

c,A 17.810(2) 

$3 deg. 98.573(g) 

V,@ 2561.8(5) 

D&g cm-3 1.194 

&.&cm-t 2.3 

radiation (MO Ku), A 0.71073 (Zr-filtered) 

T, K 100 

RF” 0.048 

%VFb 0.071 

aR~=xI IF01 - l&l 1 /x IF01 ;b&F=p[w(( l&,1 - j&l ()21MV~2~111R 

Transmetallations of 2a: 

Chlorozinc {ethyl 3-(N-phenyl)amino-3-sulrido-2-([2,2,J,5-tetmmethyl-l-aza-2,5-disila]- 

cyclopentyl)propenoatexS,O} (2d): At room temperatum 3.88 g (8.4 mmol) of 2a was dissolved in 30 ml. 

QO. Addition of 8.5 mm01 of zinc chloride (7.0 ml of a 1.22 M solution in ether) caused the formation of a white 
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precipitate. AtIer stirring for 90 min the lithium chloride was filtered off. An orange foam was obtained by 

concentrating the filtrate in vacrw. Stirring with hexane yielded 2d as a yellow powder. Yield: 3.78 g (7.6 mmol, 

90%). 'H NMR: (C&l: 6 8.31 (s. H-I, NH); 7.41 (d, .I= 7.7.2H. &h-H); 7.08 (dd. .I= 7.7.7.3,W. m-Ph-H); 

6.96 (t, J = 7.3, lH, p_Ph-H); 3.88 (br.q. J = 6.9, W, OC&CH$; 0.98 (t. .i = 7.1,3H, oCH#Xf3); 0.79 (m, 4H, 

SiCH&IQW; 0.19 (s, 12H, Si[CH$$. l3C NMR (C&De): 6 61.9 (OCH&H3); 14.3 (OCH2CH3); 8.8 

(SiCH$H2Si); 1.2, -0.3 (Si[CH&). 

Dimethylaluminium {ethyl 3-(N-phenyl)amino-3-sul~do-2-([2,2,5,5-tetrame~yl-l-aza-2,5- 

diiila]cyclopentyl)propenoate-KfJ,O} (2e): At -50 “C 1.30 g (2.8 mmol) of 20 was dissolved in 20 ml of EbO. 

To this solution was added 2.8 mmol of dimetbylaluminum chloride (2.8 ml of a 1.0 M solution in EbO). After 

slowly warming the yellow reaction mixture to ambient temperatum, the solvent was removed in vacrw, affording a 

microcrystalline solid. The product was stirred in hexane and again dried in WCUO. yielding a yellow powder. 

Yield 1.27 g (2.7 mmol, 97%). Rtxrystallisation from EbO gave yellow dish-shaped crystals. lH NMR (C&J: 

6 8.78 (s, lH, NH); 7.32 (d, 2H. o-Ph-H); 7.10 (dd. 2H, m-Ph-H); 6.96 (t, lH, pPh-H); 3.75 (q. J = 7.1. 2H, 

OCH2CH3); 0.92 (t, J = 7.1.3H. OCH$If3); 0.76 (m. 4H, SiW&X$i); 0.01 (s, 12H. Si[CH&); -0.21 (s, 6H, 

Al[CH3]2). ‘3C NMR (Cede): 6 174.2 (GS); 171.3 (GO); 138.7. 129.3, 126.7, 126.0 @‘h-C); 99.9 (C[=S]-C- 

C[=O]-); 62.3 (OCH2CH3); 14.3 (OCH&H3); 8.6 (SiCH$H$Si); 0.6. -0.5 (Si[CH&); -8.6 (br, Al[CH&J 

General procedure for the hydrolysis of 2: To a solution of 0.5 mmol of 2 in 10 ml of Et20 was added 

0.55 mmol of Hz0 (0.20 ml of a 2.75 M solution in THF), 0.1 g of solid NH&l and 2 g of MgS04 After 

stirring for 30 min. the mixture was filtrated and the tesidu was washed with Et.20 (two times 10 ml). Evaporation 

of the combined organic layers yielded the hydrolysed product. 

Ethyl 3-(N-phenylamino)-2-([2,2,5,5-tetramethyl-l-aza-2,5-disila]cyclopentyl)-3-thioxo- 

propanoate (3a): Off-white solid, that was shown by ‘H NMR to consist of the hydrolysis product 3a and the 

deprotected product 4a in a 5:1 ratio. Extraction with pentane and crystallisation from pentane afforded yellow 

crystals of 3a. Yield: 34 96. Mp: 79 ‘C. lH-NMR (C&$6 10.21 (s, lH, NH); 8.09 (d, J = 8.0.2H. o-Ph-H); 

7.08 (dd. J = 8.0,7.3. W, m-Ph-H); 6.91 (t, J = 7.3, lH, pPh-H); 4.99 (s, 1H. C[=S]-CH-C=O); 4.03 (q, J = 7.1 

HZ.. 2H. OCH2CH3); 1.00 (t, J = 7.1. 3H. OCH$H3); 0.70 (m, 4H. SiCH#X2Si); 0.23, 0.00 (s, 12H, 

SiICH332). 1* NMR (CeD,$ 6 196.3 (C=S); 170.6 (GO); 138.8, 129.3, 126.7, 121.8 (Ph-C); 70.7 (C[=S]-C- 

C[=O]); 61.8 (OCH2CH3); 13.9 (OCH$H3); 8.7 (SiCH$H2Si); 0.0, -0.3 (Si[CH&). IR (KRr, cm-t): 3240 

(NH). 1731 (C=O), 1528 (N-C=S). Anal. Calcd for Ct7HBN202SSi2: C 53.64; H 7.41; N 7.36. Found: C 

53.75; H 7.55; N 7.32. 
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Ethyl 3-(N-benaylamino)-2-([2,2,5,5-tetramethyl-l-aza-2,5-disila]cyclopentyl)-3-thioxo- 

propanoate (3b): White+ solid. The product was mcrystalhzed from hexane, affording 3b as white need& Yield: 

76 46. Mp: 87 ‘C. ‘H NMR (C&): 6 8.49 (br s, lH, NH); 7.0-7.1 (m. 5H. Ph-H); 4.99 (s, lH, C[=S]-CH- 

GO); 4.75 (d, J = 5.2, 2H. NCH,Ph); 4.03 (ARX3, 2H, OCZ$CH,); 1.01 (t, J = 7.1, 3H. OCH2cH3); OS-O.7 

(m. 4H, SiCHgC&Si); 0.14, -0.06 (s. 12H, Si[CH&). 13C NMR (C&): 6 198.7 (C[=S]); 170.8 (-C[=O]); 

136.4, 129.0, 128.8, 128.2 (Ph-C); 69.1 (C[=S]-C-C[=O]); 61.7 (OCHZCH3); 49.5 (NCH*Ph); 13.9 

(DCH$H3); 8.5 (SiC’H$H$i); 0.1. -0.2 (Si[CH&. IR (KBr, cm-t): 3314 (NH), 1727 (GO), 1532 (N-C=S). 

Anal. Calcd for CtaH3&02SSi2: C 54.78; H 7.66; N 7.10. Found: C 54.66; H 7.65; N 7.13. 

Ethyl 2-(N,N-diethyl)amino-3-(N-phenyl)amino-3-thioxopropanoate (3~) and ethyl 2-(N,N- 

diethyl)amino-3-mercapto-3-(N-phenyl)aminopropenoate (3~‘): Yellow oil, that solidified upon standing. 

Yield: 91 %. The product was shown to be a mixture of two isomeric compounds. Crystallisation from penta& 

&O (2: 1) yielded the major isomer (enamino ester) as white needles. Yield: 36 96. -ester Mp: 54 

55 ‘C. lH NMR (C&): 6 12.57 (s, lH, OH); 12.03 (s, lH, NH); 8.03 (d. J= 7.6,2H, &h-H); 7.12 (dd.J=7.6, 

7.4, 2H. m-Ph-H); 6.88 (t. J = 7.4, lH, pPh-H); 4.09 (q. J = 7.1. 2H. OCH,CH3); 2.90. 2.54 (br m, 4H, 

N[CH2CH3]2); 0.99 (t, J= 7.1,3H, oCH7,cH3); 0.92 (t, .I= 7.1, 6H, N[CH2UI&. t3C NMR (C6)e): 6 181.8 

(C=S); 162.9 (C=O); 142.1. 128.6, 123.9, 123.1 @‘h-C); 97.2 (EbN-C); 58.6 (OCH2CH3); 50.5 (N[CH$H3]2); 

14.9 (OCH2CH3); 10.4 (N[CH@-I&). IR (C&Lo, cm-‘): 1632. 1592 (N-C=C-C=O). IR (RBr. cm-l): 1613, 

1596 (N-C=C-C=O). MS: m/z = 294. Anal. Calcd for C15H22N202S: C 61.19; H 7.53; N 9.52. Found: C 61.25; 

H 7.44; N 9.54. Thiomalonamicester ‘H NMR (C!,&): 6 10.91 (s, 1H. NH); 7.97 (d, .I= 7.6,2H, o-Ph-H); 

7.09 (dd, J= 7.6,7.4,29 m-Ph-H); 6.93 (t, J= 7.4, lH,pPh-H); 4.52 (s, IH, N-CH-COO); 4.05 (q, J = 7.1,2H, 

OCH2CH3); 2.57 (m, 4H, N[CI!I$H&); 1.01 (t, J = 7.1, 3H, OCH2cH3); 0.79 (t, J = 7.1, 6H, N[CH#Y&). 

13C-NMR (C&j): 6 193.71 (C=S); 168.28 (GO); 139.10. 129.08, 126.33, 121.92 (W-C); 78.74 (Et2N-C); 

61.21 (OCH2CH3); 44.55 (N[CH2CH&); 14.23 (OCH$H3); 12.45 (N[CH$H3]2>. IR (CgH6, cm-‘): 1743 

(C=o). 

Ethyl 2-amino-3-(N-phenyl)amino&hioxopropanoate (4a): A solution of 0.82 g (1.75 mmol) of 2a 

in 20 ml of THF was stirred overnight with 10 ml of H20. After addition of 30 ml of Et20, the organic layer was 

separated, dried on magnesium sulfate and filtrated. A beige solid was obtained by in vacua removal of the solvent. 

Washing with hexane and nxrystallisation of the residue from EbO afforded 4a as a yellow crystalline product 

Yield: 0.36 g (1.5 mmol, 86 96). Mp: 76 ‘C. *H NMR (C&): 6 11.1 (br, lH, Ph-NH); 7.92 (d. J = 7_6,2H, a-Ph- 

H); 7.05 (dd. J = 7.6,7.3,2H, m-Ph-H); 6.90 (t, J = 7.3, lH, @h-H); 4.10 (s, 1H. N-CH-COOEt); 4.03 (ARX3, 

2H, OCII&&H3); 1.28 (br, 2H, NH& 1.02 (t, J = 7.1, 3H, OCH2cH3). ‘v NMR (C6D6): 6 194.2 (C=S); 

171.1 (COOEt); 138.4, 128.9, 126.4, 122.1 (aryl C); 66.4 (N-CH-COOEt); 61.8 (OCH2CH3); 14.0 

(OCH2CH3). JR (KRr, cm-l): 3339.3254 (NH2); 1745 (C=O); 1496 (N-C=S). MS: m/z = 238 Anal. Calcd for 
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CllHt4N~O#: C 55.44; H 5.92; N 11.76. Found: C 55.34; H 5.89; N 11.64. 

Ethyl 3-methylthio-3-(N-phenyl)amino-2-([2,2,5,5-te~ame~yl-l-aza-2,5-disila]cyclopentyl)- 

propenoate (Ja): To a solution of 0.83 g (1.8 mmol) of 2a in 10 ml THF 0.29 g (2.0 mmol) of iodomethane was 

added. The clear yellow reaction mixture was refluxed for 4 h. In vacrw evaporation of the solvent resulted in a 

yellow foam. This was dissolved in pentane and the solid material was filtered off. From the pentane solution the 

S-methylated product was obtained by evaporating to dryness. Yield: 0.72 g (1.8 mmol, 99%). lH NMR (CeDg): 

8 9.57 (s, lH, NH); 7.46 (d, J = 7.8.2H. o-Ph-H); 7.08 (dd, J = 7.8,7.3,2H, m-Ph-H); 6.79 (t, .I = 7.3, lH, p-Ph- 

H); 4.28 (q. .I = 7.1, 2H, 0CQCH3); 1.63 (s, 3H, SCH,); 1.07 (t, J = 7.2, 3H, OCH,CH,); 0.97 (s, 4H, 

SiW2CIf.$ji); 0.25 (s, 12H, Si[CH&). 13C NMR (CuDd: 8 169.7 (C=O); 157.7 (C=C-SMe); 1429, 129.2, 

122.6, 120.9 (aryl C); 112.2 (C=C-COOEt); 62.8 (OCHzCH3); 15.1 (SCH3); 14.1 (OCH2CH3); 8.8 

(SiCH&‘H2Si); 0.8 (Si[CH&). 

Ethyl 3-methylthio-3-(N-benzyl)amino-2-([2,2,5,5-tetrame~yl-l-~a-2,5-disila]cyclopentyl)- 

propenoate (5b): To a solution of 0.30 g (0.75 mmol) of2b in 10 ml of THF, 0.12 g (0.8 mmol) of iodomethane 

was added. The clear yellow reaction mixture was stirred for 15 min. After concentration, the sticky yellow residue 

was triturated with benzene. The precipitate was removed by centrifugation. and the solution was concentrated to 

afford 5b as an orange+ellow foam. By lH NMR it was shown that the product consisted of two isomers in a 

92:8 ratio. Recrystallisation from Et@/pentane (1: 1) afforded Sba.5 LiI as off-white block-shaped crystals. 

Yield: 0.22 g (0.46 mmol, 62 96). -isomer lH NMR (CeD& 8 8.75 (t, J = 6.8, lH, NH); 7.40 (d, J = 

7.4, 2H, o-Ph-H); 7.19 (dd, J = 7.4, 7.1, 2H, m-Ph-H); 7.04 (t, J = 7.1, lH, p-Ph-H); 4.40 (d, J = 6.8, 2H, 

PhCH$Q 4.24 (q. J= 7.1,2H, ocH2CH3); 1.93 (s, 3H, SCH3); 1.09 (t, J = 7.2,3H, OCH2CIf3); 0.94 (m, 4H, 

SiC&CH#i); 0.04-0.20 (br, 12H. Si[CH&J 13C NMR (CeDd: 6 170.2 (GO); 162.9 (C=C-SMe); 139.9, 

128.6, 128.4. 127.2 (aryl C); 109.3 (C=C-COOEt); 61.3 (OCH2CH3); 51.3 (PhCHzN); 16.5 (SCH3); 14.2 

(CCH$H3); 8.7 (SiCH&H2Si); 0.3 (br, Si[CH312). IR (KBr, cm-l): 1655. 1562 (N-C=C-C=O). Anal. Calcd for 

Ct~H~~I&&N~O2SSi~ (5b.OSLiI): C 47.98; H 6.78; N 5.89; Si 11.81. Found: C 47.86; H 6.71; N 5.93; Si 

11.97. Minor: lH NMR (C&k 8 5.63 (t, J = 5.9, 1H. NH); 4.28 (d. J = 5.9,2H, PhCH2N); 4.18 (q, 

J = 7-192H. OCH,CH3); 2.32 (s. 3H, SCH3); 1.11 (t, J = 7.2,3H, OCH2CH3); 0.69 (s, 4H, SiCX2cH2Si); 0.28, 

0.01 (s, 12H. Si]CH&). 13C NMR (CeD& 6 169.9 (GO); 155.3 (C=C[SMe]); 138.7, 129.0, 127.8 (Ph-C); 

107.2 (C=C-COEt); 61.6 (OCH2CH3); 48.8 (PhCH$+J); 20.1 (SCH3); 14.4 (OCH&IH& 8.6 (Si-CH2CH2Si); 

1.4,O.g (Si[CH312). 

Ethyl 2-(N~-diethyl)amino-Imethylthio-3-(N-phenyl)~nopro~noate (5c): A solution of 0.87 g 

(2.35 mmol) of k and 0.35 g (2.5 mmol) of iodomethane in 25 ml of THF was mfluxed for 1 h By concentration 

of the resulting solution a yellow foam was obtained, which was dissolved in pentane, filtrated and concentrated to 
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give a viscous yellow oil. This was shown to be SC, together with 6% of an isomeric compound. In the presence of 

Lil the oil solidified. Recrystallisation from EtzG/pentane (1:2) afforded ?&OS LiI as yellow crystals. Yield: 0.51 

g (1.3 mmol. 55%). Mp: 82 ‘C. -isomer lH NMR (C&): 8 9.53 (s. lH, NH); 7.44 (d, J = 7.9,2H, o- 

Ph-H); 7.05 (dd, J = 7.3,7.9,2H, m-Ph-H); 6.79 (t, J = 7.3 , lH.p-Ph-H); 4.34 (q. J = 7.1,2H, GU+CH3); 2.98 

(q, J = 7.2. 4H, N[C&CH3]& 1.62 (s, 3H, SCH3); 1.24 (t, J = 7.2, 6H, N[CH2CkZ3]$; 1.03 (t, J = 7.2, 3H, 

GCH$H3). l3C NMR (C6De) : 6 168.6 (0); 164.6 (C=C-SMe); 142.8. 129.3, 123.0, 121.2 (Ph-C); 116.4 

(MeS-C=C-); 61.9 (GCH2CH3); 48.6 (N[CH2CH3J2); 15.5 (GCH,CH,); 14.3 (SCH3); 14.2 (N[CH2CH3]2). IR 

(KBr. cm-t): 1647, 1599 (N-C=C-0). Anal. Calcd for C16H2410+ii.5N20$l (MW: 375.37): C 51.20; H 

6.44, I 16.90; N 7.46. Found: C 51.62; H 6.23; I 17.16; N 7.50. Minor &xtter Sc’: ‘H NMR (C6Dd: 6 8.38 (s, 

lH, NH); 4.30 (q, J = 7.1,2H. m.&H3); 2.79 (q, J = 7.2,4H, N[C&CH3]2); 1.93 (s, 3H, SCH3); 0.91 (t, J = 

7.2, 3H. GCHzCH3). 13C NMR (CeDe) : 6 164.6 (C=C-SMe); 142.0, 129.5, 124.1, 122.4 (Ph-C); 61.9 

(OCH2CH3); 48.5 (N[C’H$H3]2); 16.9 (GCH$‘H3); 14.6 (SCH3); 14.2 (N[CH&H3]2). 
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