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Abstract - The reactions of lithium N,N-bis(dmethylsilyl)aminomethyl acetylide with electrophilic reagents offered a short 

preparation of substituted and functional propargyl amines. These are shown to be useful precorsors of various lmsamratedpro~ted 

primary amines. Addition reactions to the carbon-carbon triple bond or isomerisation reactions gave rise to allylic, dienic and a- 

aknic amines. 

Introduction 

Among the great many protections available for a primary amino groupl, the use of aminosilanes as 

protected primary amines was early recognised - 2 4. The silicon-nitrogen bond especially in the case of 

bis(silyl)amines can withstand a variety of reaction conditions, and depmtection to the free amine can be obtained 

under very mild acidic or nucleophilic condition@. The use of chelating bis(silyl&rivatives as protective 

group6-9 or the use of a bulky substituent at the silicon atom, have also been reported to provide an enhanced 

stability. Nevertheless the simple protection of primary amino groups with two trimethylsilyl subs&ems proved 

to be efficient. The alkylation reactions of protected amino-acids were for example easily achieved4. 

As part of our effort to develop the use of amino silanes for the synthesis of organic nitrogen compounds 

and heterocycles, we investigated some uses of hexamethyldisilaxane for the synthesis of functional protected 

amines. Lithium bis(trimethylsilyl)amide : (MejSi)zNLi, widely used as a strong base in organic synthesis”, 

has, only in a few cases, been used to propose new diit aminolysis reactions of organic halides12-14. We 

found that the reaction of (Me$ihNLi with propargyl bromide afforded a straightforward route to a y-amino 

lithium acetylidel5. Such a reagent is of potential interest for amino alkylation mactionsl4JS-18. The reactions of 

this y-amino three-carbon nucleophile can not only offer a short access to substituted or functional propargylic 

amines, but can also provide. facile routes to a variety of unsaturated amines upon subsequent addition or 

isomerisation reactions of the carbon-carbon triple bond. Unsaturated amines are of interest and continiung 

efforts have been directed towards the synthesis of allylic, proparg’ylic or allenic aminesl9-20, for their 

importance in organic synthesis, and also because of their physiological propertiesl9-21. 
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We wish to report here a detailed account of the reactivity of l-lithio-3-bis(trimethylsilyl)aminoprop-1-yne 

towards electrophilic reagents. We show that the trimethylsilylation at nitrogen offers an efficient protection in 

the condensation reactions of the lithium acetylide and that one can take advantage of the reactivity of the triple 

bond to obtain easy and short syntheses of ethylenic, dienic or allenic amines. A portion of this study has been 

communicatedl5. 

Resrilts and discussion 

By analogy with the reaction of metal amides and propargyl halides22, we investigated the reaction of 

lithium bis(trimethylsilyl)amide 1 in the case of propargyl bromide. The known alkylation of a metal silylamidel2 

was found to proceed under very mild reaction conditions in ether. The reaction of two moles of the lithium 

amide 1 (scheme 1) gave ether solutions of 1-lithio-3-bis(timethylsilyl)aminoprop-1-yne 2. The ethereal 

solution of 2 contained one equivalent of hexamethyldisilazane (HMDS). The formation of 2 in high yield was 

established upon quenching with water or chlorouimethylsilane leading to a 78% yield of propargylic amines 3 

and 4 respectively. HMDS free solutions of the lithium acetylide 2 can be prepared from 3 which underwent 

Scheme 1: Reaction of Lithium Bis(trimethylsilyl)amide with Propargyl Bromide.. 
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a quantitative metallation upon treatment with MeLi or n-BuLi. The intermediate 2 represents a readily 

accessible propargyl amine synthon. The reactions of this protected yamino lithium acetylide with electrophiles 

are of interest for the preparation of various unsaturated primary amines.We therefore examined the reactivity of 

2 with the aim of showing that a wide variety of unsaturated protected primary amines ate readily accessible from 

this versatile nucleophilic yamin three-carbon reagent. 

1 - Preparation of substituted propargyl amines 

We first studied the simple alkylation reactions of reagent 2 with alkyl halides. As shown in scheme 2, the 

reactions of alkyl iodides in THP gave high yields of the expected substituted alkynes 5 and 6. The reactions of 

alkyl bromides proceeded similarly in refluxing THF to yield alkynes S-10. Alkylation with benzyl or ally1 

bromides led to a mixture of mono and dialkylated products. The latter arose probably from a competitive 

metallation of the initially formed mono alkylated compounds 11 and 13 owing to a basic character of the 

acetylide reagent 2. The resulting stabilized carbanion then rapidly alkylated to 12 and 14. No reaction of 2 was 

observed with alkyl chloride. The reactions of dihalo alkanes thus led to the diamino derivative 15 when 1,5- 
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dibromopentane was used and to a, o-chl oroamino derivatives 16,17 when reacting chlorobromopropane or 

butane. The alkylation was also successful in the case of a functional bromide. Chloromethyl methyl ether gave 

good yield of the expected amino ether 18. The reaction of bromoacetaldehyde dimethylacetal afforded the 

protected acetylenic amino aldehyde 19 although in a moderate yield. The alkylation reactions of 2 therefore 

easily lead to various protected propargyl amines. Depmtection to the free amines proceeded smoothly upon 

Scheme 2: Akylation Reactions of y-Amino Acetylide 2 (prepared by metallation of propargylamine 3) . 
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treatment with methanol in the presence of catalytic amount of potassium fluoride. For example the 

bis(silyl)amine 11 underwent a quantitative desilylation upon stirring in MeOH at 2O’C for a few hours (eq - 1). 

Me@, 

Ph+N-siMe+ 11 

10% KF 

(1) 

MeOH 

The reaction of 2 with ketones and aldehydes gave rise to cx-acetylenic ammo alcohols which were isolated 

as their trimethylsilyl derivatives (eq - 2). The reaction of unsaturated ketone led to the expected 12 - addition 
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product 23 in a high yield. These compounds can be obtained in a one-pot reaction starting from propargyl 

bromide(cq - 3).Moderate yields were obtained, although similar to the overall yields of the two steps synthesis 

implying the isolation of propargyl amine 3 (eq - 2). The protcctcd amino alcohols 21,25,26 desilylated 

quantitatively upon stirring in MeOH in the presence of 10 mol.8 of KF. 

BI 
H-/ 

1) 2 (Me$i)2NLi 
2) RRC=o 

* 
3) Me$iCl MQSiO 

RP’=Et,H, 24.41% 
R,R’=C2H$H=(CH$C,H, 25.53% 
R,R’=Ph,PhCH=CH. 26,40% 

2 - Preparation of substituted allylic amines 

The readily accessible propsrgyl amines 3 and 4 (scheme 1) are of interest for the preparation of allylic 

amines via selective addition reactions on the carbon-carbon triple bond. We examined some carbo- and 

hydromctallation reactions. 

i) Addition of organocopper reagents : 

Carbometallation generally offers a route to regio and stereodefined vinyl organometallics23, variable 

regioselectivity may however be found in the case of functional alkynes. The regioselectivity of the addition of 

organocopper reagents to propargylic dialkylamines was reported to result in the formation of linear or branched 

adduct depending on the solvent used 24. In contrast to the reaction with the dialkyl analogues, addition to N,N- 

bis(silyl)propargylamine 3 gave exclusively the branched adduct 28 (scheme 3). The regioselectivity of the 

addition of n-B&u was unambiguously established upon quenching 28 with water to give the ally1 amine 29. 

Scheme 3:Addition of Organocopper Reagent to Pqsrgyl Amine 3. 
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The 1% NMR spectra of 29 showed two signals for the vinylic carbon : one singlet at 151.4 ppm and one triplet 

at 108.6 ppm (J&I = 155Hz) in full agreement with the proposed structure. A similar result was obtained in the 

reaction of n-BgCuLi. It is noteworthy that the reversed stereoselectivity was recently reported in the 

silylcupration of 3 204 In the case of N,N-dialkyl propargylamines under our reaction conditions only the linear 

adduct of the type 27 was observed. The formation of the branched adduct 28 (scheme 3) is consistent with the 

proposed interpretation 24 in which a lower nucleophilicity of the (Me$i)aN group account for a lack of 

intramolecular stab&ration of the ,linear adduct 27. The observed selective carbocupration provides a route to 
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substituted allylamines which are of interest for the synthesis of natural and biologically active productst9~t. 

The alkylation of intermediates 28 was achieved with ally1 bromide to give a 55% yield of allylamine 30 which 

was desilylated by stirring with aqueous oxalic acid in acetone, 

ii) Hgdrometallation reactions. 

Trimethylsilylalkynes can undergo hydrometallation reaction to give reactive vinyl organometallics. The 

hydroalumination~ of silyl propargylamine 4 was achieved in ether at -40°C (eq - 4). The intermediate 

vinylalane was then treated with bromine to give the 3-bromo ally1 amine 31 which desilylated to the free amine 

Me& 
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2) Hz0 / OH 

Br H 
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31.54% 
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32,7?5_ 

under acidic conditions. The initially formed vinylalane was also tentatively reacted with 1-iodohex-1-ene 

accotding to Neghishi et al%. The expected dienic amine formed but no pure sample was isolated. 

The hydromagnesation27 of propargyl amine was also carried out (eq - 5). At -40°C the formation of the 

vinyl Grignard was established upon quenching with water to give ‘Z-allylamine 33%. The vinyl Grignatd 
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33, 60% ‘siMe, 34,795& 

however appeared of a low reactivity. It reacted with benzaldehyde unexpectedly to give 2-phenylpyrrole in a 

70% yield (eq - 6). The formation of a pynole ring may result fmm a cyclisation of an intermediate allenyl 

Me& 

Me.@ = ’ 

4 

N-am s [ Iz)=tNc] s Rq (6) 

. 

amine initially produced by a Peterson type reaction of the vinyl Grignard with benzaldehyde. The reaction 

however could not be extended to other aldehydes. Qwing to the low reactivity of the vinyl organometallics 

produced by hydrometallation of 4, this method although selective does not seem of general interest to obtain 

allylamines. We recently reported a much mote general mute to 2 or E allylamines via hydmstannation 29. 
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3 - Preparation of dienic amines 

In order to have an access to dienic amines we studied some possible preparations from N,N-bis- 

(silyl)propargyl amines. We found that the ruthenium complex : (PPh3)3RuHCl, which is known to isomerise 

pmpargylic silyl ether30. was also effective for the isomerisation of a-acetylenic silyl amines. Thus, the amines 

S-11 were converted into conjugated dienamines by heating benzene solution at 180°C in sealed tubes in the 

presence of 1 mole percent of (PPh3)sRuHCl (eq - 7). Good yields of the isomer&d products were obtained in 
Me.&, 

N-SiMe, (PPh3)3RuHCl SiMe3 

RC% = I * 
ReN*SiMe, (7) 

5, 6, 8-l 1 c&l& 180°C 

3Sa-I. R=H(12%). Me(66%), Et(59%), 
II-Pr(75%), n-Bu(@J%), Ph(78%). 

most cases, except for but-2-ynylamine 5 for which 80% of the starting material was recovered after prolonged 

heating. The slow isomerisation of 5 may be due to the formation of a stable ruthenium complex with the 

unsubstituted dienamine 35a. Related iron complexes have been characterised7. The dienamines 3Sa-f were 

formed as a mixture of Z and E isomers which were not separated. They are very stable and exhibit a reactivity 

similar to that of N,N-bis(silyl)enamines5. Nucleophilic activation of the silicon-nitrogen bond by fluoride ion or 

sodium methoxide allowed reaction of benzaldehyde or dimethylformamide (eq - 8,9). The reactions of 

dienamine 35f led to 2-aza-1,3,5hexatrienes 36,37 respectively in 50 and 60% yields. 
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I, 

20 mol.% MeONa 

(9) Phb+,,.++N+NM~ 

31, 60% 

4 - Preparation and some reactions of a-allenic amines 

Functional acetylenic amines are also of interest since they can be converted to a-allenyl aminessl. We 

studied some possible preparations starting from the readily accessible acetylenic amino ethers (eq - 2,3). We 

Fist examined the reaction of di-alkyl cuprates with propargyl acetates which is known to lead to allenic 

derivative&. As shown in eq-10 the 4-amino propargylic acetates 38 obtained by reaction of the lithium 

acetylide 2 with carbonyl compounds gave the substituted a-allenic amines 39~c in 60 to 65% overall yields. 

%Si, 
N-S&@ l)RR’C=o 

Me@, 
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2 2) AczO 
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Me2CuMgBr R;<NF+ (10) 
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‘SiMe, 

RR’=Ph~,(62%);i_R~(~%);Me2,(65%) 

A second route to allenic structures was obtained from the methyl ether 18 (cq - 11). The treatment of 18 

with n-BuLi in THF led to metallation at C-4 33. The alkylation of the intermediate conjugated anion with Me1 led 
to the a-amino allenyl ether 40 in a 74% yield. Functional allenes of that type are of interest since they can lead 
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to primary y-amino enones from which heterocyclisatlons reaction can be obtained. We already observed a 

spontaneous cyclisation to pyrrole ring when E-)~bis(trimethylsilyl)amino enones were generated~.We therefore 

studied the metallation and isomerisation of a y-amino-a-acetylenic silyl ethers (eq-12). Compound 21 was 

treated by (Me$i)$lLi at -78°C and warmed to 0% The mixture was then hydmlysed to give a 64% yield of 2- 

phenylpyrrole.The pyrmle ring formation can arise from the cyclisation of a y - amino enone formed according to 

Me&Z, 
1) (Me,$i) -” ’ 

AJ 
2) H20 

scheme 4. Initial deprotonation at the more acidic site of the propargyllc silyl ether 21 led to an cx-acetylenic 

anion &The delocalised anion can be mprotonated to give rise to an allenic isomer derivative 42.The hydrolysis 

Me&, Me&, ,S=+ 
F’h) = ,N-SiMe, E& 

Me-$iO 
41 

Me$d 20 BH 

L 

Me$id 

Scheme 4: F?oposed scheme for the formation of 2-phenyl pyrrole. 

of the resulting allenoxysilane then generate the y-amino enone 43. The latter can cyclize upon reaction of the 

bis(silyl)amino substituent with the adjacent carbonyl group.We attempted to react or to trap the intermediate 

carbonionic specie 41 with electrophiles 35. Thus the metallation of sllyl ether 21 according to eq-12 was 

followed by addition of ally1 bromide, methyl iodide, or chlorotrimethylsilane. In all three cases, hydrolytic work 

up of the reaction mixture only allowed isolation of 2-phenyl pyrrole in a 60 to 62% yield. No indication for any 

alkylation or silylation of the intermediate 41 was obtained. A similar behaviour was noted when t-butyllithium 
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was used instead of the lithium amide base. It seems that the lithiated species 41 an either non reactive or formed 

in a low concentration in the reaction medium. A further evidence was obtained from a deuterolysis experiment 

(eq - 13). Treatment of the acetylenic amino alcohol 21 as previously, followed by quenching of the reaction 

mixture with D20 allowed recovery of deuterated phenyl pynole. The 3position of the deuterium atom was 

established by lH NMR analysis at 250 M&Ix. In particular no introduction of a deuterium atom at the 4-position 

was noted. The formation of deuterated pynole clearly arises fmm the deuterolysis of allenoxysilane 42 (scheme 

4). It shows that the species 42 is formed prior to hydrolysis via a base catalysed isomerlsation of the acetylenic 

silyl ether 21. Whereas the conjugate acid can act as a proton donor in the case of (Me$i)$ILi, the substrate 21 

itself may act as a proton soume in the case of t-B&l. 

The isomerlsation reaction appeared however limited to acetylenic alcohols such as 21 leading to a benxylic 

type carbanion. For example, no reaction was observed upon treatment of the silyl ether 24 having a 2-ethyl 

substituent, with (Me$3ikNLi or t-BuLi. We then attempted the reaction of pyridine carbaldehyde with lithium 

acetylide 2 (eq. 14) . The reaction did not lead to the expected propargyllc alcohol derivative but to a mixture of 

dienlc amino alcohol isomers 44. Examina tion of the high field 1H NMR spectrum showed multiplets for the 

vinylic protons in agreement with a mixture of the 4 possible isomers. The structure and relative proportions 

were not determined. Compound 44 presenting both the enoxysilane and bis(sllyl)enamine7 functionalities was 

formed in a good yield. However a lower yield of pure material was isolated owing to a moderate thermal 

stability. The dienic structure of 44 was further confirmed by the hydrolysis reaction. Treatment with an 

%a, 
N-SiMe, 1) 2-c5H4NcHo 

Lid 

2 2) Me&Cl 

H30+_ &H 

45.22% 

(14) 

aqueous HCl solution allowed isolation of the keto-aldehyde 45. The obtention of dienic amino alcohol 

derivatives may arise from an in-situ base, catalysed isomerisation reaction owing to the probably high basic@ of 

the 2-pyridyhnethanolate formed prior to silylation. Interestingly the treatment of compound 44 with silicic acid 

in THF led to the isolation of 2-pyrldylpyrrole 46 (eq-15). The ring closure reaction probably occumd through 

the initial hydrolysis of the enoxysilsne moiety to a keto bis(silyl)enamlne. The latter via a nucleophilic attack of 

the nitrogen atom at the carbonyl group underwent a cyclisation with C=N double bond formation and 

elimination of hexamethyldisiloxane5. The resulting intermed& then tautomerises to 2-pyridyl pyrrole 46. 
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(15) 
46.29% 

It appears that 2-substituted pyrroles can be obtained from the reaction of lithium bis(silyl)aminomethyl 

acetylide with aldehyde. Although limited to aromatic aldehyde, the reaction can give a short access to 

polyheterocyclic compounds~. We for example observed that pyrrole 46 with a free 2-position easily formed di- 

pyrryl methane derivatives. The reaction of benzaldehyde in acetic acid (eq-16) gave the dipyridyl dipyrryl 

methane 47. 
ph 

+ PhCHO “““_ ( 16) 

46 
41.40% 

Experimental : 

General remarks : All reactions were carried out in an inert atmosphere. Infrared spectra were recorded 
on a Perkin-Elmer 298 spectrophotometer in the from indicated. The 1H NMR spectra were measured on a 
Varian EM 360 or EM 390 spectrometer, and l3C! NMR on a Brucker WP 200 apparatus. Chemical shifts (8, 
ppm) are relative to Me&. The Mass spectrum were obtained on a JEOL JMS DIOO apparatus elemental 
analyses were carried out by the Service Central Microanalyse du CNRS. 

N,N-bis(trimethylsilyl)propargyiamine 3 ; Hexamethyldisilazane (12.9g, 80 mmol.) was slowly 
added to 65 mL of a 1.2 M solution of n-BuLi in ether at -78T. After addition, the mixtnrewaswarmedtoroom 
temperature and stirred for lh. The mixture was then cooled to -2OT and pmpargyl bromide (4.5g. 38 mmol.) in 
ether was added slowly. After stirring overnight, the reaction mixture was added to a cold water solution of 
phosphate buffer (3.8g KH2PO4; 4.5g NaZHP04, 4H20). The organic layer was collected after filtration, 
washed rapidly and dried over Na2CO3. Evaporation of the solvent and distillation afforded 6.2g (78%) of prop- 
argyl amine 3. Bp. 8OT, 20 mm Hg. tH NMR (CC4): O.l5(18H,s), 2.05(1H. t, J=3Hz), 3.5(2H, d, J= 3 Hz); 
l3C NMR (C&j): 1.7(SicH3), 34.1aH2). 70.2(H-@C!), 86.O(H GQ, JR (CQ) 3320 cm-t; Mass spect., 
m/e: 199(M+); Anal. caJcd. for QH21NSi2; C. 54.2O;H 10.61; N, 7.02. Found: C, 54.03,H, 10.54; N, 6.90 

l-Trimethylsilyl-N,N-bis(trimethylsilyl)propargylamine 4 : 1 lg of trimethylchlorosilane (0.1 
mol.) were added at -20°C to an ethereal solution of lithium acetylide 2 prepared as above from 42g (0.26 mol.) 
of HMDS and 12.5g (0.105 mol.) of propargyl bromide. The mixture was warmed to room temperature and 
stirred for 2 hours. The hydrolytic work up as above gave 12.5g (78%) of trisilylated propargyl amine 4, Bp : 
120°C, 20 mm Hg. IH NMR (CC4) : 0 (27H, s); 3.35 (2 H,s); JR (CC4) : 2180 cm-t; Mass spectrum, m/e : 
271(M+); Anal. calcd. for C12H29NSi3 : C, 53.06, H, 10.75; N, 5.16. Found : C, 53.01; H, 10.70; N, 5.04. 

Alkylation reactions of lithium acetylide 2 : General procedure : A solution containing 22 mmol. 
of MeLi or n-BuLi in ether was added at -78T to 4g of bis(silyl)propargyl amine 3 in 50 mL of ether or THF. 
The mixture was warmed to room temperature and stirred for 30 mn. The alkyl halide (20 mmol) was then added 
and the mixture was heated at 40 to 65°C for 3 to 48 h. The THF was removed, the residue hydrolysed with 100 
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mL of water and extracted with 3 x 50 mL of ether. The organic layer was dried over Na2Q and the ether was 
evaporated.Distillation of the residue afforded the alkylated products 5-19. Compound 5 : The addition of 
Me1 (2.85g. 20 mmol.) was followed by stirring 3h at 4fPC. As indicated above 3.6g (88%) ofpropargyl amine 
5 was isolated. Bp : 92-94“C, 20 mm Hg ; IH NMR (CC4) : 0.06 (18H, s), 1.75 (3H, t), 3.4 (2H, q); Mass 
spectrum, m/e : 213 (M+); Anal. calcd. for CIt$-I23NSi2 : C, 56,27; H, 10.85; N, 6.56; Found : C, 55.80; H, 
10.79; N, 6.42. Compound 6 : As above, the reaction of 3.lg of EtI (20 mmol.) gave 3.858 (88%) of 
propargylamine 6. Bp : 109-llOY!, 20 mm Hg; 1H NMR (CC4) : 0.13 (18H, s). 1.15 (3H, t); 2.1 (2H, m), 
3.55 (2H. t); Mass spectrum, m/e : 227 @I+); Anal. calcd. for CtIH25NSi2 : C, 58.08; H, 11.07; N, 6.17; 
Found : C, 58.40, H, 11.27; N, 5.98. Compound 7 : Reaction of 4.2g of 1-iodo hexd-ene (20 mmol.) for 
16h in refluxing THF gave 4.Og (72%) of 7. Bp : 123-12YC, 0.2 mm Hg; tH NMR (CC4) : 0.13 (18H, s), 1.5 
(4H, m), 2.1 (4H, m), 3.45 (2H, t), 4.9 (2H, m), 5.5 (lH, m); IR (CC&) : 1645 cm-l. Mass spectrum, m/e : 
281 (M+); Anal. calcd. for QH3INSi2 : C, 63.99; H, 11.09, N, 4.98; Found : C, 63.43; H, 11.22; N, 5.10. 
Compound 8 : The reaction of 2.458 of n-PrBr (20 mmol) in THF (48h, reflux) gave 2.9g (75%) of 8. Bp 
124“C, 20 mm Hg. 1H NMR (CCLQ) : 0.13 (18I-L s), 1.0 (3H, m) 1.5 (2H, m), 2.1 (2H, m), 3.5 (2H, m), 3.5 
(2H, t); Mass spectrum, m/e : 241 @I+); Anal. calcd. for CIfl27NSi2 : C. 59.68, H, 11.26; N, 5.80; Found : 
C, 59.04, H, 11.42; N, 5.94. Compound 9 : A above, the use of 2.8g of n-BuBr (20 mmol) gave 3.5g (69%) 
of 9. Bp : 138-139’C, 20 mm Hg; IH NMR (CC&) : 0.13 (18H, s), 0.9 (3I-I, m), 1.4 (4H, m), 2.1 (2H, m), 
3.45 (2H, t); Mass spectrum, m/e : 253 @I+); Anal. calcd. for CI3H28NSi2 : C, 61.10; H, 11.43; N, 5.48; 
Found : C, 61.10; H, 11.44; N, 5.17. Compound 10: 3.Og of n-CgHIIBr (20 mmol.) gave 3.6g (67%) of 
10. Bp 68-71T, 0.05 mm Hg. 1H NMR (CC14) : 0.13 (18H, s), 0.9 (3H, m), 1.4 (6H, m), 2.1 (2H, m), 3.45 
(2H, t); Mass spectrum, m/e : 269 (M+); Anal. calcd. for Ct4H31NSi2 : C, 62.38; H, 11.58; N, 5.20; Found : 
C, 62.39; H. 11.78; N, 5.30. Compound 11 : 3.4g of PhCI-IzBr gave 1.5g (26%) of 11. Bp. 94T, 0.08 mm 
Hg, lH NMR (CC4) : 0.13 (18H, s), 3.55 (4H, m), 7.25 (5H, m); Mass spectrum, m/e : 289 (M+); Anal. 
calcd. for &H27NSi2 : C, 60.34; H, 9.39; N, 4.84, Found C, 60.46; H, 9.50, N, 4.77. 11 (l.Og, 3.5 mmol.) 
was dissolved in 20 mL of MeOH containing O.lg of KF and allowed to stir for 3 hours. Evaporation of the 
solvent and extration of the residue afforded 0.5g of 20. tH NMR (CDC13) : 1.45 (2H, m), 3.4 (2H, t). 3.55 
(2H, t), 7.3 (5H, m); IR (CHCl3) : 3460, 3400 cm-l. Mass spectrum, m/e : 145 (M+); Anal. calcd. for 
CIoHllN : C, 82.72; H, 7.64; N, 9.64, Found : C, 82.52; H, 7.50; N, 9.40. Compound 14 : The reaction of 
2.4g of ally1 bromide (20 mmol.) led to 1.2g (43%). Bp 145-15O”C, 20 mm Hg. IH NMR (CC4): 0.13 (18H, 
s), 2.2 (2H, m). 2.9 (lH, m), 3.5 (2H, d), 5.0 (4H, m) 5.5 (2H, m). Mass spectrum, m/e: 279 (M+); Anal. 
calcd. for ClsH29NSi2 : C, 64.45; H, 10.44, N, 5.01; Found : C, 64.11; H, 10.84; N, 5.05. Compound 15 : 
2.4g of 1.5~dibromopentane (10 mmol.) after 72h reflux yielded 2.4g of 15. Bp. 150-154T, 0.1 mm Hg. IH 
NMR (CC4) : 0.13 (36H, s) 1.5 (6H, m). 2.1 (4H, m), 3.45 (4H, t); Mass spectrum, m/e : 466 (M+); Anal. 
calcd. for C23H5oN2Si4 : C, 59.15; H, 10.79; N, 6.00, Found : C, 59.45; H, 10.70; N, 5.85. Compound 16 
: From the reaction of 3.lg of 1-bromo-fchloro propane at reflux for the 72 h, 3.8g (72%) of 16. Bp. 81-83”C, 
0.05 mm Hg; IH NMR (CC14) : 0.13 (18H, s) 1.9 (2H, m), 2.3 (2H, m), 3.4 (2H, t). 3.5 (2H, t); Mass 
spectrum, m/e : 277 (M+,37C1); Anal. calcd. for CI2H2$JClSi2 : C, 52.22; H, 9.43; N, 5.07 ;Found: C, 51.90, 
H, 9.39; N, 5.20. Compound 17 : Similarly 3.4g of 1-bromo-4-chloro butane gave 4.lg (73%) of 17. Bp. 
91T. 0.05 mm Hg; ‘H NMR (CC14) : 0.13 (18H, s), 1.75 (2H, m), 2.15 (4H, m), 3.4 (2H, t), 3.5 (2H, t,); 
Mass spectrum, m/e 291 @I+.37Cl); Anal. calcd. for : C1$28NClSi2 : C, 53.84; H, 9.73; N, 4.83. Found : C, 
54.01; H, 9.85; N, 5.05. Compound 18 : 1.7g of CH30CH2Cl in THF at 5OT for 24 h gave 3.8g of 18. 
Bp. 125T, 20 mm Hg; lH NMR (CC&) : 0.18 (18H, s), 3.3 (3H, s), 3.6 (2H, t), 4.05 (2H, t); Mass spectrum, 
m/e: 243 W); Anal. calcd. for : CIlH25NOSiz; C, 54.26; H, 10.34; N, 5.75. Found : C, 54.47; H, 10.39; N, 
5.57. Compound 19 : 3.4g of (C!H30)2CHCH2Br (20 mmol.) gave 1.5g (49%) of 19. Bp. 83-85”C, 0.08 
mm Hg; lH NMR (CCl4), O.l5(18H, s); 2.4(2H, m); 3.3(6H, s). 3.5(2H, t), 4.45(1H, t). Mass spectrum, m/e: 
287 (M+). Anal. calcd. for CI3H29NO& : C.54.30; H, 10.16; N, 4.87. Found : C, 54.55: H, 9.92; N, 5.03. 

Reactions of lithium acetylide 2 with carhonyl compounds : Benzaldehyde : A solution of 6.95 
of N,N-bis(trimethylsilyl)propargylamine 3 in 35 mL of dry THF, was cooled to -40°C and treated with 14 mL 
of a 2.5 M solution of n-BuLi in hexane. The mixture was warmed to room temperature and the resulting 
solution of lithium acetylide 2 was cooled again to -4OT. A THF solution containing 3.66 (35 mmol.) of 
benxaldehyde was then slowly added and after warming to room temperature, the mixture was stirred for 12 h. It 
was then treated by addition of 3.8g (35 mmol.) of Me3SiCl from -40°C to room temperature and stirred for an 
additional 5 h. The mixture was then hydrolysed with a saturated aqueous NH,&1 solution at WC, extracted with 
ether and dried over Na2S0.4. Evaporation of the solvents and distillation of the residue allowed isolation of 9.Og 
(68%) of21.B~. 125T, 0.1 mm Hg; lH NMR (CC4) : 0.10(18H.s), O.l5(9H, s), 3.5(2H, d), 5.3(1H, t), 7.3 
(5H, m); IR (CCl4) : 1255,1030cm-1; Mass spectrum, m/e : 377 @I+). 3.Og of 21 was stirred with methanol in 
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the presence of 10 mol. % of RF. Evaporation of the solvent and crystallisation from toluene gave l.Og (78%) of 
desilylated derivative. Mp. 79-8O’C; 1H NMR (CDC13) : 2.9 (3H, m), 3.3 (2H, d), 5.35 (lH, t), 7.3 @-I, m); 
IR (CHC13): 3600,3380,3320 cm-l; Anal. calcd. for : Ct$ItlNo: C, 74.51; H, 6.87; N, 8.69; 0,9.93. Found 
: C, 74.62; H, 6.91; N, 8.35; 0, 10.06. Cyclopentaaone: As above, the reaction of 3.15g of cyclopentanone 
(35 mmol.) afforded 8.7g (70%) of 22. Bp. 9O-96°C. 0.05 mm Hg. tH NMR (CC4) 0.13 (27H,s), 1.6 (8H, 
m). 3.6 (2H, s); Mass spectrum, m/e: 355 (M+); Anal. calcd. for C17H37NOSi3: C, 57.39; H, 10.48; N, 3.94; 
Found: C, 58.05; H.10.52; N, 3.58. Cyclohexenone: The reaction of 3.3g of cyclohex-Zone (35 mmol.) 
gave 11.8g (92%) of 23. 1H NMR (CC4): 0.13 (27H,s), 1.9 (6H, m), 3.5 (2H, s). 5.6 (2H, s); Mass 
spectrum, m/e: 367 (M+); Anal. calcd. for CtaH37NOSi3: C, 58.78; H. 10.14; N, 3.81; Found: C, 58.78; 
H.10.14; N, 3.81. Propanal: Hexamethyldisilaxane (6.4g, 40 mmol.) was added to 20 mmol. of n-BuLi in 
ether at -78’C and then warmed to 0°C. 2.4g of propargyl bromide (20 mmol.) in ether was added and stirred at 
mom temperature.. To the mixture was then added 1.2g of propanal (20 mmol.), after stirring for 10 hours it was 
cooled to 0°C and treated with 2.2g of MegSiCl(20 mmol.). The usual work up allowed isolation of 2.7g (41%) 
of 24. Bp. 75-78’C, 0.05 mm Hg. tH NMR (CC4): 0.13 (9H, s). 0.16 (18H. s), 1.0 (3H. m), 1.6 (2H, m), 
3.6 (W, d), 4.25 (lH, tt); Mass spectrum, m/e: 329 (M+); Anal. calcd. for : QH35NOSi3 : C, 54.64; H, 
10.70; N, 4.25 : Found : C, 54.35; H, 10.50; N, 3.95. I-Methyl-pent3-enal : As above using 2.Og of a$- 
unsaturated aldehyde (20 mmol.) gave 2.9g (53%) of 25; bp 105OC, 1 mm Hg; tH NMR (Cclq); 0.13 (279 s), 
0.95 (3H, m) 1.65 (3H, m), 2.0 (2H, m), 3.55 (2H, d), 4.6 (lH, m), 5.4 (lH, m); IR (CC4) : 1635 cm-l; 
Mass spectrum, m/e : 369 CM+); 1.8g of 25 was treated with methanol containing 10 mol. %I RF. Evaporation 
of the solvent and crystallisation gave 0.7g (90%) of the desilylated amino alcohol. mp. 72-75OC. 1H NMR 
(CDC13) : 0.95 (3H, t), 1.8 (3H, m), 2.1 (2H, m), 2.45 (3H, m), 3.5 (2H, d), 4.8 (IH, m), 5.0 (1H. m); IR 
(CHC13) : 3600,3400,3320,3200 cm-l. Anal. calcd. for : C9HJsNO : C, 70.56; H, 9.86; N, 9.14,0,10.44. 
Found : C, 70.45; H, 9.95; N, 9.24, 0, 9.98. Chakone: As above upon reaction of 4.2g of chalcone (20 
mmol.) led to 2.Og (40%) of 26. 1H NMR (CC4) : 0.13 (27H, s). 3.65 @I, s), 6.15 (lH, d), 6.75 (lH, d), 
7.3 (lOH, m). Desilylation in MeOHKF gave after crystallisation l.Og (92%) of the corresponding amino 
alcohol. mp. 89-9O’C; tH NMR (CDC13) : 2.6 (3H, m), 3.5 (2H, s), 6.3 (IH, d). 6.85 (lH, d), 7.2 (8H, m), 
7.6 (2H, m); lR (CHC13) 3600, 3400, 3320 cm-l. Anal. calcd. for : CtaH17NO : C, 82.10; H, 6.50; N, 5.32; 
0, 6.08. Found: C, 82.00, H, 6.40; N, 5.10; 0, 6.40. 

Substituted allylic amines : Addition of n-Butyl copper : Compound 29. To a suspension of CuI 
(4.8~. 25 mmol.1 in 50 mL, of ether at -WC was added 25 mL of a 1 M solution of n-BuLi in ether. The mixture 
&as<lowly warmed to -3O’C and stirred for 30 mn. To the resulting clark suspension was then added 5.Og of 
propargylamine 3 (25 mmol.) in 25 mL of ether. After stirring for 2 hours, water was added and the mixture was 
washed successively with saturated NH&l solution and water. The combined organic layers were dried over 
Na2S04. Elimination of the solvent and distillation gave 4.lg (64%) of 29. Bp 125’C, 25 mm Hg. tH NMR 
(CC4) : 0.1 (18H, s) 1.1 (7H, m), 1.7 (2H, m), 3.2 (2H, bs), 4.6 (1H. m), 4.8 (IH, m); 13C NMR (CDC13) : 
2.0 (Si:H3), 14.3 cH3). 23.0 ~Hz-CHs), 30.5 (CH~-~H~-CHY& 34.2 cH2-C=), 49.7 (GH2-N). 108.6 
KHz-C ), 151.4 (t, JC_H : 155 Hz) (CH2=Q; IR (CC4) : 3095, 1653.895 cm-l; Mass spectrum, m/e : 257 
(M+); Anal. calcd. for : C13H3tNSi2 : C, 60.62; H, 12.13; N, 5.44. Found : C, 60.32; H, 12.25; N, 5.16. 
Compound 30 : The addition of n-BuCu was performed as above. After addition of propargylamine 3 
allylbromide (3.Og, 25 mmol.) and HMPT (3 mL) were added and the mixture stirred at -5OOC for 2 h. It was 
hydrolysed by addition of aqueous NH&l at -20°C. The above work up afforded 4.Og (55%) of 30; Bp. 120°C 
0.5 mm Hg. *H NMR (CC4) : 0.1 (18H. s), 1.0-1.8 (9H, m), 3.5 (4H, m), 4.7-6.2 (4H, m); Mass spectrum : 
m/e 297(M+). Hydrometallation reactions : Compound 31 : To 2.7g of silylpropargylamine 4 (10 
mmol.) in 10 mL of ether was added 10 mL, of 1 M at 40°C for 2 h. After cooling at -78OC, 2 mL of pyridine in 
15 mL of ether, and 6.7 mL of a 1.5 M solution of bromine in dichloromethane were added. After 30 mn the 
mixture was hydrolysed. After extraction and washing the organic layers were dried over sodium sulfate. 
Evaporation of the solvent and distillation afforded 1.9g (54%) of 31.Bp. 85OC, 0.1 mm Hg. *H NMR (CC4) : 
0.15(18H, s), 0.26(2H, s), 3.42 (2H, d), 6.49 (lH, t). The treatment of 1.5g of 31 with 1N aq. HCl gave after 
neutralisation and extraction with ether 0.7g of 32. mp 207(dec.) . tH NMR (CDC13): 0.20(9H, s), 1.7-2.1 (2H 
bs), 3.3(2H, d), 6.8(1H, t), r3C NMR (dioxanne): 0.3(Si-1[3, 40.7cH2-N), 106.5(==QBr), 138.0(=1(2H-); IR 
(CC4): 3395, 1250 cm-l. Compound 33 : To 9.Og of silyl propargylamine 4 (33 mmol.) in 30 mL of THF, 
was added 1 .Og of CpzTiClz and 20 mL of a 2 M solution of isobutyl magnesium bromide (40 mmol.) in ether. 
The dark mixture was then stirred for 12 h and hydrolysed with aq. NH&I. Extraction, drying and distillation 
gave 5.4g (54%) of amine 33 with identical characteristics to the one reported(ref. 28); Treatment with aq. 1 
NH&l gave after neutralisation and extraction 1.9g (79%) of the fme amine 34 (ref.28). Upon deuterolysis the 
derivatives were isolated : deuterated-33; IH NMR (CCQ): O.l2(18H, s), 0.20(9H, s), 3.22(2H,d),6.24(1H,t), 
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deuterated-34; 1H NMR(CDCl3): O.l5(9H, s), 2.0-2.75(2Hbs), 3.35(2H,d), 6.30(1H,t ). 

Die& amines : Isomerisation reactiona : General procedure : The substituted propargylic amine (5 
mmol.) was dissolved in 5 mL of benzene to ether with SO mg of (PPh3)$WICl, C&H& prepared as described 
in ref. 37, and transfered in a scaled tube, h e mixture was heated for 3 days at 180°C. After cooliig, the 
solvent was removed in vacua and ~s~ation of the residue afforded the disilylated dienamines 35a-f. 
Compound 35a : Bp. 90-95X 20 mm Hg 1H NMR (CC&) : 0.13 (lSH, s), 4.4-6.2 (SH, m); IR (CC4), 
1630,1595 cm-l; Mass spectrum, m/e : 213 (M+). Compound 3Sb : 0.8g (66%),Bp, 105-l lOT, 20 mm Hg; 
1H NMR (CC&) : 0.1-0.2 (W-I, m} 1.7 (3H, m), 4.9-6.2 (4H, m);IR (CC4) : 1645, 1600 cm-l; Mass spectrum 
, m/e : 227 @I+), Anal calcd. for : CllHzNSiz : C, 58.08; H, 11.07; N, 6.17; Found : C, 57.88; H, 11.50; N, 
5.83. Compound 35~ : 0.7g (59%). Bp. 126-130°C, 20 mm Hg; *H NMR (CCl4):0.1- 
0.2(18H,m),1.0(3H,m),2.0(2H,m), 5.0-6-2 (4H, m); IR (CC4) : 1645, 1610, 1600 cm-l; Mass spectrum, m/e 
: 241&I+), Anal. calcd for: Clfl27NSiz : C, 59.68; H, 11.26; N, 5.80; Found : C, 59.81; H, 11.09, N, 5.40. 
Compound 35d : 0.9g (75%) Bp. 135139’C, 20 mm Hg; 1H NMR (~4):0.1~.2~lSH,m), 0,9(9H,m), 1.3 
(2H,m), 2.0(2H.m), 5.0-6-2 (4H, m); IR (024): 1645, 1610, 1600 cm-l; Mass spectrum, m/e : 2SS(M+); 
Anal. calcd. for : Cl3N2gNSi2 : C,61.10;H,11.43;N,S.48; Found: C,60.70;H,11.05;N,5.12. Compound 35e 
: 0.9g (69%); Bp. 69-7oOC!, 0.01 mm Hg; 1H NMR: O.l-0.2(18H, m), 0.9(3H, m), 1.45(4H, m), 2.1(2H, m), 
S.O-6.2(SH, m); IR (CC4) 1645, 1610, 1600 cm -1; Mass spectrum, r&e : 289(M?LCompound 35f: 1.43g 
(78%). Bp. 127-130°C 0.05 mm Hg. 1H NMR (CC4): 0.25(18H,m), S.S-7.2(4H.m), 7.3 (SH,m), IR (CC4): 
1630, 1615, 1600 cm-l; Mass spectrum, m/e : 289(M+); Anal. calcd. for : Cl$-I27NSi2: C&6.34; H,9.39; 
N,4.84; Found: C.65.30;H,9.23;N,4.23. Formation of azatrienes:Compound 36, A solution containing 
0.7g of dienamine 35f (24 mmol.) in 20 mL of ?‘I@ was added slowly at ;30°C to O.Sg of benxaldehyde (5 
mmol.) and 0.1 mL of a 1M THF solution of TRAF in 30 mL of THF. The mixture was stirred at -3oOC for 3 h. 
After evaporation of the solvent, the residue was extracted with CHgClg washed with Hfl. ~s~~~~~ from 
a mixture of hexane, ethyl acetate gave 0.2Sg (50%) of 36 : mp. 153-154T 1H NMR (CDC13): S.S-7.2(4H, 
m), 7.4(8H, m). 7.8(2H, m); IR (CHC13); 1640, 1605 cm -1; Mass spect.,m/e: 233(M+); Anal. calcd. for : 
C17H15N : C.87.52; H.6.48; N,6.00; Found: C,87.28; H.6.6S;N. 5.86. Compound 37 ; A mixture 
containmg 2.9g of 35f (10 mmol.), O.lg of dried MeONa (2 mmol.) and 10 mL of DMP was heated at 8oOC for 
1 h. The solvent was then evaporated and the residue extracted with CH2Cl2 and washed with H20. The 
combined organic layers were dried over Nazcy)3 and the solvent was eliminated in vacua. Distillation afforded 
1.2g (60%) of 37 (BP. MO-145,0.05 mm Hg) which yield crystals mp 115120°C. 1H NMR (CDCl3): 2.9(6H, 
s), 5.9-7.2(4H, m), 7.3(5I-I, m). 7.4(1H, s); IR(CC&), 1645, 1610 cm-l; Mass spectr., m/e 2OO(M+). Anal, 
calcd. for Cl$-Il@J~: C,77.96;H,8.05;N,13.99; Found:C,77.60;H,8.25;N, 13.76. 

a-Allenie amines : Compound 39a : The reaction of the lithium acetylide 2 with benzaldehyde was 
carried out as &scribed previously for the reparation of 21 using 20 mmol. of each reagents. The initially 

og formed lithium alcoholate was treated at -2 C with 20 mmoi. of AC20 and stirted for 12h at mom temperature. 
The ‘HIP was evaporated and the residue was treated ~with SO mL Hz0 and 100 mL of ether. After extraction 
washing, and drying the solvent was removed and distillation gave 5.8g (83%) of 38~ bp 87”C, 0.1 mm Hg; 
1H NMR (CC4) : 0.15 (18H, s); 1.0 (6H, dd), 1.8 (HI, m), 1.9 (3H, s), 3.5 (2H, d), 5.1 (lH, td); IR (CC4I4f 
1750 cm-l; Mass spectrum, m/e : 313@f+). 3.2g of 3&t (10 mmol.) in SO mL ether were then added at SOT to 
a solution of methyl cuprate (prepared from (30 mmol.) of MeMgRr and 2.9g of CuI (15 mtnol.) in a 60 mL of 
a l/l mixture of ‘IT-IF/ether), The mixture was slowly warmed to room temperature and hydrolysed by addition 
of SO mL of saturated aq. NH&l and 10 mL of aq. NH&H After filtration the organic layer was washed and 
tied over NaZC03 and the solvent evaporated. Distillation of the residue gave 2.3g (75%) of 39a. Bp. 114- 
116T, 0.2 mm Hg; 1H NMR (CC4) : 0.18 (18H, s), 1.95 (3H, d). 3.6 (2H, m), 6.3 (lH,m), 7.35 (SH, m); 
IR (CCQ) : 1960 cm-l; Mass spectrum. m/e 303(M+). Compound 39b : As above 38b (S.lg. 82%) was 
isolated upon maction of 1.45g of isobutyraldehyde (20 rnmol.). Bp. 87’T, 0.1 mm Hg. 1H NMR (CCl4) : 0.15 
(18H, s), 1.0 @II, dd),, 1.8 (HI, m), 1.9 (3H, s), 3.5 (2H. d), 5.1 (lH, td); IR (CC4) 1750 cm-1 : Mass 
spectrum, m/e : 313(M+). The reaction of methyl cuprate with 3.lg of 3Sb (10 mmol~) gave 2.Og (73%) of 
39b. Bp 83-86T, 0.1 mm Hg; 1H NMR (CC4) : 0.1 (18 H, s), 1.0 (6H, d), 1.6 (3H, d), 2.1 (lH, m), 3.3 
(2H. d), 5.0 lH, m); IR (CC4) 1970 cm-l; Mass spectrum, mle : 269(M+). Compound 39c : As above, 38c 
4.8g. (80%) was obtained from 1.2 of acetone (20 mmol.) Bp. 83-8ST, 0.1 mm Hg 1H NMR (CC4) : 0.15 
(18H, s), 1.6 (6H. s), 1.9 (3H, s), 3.5 (2H, s); IR (CCl4) 1750 cm-t; Mass spectrum, m/e : 299(M+). The 
reaction of methylcuprate with 3.Og of 38e (10 mmol.) gave 2.lg (80%) of 39~ ; Bp. 123-125T, 20 mm Hg; 
1H NMR (CC4) : 0.1 (18H, s), 1.6 (3H, s), 1.75 @I-I, s), 3.35 (2H, s); IR (CC4) 1970 cm-l; Mass spectrum, 
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m/e : 255(M+). Compound 40 : 10 mL of 1 M solution of n-BuLi in ether (10 mmol.) were added at -1ooOC 
to2.4gof18in5omLofTHF.After3omnthe~~waswarmedto-u)ocfolagain 30 mn, then 1.4g of 
Me1 (10 mmol.) were added and the mixture was warmed to room temperature and stirred overnight. 
Evaporation of THF was followed by hydrolysis with 50 mL of Hz0 and extraction with ether. The organic 
layers were collected, washed with H20. dried over NagCG3 and the solvent evaporated. Diitillatlon of the 
residue gave 1.9g (74%) of 40. Bp. 80°C. 0.3 mm Hg, 1H NMR (CC4) 0.1 (18H,s), 1.7 (3H, m), 3.3 (3H, 
s), 3.4 (2H, m), 6.5 (lH, m); *3C NMR (C&6) : 2.08 (Q-IS-Si), 19.4 ((XI3-C=), SO.l(CH3-0), 55.8 (I(=Hz- 
N), 119.5 (<-CH3), 124.3 (CH3CX=), 189.6 (a=); IR (CC4), 1960 cm-l, Mass spectrum, m/e : 257 (M+). 
Anal. calcd. for : ClgH27NOSiz : C. 55.97; H, 10.56; N, 5.44. Found : C. 55.90; H, 10.75; N, 4.02 

Cyclisation of 21 to Zphenylpyrrole : A solution of 7.5% (20 mmol.) of acetylenic silylaminoether 21 
in 30 mL of ether at -78-C was treated with (20 mmol.) of (MegSi)zNLi (prepared by reaction of 3.2g of 
hexamethvldisilaxane with 20 mmol. of n-B&i in 20 mL of Et?O). The mixture was stirred for 2 h and warmed 
to O°C f& 10 h. It was then hydmlysed with a saturated aqueous NH&l solution, extracted with ether and dried 
over sodium sulfate. After evaporation of the solvent, the residue was chromatographed on a short alumina 
column. Elution with CH2Cl2 gave 1.88 of 2-phenylpyrrole (yield 64%); mp. 128°C (Lit. 129’C). 1H NMR 
(CDCl3) : 6.05 (IH, m), 6.30 (lH, m), 6.50 (lH, m), 7.2 (5H, m), 7.85-8.55 (lH, very broad); IR (CHCl3) 
3450, 1610, 1590 cm-l. 3-4 L-phenylpyrrole: A solution of acetylenic silylaminoether 21 in 15 mL of dry 
n-hexane was cooled at -78’C and treated with 7.5 mL of a 0.67 M hexane solution of t-BuLi. The mixture was 
warmed to room temperature and stirred for 5 h. Hydrolysis was then carried out by addition of 1 mL of D20, 
the mixture was then filtered, extracted with ether, dried over magnesium sulfate. After evaporation of the 
solvents the residue was purified by thin layer chromatography. Elution with CH2Cl2 allowed isolation of 0.25g 
(yield 35%) of deuterated phenylpynole. mp. 129°C. 1H NMR (CDC13) : 6.10 (lH, m), 6.62 (lH, m), 6.93- 
740 @-I, m), 8.2 (HI, very broad).The deuterolysis at C-3 is indicated by the absence of signal at 6.3 ppm 

Reaction of lithium _acetylife 2 with 2-pyridine carboxaldehyde : As for the preparation of 21 log 
(50 mmol.) of N,N-brs(tnmeaty’srl~l)~ gylarnine in 50 mL of THF was treated successively with 20 mL of 
a 2.5 M soluaon of n-BuLt, 5. g (5 mmol.) of 2-pyridine carboxaldehyde and 5.4g (50 mmol.) of 
chlorotrimethylsilane. The previous hydrolytic work up afforded 16.2g of 44 as a crude oil. Distillation gave 
5.6g (yield 30%) of 44. Bp. 130-135’C, 01 mm Hg; 1H NMR (Cf&) : 0.10 (18H, s), 0.15 (9H, s). 5.6-6.4 
(2H. m). 6.6-6.95 (2H, m). 7.05-7.50 (2H, m), 8.15 (IH, bs); IR (CC&). 1620, 1575, 1255. 1070 cm-l; Mass 
spectrum m/e : 378(M+). t-pyridine -~xo’butanal4!! : The reaction of lithium acetylide 2 with 2-pyridine 
carboxadeldehyde was performed as in the preceeding case using 5.Og (25 mmol.) of N.N- 
bis(trlmethylsilyl)propargylamine and 3.2g (30 mmol.) of 2-pyridinecarboxaldehyde. The mixture was 
hydrolysed, extracted with ether, and dried over magnesium sulfate. After evaporation of the solvents, the 
residue was purified by TLC (silicagel) to give 0.9g of 2-pyridine-y-oxo butanal 45 (yield 22%). 1H NMR 
(CDC13) : 3.16 (2H, t), 3.82 (2H, t), 7.4-8.3 (3H, m), 8.9 (lH, bs), 10.0 (IH, s); IR (CCL+) : 1720, 1695 cm- 
1; Mass spectrum : m/e : 163&l+). 2-[Prridyl-2-lpyrrole 46 : To a solution contraining Log (2.6 mmol.) of 
enoxysilane 45 in 20 mL of THF was added 5g of silicic acid (Aldrich). The mixture was stirred at 6ooC for 4 h. 
After cooling and filtrating, the solvent was removed in vacua and the residue was purified using 
chromatography on neutral alumina to give 0.1 lg (yield 29%) of 2-lpyridyl-2-lpyrrole 46 ; (mp. 90-91°C, Lit. 
88-9O’C) having similar charac&istic to those reported 38. tH NMR (CDCl3) 6.24 (lH, m), 6.6-7.1 (3H, m), 
7.5 (2H, m). 8.4 (H-I, d), 10.4-11.0 (1H. bs); t3C NMR (CDC13) : 107.4, 110.4, 118.3, 120.0. 120.5, 131.8, 
136.6, 149.0, 150.9; Mass spectrum, m/e : 144(M+), Anal. calcd. for: C9H8Ng : C, 74.92, H, 5.60, N, 19.44. 
Found : C, 74.74; H, 5.73; N, 19.37. Reaction of 2-pyridyl-2-Jpyrrole 46 with benzaldehyde : To a 
solution of 0.5g (3.5 mmol.) of 2-[pyridyl-2-]-pyrmle 46 in 10 mL of acetic acid was added 0.19g (1.8 mmol.) 
of benxaldehyde. The mixture was heated to 70°C and stirred for 3 h. After cooling, the solvent was removed in 
vacua and the residue extracted with ether. The resulting solution was washed first with aqueous NaHCQ then 
with water and dried over magnesium sulfate. purification over an alumina column gave 0.27g (40%) of dipyrryl 
methane derivative 47. mp. 209°C; tH NMR (CDCl3), 5.68 (lH, s), 6.09 (2H, m), 6.71 (2H, m), 7.09 (2H, 
m), 7.41 @-I, m). 7.65 (4H. m), 8.58 (2H, m), 9.61 (2H, bs); 13C NMR (CDC13) : 44.67, 107.72, 109.92, 
118.04. 119.85, 120.32, 127.30, 128.67, 128.95. 131.46. 135.02. 136.48. 148.98. 150.85: IR (U-ICI?) : 
3430 cm-l; Mass spectrum, rs/e : 376 (M+). Anal. dalcd. f&: C!~H&l4 : C, 79.76; H 5.35; N; 14.88; Found : 
C, 79.51; H, 5.76; N, 14.55. 

References : 
1. Greene, T.W. and Wuts, P.G.M.; “Protective groups in Organic Synthesis”, J. Wiley Ed.. Wiley Inter- 

science, New-York 1991. 
2. Boser ,W. and Harmr, W. Angew. Chem. Int. Ed. En& 1%5,4, 1081. 
3. WaltonJ).R.M. J. C/rem. Sot. (C), 1966, 1706. 



6244 R.J.P. ~RRIUefuf. 

4. Ruhhnann, K. and Kuhrt, G. Angew. Chem. Int. Ed. Engl. 1968.7, 809. 
5. &rriu, R.J.P.; Huynh, V.; Moreau, J.J.E. and Pataud-Sat, M. Tetrahedron Lett.. 1982,23. 3257; Corriu, 

R.J.P.; Moreau, J.J.E. and Pataud-Sat, M. J. Org. Chem. 1990.55.2878. 
6. Djuric, S.; Venit, J. and Magnus, P. Tetrahedron L.&t. l%l, 22, 1787; Guggenheim, T.L..Tetrahedron 

Len.. 1984,25, 1253. 
7. mu, R.J.P.; Moreau. J.J.E. and Pataud-Sat, M. J. Org. Chem. 1981.46, 3372; Coniu, R.J.P.; Moreau, 

J.J.E. and Pataud-Sat, M. J. Org. Chem. 1982,228,301; C&u, R.J.P.; Momau, J.J.E. and Pataud-Sat , 
M., Organometallics, 1985,4,623. 

8. Bonar-Law, R.P.; Davis, A.P. and Dorgan, B.J. Tetrahedron Lett. 1990,31, 6721; Bonar-Law, R.P.; 
Davi+ A9.; Dorgan, B.J.; Reetz, MT. and Wehrsig, A. Tetrahedron Lett. 1990.31.6725. 

9. Cavehcr-Fronti, P; Jacquier, R.; P&&no, J. and Ve&cci, J. Tetrahedron ; 1991.47.9807. 
10. Gvczman, L.E.; Okazaki, M.E. and Mishra, P. Tetruhedron L&t.. l986,27,4391. 
11. Weber, W.P. “Silicon Reagents for Organic Synthesis”, Springer VerIag, 1983, p. 383. 
12. Ruhhnann, K. Chem. Ber. l%l, 94,231l; id. DDR Patent, 26536 (196O)Fhem. Abst.. 1964.61, 5516. 
13. King, F.D. and Walton, D.R.M.,J. Chem. Sot. Chem. Commun. 1974,256. 
14. Bestmann, H.J. and Wolfel, G. Angew. Chem. Int. Ed. Engl. 1984,23.53; Bestmann, H.J. and Wolfel, 

G., Chem. Ber. 1984,117, 1250. 
15. Corriu, R.J.P.; Huynh ,V. and Moreau, J.J.E., Tetrahedron Z&t. 198425, 1887; Corriu, R.J.P.; Huynh, 

V.; IqbaI, J. and Morcau, J.JE. J. Organometal. Chem. 1984,276, C61. 
16. Morimoto, T.; Takahashi, T. and Sckiya, M., J. Chem. Sot. Chem. Commun.,. 1984, 794; Okano, K.; 

Morimoto, J. and Sekiya, M.; J.Chem.Soc. Chem. Commun. 1984,883. 
17. Basha, F.S. and DcBemardis, J.F. Tetrahedron L&t. 198425,571. 
18. Bestmann, H.J.; WoIfel, G. and Medercr, K. Synthesis, 1987,848. 
19. For a review set : Cheik, R.B.; Chaabouni, R.; Laurent, A.; Mison, P.and Nafti, A.,Synthesis. 1983,685. 
20. For recent syntheses see : a) Ake B. and H uist, P., J. Org. Chem., 1988,53, 3845; b) Del&, 

G.; Dunogues. J. and Gadras, A., Tetrahedron, 1 2 ,44, 4243; c) Barluenga, J.; Aguilar, E.; Joglar, J.; 
Olano, B. and Fustero, S., J. Chem. Sot. Chem. Commun., 1%9,1132; d) Capella, L.; Degl’Innocenti, 
A.; Reginato, G.; R&i, A.; Taddei, M. and Seconi, G., J. Org. Chem., l989.54, 1473; e) Katritzky, 
A.R.; Gallos, J.K. and Yannakopoulou, K Synthesis, 1989, 31; f) Barluenga, J.; Campos, P.J. and 
Canal, G. Synthesis, 1989.33 and references therein. 

21. For examples see : Rando, R.R. Act. Chem. Res. 1975,B. 281; Stutz, A. Angew. Chem. Znt. Ed., 1987, 
26, 320, Walsh, C., Tetrahedron, 1982.38. 871; Burkhart, J.P.; Holbert, G.W. and Metcalf, B.W., 

Tetrahedron Lett. 1984,25,5267; MC Donald, LA.; Lacoste, J.M.; Bey, P.; Wagner, J.; Zreika M. and 
Pa&yman, M.G. J. Am. Chem. Sot. l984,106,3354; MC Donald, I.A.; Lacoste. J.M.; Bey, P.; Zreika, 
M. and Palfreyman. M.G. J. Med. Chem. 1985,28,186; Bargar, T.M.; Brcersma, R.J.; Creemer, L.C. 
and Mc Carty, J.R. J. Med. Chem.1986.29, 315; Silverman, R.B and Banik, G.M., J. Am. Chem. Sot., 
1987,ZO9, 2219. 

22. Hennion. G.F. and Teach, EA. J. Am. Chem. Sot.. 1953,75,1653; Hennion G.F. and Nelson, K.W. 
J.Am. Chem. Sot. 1957,79, 2142. 

23. Normant, J.F. and AIexakis, A. Synthesis, 1981, 841; Lipshutz, B.H. Synthesis, 1987. 325. 
24. Alexakis, A. and Nonnant, J.F. J. Mol. Cat. 1975-76,l. 43. 
25. Zweifel, G. and Lewis, J. Org. Chem. 1978,43,2739. 
26. Neghishi, E.; Okukado, N.; King, A.E.;Hom,V.E. and Siegel, B.I.J. Am. Chem. Soc.,1978,100, 2254. 
27. Sato, F.; Ishikawa, IvL and Sato, M.. Tetrahedron L&t. 1981,22,85; Sate, F.; Watanabe, M.; Tanaka, Y. 

and Yamaji, T., Tetrahedron Len.., 1983,24, 1041; Sato, F., J. Organometal. Chem..,l985, 285, 53. 
28. Burns, S.A.; Corriu, R.J.P.; Huynh, V. and Moreau, J.JE., J. Organometal. Chem., 1987,333, 281. 
29. C!orr$ R.J.P.; Geng Bolin and Moreau, J.J.E. Tetrahedron Len.. 1991,32, 4121; ibid to be published. 
30. Suzula, H.; Irai, K.; Mom-Oka,Y. and Ikawa, I. Tetrahedron Lett..1980,21,3413. 
31. Claesson, A. and Sahlberg, C. Tetrahedron, 1982,38,363; Sahlberg G. and Claesson, A. Acta Chem.. 

Stand. 1982, B36,179; Bertrand M.; Gras, J.L. and Galledou, B.S. Tetruhedron Len. 1978,2873; 
Santelli, C. Tetrahedron Len. 1980,21,2893; Doutheau, A.; Saba, A.; Gore, J. and Quash, G.Tetrahedron 

Lett. 1982.23.2461; Doutheau, A.; Saba, A. and Gore, J. Synth. Commun.. 1982,12, 557; Arseniyadis, 
S. and Gore, J. Tetrahedron Lett. 1983,24,3997. 

32. Rona, P. and Crabbe, P. J. Am. Chem. Sot. 1969,91, 3289. 
33. Verkruijsse, RD.; Verboom, W.; Vanrijn, P.E. and Brandsma, L., J. Organomet. Chem., 1982,232, Cl. 
34. Corriu, R.J.P.; Moreau, J.J.E. and Vernhet, C. Tetrahedron Len. 1987.28, 2963. 
35. Kuwajima. I. and Kate, M. Ten&&on Lett. 1980,21,623; Kate, M. and Kuwajima, I. Bull. Chem. Sot. 

Jpn, 1984,57,827; Matsuoka, R.; Horiguchi, Y. and Kuwajima, I., Tetrahedron Left.., 1987,28. 1299. 
36. C&u, R.J.P.; Geng Bok, Moreau, JJ.E. and Vcrnhet, C., J.Chem.Soc. Chem. Commun. 1991,211. 
37. Hallman, P.S., MC Gravey, B.R. and Wilkinson G., J. Chem. Sot. (A), 1968,3144. 
38. Firl, J. Chem. Ber., 1968, 101,218; Severin, T.; Adhikary, P. and Schabel, I., Chem. Ber., 1969,102, 

1325. 


