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Summary : The stexeochemical outcome of the carbocupration of y-bis(trimethylsilyl)amino-a-scetylenic amide, esters and ketone 

was studied. A judicious choice of substrate, reagent and(or) reaction conditions allows to perform highly stereoselective cis or trans 

addition. The intemmliate vinylic copper adducts. with Q or (Z) cont@uration, react with ektmphilic reagents to provide short 

routes to substituted pymAinone~ and pyrmles. 

Introduction. 
‘Owing to its reactivity, the silicon-nitrogen bond of aminosilanes can interestingly play two roles. It can 

withstand a variety of reaction conditions and therefore silylation at nitrogen provides an efficient protection for a 

primary amino group t-6. On the other hand, the silicon-nitrogen bonds can nevertheless be cleaved by 

electrophilic reagents 7. The formation of nitrogen to carbon bond can be obtained from aminosilanes providing 

useful chemical transformations and new synthetic routes 8-14. 

We previously reported a short route to substituted and functional protected propargylic amines I5 (eq-1) 

Br 2 (MegSi)zNLi N(SiMe& x+ 
HZ/ Li = ’ z =I’ 

N(SiMc& 
w (1) 

and showed that these are precursors of various unsaturated amines 16. These readily available functional 

propargyl amines are also of potential interest as precursors of nitrogen hetetocycles. In these trifunctional three- 

carbon molecules, the silyl amino group could be used both as a protected primary amine and as a reactive 

functional group. Owing to the presence of the carbon carbon triple bond, one can carry out a stereospecific 

addition reaction which will lead either to Z or E functionalized allylic amines (eq-2). The latter compounds can 

then cyclize to nitrogen heterocycles upon reaction of the cis-orientated functional groups. 
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Anti-edon syn-addition 
z Nu Me&, E Nu 

Y 

z Nu N-SiM% E Nu 

E\ - - 
K 

#SiMG, z L: = ’ -- 
N K B-Nu z .s’Me3 Y - c. (2) 

E N N N 
H ‘SiM% he, 

H 

In connection with our studies on the use of aminosilanes for the synthesis of nitrogen hetero- 

cyclestl~t7.18, we explored some possible short synthetic mutes aozording to equation 2, via carbometallation 

reactions of functionalixed propargylic amines. We first investigated the addition of organocopper reagent to 

y-bis(trimethylsilyl)amino-o, P_acetylenic amide, esters and ketone. We were particularly interested to determine 

the stereochemistry and selectivity of the addition reaction in o&r to examine its use for new heterocyclixations 

reactions. We wish to report here the results of this study and to show that the stereochemical outcome can be 

controlled by judicious choice of substrate, reagent and (or) reaction conditions. Highly stereoselective tram or 

cis addition can be performed and further reactions of the various vinylic organ0 copper adducts provides facile 

mute to five membered nitrogen heterocycles. A portion of this study has been communicated 17. 

Results and Discussion. 
l-Preparation of y-bis(trimethylsilyl)amino-a,P-Acetylenic Amide, Esters 

and Ketone. 
The functionalixed propargylic amines used in this study were prepared from N.N-bis(trimethylsily1) 

propargyl ammel in one step according to scheme 1. The quantitative metallation of the protected amine 1 led 

to ether or hexane solutions of the lithium acetylide 2. Addition of N.N-dimethyl carbamoyl chloride at -20°C 

allowed isolation of a 68% yield of the acetylenic amide 3. Similarly the reaction of 2 with methyl or ethyl 

chloroformate gave esters 4 (71%) and 5 (74%), respectively. The preparation of the ynone 6 was also achieved 

from 2 via conversion to the intermediate zinc derivative 19 with ZnCl2 in THP and condensation with 

acetylchloride. It is worth noting that compounds 3-5 can also be prepared directly from propargyl bromide in a 

one-pot reaction 15, however we found large preparations to be carried out more easily from pmpargyl amine 1. 

Using this procedure hundred grams quantities of functionalized propargyl amines were routinely obtained. 

MqSi, 

CICONM~ owN-siMq 

/ 

MezN 3, 68% 

Me&, Me&, Me&, 

N-SiMe, N-SiMe, 

H’- 
ClC&R 

__t Li = * 
owN-siMe, 

1 
n- BuLi 

2 RO’ 
Et20 or 
hexane 1) ZnCIm Me$i 

2) CH$XCI N-SiMe, 

M(+ 

6,74% 

Scheme 1:hepamtion of y-Bis(trimethylsilyl)amino a$-Acetylenic Amide 3, Esters 4,5 and Ketone 6 

4. R=Me. 71% 
5, R=Et, 74% 
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2Xarbocupration Reactions of y-bis(trimetbylsilyl)amino a,B-Acetylenic 
Amide (3), Esters (4, 5) and Ketone (6). 

The conjugate addition of organocopper reagents to a, i3 -acetylenic esters or amides has been widely 

used in the synthesis of substituted acryclic derivatives u)-26. The stereochemistry of the reaction was found to 

be dependent on the nature of the reagent, the substrate, and the reaction conditions (solvent, reaction time, 

temperature). Reactions which allow an overall cis-addition of the organocopper reagent are readily 

accomplished. A stereoselective trans-addition was reported only in a few cases 17*. We studied the 

carbocupration of compound 3-6 having a protected -0 substituent under various reaction conditions. The 

addition reaction of organocopper reagent, followed by protonolysis of the vinyl copper intermediate led to a 

mixture of(R) and (Z) isomeric adducts (eq-3). The E/Z ratio was determined by tH NMR analysis. The stereo- 

Me@, 
N-SiMe, 

1) RCHzCu 
or (RCH&$hLi 

H CHzR 

z =/ k-t- 
- ,S’M% + 

2) Hz0 z N 
E= CONMQ, WR’. COMe 0 ‘SiMe.j 

Q 

chemistry of the adducts was assigned on the basis of the chemical shift of the protons situated on the carbon a 

to the C = C bond 2% 24e. For both allylic carbons : CH2R and CHz-N(SiMe&, the protons situated on the a 

carbon cis to the functional group (Z = CCNMe2,C@R, CCMe) resonate at lower field than the proton on the 

carbon trans to the functional group. This was realized for each pair of isomers. The structural assignments 

were also confirmed on a chemical basis. Some reactions of the intermediate vinyl copper reagent which led to 

the above (E) and (Z) acrylic derivatives allowed the formation of heterocyclic compounds, in agreement with the 

proposed stereochemistry (vide infra). 

Carbocupration of acetylenic amide (3): 

The reaction of organocopper reagents with the acetylenic amide 3 in diethylether was studied as a 

function of temperature and reagents (eq-4). The addition of the copper reagent was carried out at low 

temperature and the mixture was then eventually warmed to 0°C or +2O”C before quenching and hydrolytic 

workup. The stereochemistry was detetmined by tH NMR analysis of the crude reaction mixture. Tlte results are 

Me-$, 1) R-M NM% 
Et20 

owN-siMe, - 

H R 0 

fi 

R 
SiMe, + 

MezN 2) Hz0 
0 - N’ k 

SiMe, (4) 
H- N’ 

3 NM% SiMeJ ‘SiMe, 

RM: RCu or RguLi 
7a (2). R=Me 7a (E). R=Me 
7b (Z), R=n-Bu 7b (E). Rm-Bu 

presented in Table 1. The reaction of butyl copper at - 20°C (entry 1) led to the predominant formation of the 2 

isomer 7b(Z) corresponding to a selective cis addition of the organometallic reagent. Upon raising the 

temperature to 0 or + 20°C, the selectivity decreased and a 3/l mixture of Z and E isomers was obtained (entries 

2,3). The reaction of organocuprate reagents (entries 4.7) at low temperature similarly gave a preferential cis- 

addition, although the selectivity is slightly lower than with the correspondiig organocopper reagent. Moreover 
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Table 1 : Addition of organocopper reagents to the acetylenic amide (3) 

Entry 

1 

f 
4 

: 
7 

Reagent 

n-B&u 
n-B&u 
n-B&u 

n-BuSCuLi 
n-Bu$uLi 
n-Bu$uLi 

, MeWxynyl)cuLi 

; 
W=xynYl)cuLi 
MeWexyn~l)cuLi 

-2O‘C(3h) then 0°C (lh) 
-2VC(3_h~cnr~( 1 h) 

-WC (3h) then OOC (1 h) 
Xt“C(3h) then + 2ooC (1 h) 

-5O’=C (1Sh) 
-WC (1Sh) then 0°C (lh) 

-50°C (l-5h) then +2V’C (18h) 

92 : 08 
83 : 17 
75 : 25 
88 : 12 
25 : 75 
16: 84 
75 : 25 
10 : 90 
05 : 95 

76c 

: 

z 
90 
95c 
95 
95c 

mcUraealselutieaof3wasaddedtcthea 
:wasevauuaUywamedto~~+2(PCfa 

Istirrcdforafcwh~ rs.Thtmh 
me the hefore quenching by addition of sammted squeous NB&l solu- 

ticn or MeOH for low tempurauue wrpuiments. b) Detemincd by h3 NMR unless otherwise stated.c) Isolated yield. 

Reactionconditions~ 
Temp. (time) 

-2O=C (3h) 

Pnxiucts rario~ 
Z:E 

upon warming the reaction mixture to 0 or +20°C, a reverse stereoselectivity was found (entries, 5,6,8,9). The 

major product was the Gsomer 7(R) corresponding to an overall trans-addition of the organometallic reagent. 

A quite high stereoselectivity was found upon reaction of a mixed cuprate after standing at + 20°C. It is also 

worth noting that the intermediate vinyl copper formed are stable for several hours at room temperature. 

Therefore the carbocupration of the acetylenic amide 3 seemed to proceed via a &-addition at low temperature 

leading to Z&ducts with a high selectivity. At higher temperatures E-adducts can be obtained selectively from 

the reaction of organocuprate reagents. 

Carbocupration of acetylenic esters (4) and (5): 

The addition of copper reagents to esters 4 and 5 was similarly studied (eq-5). The results are presented 

MesSi, 

OWN-“” 
R’” 4. R’=Me 

5. R’=Et 

RM = RCu or R$hLi 

1) R-M/E120 H R 

- 

=F 

,SiMe, 

0 N 

OR’ ‘SiMe, 

8a(Z), R=R’=Me 
Sb(Z), R=n-Bu.R’=Me 
9a(Z), R=Me,R’=Et 
9b(Z).R=R’=Et 

+ 

OR 

0 R =k - piMe, (5) 

H N 

‘SiMe, 
Sa(E), R=R’=Me 
8b(E), R=n-Bu,R’=Me 
9a(E). R=Me,R’=Et 
9b(E),R=R’=Et 

in Table 2. The main features can be summarixed as follows: 

The reaction of organocopper reagents (RCu) at - 40°C gave a highly selective cis addition (entries 

1,4). Upon warming the ma&on mixture to 0“C a 30 : 70 mixture of Z and E adducts was isolated. 
The reactions of organocuprate reagents (R2CuLi) were more complex : 

i) at -4O“C the adducts resulting from a selective tram-addition were isolated (entries 5-9). Up to 96% of 

the E isomer was formed (entry 8); 

ii) when the reaction mixture was warmed to 0°C before quenching (entry 10) the selectivity decreased 

and a 25 : 75 mixture of Z and E isomers was obtained. The mixture composition is close to the one produced 

from the reaction of n-B&u under the same reaction conditions (entry 3); 
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Table 2 : Addition of organocopper reagents to the acetylenic esters (4) and (5) 

Entry 
r 

AoetyleniC 

Ester 

4 
4 
4 
5 
5 
5 
4 

Reagent Reactionconditlonsa hod. ratiob yicldb 
Temp. (time) Z:E (%I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

n-B&u 
n-B&u 
n-BuCu 

EtCtl 
MQCuLi 
Et$uLi 

n-Bu$uLi 
Me (Hexynyl)CuLi 
Me (Hexynyl)CuLi 
Me (Hexynyl)CuLi 
Me (Hexynyl)cuLi 
Me (Hexynyl)CuLi 
Me (I-IexynylKuLi 

EtCu/EtLi f 

#C (9h) 
XPC(9h) then 0°C (2h) 

-4@C(~~~~;~ (2h)d 

_C (2h) 
-4ooC (2h) 
-40°C (2h) 
40°C (2h) 
-4ooC (2h) 

40°C (2h) then 0“ (2h) 
-4O“C (2h) then 0” (2h) d 
-4OV (3h) then 00 (2h) e 

-4ooc (3h)&~llh(2h) d.e 

95 : 05 
29:71 
30 : 70 
93 : 07 
05 : 95 
15 : 85 
13 : 87 
04:% 
05 : 95 
25 : 75 
05 : 95 
25 : 75 
05 : 95 
32 : 68 

79c 
75c 
78c 
8ff 
77c 
75c 
6w 
67C 
78C 

z 
90 
90 
75c 

& solution of 4 or 5 was added to the copper reagent at -40°C and stirred for several hours .‘I%e mix 

UlY warmed to OT for two hours and quenched by addition of saturated aq. NIQCI sohuion.b) Determined by 

IH NMR unless otherwise stated .c) Isolated yieId.d) The mixture was cooled again at AO‘T before quencbing.e) The reaction 
was carried out in the presence of 1 mol.% of Et3N. r) The ester 5 was fmt mzated with ECU at -40°C and stirred for 2t31, 
then one mole of EtLi was added and the mixture was quenchcdwith water after 2h. 

iii) interestingly, when the reaction mixture warmed to 0°C was then cooled once again to-40°C (entry 

11) a highly selective formation of the E isomer, identical to that obtained when the reaction was kept at - 40°C 

(entry 5) was observed. Similar observations were made when the reactions were performed in the presence of 

Et3N. This peculiar behavior was not found in the case of the reaction of n-B&u. Finally the reaction of EtCu at 

-4OY! followed by treatment of the intermediate initially formed vinyl copper with EtLi (entry 14) is no longer a 

stereoselective cis addition but a mixture of Z and E adduct are obtained, although the isomer ratio is different 

from the one obtained in the reaction of EtzCuLi (entry 6). 

In summary the carbocupration of acetylenic esters 4 and 5 is highly stereoselective at low tempetatures 

(-4O’C). Organocopper reagents yielded cis addition products, whereas organocuprates reagent gave trans 

addition products. At a higher temperature (O’C), a mixture of E and Z adducts of similar composition is obtained 

for both organocopper and organocuprate reagents. 

Carbocupration of the acetylenic ketone (6): 

We finally examined the addition of organocopper reagents to the ynone derivative 6 (eq-6). The results 

are presented in Table 3. Whatever the reaction conditions the conjugate addition of n-B&u or n-Bt&uLi gave 

a predominant formation of the E adduct lob(E). The percent formation of the Z adduct was higher at very low 

temperature (entries, 1,3,4) but never exceeded 30%. The E adduct was aheady formed with a good selectivity at 

Me,%, 

MI> = INmsiMe, I)RyHyr THe .xtiSiM% + ‘ktiSiMQ (6) 

6 Me ‘SiMq ‘SiMc( 
RM: RCu. RzCuLi 1Oa (Z). R=Me 1Oa (E). R=Me _ 

lob (Z), R=n-Bu lob (E), R=n-Bu 
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Table 3 : Addition of organocopper reagents to the acetylenic ketone (6) 

Entry Reagent 

n-B&u 
n-BuCu 

Ma2cuLi 
n-Bu2CuLi 
n-Bu2CuLi 

Reaction c0nditi0ns a Products ratio b 
Temp. (time) Z:E 

23 : 77 
10 : !30 
30 : 70 
25 : 75 
05 : 95 

Yield 
(%I 

x: 
xz 
95 

few hours and quenched by addition of methanol. b) De&mined by 9 NIt4R. 

-50°C. Although the adducts lO(Z),lO(E) formed upon protonolysis of the reaction mixture were not isolated, 

the treatment with chlorotrimethylsilane prior to the hydrolytic work up allowed trapping of the intermediate to 

yield the silyl allenolate 11 (eq-7). Interestingly, 11 reacted with MeLi to give, after quenching the lithium 

allenolate with MeOH, a 2 : 3 mixture of compounds lOa and lOa( respectively. 

1) Me&Ui/Et~O/-SOT, 2h 

L- 

2) W_SiCUBtsN/HMFW9OoC 
3) 

4. 
m4(3 

3-Mechanistic Considerations. 
The stereochemistry of the Michael addition of organocopper (I) species to acetylenic esters has been 

interpreted in term of kinetic cis addition to the carbon-carbon triple bond 20-26. The observed cis- 

stereoselectivity of the addition at low temperature was explained by the initial formation of a cis-vinyl cuprate 

intermediate, while the loss of stereoselectivity at higher temperature was attributed to the formation of the tram 

vinyl cuprate possibly via a copper allenolate intermediate. 

An analogous mechanistic scheme can account for the carbocupration of y -amino acetylenic derivatives 

3-6 (scheme 2). A kinetic cis addition leads to the vinyl copper species 12 which then can isomerixe to the tram 

vinyl copper species 14 through the intermediate allenolate 13. Although structures of type 12-14 are simplistic 

representation of the intermediates, the structures of which are more complex 26, they have been proposed as 

intermediates and used for clarity 2c-z. The protonolysis of intermediates 12 and 14 should selectively lead to 

the cis and tram adducts respectively, while the pmtonolysis of 13 should give a mixture of adducts. 

The stereochemical results obtained (table l-3) are consistent with a kinetic cis-addition followed by a 

more or less rapid isomerisation. 

When the isomerisation is slow, the kinetic cis-addition gave in most cases (Table 1, entries 1,4,7 ; Table 

2, entry 1) a selective formation of the cis adducts. Under conditions where the kinetic vinyl copper species 12 

are allowed to isomerise, a mixture of cis and tram adducts was obtained (Table 1, entries 5,6 ; Table 2, entries 

2,3,6,7,10). The E : Z ratio is related to the relative stability of intermediates 12-14. The rate of isomerisation 

12-14 is dependent both on the substrate and on the reagent : i) organocopper adducts of amide 3 (Z = NMe2) 

isomerised much slower than those of the esters 4,s (Z = OR) and ketone 6 (Z = OMe). A kinetic low 
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temperature cis addition was observed in all cases of table 1, while predominant trans adduct were formed in all 

experiments of table 3. ii) The isomerlsation of RCu adducts is slow (a major c&addition to amide 3 was 

observed even at room tempetature) while the isomerization of organocuptates R$uLi adduct is more rapid 

(trans addition to esters 4,5 was already observed at low temperatum). 
Scheme 2 : m Copper Addition to Compounds 3-6 

Me,.%, 
Cj = ,N-SiMe, R-M ) Oy$N% 

3-6 
[ 1 12 ‘=3 

Z = Me, OMe. NMq . 

R-M = RCu ou RzCuLi. 

H R - 

- 

>iMc, 
0 N 

Z ‘SiMq 

/ 

7-10 (Z) 

cisgdduct 

lI30+ 

\ Z 
HsO+ 0 R 

k 

- 
PiMc, 

H N 

7-10 (E) 
‘SiMej 

However the mechanistic scheme 2 does not perfectly account for the stemoselectivity of the addltlon of 

methyl cuprate to esters 4 and 5 (Table 2, entries 5. 8,9. 11, 13). Whereas a rapid isomerization of the kinetic 

cis-adducts occurs even at low temperature, the thermodynamic mixture was obtained at 0°C and selective tram 

addition was found to occur at - WC. The selective obtention of the trans-adduct cannot be accomodated for by 

a protonolysis of the intermediates 12 and 13 which should lead to the exclusive or predominant formation of 

cis adducts. The selective formation of trans adducts seems to arise from protonation of the vinyl copper species 

14. The reason for the stability of this structure may lie in an intramolecular coordination of the nitrogen atom 

(scheme 3). An intramolecular stabilisation has been shown for example to reverse the regioselectivity of 

organocuprates addition on propargylic dialkylamines 27. An isomerization favoring one stereoisomer by 

intramolecular chelation was also observed in the carbometallation of functional&d silylalkynes by Grignard 

reagents 28. In the present case, owing to the low nucleophilicity of the (Me3Si)zN groups, an intramolecular 

coordination is less favorable. Nevertheless, a lithium-nitrogen interaction in 14 (scheme 3 ) can account for the 

change in selectivity between butyl copper and organocuprate reagents and for a highly selective trans addition to 

Scheme 3: Intramolecular Stabilisation of Vinyl Cuprale 14, (R=Me, Et; R’=I We, Hexynyl) 

I 
R 
I 

LiCu Me 

Li 
I 
cu-0 

Ro*+% 

SiMe, 1 -c 
L 
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acetylenic esters at low temperature. It was however not observed in the case of organocuprate addition to 

amides. In this case, intramolecular stabilization can be provided by the amino group 29 whatever the 2 or E 

stereochemisuy of the intermediates 12-14 and may also account for the high thermal stability of the amino 

vinyl copper species. 

4-Synthetic Uses. 
Prom a synthetic point of view, me addition reactions of organocopper reagents to y-amino acetylenic 

amide, esters and ketone are of interest since they allow selective preparation of acryclic derivatives with Z or E 

configuration. A judicious choice of substrate, reagent and (or) reaction conditions should allow generation and t 

reaction of either the copper intermediate 12 and 14 (scheme 2). Moreover, reactions of the allenolate form 13 

should also be obtained upon prior trapping with chlorotrimethylsilane (eq-7). We wish to show below that the 

reactions of the y-bis (trimcthylsilyl)amino coppcr species 12-14 are of potential interest for the synthesis of S- 

membered nitrogen heterocycles. 

i) Cis-addition of n-butyl copper : synthesis of substituted 3-pyrrolin-2-ones: 
The rcactions of n-butyl copper with the y - amino acetylenic amide 3 or ester 4 at low temperature allow 

the selective formation of the cis-addition species 12. Quenching of this vinyl copper intermediate with 

electrophiles such as H20. D20, ICl or allylbromide, led to the expected adducts 7, 8, 1517(scheme 4) in 

75 to 83% 

Sebeme 4: Preparation of Substituted 3-Pyrrolin-Z-ones 
@)H n-Bu 

- 

0 
+ 

piMe, 
N 

2 ‘SiMQ 
I, Z=NMq ,76% 
8b(Z). Z=OMe, 79% 

Me$i 

3 = )-‘iM%= ovziMe EoxiSiM% 

2 
/-PC 

z 12 
‘SiMe, Z ‘SiMe, 

3, 4 15, Z=OMe, 83% 

16,Z=NMez 
17,Z=OMe ,75% 

18.8~90% 

I n-Bu 

H30+ - 

-n 
0 N 

H 

19, 78% 

ii 
20, 81-8546 

isolated yields. These -y-bis (silyl)amino acrylic derivatives underwent desilylation and cyclization under weak 

acidic conditions. The treatment of compounds Sb(Z), 8b(Z)(D),15,17 with oxalic acid in acetone afforded 

the lactams 18-20 in 78 to 90% yield. It is also worth noting that the substituted 3-pyrrolin-2-ones can be 

obtained in a one pot reaction. It is not necessary to isolate the acrylic intermediate compounds, the treatment of 

crude reaction product with acid gave the cyclic derivatives in 50 to 60% overall yields based on the starting ester 

or amide. 
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ii) Reactions of the allenoxysilane (11). 

Whereas the intumaliate allenolate 13 cannot be reacted directly, as shown in equation 7 it was trapped 

by silylation with chlomtrimethylsilane. The allenoxysilanes which were first described by Dunogues et al. are 

interesting functional molecules~ and silyl enol ethers have been widely used in organic synthesis31. Compound 

11 with a protected y amino group is a bifunctional molecule from which heterocyclization products should be 

obtainable. The reaction of electrophiles with 11 gave pyrrole derivatives 21-24 (scheme 5). 

Scheme 5: Reactions of the Alknoxysila~~ 11 

Me 1) PhCOCl 

I=32 

-2) H30+ 

1) MecOcl 
l5-32 

* 

2) H30+ 

Me 

td 
Me+ 

&Me 

2% 

t 
Me 

H 21. 65% 

The acid hydrolysis afforded 2,4 - dimethyl pyrrole 21 in 65% yield. It arises from an intramolecular reaction 

of the y - amino group with the carbonyl function liberated upon protonolysis of the enoxysilane moiety in 11. 

The reaction of acid chlorides in the presence of zinc chloride also allowed isolation of pyrrole derivatives 22, 

23 and 24 however in low yield. The formation of N-acyl and N-benxoyl derivatives probably results from an 

initial attack of the electrophilic reagent at the nitrogen atom of the bis(silyl)amino group. The synthetic uses of 

11 therefore seem somewhat limited. 

iii) Trans-addition of organ0 cuprates: synthesis of substituted pyrroles. 
The reaction of organocuprates with the y aminoacetylenic esters 4,5 at low temperature selectively led 

to the tram-addition species 14. The reaction of the vinyl cuprate 14 offers the possibility to introduce a new 

functional group in a cis position with respect to the amino methyl substituent. It opens new possibilities of 

cycliration to nitrogen heterocycles. We found that acid chlorides readily reacted to give substituted pyrroles 

(scheme 6). The reaction of the acid chloride probably led to the expected protected y - amino enone 25. It was 

Scheme 6: preparation of Substituted Pyrroles 

Me& 
.,S = ,JV-SiMe, Md.Hexynyl)CuLl 

4 
: [ Hex~z~!F] =[ R:q;?] - 

14 25 

-1 

R’QC Me 7n -bWW 1 * R’o& Me 
R A? I\ 

R N 
R’=Me, R=MeQl4%), 27; Ph(57%), 28; 

Me$iO y phcH2(47%). 29; EtO$(66%). 30 
SiMe.J H 

26 R’=Et, R=Ph( 64%). 31 
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not isolated and underwent cyclization to intermediate 26 probably via an intramolecular reaction of the cis 

orientated silylamino group and carbonyl function. Then upon elimination of siloxane the cyclic intermediate 26 

afforded the aromatic pyrrole derivatives 27-31 in 44 to 66% yield. According to this method, functional 

pyrroles are obtained from readily available starting materials 32. 

The synthesis of pyrmle according to scheme 6 is an interesting illusttation of the versatility of the silicon 

-nitrogen bond in organic synthesis. The bis-(trimethylsilyl)amino group (Me3SihN play three successive roles 

in this onepot pyrtole synthesis. First, it is a protected primary ammo group allowing the cuprate reaction. Then 

it directs the stemochemisty of the cuprate addtion by stabilizing the tram - adduct via chelation. Finally, it is 

reactive enough to cause cyclization upon nucleophilic attack at the cis-orientated carbonyl group. The synthetic 

interest of this new route to functional pyrroles was illustrated in a short preparation of bicyclic molecules 

(scheme 7). The reaction of the vinyl cuprate species 14 with r&romoalkyl acid chlorides gave the &rromo 

alkyl pyrmles 32-34. The latter were not isolated and the treatment of the crude reaction products with KOH in 

the presence of TDAt as phase transfer catalyst 33 resulted in the obtention of the bicyclic compounds 35-37 in 

36 to 65% yields based on the starting aminomethylpropiolate 4. Such ring systems are well represented as 

structural subfeatures in alkalofds 3. 

Scheme 7: Reparation of Bicyclic Py-rmles 

Experimental 

General Remarks : 
All reactions were performed under an atmosphere of nitrogen and using standard vacuum line and 

Schlenk tube techniques 35. Melting points were determined using a Gallenkamp apparatus and are uncorrected. 
Solvents were dried and distilled before use. JR spectra were recorded on a Perkin-Elmer 298 or Perkin-Elmer 
1600 FT spectrometer in the form indicated. lH NMR spectra were recotded on a Bruker AW-60, AW-80 or 
AC-230 spectrometer. 1% spectra were recorded on Bruker WP 200 instrument. Chemical shifts are relative to 
Me&i_ Mass spectra were obtained on a Jeol-JMS DX 300 instrument. Elemental analyses were carried out by 
the Service Central de Mictoanalyse du CNRS. 



Aminosilanes in organic synthesis 4613 

Preparation 0 unctional 
dimethyl-4-N’,N’- df 

N,N-bis(trimcthylsily1) ropargyl 
is trimethylsilyl)amino but-2-yne amide c 

amine : N,N- 
( ). To a solution of 3 N, N-bis 

(triu~&ylaily)amino prop-l-yne 1 Qnqar& as described *a) (40.0 g. $20 mol) in 150 mL of hcxane at -20°C 
was added a solution of II- butyllithmm in hexane (0.20 mol) . The mwurc was wmncd to mom temperature 
for 0.5 h and cooled again at - 2O’C. Then 21.5 g (0.2 mol) of N.N - dimethyl chloroformate in hexane was 
added and the resulting solution was stirred for 2h and allowed to warm to room temperature for an additionnal 
2h. After filtration, the mixture was washed with aq. NH&l, extracted with e&r, dried over Mg!Q . The 
solvents were removed under reduced pressure and distillation of the residue gave 38.0 g ( yield, 70%) of the 
amide 3 as a pale yellow ail. B.p. 9598°C. 0.05 mmHg. tH NMR (CDC13): 0.08 (s; 18H, 6xSiCHg). 2.81 (s, 

3H, NCH3). 3.05 (s. 3H. NCH3), 3.61 (s, 2H, CHgN) ; I3C NMR (CDCl3) : 2.3 (SiUI3). 34.7 (NGH3). 

35.0 (NQI3), 38.8 cH2N) 75.6, 94.4 @a. 155.2 ( c=O) ; IR (CC4): 2956,2232. 1643. 1395, 12453, 
1070, 1024 cm-t ; EI mass spectrum: m/e(relatlve intensity): 270 (I@, 80%). 255 (I@- Me, 68%), 228 
(12%), 73 (MegSi, 100%). Anal. Calcd. for Ct2H&+I2OSi2 (270.52) : C, 53.28 ; H, 9.69 ; N, 10.36 ; Si, 
20.76. Found : C, 54.07; H, 9.67 ; N, 10.36 ; Si. 20.77. Methyl-J-N,NN-bis (trimethylsilyl)amino 
but-Zynoate (4). To a solution of 3 - N,N - bis (trimethylsilyl)amino prop-1-yne 1 (prepared as described 
I6h (48.0 g, 0.24 mol in hexane (150 mL) at - 40°C was added a solution of n-butyllithium in hexane (0.25 
mol.) and the mixture was then warmed to room temperature. It was cooled again to -4OV and methyl 
chloroformate (23.6 g, 0.25 mol) in 50 ml of hexane was added. The reaction mixture was kept at - 40°C for 2h 
then warmed to room temperature and stirmd for 12h.. After filtration, the solution was concentrated and the 
residue was extracted with pentane. After evaporation of the solvent, the residual oil was distilled to give 43 g 
(yield, 71%) of the amino ester 4. b.p. 77’C, 0.15 mmHg. tH NMR (CC4) : 0.20 ( s,18H, 6xSiCH3). 3.35 (s, 
2H, CH2N). 3.40 (s, 3H, 0CH3). *3C NMR (CDC13) : 1.73 (CH$i), 34.40 (I=HzN), 52.65 (QI30), 74.33 
(C= CCHz), 90.30 (Mea C - e), 154.5 (-mCH3). IR (CC4 ) : 2230, 1730 cm-l. EI mass spectrum: m/e: 
257 (M+). Anal. C&d. for CtlHaNO& : C, 51.31; H, 9.00 ; N. 5.44. Found : C, 51.45 ; H, 9.28 ; N, 
5.37. Ethyl4-N,N-bis(trimethylsilyl)amino but-Zynoate (5). The above method, using 96 mL (0.24 
mol) of a 2.5 M n-butyllithium solution in hexane, 45.0 g (0.23 mol) of propargylamine 1 and 27.1 g (0.25 
mol.) of ethyl chloroformate, allowed isolation of 48.8 g (yield, 78%) of the bis(silyl)amino ester 5. b.p. 90°C. 
0.15 mm Hg. tH NMR (CC4) : 0.18 (s, 18H, 6xSiCHj), 1.3O(t, 3H, C&KHz0 ), 3.65 (s, 2I-I. CHzN), 4.15 
(q. 2H, CH3C&O); IR (CC&): 2240, 1715 cm- I. Mass spectrum: m/e : 271 @I+). Anal. Calcd. for 
CtzHzsN02Siz: C. 53.09; H, 9.28; N, 5.10. Found : C 53.04, H 8.72, N 5.09. S-N,N-bis(trimethyl- 
silyl)amlno pent-3-yne-Zone (6). To a solution (100 mL) of hexane and THF (l/l mixture) containing 
35 mmol of lithium acetylide 2 prepared as above at - WC was added dropwise a solution of 4.77 g (35 mmol) 
ZnCl2 in 30 mL of THE. The reaction mixture was stirred at -40 “C for 1 h, then a solution of 35 mmol of 
acetyl chlorid in THF was added, the reaction was stirred for an additional hour then the reaction mixture was 
allowed to warm to room temperature slowly. After stirring for 12 h at room temperature, the mixture was 
cooled to -4O“C and hydrolysed with saturated aqueous NH&l. After work up, the ethereal solution was 
concentrated under reduced pressure and the distillation gave 6.2 g (yield, 75%) of ynone 6 as a light yellow 
liquid. B.p. 85-WC, 0.03 mm Hg (The ynone is very air/H20 sensitive and should be stored in s&let& tube 
under nitrogen at low temperature) .‘H NMR (CDC13) : 0.08 (s, 18H, 6xSiCH3). 2.10 (s. 3H. CH3). 3.53 (s, 
2H, CHgN). IR (CC4) : 2202,168lcm -l; l3C NMR (CDCl3) : 1.9 QI$i), 32.8 cH3CO), 34.6 GHzN), 
82.5.94.5 @Q, 184.4 (L=O); El mass spectrum: m/e ( relative intensity): 241 (I@, 6%), 226 (M+-Me, 
25%). 147 (100%). 73 (84%): Anal. calcd. for CttH23NOSi2 (241.48) : C, 54.71 ; H, 9.60 ; N, 5.80. 
Found C, 54.41; H, 9.70; N, 5.39. 

Carbocupration of acetylenic amide (3): The addition of alkyl copper and alkyl cuprate reagents 
were carried out according to the same general procedure. The reaction conditions are indicated in table 1. The 
z/E ratio of the adducts was determined by lH NMR analysis of the crude reaction mixture. Representative 
procedures are given. Addition of n-B&u: To a suspension of CuI ( 3.8 g, 20mmol ) in anhydrous 
dietbylether ( 50 mL) at - 4OV. was added slowly n-BuLi (8mL. 2.5M. 2Ommol) in ether. The black mixture 
was then stirred for lh at -2OY!. A solution of 4.lg( 15mmol) of amide 3 in diethylether(5OmL) was added 
dropwise . After the addition , the reaction mixture was stirred for 3h at -2oOC . It was then quenched by 
addition of 20mL of an aqueous satmated NH&l solution. It was then filtered, washed with aq. NH@, water 
and then dried over Na2 S04. Evaporation of the solvent aud distillation of the residue afforded 3.7 g (76%) of 
compounds 7b(Z+E). B.p. 40-45’C. 0.05 mm Hg. tH NMR (CDCl3): (ZE = 928 ) ,7b(Z). Z isomer : 0.02 
(s, 18H, 6xSiCHg). 0.8-2.6 (m, 9H, CqHg) , 2.81 (s. 6I-I. 2xNCH3). 3.93 (s, 2H. CH2N) , 5.69 (s, lH, 
CH=C-CH2N). 7b(E), E isomer : 0.02 (s, 18H, 6xSiCH3). 0.8-2.6 (m. 9H, C4Hg), 2.84 (s. 6H. 
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2xNCH3). 3.34 (s, 2H, CHzN), 6.04 (s, 1H , C&C-CH2N). EI mass spectrum : m/e: 328 @I+). The same 
experiment after warming a OOC for lh before hydrolysis work up gave 2 : E = 83 : 17. Similarly warming the 
reaction mixture at +2OY! for lh gave Z : E = 75 : 25. Addition of (n-Bu)2CuLi: To a suspension of CuI 
(3.8 g, 20 mmol) in diethylether at -WC was added dropwise an ethereal solution of BuLi ( 16mL, 2.5M, 40 
mmol). After 20 min., the amide 3 ( 4.lg. 20 mmol) was added and the mixture was stirred for 3h at -PC 
.The reaction was then quenched with aqueous saturated NH&l solution and after the above work up the 1H 
NMR analysis of the crude reaction product mvealed IbOSE). (ZE = 78 : 12). Upon warming the reaction at 
O“Cforlhand+WCforlhbefomtheh 
respectively. Addition of Me(Hexynyl xd” 

lyticwodtup,Z:Eratios of25:75andl6:84were measumd 
uLi: To a sohmon of MeLi (20 mmol) in ether at OOC was added 

dmpwiseL65g (2.2mL. 2Ommol) of hex-l-yne in 20 mL of diethyl ether. It was stirred for 30 min until the gas 
evolution ceased and the mixtum was then slowly added to 3.8 g (20 mmol) of CuI in diethylether. The yellow 
reaction mixture was stined for 30 min. at WC! and then cooled to - 3oOC. Another 20 mmol. of MeLi in 
diethylether was added and the mixture was slowly warmed to OY! and cooled again at -WC. Addition of 4.Og 
(15mmol) of 3 was followed by stirring for 1.5h. The above hydrolytic work up afforded a mixture of 
compound 7a(Z) and 7a@) which was distilled to give 4.Og (95 %). B.p. 30-3YC, 0.01 mm Hg, tH NMR ( 
CDC13 ) (Z:E=75:25) 7a(Z), Z isomer : 0.08 (s, 18H, 6xSiCH3), 1.70(s, 3H, CH3). 2.90 (s, 3H, NCH3), 
3.08 (s, 3H, NCH3), 3.65 (s, W, CH2N). 5.75, (s, lH, a=C-CH2N ). 7a(E), E - isomer : 0.08 (s, 
18H, 6xSiCH$, 1.8 (s, 3H, CHg), 2.90 (s. 3H. NCH3). 3.30 (s, 3H, NCH3). 3.43(s, 2H. CH2N), 6.03 (s, 
1H. C&C-CH$I). Upon warming to 0°C or +2O“C before the work up, Z : E ratios of 10 : 90 and 5 : 95 were 
determined respectively. l3C NMR (CDCl3) of 7a(E) : 2.0 (CH$i), 17.0 (CH3). 35.2 (NCH3) , 38.0 
(NCHs), 52.3 (CH2N), 116.0 , 152.9 (C._= Q ,169.2 c=O); IR (CCL) : 2960, 1630, 1390, 125Ocm-1; EI 
mass spectrum : m/e: 286 (M+, 15%). 271 (M+-Me,28%), 242 (m+ - NMe2,8%), 174 [CHZN(SiMejh, 
98%],73 (SiMe3, 100%). 

Carbocupmtion of aceplenic esters (4, 5): The carbocupration reactions of table 2 were 
performed as follows: Additmn of n-B&u: The reaction was carried out as for the amide 3, using 10 
mmol. of n-B&i in 6 mL of ether, 1.9 g (10 mmol) of CuI and 2.5 g (10 mmol) of methyl ester 4. The above 
work up afforded 2.6g (79%) of 8b(Z) . B.p. 12ooC, 20 mmHg, 1H NMR (CC4) ZE = 95:J , Z isomer : 
0.15 (s, 18H, 6xSiCH$, 0.95 - 2.2 (m, 9H, C4Hg), 3.7 (s. 3H, OCH3) 4.18 (s, 2H, CHzN). 5.50 (d, 1H. 
CH=C-CI-IzN); IR (CC4): 1710,1625cm-1. Anal. calcd. for Ct5H3flO2Si2 : C, 57.09 ; H, 10.54 ; N, 4.44. 
Found: C, 57.24 ; H, 10.47 ; N, 4.53. U n warming to 0°C for 2h. a Z : E ratio of 30 : 70 was found, but 
cooling the reaction mixture again to -4&o C, the above ratio was not changed. Additiw of EtCu: As above, 
the reaction of EtCu (prepared ftom 32 mmol of EtLi in 30 mL of ether and 7.4 g (39 mmol) of CuI with 5 
(10.0 g, 37 mmol) at - 4O“C for 24h gave after work up 16.7 g (86%) of 9b(Z). Bp. lloOC, 20 mm Hg. tH 
NMR (CC4) (ZE = 93:7). 0.10 (s, 18H, 6xSiCH~), 0.82 (t, 3I-L CIi$X3). 1.05 (t, 3H, OCI-I$&3 ) 2.05 
(q. 2H, CH2CH3). 3.83 (q. W, OCH2CH3). 3.9 (s. W, CI-IzN), 5.25 (s, lH, CH=C-CH2N ); IR (Cm): 
1710, 163Ocm-1. Addition of Me2CuLi : The reaction of MezCuLi (prepared from 36 mL of a 1.7 M 
solution of MeLi in diethykther (60 mmol) and 5.7 g (30 mmol) of CuI with 7.5 g (29 mmol) of methyl ester 5 
gave 5.2 g of 9a (II) (77%).Bp. 68-7oOC, 0.1 mm Hg *H NIvIR (CC4) : (ZE = 5:95) E isomer, 0.05 (s, 18H, 
6xSiCHg), 1.12 (t, 3I-L CH3CH2) 1.90 (s, 3H, CH3). 3.27 (s, W, CH2N) , 3.90 (q, 2H, C&C!H3), 5.65 
(s. 1H. C&C!-CHzN ). IR (CC4) 1705, 165Ocm-*+ Addition of Et2CuLi: As above from 9.6 mL (14.8 
mmol) of a 1.55 M solution of EtLi in ether, 1.4 g (7.4 mmol) of CuI, and 2.0 g of ethyl ester 5, was isolated 
3.2 g (75%) of 9b(E) 1H NMR (CQ): 0.10 (s, 18H, 6xSiCH3), 0.83 (t, 3I-I, C&CH2), l.O6(t, 3H, 
OCH2C&), 2.23(q, 2H, C&CH3). 3.23 (d, 2H, C&N), 3.85 (q. 2H, OC&CH3) , 5.60 (s, lH, a=C- 
CHzN ). IR (CC4) :1705, 1635cm-‘.Anal calcd. for CllH3lNq2Si2 : C, 55.75 ; H, 10.36; N, 4.64. Found 
C 54.43 ; H 9.85 ; N 4.77. Addition of (n-Bu)zCuLi: 29 mL of n-B&i (1.72 M solution in diethylether , 
50 mmol.), 4.8 g (25 mmol) of CuI and 6.3 g of 4 allowed isolation of 4.6 g (60%) of 8b(E). Bp. llO“C, 
lmm Hg. tH NMR (CCl4) : Z:E=l3:87, E isomer. 0.08 (s, 18H, 6xSiCH$, 0.78 (m, 3I-I. CH3), 1.22 (m, 4H, 
CHDz-CH3). 2.22 (m. W, C!&-CH&!H2CH3). 3.32 (d, 2H. CH2N) , 3.50 (s. 3H, OCH3) 5.71 (t. 1H , 
CH=C-CH2N ). t3C NMR (CDC13) 1.6 (Me$Ii). 13.9, 23.3; 31.0, 31.4(QHg), 50.8.51.4 (CH2N, CH30). 
114.0, 166.2 CI: = 0 , 167.5 ( G = 0). IR (CC4) 1718, 1655cm- 1. Addition of Me(hexynyl)CuLi: By 
using 36 mL of a 1.7 M solution of MeLi in ether, 3.2 mL (30 mmol) of hex-1-yne, 5.7 g (30 mmol) of CuI and 
7.5 g (29 mmol) of methyl ester 4 ; 4.438 of 8a(E) bp. 65°C. 0.1 mmHg. 1H NMR (CCLt) (ZiE = 4/%) : E 
isomer : 0.05 (s, 18H, 6xSiCH$ ; 1.87 (s. 3H, CH3) ; 3.27 (s, 2H, C&N) ; 3.51 (s, 3H,OC!&) ; 6.05 (s, 
lH, CH=CCH2N). J3C NMR (CDCl3) : 1.6 &&Si), 30.89 gH3). 50.78. 52.84 Q-I2-N, Q-I2-0). 114.25 
(-GH =). 161.89 (= GCHzN), 167.82 cO2Me). IR (CC4) : 1710, 1650 cm-l. Mass spect. m/e : 273 (M+). 
Anal. calcd. for : Ct2H27NO$Ii2 ; C 52.69 ; H 9.95 ; N 5.12. Found : C 53.38 ; H 9.49. N 5.04. The same 
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reaction @d on ethyl ester 5 gave 9a(E) (Z@=5195) with characteristics similar to those described in the 
reaction of MeCuLi . When the &on mixture was warmed to 0°C befare hydrolvtic work uu a Z:E ratio of 
25:75 was ob&ved. After warming to 0°C. cooling again at -4OV followed by hy&lytic wo& up gave ZJE = 
5/95. No change was observed when EtsN(O.1 mol) was added to the. reaction mixture. Addition of 
EtCu/EtLi: 20 mL (30 mmol) of a 1.5 M solution of ethyllithium in ether were added to a suspension of 5.7 g 
(30 mmol) of copper (I) iodide in ether at -4VC. The ethyl ester 5 (7.5 g, 29 mmol) was added and the mixture 
was stir& for 12h at -4ooC. It was then added 20 mL (20 mmol) of the ethyllithium solution. The reaction 
mixture was then quenched by addition of aq. NH&l. The usual work up gave a mixture of 9b(Z), 9b(E) ( 
ZE ratio = 3268) in 75% yield. 

Carbocupration of the acetyhnic ketone (6): As in the case of the addition of amide 3 and 
esters 4,5. The addition of alkyl copper and cuprate reagent were performed according to the following 
procedure. Addition of n-BuCu : To BuCu prepared from n-BuLi (2.lmL. 2.5M, 5.2mmol) in hexane and 
Cu I (l.Og, 5.2mmol) in anhydrous diethyl ether ( 5OmL) was added a solution of the ketone 6 ( l.Og, 4.1 
mm01 ) in ether or THF. The resulting mixtunz was kept for the time indicated in table 3. The 1H NMR analysis 
of the hydrolysed reaction mixture revealed the ratio of two isomers lob(Z) and lob(E). Addition of 
MeaCuLi and (n-Bu)zCuLi: It was carried out as for the addition of n-BuCu. The 1H NMR analysis results 
are as follows : lOa( tH NMR (CDC13): 0.05 (s, 18H, 6xSiCH3), 2.10 (s, 3H, CH3), 2.32 (s. 3H, 
CH3CO), 4.00 (s, 2H, CHzN), 6.00 (s, IH, CH=C-CHzN).lOa(E): 1H NMR (CDC13): 0.05 (s, 18H, 
6xSiCH3) 2.10 (s, 3H, CH3). 2.32 (s, 3H, CH3CO), 3.35 (s, 2H, CHzN), 6.23 (s, IlH, CH=C-CHzN). 
lob(Z): tH NMR (CDCl3) : 0.05 (s, 18H, 2xSiCH3), 0.8-2.6 (m, 9H. C4H9), 2.04 (s, 3H, CH3CO), 4.03 
(s, 2H, CHzN), 5.58 (s, 1H. CH=C-CHzN).lOb(E): *H NMR (CDC13) : 0.05 (s. 18H. 6xSiCH3) ,0X-2.6 
(m. 9H, C4H9), 2.04 (s, 3H, MeCO) , 3.39 (s. 2H. CI-IzN), 6.28 (s. lH, CEI=C-CH2N). Preparation of 
compound 11: 20 mm01 of ynone 6 were added dropwise to 22 mmol of Me$uLi at -8OT. The reaction 
mixtuxz was stirred at -8OT for 2 hours. A mixture of Me$X!l, Et3N and HMPA (22 mmo1/22 mmol/l mm01 : 
3/3/l) was added. The resulting reaction mixture was allowed to warm to room temperature slowly , then 
quenched with NH&l/H20 saturated solution at -1O’C. Extracted with ether, the combined organic phase was 
dried over MgS04. After removal of the solvents under vacuum, 6.3g (95%) of allenoxysilane 11 was obtained 
as light yellow liquid. lH NMR (CDC13) : 0.10 (s, 18H, 6xSiCHg), 0.13 (s, 9H, Me3SiO). 1.60(s, 3H. 
CH3). 1.79 (s, 3H, CH3). 3.33 (s, 2H, CH2N) ; 13C NMR (CDC13) : 0.4 (OSiMeg), 2.2 (NSiMe 

3 
) 18.7, 21.5 

(2x CH3). 49.9 CHzN). 113.0, 123.0 c = C = 0, 192.3 (C = c = C) ; IR (CC4) : 1967.9 ( C = C = C 
strong absorption). Anal. Calcd. for C15H350NSi3 (329.70): C, 54.64 ; H 10.70. Found : C, 54.52 ; H, 11.00 

Synthesis of substituted %pyrrolind-ones: From amide (3) :_Compound 18 : TO a 
solution of the mixture of 7b(Z) and 7b(E) (Z:E=!J2:8,3.7 g, 11.3 mmol) in 50 ml of CH30H was added 0.5 
g KF at room temperature. The resulting solution was stirred for 3 days. After evaporation of solvent. the 
preparative T.L.C. (ether as eluant) gave 1.4 g (90%) of 4-butyl-pyrroline-2-ones 18 mp 62&W, tH NMR 
(CC4) 0.9 (3H. m), l.l- 1.8 (4H. m) ; 2.1-2.5 (2H, m) ; 3.8 (2, s), 5.6 (lH, s) ; 8.55 (lH, s). IR (CC4) : 
3250. 1680 cm-l. Mass spectrum (EI) m/e 139 (M+). Anal. calcd. for CgH13NO : C 69.02 ; H. 9.41 ; N 
10.06. Found C, 69.35 ; H, 9.52 ; N. 9.93.: Compound 20 : Allylbromide (2.4 g, 20 mmol) reacted with 
the vinyl copper (20 mmol) which was prepared from the reaction of amide 3 with butyl copper. After 1 hour of 
stirring at -5O”C, the reaction mixture was allowed to warm to room temperature and hydmlysed with aqueous 
solution of amonium chlorid, extracted with ether. The combined etheral solution was dried over MgS04. The 
solvent was removed and tbe residue was subjected the T.L.C. separation. The pyrroline - 2 - one derivative 20 
was obtained directly in 85% yield. Mp : 68-70°C. 1H NMR (CC4) : 0.89 (3H, t) 1.1 - 1.95 (4H. m) ; 2.0-2.5 
(2H, m), 2.85 (2H, d); 3.75 (2H. s) ; 4.70 (lH, s) ; 4.90 (lH, d) ; 5.2 - 6.1 (lH, m) ; 8.75 (lH, s). 13C 
NMR(CDC13): 14.2. 23.0, 27.8, 27.9, 31.0, 49.1(CHzN), 115.6, 130.2, 135.3, 155.6, cH=cH, 
CHz=cH). 176.5c=O); IR (CC4) ; 3200, 1680 cm-l. Mass spect. (EI) m/e : 179 (M+) Anal. Calcd. for 
CllH17NO : C, 73.70 ; H. 9.56 ; N, 7.71. Found : C, 73.95 ; H, 9.85 ; N, 7.65. From ester (4) : 
The addition reaction of n-butyl copper to the amino acetylenic ether 4, follwed by desilylation and cyclisation 
to pyrrolinones were carried out according to the following procedure. A solution of n-butyllithium (10 mmol) in 
ether was added at -40°C to a suspension containing (10 mmol) of CuI in ether. The mixture was stirred for 30 
min. at -WC!. then a solution containing (10 mmol) of ester 4 in 5 mL of ether was added. The reaction 
mixture was kept at -4OY! for 1.5h and then it was quenched upon addition of an excess of electrophilic reagent. 
After warming slowly to room temperature the suspension was filtered, the solution eventually dried over 
Na2S04 and the solvent evaporated. Distillation of the residue, afford the acrylic derivatives Sb(Z), 
8b(D)(Z),15,17. These were dissolved in acetone 10 m.L and 10 mL of a saturated aqueous oxalic acid 
solution was added. The mixture warmed and the acetone was removed in vacua, extraction of the residue with 
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ether and neutralixation with a saturated 
over sodium sulfate. The pyrrolinone l& 3 

ueous NaHCQ solution. After washing with water, its was dried 
were isolated upon crystallixation from pentane. Compound 18 

and 18(D) : The reaction was carried out, as described above, using 6 mL (10 mmol) of a 1.7 M solution of n- 
Butyllithium, 1.9 g (10 mmol) of CuI and 2.6 g of methyl ester 4. Hydrolysis at -4O‘C afforded 79% of acrylic 
derivative Sb(Z) with characteristic identical to those described in exn. Similarlv deuterolvsis of the reaction 
mixture afforded the deuterated derivative 8b(Z)@) .2.35 g (75% j B.p. 120-i22V, 26 mmI-Ig. 1H NMR 
(CCL) 0.10 (18 Ii, s), 0.92 (3H, t ) ; 1.55 (4H, m) ; 2.35 (2H. m) ; 3.65 (3H. s) ; 4.12 (W. s). IR (CC4) : 
1710,161O cm-l. Compound t%(Z) (3.3 g, 10 mmol) was hydrolysed with aq. oxalic acid and led to 1.15 g of 
4-butyl pyrrol-3-in-2 one 18 (83%) with the same charackstics as that prepared from amide 3. The hydrolysis 
of the deuterated compound 8b(Z)@) (2.4 g. 8 n&l) sfforded 0.9 g (80%) of 3-deutero - 4 - butyl pyrrol-3-in- 
2-one 18(D). Mp. 6364°C. *H NMR (CC4) : 0.9 (3H.t). 1.2-1.7 (4H, m). 2.1-2.50 (2H, m, 3.8 (W,s), 8.6 
(1H.s). IR (CC&) 3250,168O cm-*. mass spect. (EI) m/e : 140 (M+).Compound 19 : As above using 7.5mL 
(10 mmol) of a 1.33 M solution of n-butyllithium, 1.9 g (10 mmol) of CuI, 2.6 g (10 mmol) of methyl ester 4 
and 2.0 g (12 mmol) of iodine chloride, gave 3.8 g of crude acrylic derivative 15(83%). 1H NMR (CQ) /O.lO 
(18H, s), 0.95 (3H, t), 1.40 (4H, m). 2.32 @II, m), 3.70 (3H, s), 3.75 (2H, s). IR (CC4) 1708, 1610 cm-l. 
Hydrolysis of crude 15 gave 2.07g of 3 -iodo-6butyl pyrrol3- in -Zone 19 (78%). Mp. 70-72°C. *H NMR 
(CC4) : 0.95 (3H, t), 1.2-1.8 (4H, m), 2-2 - 2.7 (W. m). 4.1 (2H, s), 8.8 (lH, s). IR (CCl4) 3210. 1680 cm- 
1. Mass spectrum. M/e : 265 @I+) Anal. calcd. for QHl2NOI : C, 36.23 ; H, 4.56 ; N, 5.28. Found C, 
36.55 ; H, 4.67 ; N, 5.14.Compound 20 : As above using 7.5 mL (10 mmol) of a 1.33 M solution of n-butyl 
lithium in ether, 1.9 g (10 mmol) of Cu I ; 1.6 g (10 mmol) of methyl ester 4,3 mL (14 mM) of allybromide and 
2 rnL (1 lmmol) of HMPT afforded 2.75 g (75%) of acryclic derivative 17. bp. 130°C. 20 mm Hg. 1H NMR 
(CC4) : 0.10 (18 H, s), 0.9 (3H, t). 1.55 (4H, m), 2.35 (2H, m). 3.10 (2H, d), 3.70 (3I-L s), 3.95 (2H, s), 
4.90 (IH. m). 5.10 (1H. d), 5.4-6.1 (lH, m). IR (CCl4) 1710, 1665, 1630 cm-l. Hydrolysis with aq. oxalic 
acid gave 1.09 g of 3 - allyl- 4 - butyl pyrrol - 3 - in -2 - one 20 (81%) with the identical characteristics as that 
ptcpared from the amide 3. 

Reactions of the allenoxysihzne 11 : Hydrolysis : 0.68 a (2.1 mmol) of allenoxvsilane 11 was 
dissolved in 5-d of CCl4. A solution of 3N HClwas added. Afterld mn of stirring, the organic phase was 
seuarated. The aoueous uhase was neutralixed with a solution of N~HCOX until the DH value > 10. Extracted 
wi& ether, the c;mbined etheral solution was dried and concentrated. Tk residue was subjected the T.L.C. 
preparative seperation (CHzClz as eluant) 0.13 g (65% )of 2.4-dimethyl pyrrole 21 was obtained . 1H NMR 
(CDC13) was identical with the reported value for this compound 36. Reactions with Acetyl Chloride : 1.3 
g (4.0 mmol) of allenoxysilane 11 was mixed with 0.54 g (4.0 mmol) of ZnCl2 in CH2C12 and cooled to - 
78°C. A solution of 0.62 g (8 mmol) of acetylic chloride in CH2C12 was added. The reaction mixture was 
allowed to warm to room temperature. After hydrolytic work up the T.L.C. seperation give 0.05 g of 22 in 
10% yield 1H NMR (CDCl3) : 1.90 (s, 3H, CH3CO) 2.30 (d, 6H, 2 x Me), 5.6 (s, 1H. H-pyrrolic) 6.6 (s, lH, 
H-pyrrilic). IR (CC4) : 1721 cm-1 0.02g (4% )of 23,lH NMR (CDCl3): 2.24(s, 3H, CH3CO), 2.39(s, 3H, 
CH3). 2.46(s. 3H, CH3). 8.66( bs. lH, NH); IR(CC4): 1641, 3462 cm-1[37]. Reaction with Benzoyl 
Chloride : As above, from 1.68g( 4.86mmol) of allenoxysilsne 11 and 0.7g (5.OOmmol), 0.2Og(22%) of 24 
was obtained tH NMR (CDC13): 1.90(s. 3H. CH3), 2.50(s, 3H, CH3). 5.9(s, lH, H-pyrrolic), 6.50(s, 1H. H- 
pyrrolic), 7.2-7.8(m, 5H, phenyl) 3* 

Synthesis of substituted pyrroles. General procedure: To a solution of Me(Hexynyl)CuLi (1 
mol) at -WC, was added the ester 4 or 5 (1 mol. equivalent) and the mixture stirred for 2h. 1 mol. equivalent of 
acid chloride in ether (0.5 M solution) was finally added. The mixture was stirred for 2h at - 40°C and wanned 
slowly at 2oOC. After 12h, the crude reaction mixture was hydrolysed with aqueous NH&l, filtrated, extracted 
with ether. The organic layer was collected, washed with water, dried over sodium sulfate. After evaporation of 
the solvent the crude product was dissolved in THF and refluxed with log of silicic acid. After filtration and 
evaporation of THF the residue was purified by column chromatography over silica gel EtzO/hexane : 4/l or 
crystallization. 2,4-Dimethyl-3-carbomethoxy pyrrole (27) : The use of 2.9 mL (25 mmol) of hex-l- 
yne 31.2 mL (50 mrnol) of a 1.6 M solution of MeLi in ether. 4.75 g (25 mmol) of CuI, 6.5 g (25 mmol) of 
ester 4 and 1.8 mL (25 mmol) of acetyle chloride gave 1.7 g (44%) of pyrrole 27. Mp. 97’C. 1H NMR (CC4) : 
2.17 (3H, s), 2.39 (3H. s), 3.79 (3H, s) 6.40 (lH, s). 8.5-8.9 (IH, bs). IR (CHC13) 3470, 1700, 1260 cm-‘. 
Mass spectr. (EI)) m/e 153 (M+). Anal. calcd. for QHIlN@: C, 62.72; H, 7.23 ; N, 9.14. Found : C, 63.32 ; 
H, 6.50 ; N, 9.34. 2-Phenyl-3-carbomethoxy-4-methyl pyrrole (28) : The above method using 4.6 
mL (42 mmol) of hex-1-yne, 40 mL (82 mrnoi) of a 2.05 M solution of methyllithium in ether, 7.928 (41 mmol) 
of CuI, 7.63 g, 30 mmol. of ester 4 and 4.7 mL (41 mmol.) of benxoyl chloride led to 3.7 g (57%) of 28. Mp. 
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8S’C. 1H NMR (CC4) : 2.17 (3H, s) ; 3.50 (39 s) ; 6.27 (lH, s) ; 7.25 (5H, s) 8.6-9.0 (B-l, bs). IR (CCl4) : 
3460, 1685.1272 cm-l. Mass spectr. (FAB) m/e : 216 (M+H+) Anal. calcd- for Cl3Hl3N@ ; C, 72.44 ; H, 
6.08 ; N. 6.50. Found C. 72.71 ; H. 6.17 ; N. 6.81. 2-Benzyl-3-carbometboxy-4-methyl pyrrole 
(29) : The use of 4.6 mL (42 mmol) of hex-1-yne, 36 mL (84 mmol) of a 2.35 M solution of MeLi in ether, 
7.92g (42 mmol) of CuI. 7.63 g (30 mmol) of ester 4 and 6.5 g (42 mmol) of phenylacetyl chhnide led to 3.2 g 
(47%) of pyrrole 29. Mp. %Y! . *H NMR (CDCl3) : 2.2 (3H, s), 3.7 (3H, s). 4.15 @-I, s), 6.15 (lH, s) , 
7.05 (5H, s), 7.4-8.1 (H-I, bs). 13C NMR (CDC13) 12.54 (Q-Ig). 34.18 CHZPh), 50.51 cH30), 110.97, 
115.21, 126.94, 129.04, 129.31, 131.30, 138.44 (aromatic Q, 166.77 (5: = 0). IR (CHC13) : 3450, 1690 cm- 
1. Mass spect/ (FAB) m/e 230 (M+H+). Anal. calcd- for Ct4H15N02 : C, 73.34 ; H, 6.59 ; N, 6.11. Found : 
C, 73.12 ; H, 6.66 ; N, 6.26. 2-Carboethoxy-3-carbometboxy-4-methyl pyrrole (30) : The use of 
2.9 mL (25 mmol) of hex- 1 -yne 26.7 mL (50 mmol) of a 1.82 M solution of MeLi in ether, 4.8 g (25 mmol) of 
CuI, 4.63 g (18 mmol) of ester 4 and 2.8 mL (25 mmol) of ethyl oxalyl chlotide afforded 2.51g (66%) of 
pyrrole 30. Mp. 86’C. tH NMR (CDC13) : 1.27 (3H, t) ; 2.10 (3H, s) 3.81 (3H, s) ; 4.19 (2H, q) ; 6.55 (lH, 
s) ; 9.89 -10.0 (lH, bs). t3C NMR (CDC13) : 10.90 cH3CH2). 14.26 cH3Pyr). 51.65 cH30), 60.87 
cH20), 116.50, 120.21, 122.11, 122.45 (pyrrolic 0, 160.28, 166.04 c = 0). IR (CHC13) : 3450, 1720, 
1690 cm-l. Mass spect. (EI) m/e : 211 (M+). Anal. calcd. for CmHt3N04 : C, 56.86 ; H : 6.20 ; N, 6.63. 
Found : C, 56.65 ; H, 6.20 ; N, 6.28. 2-Phenyl-3-carboethoxy-4.methyl pyrrole (31) : The use of 
hex-1-yne (2.3 mL, 20.5 mmol) 21.6 mL (41 mmol.) of a 1.9 M solution of MeLi in ether, 3.98 (20.5 mmol) of 
CuI, 5.42 g (20 mM) of ester 5 and 2.4 mm01 of benzoyle chloride allowed isolation of 2.9 g (64%) of 31. Mp. 
114’C. tH NMR (CDC13) : 1.02 (3H, t ), 2.15 (3H, s). 3.92 (2H, q). 6.21 (1H. s), 7.12 (5H, m), 8.47 (1H. 
bs). 13C NMR (CDC13) 12.50 CHg), 14.14 cH3C!H20), 59.45 gH20, 111.52, 116.95, 122.60, 128.03, 
129.22, 132.18, 133.33, 137.75 (aromatic C) 166.18 c = 0). IR (CC4) : 3440,169O cm-l. Mass spect. (ED, 
m/e 229 (M+). Anal. calcd. of Cl4HlsN02 : C, 73.34 ; H, 6.59 ; N ,6.11. Found : C, 73.70; H, 6.61 ; N, 
6.15. 

Synthesis of bicyclic pyrrole derivatives: 1-Carbomethoxy-2-methyl- 
[1,2a]pyrrolopyrrolidine (35) : To a solution of Me(Hexynyl)CuLi (41 mmol) at -4O”C.was added 
dropwise 7.63 g (30 mmol) of ester 4. After stirring for 2h., 4.82 mL (41 mmol) of 4-bromobutylryl chloride 
were introduced in the reaction vessel. The mixture slowly warmed to room temperature overnight and was 
hydrolysed with aqueous NH&l. Filtration, extraction and drying of the organic layer gave after removal of the 
solvent an oily residue. The crude reaction product was dissolved in toluene (30 mL) and heated at 70°C with 
3.4 g (69 mmol) of KOH in the presence of TDA-1 (3 mmol) as phase transfer catalyst 33 for 5h. Evaporation of 
the solvent (neutral alumina, EtsOihexane : l/4) gave 3.5 g (65%) of 35. Mp. 53.54°C. 1H NMR (CC4) : 
2.10 (3H, s), 2.35 (2H. m), 2.78 (2H, t). 3.6 (3H, s). 3.76 (2H. t). 6.08 (lH, s) ; t3C NMR (CDC13) : 12.45 
CHg), 26.28, 26.63 cH&H2-CH2N), 46.92 CHzN), 50.35 cH30). 87.50, 113.28, 126.50. 144.75 
(pyrrolic a, 166.75 GO2Me). IR (CC4) 1670 cm-l. Mass spectr. (EI) m/e : 179(M+). Anal. calcd. for 
CloHl~N02 : C, 67.02 ; H, 7.31. N, 7.82. Found : C, 67.01. H, 7.50 ; N, 7.75. 1-Carbomethoxy- 
2methyl.[1,2a]pyrrolopiperidine (36) : The above procedure using : 2.3 mL (20.5 mmol) of hex-1-yne 
25 mL (41 mmol) of a 1.67 M solution of methyllithium in ether, 3.98 g (20.5 mmol) of CuI, 5.2 g (20 mmol) 
of ester 4 and 4.1 g (20 mmol) of 5-bromovaleryl chloride, led after hydrolytic work up and treatment of the 
crude product with KOH to 1.87 g (48%) of bicyclic pyrrole. lH NMR (CCL) 1.72 (4H, m). 2.10 (3H, s), 
2.87 (2H, t) 3.62 (3H, s), 3.65 (2H, t). 6.0 (lH, s). 13 C NMR (CDC13) : 12.28 &!Hg), 20.44. 20.72, 20.82 
GHaH&H$H2N). 45.32 GHz-N). 50.16 cH30), 109.25, 118.32, 121.11, 137.10, (pyrrolic B 166.50 
c@Me) IR (CCkt) 1680 cm-l. Mass spectr. (EI), m/e 193 (M+). Anal. calcd. fopr CttHlsN@ : C. 68.87 ; H. 
7.82 ; N, 7.25. Found C, 68.45 ; H, 7.75 ; N. 6.99. 1-Carbomethoxy-2-methyl- 
[1,2a]pyrroloperhydroazepine (37) : Using the same procedure with 2.3 mL (20.5 mmol) of hex-1-yne, 
19.6 mL (41 mmol) of a 2.1 M solution of MeLi in ether, 3.98 g (20.5 mmol.) of CuI. 3.8 g (15 mmol) of ester 
4 and 4.3 g (20 mmol) of 6-bromo hexanoylchloride led to isolation of 1.13 g (36%) of bicyclic pyrmle 37.lH 
NMR (CC4) : 1.61 (6H, m), 2.0 (3H, s), 3.05 (2H, m); 3.6 (3H, s), 3.75 (2H. t), 5.98 (lH, s). 13C NMR 
(CDC13) : 12.52 cH3-pyr), 25.17, 25.63, 26.11, 26.89, cH2-4) 50.10, 50.28, (Is=HgO, CH2-N), 110.15. 
116.10, 119.94, 142.23 (pyrrolic a), 166.50 cO2Me). IR (CC4) : 1680 cm-l. Mass spect. (FAB) 208 
(M+H+). Anal. calui. for Cl2Hl7NC2 : C, 69.54 ; H, 8.27 ; N, 6.76. Found : C, 69.47 ; H, 8.18 ; N, 6.16. 
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