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Abstract

We report the reactivity of new Cp silylated ketenimines (4, 5, 6) and lithiated-silylated ketenimine 3
[easily generatcd from lithiated S-methyl—N—phenyl tnmethylsnlylethammldothloate 2] toward electrophlllc
Teagentis. Reactions of these ketenimines with strong clct.uupumulcugcuw such as buuauyl chloride (PhSCI)
gave access to new sulfanylated ketenimines. With less reactive species [benzenesulfinyl chloride (PhS(O)Cl),
p-toluenesulfonyl chloride, trimethylhalosilanes, diisopropyl chlorophosphatc acetyl chloride and propylet}e
oxide] and 3, the addition took place either on CP or on the nitrogen atom leading to relatively unstable

functionalised ketenimines or new silylated ynamines respectively. © 1999 Elsevier Science Ltd. Al rights reserved.
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Introduction
Ketenimines are usually very reactive and unstable heterocumulenes when they are not

substituted by stabilising substituents such as aryl,' phosphonium ylid,” bis (tnﬂuoromethyl)
trimethylsilyl.*® In accordance with the mesomeric structures drawn in scheme 1,* > '° they
can react with nucleophiles and electrophiles respectively on their central (Ca) and terminal
(Cp) carbons. The addition of electrophilic reagents to ketenimines has not been so much
studied in comparison to that of nucleophilic reagents. Thus, studies have been limited to
chlorine "' and to benzenesulfanyl chloride with bis (trifluoromethyl) ketenimines,

triarylketenimines," and with some more reactive alkylarylketenimines. "
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The stabilising effect of one or more trialkylsilyl substituents on heterocumulenes has
been demonstrated for ketenes,”™® thioketenes * and ketenimines. * ° This stabilisation has
been discussed for ketenes and attributed to a hyperconjugative effect which, in particular,

reauces tn?éezscm)pmuc character of the heterocumuiene, a feature usuauy respons:ble for its
A L.

instability. As far as the nuueopnulcl[y is concerned, despite the steric effect of the
silylated substit‘ue‘ﬁ, the Wcu known B- stamusaﬂon or carbocations by [rlamylsuyx groups,

irough their electron don 1g YGSU 1ance effect, should favour the addition of cxcnuupuut:b
on the B-carbon 22! of anv C-silvlated ketenimine
/il Viiw '.l widl WS \NIL “ll] A -JLI.J 1Aaltvua D it
In previous work, we have shown that lithiated S-methyl-N-phenyl imidothioesters, via
elimination of lithium me thylthlolate temperatures above 0°C, led to the formation of a
Lataniminag {fvass mne~hahkly 1 a~iilileiiim with tha ctasmtinn Heéhintad faaid thhiaogéas) T
RUCHbe (vely pivuvavly 1l Cquutuuull Wit 1N St iy inupaicud llluuUllllUCbt ). 111
lcetenimine (‘f\llld !llen react n j'itu ‘V‘Vpitll (Irmognard reagante (nucrlannhilisa addifian tn tha
AW LWIAKERELIENW WA/ UWUs NJirglicaid 1\.!(!6\./1]\.0 \llu\«lbUylllllb QUUIUIVIL VU U
central carbon occurs). This procedure was used for the one pot synthesis of various imines
22-24
and ketones starting from a metallated imidothioester. More recently, we have described

the synthesis of new stable mono C-silylated N-phenyl ketenimines from the S-methyl o-
(trimethylsilyl)ethanimidothioate 1 (scheme 2).” TImidothioester 1, upon treatment with two
equivalents of n-butyllithium, in a mixture of THF/hexane, at -78°C followed by warming to

+5°C, was converted to the p-lithiated-p-silylated ketenimine 3, via the mono lithiated
intermediate 2. We observed that the very slow deprotonation of ketenimine 4 by n-BuLi
became fast when catalytic MeSLi was added. This suggests that the key step is a second
deprotonation of enaminate 2 which occurs with the assistance of the methylthio group just
before or simultaneously to its elimination. The intermediate 3 can then be protonated (after
addition of one equivaient of propylene oxide [1]), alkylated or allylated to lead to the new
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Ketenimines "I 5 oré.

{ Lix-Ph 1 oS
Ph a a3
H MegSi_A- \=-—Nph

1 L 27 4
1 b
Me;Si d I- MesSi 1 ¢ Me;Si
’>=-=NPh | >= =NPh | — >=-—-NF’h
o, | H | R +MeSR
v g o OH L 3 +MesLF J 5 R=CHj
I T 8 R=allyl
g~
a) 2eq n-BuLi, THF/hexane, -78°C; b) +5°C; ¢) 2 RX, r.t.; d) 1) AllylBr or propylene oxide, -20°C; 2) H*
scheme 2

Ketenimines 3 to 6, stabilised by the trimethyisilyl substituent, are new functionalised
heterocumulenes and we present herein our results related to their reactivity towards a

! We have found that one equivalent of epoxide can advantageousiy replace the allyi brgmide previously used to trap the lithium
methylthiolate in the synthesis of 4. This trapping increases the yield of the ketenimine =, The alkoxide resulting from the opening

of the epoxide does not interfere in the reaction and gives, after protonation, an alcohol easily separated from the ketenimine.
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selection of electrophilic reagents (benzenesulfanyl chloride, benzenesulfinyl chloride,
p-toluenesulfonyl chloride, trimethylchlorosilane or trimethylbromosilane, diisopropyl
chlorophosphate, acetyl chloride and propylene oxide).

Results and discussion

\

a) Addition of DCI]ZCI)CSUII&IIYI chioride

Depending on the substituent on Cp (R, H or Li), silylated ketenimines have shown
varied behaviour towards benzenesulfanyl chloride. In each case, the reaction was
quantitative (NMR) and very fast, even at -78°C.

Addition of one equivalent of PhSCl at -78°C to ketenimine 5, gave a new stable
C-sulfanylated ketenimine 7 (66% yield after distillation).”® The same kind of addition
leading to ketenimine 8 was observed with the allylic ketenimine 6 (with no addition on the
double bond of the allylic cham) The obtention of ketenimines 7 and 8, which formally
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I'Cbuil from the substitution of the lrlIIlt:lnylbuyl by the benzenesuifa Hy} group, ddil Cdblly be
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. ouble sulfanylation
. by ss leading first to the ketenimine 7
or 8. Then addition of the second equlvalent of PhSCl to 7 or 8 gives a disulfanylated
imidoy! chloride 13 or 14 which was finally hydrolysed to the corresponding amides

(scheme 3).

o
Me3Si PhS cord PhS7)L
B: *=NPh >= *=NPh —— NHPh
P Y= alN| 0 7 D_AMa R
] 9 n=urg N I A=wvie 'Y
& R=allyl 8 R=allyl 11 R=CH,
s 12R=allyl

T e P -
t 3°‘>,/\:|} ""c’}/\m r"°Y\NHPh
PhS PhS PhS
R | R |
9 R=CHz 13 15
10 R=allyl 14 16

a) leq PhSCI, CH,Cl,, -78°C->r.t.; b) 1.1 eq PhSCI, CHyCly,, 0°C; c) Silica gel; d) 1:1-Acetone/Water

scheme 3
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On the contrary, with non-alkylated ketenimine 4, after addition of one equivalent of
PhSCI, we did not observe the spontancous elimination of chlorotrimethylsilane. Therefore,
the relatively stable imidoyl chloride 17, treated with an excess of triethylamine (2 eq), was
dehydrochlorinated to give the new stable silylated and sulfanylated ketenimine 18 (55%
after cnsuuauon) AS we anticipated from the in situ generatea lithiated Kctemmme €
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a) leq PhSCl, CH,Cly, 0°C; b) diluted HCI; ¢) 2eq Et3N, CHaCly , r.t.; d) Silica gel or 1:1-Acetone/Water,

scheme 4

Ketenimine 20, too unstable to be puriﬁed by distillation, was characterised by its
hydrolysis on silica gel to the a-(benzenesuifanyl)acetamide 21 (65% yield) which was also
obtained from the desilylation of amide 19 (scheme 4).

The reactivity of 18 towards PhSCI was examined also. Addition of 1. leq
led, after warmmg to room temperature, to a mixture of imidoyl chiorides
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ich were not isolated but readily hydrolysed with a mixture acetone/water to ami
ield:

41%) Moreover, after otal desilylation of the crude mixture 22 and 23 (dilute
“ ( ith Ft.N. 2 eq). the ‘3C NMR
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were unsuccessful, but 1t was neverthcless characterised after hydrolysis to amide 24
(scheme 5).

1 e
1 AV 24
cetenimine 25. Attempts to purify this "masked dicarbonyl”
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scheme 5

b) Addition of benzenesulfinyl and p-toluenesulfonyl chlorides

Benzenesulfinyl chloride was found to be very reactive with ketenimines 3, 4 and § at
-78°C to give unstable functionalised ketenimines. The isolation and characterisation of
a-sulfinyl N-phenyl amide 26, obtained from reaction of ketenimine 4 with PhS(O)CI and
subsequent hydrolysis, demonstrated that the addition on Cp occurred. Moreover, the strong
IR absorption bands observed at 1999 and 2005 cm’ for the crude products obtained from
the addition of PhS(O)CI to the lithiated ketenimine 3 and methyl substituted ketenimine 5
were consistent with the formation of the corresponding ketenimines 27 and 28 (scheme 6).

Ml cymatadl e PR TP ulenes s £ onti~em 2728 . Fiietbhan
The unstability of these heterocu enes did not allow any purification or turther
investigations.
MesSi s NPh ) o
)= -=NPh = cl prsor_J\. .
H IPhS(O)’ \H | NHPh
4 - - 26
MesSi Ph(O)S
8 — . —NP —a, \)—T--:NPh
= "=NPh /
R R
3 R=Li 27 R=SiMe3
5 R=Me 28 R=CHg
a) 1 PhS(O)CI, CH,Cl, 0°C; b) Acetone/Water 50/50
oOVLIVILIIG W

give, after evaporation Of the soivent, a crude Sli i' t‘d sul 10nyu(elemruiﬁc ;.7 c.,uarac‘erised
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0y U NMR (-1.0 (1MY); 80.2 {(Cp); 190.6 (Ca) and IR (1998 cm™) (scheme 7



W

410 C. Fromont, S. Masson / Tetrahedron 55 (1999) 5405-5418

J U

MesSi, a Me3Si,
)= *=NPh —_— S)—- =eNPh
Li p-tol(O)2

3 29

a) 1.9 p-t1o0lSO,Cl, THF/Hexane, -80°C
scheme 7

Although 29 seemed to be more stable than 27, all our attempts to purify this oily
product failed. This difficulty was previously encountered with a ketenimine mono-
substituted by a sulfonyl group.” B, disulfonylated (methyl, methyl)- or (methyl, phenyl)-
ketenimines have however been isolated in pure form by recrystallisation. .30

¢) Addition of other electrophilic reagents

TNiicanrnnulsrhlAarAanhAacnhata anrnatyrl rhlAamda trimathulrhlarncilana nr trimathvul_
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hromncilane and nranvlena nvide ware found to reactive onlv with the lithiated ketenimine
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J at room temperature
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11ic by ILIICSIS U1 StdUIC \..-pllprll yiaweu diiu -uipliiosphoul yiaicld ACLCHIHIIILITD
hoco alrandy haoan AdAacarihad Tha wranntinn AfF ditecanernnul rhlAaranhncnhate ot thae ' ~carbhian AfF
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the in citu generated lithiated ketenimine 3 (in eauilibrinm with the -lithiated vnamine )
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t aliazaiz >
would be an easy method for the preparation of new silylated and phosphorylated ketemmmes
such as 31.** However, the phosphorylation occurred exc]uswelv on nitrogen to give the new
silylated and phosphorylated ynamine 32 (R = iPr, yield: 48%) (scheme 8).

MesSi P(O)OI-Pr)
o "=NPh Me3Si N,
(i-PrO)(O)F \l a a Ph
SN MesSi w1l
>= o= NPh _~— MESSI N\
L N [ A7) _|
/. N
Me3Si / /SiMeg
«=NPh + Me;Si N
Me3Si an Ph

Chloro- and bromo imethquilane added both on the terminal carbon and on the
ed

it ated ketenimine 3. The crude product shows two IR absorption bands at
2146 _nd 2000 cm™ corresponding to the prese

34. After distillation only 34 ° was recovered in 30% yield. Together with some thermal
degradation, a thermal isomerisation of 33 into 34 is possible (scheme 8). Such a process has

already been reported. ***

ing to the presence of both the ynamine 33 and ketenimine
8
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An excess of acetyl chloride reacted with 3 (in equilibrium with 30) to lead to the new
ynamine 35 isolated in 75% yield after distillation. When only two equivalents of acetyl
chloride were used, the IR spectra of the crude product showed absorptnon bands at 2000 and
2150 cm’ indicating the presence of both the ynamine 35 and the ketenimine 36 * ¥
(scheme 9). However, after distillation, only ynamine 35 was recovered in low yield.”

MegS—=-N_ | 7 7 MesSl—=— N
Ph \Ph

L 30 - 35

1 +
[ MeaSi 1 a Me3Si
l >‘=-=NPh | = . )= =NPh
| J A\

3

Addition of an excess of propylene oxide to 3 [2] gave a mixture of ynamine 37 and
alcohol 38 (resulting from the addition of MeSLi to the epoxide); 37 could be distilied and
isolated in good yield (80%). When purlﬁed by column chromatography on silica gel
nyarauon or th e acetylenic bond was observed and acetamide derivative 39 was isolated in

.)U /0 lelU \ Cl 1€ 1U).

a) 3eq propylene oxide, THF/Hexane, r.t., 2h; b) Silica gel
scheme 10

Conclusion

The reaction of silylated ketenimines, readily generated from an o-silylated N-phenyl
imidothioester, with electrophiles is an easy way for the preparation of new functionalised
ketenimines or ynamines. It was found that benzenesuifany' chloride is a powenm

stz

A

electrophile leading to new suifanylated ketenimines or to relatively

2 see note |
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imidoyl chlorides. Less reactive electrophiles reacted, with variable regioselectivity, with the
lithiated-silylated ketenimine only, either on the p-carbon (leading to ketenimines) or on the
nitrogen (leading to ynamines). The functionalised ketenimines and ynamines obtained are
new pOlyIunCU()nal synthons which could aliow further investigations into their reactivity and

....... ~lro tea O

uses as uuuumg blocks in organic bylllIlelb
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All experiments were carried out under a nitrogen atmosphere, in fiasks aiiowing the use of
rubber septa. Tetrahydrofuran was distilled before use over sodium and benzophenone. Butyllithium
(1.6M in hexane) was supplied by Aldrich chemicals. Other solvents were dried and purified by
usual procedures Silica gel (63 200pum) was purchased from Merck (Merck 60). Kugelrohr
distillations were carried out with a Kiigelrohr oven Biichi GRK 50 under vacuum. NMR spectra
were recorded on a Briiker AC. 250 at 250 MHz for 'H NMR, 62.9 MHz for *C. The chemical shifts
are in ppm relative to tetramethylsilane as internal standard. Couplmg constants (J) are glven in hertz.
Mentions of ipso, o (ortho), m (meta), p (para) are related to the N-phenyl and “pnrime” to the

S-phenyl; C, and C, are related to the central and terminal carbon of the ketenimine. IR absorption
(cm’) were recordecl on a Perkin-Elmer 684 or Perkin-Elmer 16 PC FT-IR. Mass spectra (electronic
1mpact at 70 eV) were recorded on a Nermag R10 RH. Mcltmg pomts were measured with a Rerchert

mcruug puuu apparatus and are uncorrected. Danc:llc:buuduylullunuc was plcpdlt;u du.mumg to
ref. % and aﬂer distillation. diluted in dichloromethane to give a 0.5M solution. This allows a better

e L2350 RSNl ReaiRaib e i LR onatiiianv W Salaaii. 2 23 82 a better

conservation.* Benzenesulfinylchloride was prepared accordmg to ref.# Diisopropylchloro-
phosphate was prepared according to ref.”.

Generation of lithiated ketenimine 3 from silylated imidothioester 1

Typical procedure I: To a stirred solution of 1 (1.5 g, 6.32 mmol) in THF/hexane (40/9 ml),
cooled to -78°C, n- -butyllithium (2.1 eq, 13.26 mmol,8. 3 ml)was added. Surrmg was maintained for
one hour in the cold bath and the temperature of the reaction mixture containing the lithiated

P

imrdotmoester p was aliowed to reacn +D °C (flask outsme the cora bath) in order to induce

tw

(Y
S0 a4 __
i

| A
To the stirred reaction mixture containing lithiated ketenimine 3 and MeSLi, propylene oxide
r' S

Qg mmr\l NAQ mal vwng addad Ardar tn tranm MaQTl i CQtimeing wag cnntinuad for an
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additional hour at room temperature, and the mixture was poured into a saturated NH,Cl aqueous
solution. The organic phase was separated and the aqueous layer was extracted twice with petroleum
ether. Organic phases were then combined, washed with brine and dried over sodium sulfate. The

solvent was removed under vacuum and the crude purified by kiigelrohr distillation afford

b, AEO . Al oog °C/mbar 1n-3.
lelU 1570, LUIUUHCbb uquru, Up \b wiiiv

n =
3)351];3.33 (s l H =CH), 7.21 to 7.37 (m sharp, 5 H, Ph) C NMR: 0.2
4 (Cn) 1231 (Cn) 1263 (Cn) 1293 (Cm) 141 8 (Cmm) 181 1 (C,,) Anal for

£N

\./
\

Synthesis of ketenimine 5 and 6

Typical procedure II: To the stirred reaction mixture containing lithiated ketenimine 3 and
MeSLi (procedure I), iodomethane (2.1 eq, 13.3 mmol, 0.85 ml) was added to trap MeSLi and
methylate ketenimine 3. Stirring was continued for an additional hour at room temperature. The
mixture was poured into saturated NH,Cl aqueous solution. The organic layer was removed. The
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aqueous layer was extracted twice with petroleum ether. Organic phases were then combined and
washed with brine and dried over sodium sulfate. The solvent was removed under vacuum and the
crude was purified by distillation to afford ketenimine 5 (1 g, yield: 79 %).
N-Phenyl-methyl-(tnmethylsnlyl)ketemmme 5.7 yield: 79%; colourless liquid, bp (°C/mbar) =

r‘ ATR AT

60/107; '"H NMR: 0.17 [s, 9H, (CH;);Si]; 1.70 (s, 3 H, CH;), 7 7.16107. 36 (msharp, 5 H, Ph); “C NMR: -

1.3 [(CH,),SH19.7 (CH,); 46.9 (Cy); 123.2 (Co); 1262 (Cp); 129.4 (Cm); 1434 (Cipso); 183.6 (C);

Anal. for C,,H;;NSi (203.4 gmol™); Calcd. for C: 70.87; H: 8.43; N: 6.89; Si: 13.81; Found (%): C:

70.76; H: 8.55; N: 6.49; Si: 13.27

N-Phenvl—allvl-(trlmethvl ilyDketenimine 6:% yield: 65%; colourless liquid, bp (°C/mbar) = 65-

70/1073, TH NMR: 0. 17(s,9 ,(C 3)391); 2.78 (td, J=1. 3,1= 66 2H,CH,);5.02(ddd,J=1.2,] = 3.2,

J=10.1,1 H)and 5.13 (ddd, J 6 J=3.2,1J=169,1H)(CH,);590(dddd, ) =6.5,1]=6.7,]=10.1,]
(m,5H, Ph): ); BC NMR: 0.01 [(CH,),Si)];30.7 (CH,); 52.

1691HCH)720736 , 8 C,1163
(CHI-—-), 124.0 (Cp); 127 Z(Cp); 130.2 (C); 143.8 (Cipso); 138.2 (CH=); 183.9 (C; IR (NaCl): 1990
(C=C=N); 1615 (C=C); 1286; 842; 760 (CH,Si); accurate mass: Calcd. for C, . H NSi: 229.1286;
Found: 229.1276
Addition of benzenesulfany! chloride (leq) to ketenimines § and 6:

Typical procedure III:To a stirred solution of N-Phenyl-methyl(trimethylsilyl) ketenimine §
(202 mg, 10 mmol) in d_ry dic hlnmmmhang, cooled to -70°C, 1.8 ml of the 0.5M solution of

benzenesulfanyle chloride (0.9 eq) in CH,Cl, was added dropwise. Stirring was maintained for 30
min. and solvent was evaporated. Bulb to bulb distillation afforded N-Phenyl-
methyl(benzenesulfanyl)ketenimine 8 (160 mg, yield: 66%).
N-Phenyl‘-methyl(benzenesulfanyl)ketemmmc 7:% yleld 66% .yellow llquxd bp (°C/mbar)

100/10°; '"H NMR: 2.01 (s,3 H, CH;); 7.16 to 7.48 (m,10 H o ); BC NMR: 57.7 (Cps 124.05; 126.1;

127.5; 127.6; 128.9; 129.6; 136.2; 140.9; 187.9 (C,); mass m/z (%): 239 (M, 100); 224 (14.5); 109
(9.1): 77 (5.5); IR (NaCl): 2006 (C=C=N): 1438 (CH,); 1592 (C=C); Anal. for C,;H ;NS (239.3gmol™):

\Fre/ Jy RAN TN\ SR TOU \ii3 Lo T L\ R I LA KL R T g

Caled. for S 1340 Found S: 13.49.
N-Phenyl-allyl(benzenesulfanyl)ketenimine 8: v1eld 28% after distillation (some degradation

occured) colourless liquid, bp ("C/mbar)--lSO/lO3 TH NMR: 3.04 (dt,J = 1.2,J=6.7,2 H,CH,); 5.08

0 5.29 (m,2 H,=CH,); 5.88 (ddt, J = 6.7, Jcis = 10.1,Jtrans = 16.8, 1 H,=CH-);7.16 to 7.57 (m, 10
Huom); “C NMR: 35.0 (-CH,-); 61.5 (Cp); 117.7; 124.0; 126.2; 127.6; 127.8; 129.2; 129.3; 134.3;
136.4; 140.6; 186.9 (C,); mass m/z (%): 265 (M*, 19.7); 224 (6.7); 109 (12.8); 77 (14.5).

Generation of ketenimine 7 and 8 followed by in situ hydrolysis to the corresponding amides:

Typical procedure IV:To a stirred solution of N-Phenyl-trimethylsilylketenimine § (160 mg,
0.85 mmol)in dichloromethane (10 ml),cooled to —50°C, | eq of benzenesulfanyl chloride (136 mg)
was added dropwise. The reaction was stirred for 3 h and then allowed to reach +4°C.
Dichloromethane was removed under vacuum and replaced by a mixture acetone/water (9/1) and
stirred at room temperature for 2 h. Column chromatography (eluent: Et,0/pentane, 1:1)on silica gel

afforded 110 mg of 11 (yield: 51%).
Hydrolysis of 7 and 8 was also observed on silica gel or alumina.

N-Phenyl-2- benzenesnlfanyllpropanamlde 11: yield: 51 %, white needles, mp = 110, Rf = 0.65
(silica-gel,Et,0/pentane, 1:1); 'HNMR: 1.64 (d,J=7.3,3H,CH,); 3.92(q,1 =7.3, 1 H,CH); 7.11 (t, ] =
7.4, 1 Hyo): 7.25 t0 7.48 (m,9 H )5 841(broad s, 1 H, NCH) 3C NMR: 18.3 (CH,); 48.0 (CH);
119.9 (L()), 124.7 (Cp); 127.8 (Cp); 129.1 (Cm; 129.5 (Cm); 130.8 (Co?); 133.7 {(Cipso"; 137.5
{Cipso); 170.1 (C=0); mass m/z: (%): 257 (M™, 59. 8), 137 (79.8); 120 (22.1); 109 (43.1); 93 (49.4); 77
(64.0); 69 (80.1); Anal. for C,sH,;NOS (257.4 gmol™") Calcd. for S: 12.46; Found (%): S, 12.36.

N-Phenyl-2-benzenesulfanyipent-4-en ar"de 12: yield: 73%, white needles, mp = 110, Rf = 0.2
(alumina, petroleum ether/AcOEL: 90/10), 'H NMR: 2.66 (dd, ] = 14.5,J = 7.3, 1 H) et 2.86 (dd,
J=145,1=73,1 )(CHU),3.86 (dd,J=6.1,1J=7.3,1 H, CH) '5.14 10 S. 9(m, 2 H,CH,); 5.91 (dddd,
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1=6.4,1=7, Jcis= 10.1,Jtrans= 16.1,1 H,=CH-); 7.11 (t,J = 7.3, 1H);7.24 to 7.46 (m,9 H,,,); 8.38
(broad s, 1 H, NCH); "CNMR: 36.7 (CH,); 53.5 (-CH-); 118.7 (CH,=); 120.0 (Cop); 124.8 (Cp); 127.8

(Lp') 129.1 (Cp); 129.5 (Cp); 130.8 (Cryn); 133.3 ((_,l so); 133.8 (=CH); 137.4 (Clpso'), 168.9 (C=0);
mass m/z (%): 283 (M, 20.5); 174 (27.9); 172 (100); 109(15 2); 93 (6.0).

Addition of two equivalents of benzenesulfanyl chloride to ketenimines 5 and 6 and in situ
hydrolysis of the intermediate imidoyl chiorides 13 and 14:
Typical procedure V: To a solutlon of ketemmme 5 (150 mg,O 75 mmol)m drchloromethane

IS ¥ 4 TN AURPUR, s | e biallN 22 L1 /YL L\ A NN ERA L Tes o b e s P e ans
LU HH L COLICU to U L \lLC Udlll), J J lIll \L .) t:q) Ul a U .) lVl bUlUllUIl Ul l)CﬂLC[leUHdllyl uuuuuc III

dichloromethane was added dropwise, The reaction was then stirred at room temperature for 1h,
Dichloromethane was removed under vacuum and the crude imidoyl chloride 13 was taken up in a
mixture acetone/water (15/2). The solution was stirred for an additional hour and acetone was
removed under vacuum before extraction of the aqueous phase with ether. The organic phase was
dried over sodium sulfate. The solvent was removed under vacuum. Column chrom raphy (eluent
nmrnlmrm ether/AcOEt: 95/5) on silica cel afforded N-Phen nyl

il g RSl oY GRS

15 (100 mg, yield: 40%).

N-Phenyl-2.2-bis(benzenesulfanyl)propanamide 15: yield: 40 %, yellow oil, Rf_= 0.48 (Alumina,
petroleum ether/AcOEt: 95/5); 'H NMR: 1.74 (s, 3 H,CH,); 7.11 (t,J =6.9, 1 H); 7.24 t0 7.40 (m, 11 H);
7.53 (dd, J = 1.2,] = 8,4 Harom.); *C NMR: 24.4 (CH,); 63.3 (C2); 119.7 (Cyp); 124.6 (Cp) l29l

129.5; 130.0; 130.5; 136.1 (Clpso n; 137.4 ((,lpso), 167.4 (C=0); mass m/z (%): 365 (M*, 3.3); 255

(20.7); 146 (100); 109 (63.5); 92 (18.3); 77 (81.9); 65 (61.4); Anal. for C,H,(NOS, (365.5 gmol'):
Calcd. for S: 17.54; Found (%): S 17.31.

/-Phenyi-2.2-bis-(benzenesuifanyl)pent-4-enamid D yi
m ether/AcOFt: 95/5): 'H NMR: 2.87

1
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—CH): 7.07 to 7.
(CH,): 672 [C(S)a): 119.4 (€H.=): 1197 (Co); 124.6 (Cp); 1291(va) 1293 (CrS™120.8 (Cr): 132.2
(Cipso’: 132.8 (=CH); 135.8 (C,); 137.2 (Cipso); 167.1 (C=0); mass m/z (%): 391 (M", 12.2); 282
(53.0); 240 (60.0); 218 (70.5); 172 (100); 109 (20 0);91 (8.7 77 (43); Anal.for C,yH,NOS, (3915 g

Q. 1£ 71D

mol ) Caicd. for C: IUD') H:5.41;0: 4U9 S:i6. .‘)4 Found (‘70) C: 70. .(.7 :5.49;0: 4.04;5: 16.79.

Addition of one equivalent of benzenesulfanyl chloride to ketenimine 4 or lithiated keten-
imine 3:

To a solution of 4 (1.2 10 mmol, 230 mg) in dichloromethane (15 ml) cooled to -78°C, 2.4 mi of

a 0.5 M solution of PhSCI in CH,Cl, (1eq) was added dropwise. The reaction mixture was then stirred
for one hour. The flask was then removed from the cold bath and tnmh\/lamme 2 eq, 2.4 103 mol,

(YA S ) Sk YA

340 pl) was added. The solution was maintained at room temperature for one hour and the solvent

was removed under vacuum. Ammoniumsalts were precipitated with petroleum ether. Bulb to bulb
distillation afforded 18 (190 mg, yield: 55%).

Ketenimine 18 was also obtained in a 75% yield from the mixture of lithiated ketenimine 3 and
Meer generated accordmg to procedure I, (addltlon and work up according to the typical procedure

PR PRGNS M

D
ll, lUUU[IlCllldHC U’Clllg lCPldLCU Uy L Cq 01 l'lh)\.«l}

N-Phenyi-2-trimethyisilyi-2-benzenesuifanyi-ethanimidoyl chioride 17 (crude oil): 'H NMR:
0.16 [s,9H, (CH,),Si};4.05 (s, 1 H,CH);6.69 (d,J = 7.4, 1 H);7.16 (dt,J=7.2,J = 1.5, 1 H); 7.21 to
7.41 (m,8 H);7.58 to 7.51 (m,1 H); C NMR: -0.8 (CH,),Si);45.7 (CH); 120.2 (Co); 124.1; 125.6;

127.4; 128.9; 129.6; HRﬁ(Cmcn') 146.7 (Cipso); 179.5 (N= CCD mass m/z (%): 336 (M +2 2.1

(28)); 334(M+ 57(72)) 243(1()0) 226 (48. 7) 224 (11.9); 166 (55.4); 109 (7.0); 77 (11.3).

N-Phenyl-trimethylsilyl(benzenesulfanyl)ketenimine 18: yield: 55%, yellow oil, bp (°C/mbar) =
150/107; '"H NMR: 0.16 (s,9 H, Si(CH,),);7.10 to 7.51(m, 10 H,.); BC NMR: -08 (Si(CH;),); 46.7
(Cp); 124.05 125.6; 127.2; 127.4; 127. 6; 128.8; 129.2; 129.6; 138 6 139.8 (Ph); 179.5 (C,); mass m/z
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(%): 297 (M*, 87.3); 296 (58.2); 238 (100): 224 (14.5); 206 (7.3); 188 (7.3); IR (NaCl): 1998
(C=C=N); 1286; 842; 760 (CH,Si); Anal. for C,;H,,NSSi (297.5 gmol'); Calcd. for C: 68.63; N: 4.71;
S: 10.78; Found (%): C: 68.62; N: 4.66; S: 10.93,

Ketenimine 18 has also been synthesised in 75% yield following the procedure II.
N-Phenyl-2-trimethylsilyl-2-(benzenesulfanyl)acetamide 19: white solid, 'H NMR: 0.29 (s, 9H,

(CH;);81);3.52 (s, iH,CH); 7.05t0 7.51 (m, 10H,,,,, ); 8.57 (broad s , | H, NH).

N-Phenyl-2 benzenesulfanylacetamxde 21 (resultmg from the desilylation of 19): yield: 52 %, white
crystals, mp = 79°C, Rf = 0.5 (alumina, petroleum ether/AcOEt: 75/25); '"H NMR: 3.76 (s,2 H, CH,);
7.09 to 7.49 (m, 10 H__); 8.59 (broad s, | H, NH); °C NMR: 38.5 (CH,); 120.0 (C,); 124.9 (Cp):

\BEEy 1V Klgpam Jy U.JF JUIVGU 1 L1y LI/, INIVERR. J0.J (0p ), 146UV )y 1657 D),
127.2 (Cy"; 128.5; 129.2 (Ciyn); 129.6; 1?4? (Cipso"; 137.3 (Cipso); 166.1 (C=0); mass m/z: (%):
243 (M™,9.7); 218 (20.2); 178 (6.1); 123 (43.0); 109 (52.6); 92 (14.9); 77 (29.0); Anal. for C,,H;NOS
(243.3 gmol™); Caled. for C: 69.10; H: 5.38; O: 6.57; Found (%): C: 69.16; H: 5.38; O: 6.63.

Synthesis of N-Phenyl-benzenesulfanylketenimine 20:

To a stirred solution of 4 (120 mg,6.3 10*mol) in dichloromethane (10 ml) cooled to 0°C, the
solution of PhSCI (0.95 eq, 6 10®mol, 1.2 ml) was added dropwise. After 5 min, the mixture was
pourred into an aqueous solution of acidified ammonium chloride (HCl) and rapidly extracted twice
with ether. The organic layers were dried over NapSO4, the solvent was evaporated and the residue

was taken up in dichloromethane (10 ml)and triethylamine (3eq, 250 ). The solution was stirred at

v Faravaatiina f h rAan~antentad Aritviniiiiiie onlfn trama mranimitat

o | 'y
TUULLL tculpctalulc 1Ol l i, CLHICCHILTalCu U.IIUCI yvacuuim dllu dlHTHNOIITUIH ddity WliT plculplmtcu wu,u
petroleum ether. After filtration and evanoration of the solvent, the crude N-Phenyl hen7enecu|fnnvl-

ketemmme 20 was characterised by its spectra (NMR, IR ) and by its conversion (m acetone- water or
by passing through a silica gel column) into amide 22 (125mg, 65%).

N-Phenyl-benzenesulfanylketenimine 20 (crude): yield: 65% (deduced from that of amide 22); 'H
NMR: 4.84 (s, IH,CH);7.05 to 7.50 (m,10 H,,.,); l’C NMR: 46.8 (CB) 124.5; 126.6; 126.8; 128.1;

~a - YL ART ~O s~

128.4;128.5; 129.2; 129.6; 138.6 et 139.5 (Cipso); 184.5 (C,); IR (NaCl): 2014 (C=C=N); 728 (C=C)

Addition of PhSCI to ketenimine 18:

To a stirred solution of 18 (500 mg, 1.68 10 mmol)in dichloromethane (5ml)cooled to -10°C,
the solution of PhSCI (1.1eq, 1.8 10~ ‘mol, 3.6 ml) was added dropwise. After lh, the mixture was
poured into an aqueous solution of acidified ammoniumchioride (HCI) and rapidly extracted twice
with ether. The organic layers were dried over Na2SO4. The solvent was removed and the residue

wae takan 1in |'“l dichlarnnmethane (10 m and triethylamine Mean 750 III\ The ecolution was Gfl"P{“ at
was wWdnlil Up OY GiCILiOTOHicuiane iy i) aiild diCuiy alninge \l_uul FIOV a1 SUnKulin WaS St an

room temperature for 2 h, and poured into a solution of ammonium chloride. The aqueous phase was
extracted twice with cth_yl acetate. The organic layers were combined, dried over sodium sulfate and
concentrated under vacuum. The crude N—Phenyl-benzcnesulfanylketenimine 25 was characterised

by its spectra (NMR, IR ) and by its conversion (in acetone-water or by passing through a silica gel

~l it i da VA mn AR OTN
&Ulullul} Intc amiae M \ 5, Vs /70).
I s___s sy, IvT \.T\lh= F! NA o "l"'l( . . 134
[V-l’nel'lyl DIS(Denzeﬂesuﬂanyl Keteﬂlmlne 43 U.ruue Ol1). I INIVIK! /.u4 10 /./0 ([0 l'lamm), |

NMR: 77.3 (Cﬂ) 119.7: 127.3; 127.7; 128.8; 129.2; 129.4; 129.5; 135.4; 146.2; 189.9 (C) accurate
mass: Caled. for (‘-ﬁH Nq,., 333.0634; Found: 333.0646 ; mass m/z (%): 333 (M, 100); 224 (17. 9);
223 (53.8); 212 (23 l) 153 (20.5), 146 (10.3); 77 (41.0); IR (KBr): ZOIO(C‘C——N)

Intermediate unstable imidoyl chlorides 22 and 23 (precursors of 25) were hydrolysed with a
mixture acetone/water to lead to N—Phenyl -2,2-bis(benzenesulfanyl) acetamide 24 (yield: 41%, after
chromatography on silica gel).

N-Phenyl-2.2- bzs(benzenesulfanyl)acetamlde 24 yleld 66 % (from 18), white crystals mp = 140°C,
Rf =0.5 (alumina, petroleum ether/AcOEt: 93/5), 'H NMR: 7.07 to 7.i3 (m,2 H,_,,); 7.20 to / 36 (m,
PR A | N T OAD e LY \. 011 (o bareaa 1TLT NI 137 NIMD. 11927 /0 N 192 R (N !")7’7
O n om.}' /.47 1 l J.J \lll O nmm}, LA mlgc, 111,1ivI1}, \_ IVIVIIN. 110 LA = 0} 1&L9.0 \bp], L&T . i

127.8; 128.3; 130.3 (Cm); 133.7 (Cipso"; 135.5 (Cipso); 163.5 (C=0); mass m/z (%): 351 (M 38),
153(13.6); 122(11.2); 121 (18.1); 110(100); 109 (38. R\ 92 (17.4);77 (23.3); 56 (33.3); 43 (69); Anal.

WNT )y Rdwhe \ R dehwfy A 202 PRSP A Y e R filia
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.5 gmol™); Calcd. for C: 68.34; H: 4.87; N: 3.98; S: 18.25; Found (%): C: 67.96;

Addition of benzenesulfinyl chloride to N-Phenyl-trimethylsilylketenimine 4 followed by
hydrolysis:

To a stirred solution of N-Phenyl-trimethylsilylketenimine 4 (160 mg, 8.5 10* mol) in
dichloromethane (10ml) cooled to -50°C, 1 eq of benzenesulfinyl chloride (136 mg) was added

dmnwme The reaction was stirred for 3 h and then allowed to reach +4°C. Dichloromethane was

removed under vacuum and the oily residue was taken up in a mixture of acetone/water (9/1) and
stirred for 2h at room temperature. Acetone was removed under vacuum before extraction of the

residue with diethyl ether. Chromatography on silica gel (petroleum ether/AcOEt: 75/25) afforded
amide 26.

A7 WAR = oa u

N-Phenyi-Z-benzenesuifinyiacetamide
troleum ether/AcOFt: 75/25); 'H NMR:

NES V/REEN K/ £ AT Ruhs | T d L1 INIVEIN,

J=7.3, | H); 7.26 (1,J=0.8, 2 H); 7.34 to 7.47 (m,5 H___):7.51 t
NH); °C NMR: 594(CH2) 1204(c0) 1241((:0') 1348 (Cp); 1291(c ),129.7
(36.8); 77 (IOO).

) 1316 (Cp:
.8); 125 (14.7); 91

ooﬂ

Addition of leq of p-toluenesulfonyl chloride to 3:
Procedure 11 was used, iodomethane being replaced by 2.1 eq of p-TolSO,Cl:
N-Phenyl-trimethylsilyl(p-toluenesulfonyl)ketenimine 29 (crude); 'H NMR: 0.25 (s, 9H, (CH, 3):51);

2.49 (s, 3H, CH,); 7.26 to 7.42 (m, 8 H, ., ); 7.93 (d, J = 8.5, 1H); *C NMR: -1.8 (CH,),Si);22.2 (CH,);
37.2 (Cy); 119.0; 124.0; 127.2; 128.1; 129.1; 129.6; 130.3; 142.1; 190.6 (C,); IR (NaCl): 3064 (C,. 1);

1998 (C=C=N); 1592 (C=N); 844 (Si-C), [888 762,730, 690] (Phenyl)

Addition of diisopropyl chlorophosphate, chloro- (or bromo-) trimethylsilane, acetyl chloride
and propylene oxide:
These reactions were pertormed on the mixture of lithiated ketenimine 3 and MeSLi according

R

to the typical procedure II, iodomethane being replaced by one of these electrophiles.
N-Phenyl-N (dnsopropoxyphosphoryl)trlmethylsnylethynamme 32: (2.5 eq of diisopropyl

chlorophosphate were used and the mixture was allowed to react for 3h at room temperature); y:eld
48 % (purification: distillation and chromatography), colourless liquid, bp(°C/mbar) = 150/107%;
Rf = 0.82 (Silica, petroleum ether/AcOEt: 50/50); 'H NMR: 0.19 (s, 9 H, (CH;)RSO 1.34(d,J = 6.1,6 H,

CH(CH,)2); 139 (d,J = 6.1,6 H, CH(CH,),);4.77 [dd,J=6.1,] = 8.6,2 H,CH(CH,)2]; 7.14 (1, < 1,
J=7.3, 1H, Hp); 7.33 (dd, J=J=7.9,2H, Hpm): 7.54 (d,J = 7.6, 2 H, Ho); °C NMR: 0.18 (CH,Si);23.5
|d.1=6.2, CH(CH,)): 23.85 [, = 4.5, CH(CHy),1;60.7 (S1-C=):73.7 [d,] = 6.3, CH(CH,),1;97.65
(d,J = 3.6, =C-N); 121.8 (d,J = 2.7, Co); 125.1 (5,Cp); 129.0 (s, Cm); 140.9 (d, J = 5.3, Cipso); *'P
2.3); 310 (9.1); 268 (34.3); 255 (25.2); 2.8); 174

902, 844, 758, 716] phen

U5y, /170,y 11Uy L lly

RATY NN N fOIN, N E

NMR (CDCl,): -2.74; mass m/z (%): 353 (M7, 3
(& W77 (20 M- IR (qu"l\ ")IKA (=" 1(\08

\&U. U )y 77 \&Z7.UJy 1IN \1NQNAL) \NWm ]y 1Y L

(%53_5 gmol™'); (‘a!cd_fnr(‘ 57.76; H: 7.98; P: é76 Found (%): C: 57. 95 H: 8.05; P: 8.67.

5
2

N-Phenyl-N-(trimethylsilylethynyl)acetamide 35: (3 eq of acetyl chloride were added and the
mixture was left for 2h at r.t.); yield: 80 %, colourless liquid, bp (°C/mbar) = 125/10%); '"H NMR: 0.20
[s,9H, (CH,),Si];2.48 (s,3 H, CH,;COy; 7.26 to 7.33 (m,! H);7.39 to 7.43 (m,4 H); ®C NMR: 0.00

[(CH:;)_;SII 23.1 (CH,); 125.1 (Cp); 127.30 ((,p), 129.0 (Cyp); 138. 7 (L[pso) 171 b ((_.=U), accurate

mass: Calcd. for C ;H,,NOSi: 231.10794; Found: 231.09980 mass m/z (%): 231 (M, 9.1); 216 (13.1);
188 (13.1); 172(100) 140 (15.7); 77 (18.5); 73 (8.5); 43 (76.4); IR (NaCl): 2165 (C==C), 1710 (broad)

\ I

N.Phaonvl.IN_1_(3 . hvdraxvnranvDI. 2 trimethvlcilvlothvnamine 37: (2.5 ea of propvlene oxide
ANTRL ICIRYRTiVT T\ IIJUIUAJIJI.UPJI]J =L lllluullJlauJlbtl.lJllulAlnnnu wie \dwe ""1' wvi s l.a}nq vvvvv
were added and the mixture was left for 2h at r.t.): yield: 75 %, colourless liquid, bp (°C/mbar) =
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100/10‘ 'H NMR: 0.22 (s, 9 H, CH,Si); 1.30(d, J = 6.3, 3 H,CH,); 2.25 (d, J = 3.5, 1 H, OH);3.50 (d,
J1=59,2H,CH,);4.32(dq,J,=3.7,J,=6.1, 1H,CH); 6.94 (dt,],=7.3, 1 H,Hp); 7.13 (dd, J = 7.8, J <1,
2 H,Hp); 7.29 (dd, J = 7.9,J=1.2,2 H, Hp); C NMR: 0.73 (CH,Si); 20.4 (CH3), 58.0 (CHz) 66.0
);101.7(51-C=); 115.1 (Co), 121.3 (Cp); 129.1 (=C-N); 129 2 (Cm), 144 (Cipsp); mass m/z (%):

PIT Y LN T NIV, QAN

—
OO
\ID
s./

( ;77 (22.6); IR (Na(Cl): 340
NO (2474 gmol ]\ Caled. for C

e CRaNna.

Purification bv column chromatoer 'mhv on qnlma oel (elmmg system: petroleu ether/AcOFEt:

JI11 U a W pt i AR 2820

90/10), afforded acetamide 39 (resulting fro?n the | hydrolysis of mlylated ynamine 37).

N-Phenyl-[N-1- (2—hvdroxvnronvl)]acetam1de 39: yield: 50 %, colourless liquid, Rf = 0.27 (Silica,
petroleum ether/AcOFEt: 90/10); 'TH NMR: 1.30 (d,J = 6.4, 3 H, CH3) 2.02 (s, 3H, CH3C0) 3.25 (broad

S, 2H CH,); 383(s I H, OH) 5 12(dd ,J=64,1=49,]=64, | H,CH); 6.61 (ddt, J-—OQ.J 84,]
— f\‘l'l Y O s 71T EY LY N, 1L 743 Y__ T g 1Y 137 AR AT, Qf\/f‘tt\=
—L L,,Lﬂ,ﬂo},o g, J =U7,J ),ll‘l, p),/.lD(GU,J—-—/‘J,J=6.D, I‘lm}, C INIVIKG 18U (LI1y),
MM PMOCT N AQ O (U LO0Q /(LN 1120 /(O N 11T7Q /0 N\ 17°Q A (0 e 1AQ (. A 1710 QK
1.0 AL U, 6.5 (LK), V7.7 (LU, 110V (Lg), 117.0 \Lp), 1&47.% \m), 190 \\ipsg), 17V.0J
(C=0); accurate mass: Calcd. for C, H,;NO,: 193.11027; Found: 193.10741; mass m/z (%): 193 (M~,
36.1); 180 (13.1); 133 (14.10); 115 (11.8); 106 (100); 77 (44.6); 51 (12.1);43 (30)
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