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Transition Metal Mediated Three Component Coupling Reacthns with Enamines’ 

Klaus-Dieter Roth, Insdtut wt Organische Chemie, 

U~v~~ Erlangen, Henkeatr. 42,91054 &kngen 

Absr~r: Reactions of molybdenum stabilk& propm-gyl catious 2 w&h m 8cc described, constW@ a 
molybdenum mediated analogue of the Nicholas reaction snd extending the scope of pcoprgylations of enam%s by 
means of mu&ion metal compkxed carboc&ons. 

Ohmclear traasition metal alkyne complexes have received an iocresaing deal of Wenzst from synthetic organic *mists 
~~thepasttwodecadesaadthwshavebecomeversatileaadpo~~LgencrforOrgancs~.~y 
in&zest@ in this context are transition metal stabilixed pmpargyl cations. The ~(CO>,auryae complexes 1 are the 
most thoroughly investigated class of compounds in this field. Reactions with nuckopbiles, commonly termed Nkholus 
reacrions, have been extensively studied For the most part carbon nu&@iles were WXXI,*~ hut Nicholas reactions with 
0-,N- and S-nucleophiles are also knowt~~ Recently research also has fwused on the [CpMo(CO&aaalogues 2 and 
the uuresqonding mixed metal compounds, CpMo(CO&o(CO),-alkyne complexes 3. A few reactions of molyhdermm 
stabilized propargyl cations 2 with nucleophiles wefe repor@,‘” but no use has been made so far of these compounds 

for organic syntheses. 

1 2 3 

Recently we described tbe first successful Nicholas reactions with enamks as lmcleophiles.’ In the umrse of tkse 
inve8tigations we found that only NJWibenzyl- or N.N-diallylenamine s can be used under our expezimental conditions, 
which interferes with the generality of this reauion protocol. ‘k&ore it was de&led to examine the reactioLLs of 
cationic [CpMoKOjJ+Uenyl complexes with enamines. From our experiences with the analogous Co&O)6 
c5mpotmds we expected the reaction to follow exchisively @I I in the general xuaction scheme (Scheme 1). Am& 

ofthe~stabiiizedExopragyi~nZet’the~natomofthe~m4s;houldlesdtoacamplwrcd4- 
~~~ ion 5. ‘lkatment of this electrophific inkrmediate v&b aoothec nu&qhile @fe$K!N) should t&m give 
~neu;tral~~xdastheresultofathn?ecomponentcoupliagreaction(3_CCneaction)betwcentbecoordi~ 

c~~~enamineandthe~~e.SincemolyWenumeatioasoftype2ansolubleinaoetonetbe~ 
dOllSWith- Were run in this solvent. ?be aaslyais of the product composition obtained under this dtions 
revealed a more complex pattern of reactivity of the cationic species. In most runs in acetone we isolated a product 
mixtum with always poor yields of the desired three component coupling compuads (see Table 1). together with a 
mixture of molyhdemlm coordinated 4-alkyllsls and ppafgyl amine complexe& The folmation of tk aldehydic 
comptu& am be explained by hydrolytic cleavage of unchauged iminium ion, but the propargyl amine compounds am 
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only be formed via attack of the metal complexed cation at tl~ enamine nitrogen. ‘Ibis Lwhaviour of the metal stabilized 
ca&ocation was never encountered in the r&ted Nicholas reactions. Since the formation of such amine complexes could 
be observed in alI the solvents we used (see Table 1). the reaction scheme htui to be extended (posh 2) to account for 
the experimental results, leading us to the complete general reaction s&me shown below. 

Scheme 1 
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entry 2 4 Eolvalt 6 8 

R’ = H 

R’ = H 

R’ = H 

RL = Cl.& 

Rl=CH, 

R’=CH, 

R’ = H 

R’=CH, 

R*,R’ = CH, 
R*,R’ = CH.QkCHI, 

R’=CH,,R3=C& 
R’,R’ = CH&HS 

Rz,R’ = CEE, 

R’,R’ = CH&H, 
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inaeased regiosele!cWty (Table 1, entries 1.4.5.7.8). In most rum the desired three component coupling produus could 
be isolated in reasonable to good yields together with only minor amounts or no amine complex at ail. lbe only 

exception is the reaction with the N,Ndiinzyleoamine derived tirn hydmtopaldehyde (entry 4), but this compound 
displayed a partkularly unselective behaviour in all reactions examkd. The reaction conditions of the entties in Table 
1 ate not optimized, therefore it should be possible to increase both regioselectivity and yield to obtain exclusively the 
desired molybdenum coordinated a-aminonitriles. 
?he main feature of the described molybdenum initiated tandem ektropbiWnucleophile additioIls to enamks is, as 

the results indicate (entries 3 and 8 in Table 1X the possibility to use also enamines deaived from amine components 
other than dibenzyl- or diallylamiae in these 3-W reactions, which is the major rest&ion of tl~ related Nicholas 
reaction. Provided that optimal reaction conditions can be elaborated for all kinds of enamines, tbis molyb&num 
mediated double functionalixation of enamines can successfully complement the Nicholas reaction. Antha investigations 
coxMXlning the stereochemistryofthereactionproduc*r,metbodsofdecomplexadontothemdalfreecompcnmdsard 
the yet not well m&rsmod influence of the solvent on the produd diahibution are currently underway. 
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The assumed way of formation of the amine complexes via Hofmmm degmdation is supported by the msult of 
the reaction of 2a with NEt, and Me,SiCN. which fields the correspond@ proprgyld&thylamine complex as 
product of the proposed elimination reaction. 
In all reactions of the 3-trimethylsilylsubstih~ted molybdemun cation (2, RI = Sil@+) with enadnes and 
TMSCN we observed the cxclufive formation of metal f&e a-amino&riles of general formula 10 in good 
yields. 
To a slurry of 2 mm01 molybdenum complex 2 in 60 mL of dimethoxyelhar~ @ME) is added a &oh&n of 2 
mmol enamine 4 in 30 mL of DME. After 2h of stidng at ambient tempemture 2.6 mm01 Me$iCN are added 
and stirring is amtinued for 12 - 16 h. The reaction mixture is poured into 70 mL of a sat& solution of 
NaHCO,, the organic layer is separated and the aqueous Iayer extracted with 100 mL of ether. Ihe combined 
organic phases are dried over MgSO, and concenuatedunderreducedpressue.Theresidueispurifiedby 
column chromatography on silica gel with hexardetber as eluent. 
NMR data fur representative compowxk !k ‘H NMR (CDC&, TMS): 6 2.49 (t. J=4.59 Hz. 2x2H). 3.56 (s, 2H). 
3.63 (t, J=4.59 Hz, 2x2H), 5.29 (s, lOH), 6.04 (s, 1H); ‘+Z. NMR (CDCl,, TMS): 6 53.3, 62.8, 67.1, 85.1,91.3, 
232.8 .6c ‘H NMR (CDCI,, TMS): b 2.17 (br s, 3H), 3.14 (m, 2H). 3.30 (cl, J114.04 Hz. 2H), 3.33 (d, J=ll.8 
Hz, %I), 3.60 (m, H-l), 3.88 (d, J=l4.04 Hz. 2H), 4.98 (s. 5H). 5.16 (s, 5H). 6.91-7.38 (m, 15H); ‘%Z NMR 
(CLX!l,, TMS): 6 23.9.40.3,47.5,55.1,59.5. 61.8, 92.1,92.3, 102.9, 116.7. 127.4. 127.7. 128.3, 128.6. 129.1, 
137.1. 139.2. 233.7, 234.0. 
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