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Al&m& The co@gm lx&w dpcnLuc~~nylcprspcnyrWrrolkfinocmbene is easily 
generated at -78 ‘C with LB.4 and ruacts with ekctrophllic reqgcnts to 

a4 pr&ncts in sad&my to good ykhis. The aSy r@~~kcdvity dope 
rovi& the correspondl &&ion 
onthenatureofthec ctmphik I 

and is a&o disc.wsed in comparison with the beet of the anions SfcrotoMmldu 

The broad, interesting and som&ms unprcdkmble rcacMty shown by transition mual carbe~~ 

complexes justifia the cmxmous amountofworkwhichhaJ&nesinathcirdiscovcrybyEO.Wscherin 

1964.’ Among the systems under investigation, the a&unsatma ted amino carbale annpkxes have recently 

N%XiVd particular attention.2 Aminolysis with primary amine5 of 

pcntacarbonyl(alkatylalkoxycarbene)c~O) complexes rcpmcnts the I1x#lt useful mahod of 

synthcsising the comqonding aminoceubc~ complexes. However, it gives poor results with secondary 

amines whose corresponding amino carbcnc complexes 1vc satisfactorly obtain& i) by N-alkylation of the 

corresponding c&nplexcs coming from aminolysis with primaq amines’., ii) by Pc&2son olefination using 

the conjugate base of a-silylamino carbare compkx& iii) by dehydration of the corresponding aldol 

addidon products .s 

The reactivity of a$-unsaturatai amino ca&enc compkxes has be451 analyzed in cycloaddition 

reactions,3Cb in reactions with alkynes2 and in photochemkally stimulatal rerctions.6 Since the Cr(COh 

group in carbene complexes is isolobal with an oxygen atom. their cbcmical behavior is often compared to 

that of the corresponding carbonyl &rivativcs. Fmm this point of view, a&unsahuated amino carbcnc 

complexes can be considered as the synthetic a@aknt of the corresponding a#-tmsatum ted am&s. II is 

known that tutiary cmmnami&s can be mtallnted by LDA only in the preencc of HMPA (to prevent the 

formation of 1.4 Michael addition adducts’) and that. in most cases. the comspadtrg dienolatcs react 

rcgiospccifhlly with ebzctrophilcs, yielding u-substitution. **% The prcscncc of coppcz salts (CuI). in some 

spceial cases, and with particular electrophilcs. can shift regioselcctivity in favor of y-subtituted products. 

Since it hns been Fepoti that, owing to the unfavorable stcric effects CxcItcd by the Cry 

moiety, the conjugate bases of a-substituted aminocarbene compkxes BIG slightly reactive towards 

elcctrophilc&‘O. we expected that the “dienolatc” * ’ of alkcnylaminocarbcnc complexes would react with 

elcctrophiks to give better y-selectivity than that shown by crotonamides in the same reaction. So far, there 
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an no publlshal reports co acalling the famatlon and nmctivlty of the vinylogous anions of aminocrrrbtnc 
compkxes; inthispapa.wereportthepreliminaryresultsofourfirstshdyinthisuu. 

We have found drat. unlike tcrda~~ cmtonam&s&c pcntaca&onyl@lidino)&romium 

carbulec4nnplur(la)lsaMllymatJlrocd ln the akcnx of HMPA by using LDA or t-BuLi lo IIiP soludon 
at -78°C. to give the comrponding “dknolate” (2) described by the rtsonance sauctumsA.B.Cshownin 

Schcmc 1. 

when the proton was used as ckclrophil~ rhc starting caltuic complex (l8) was IZWvaul as well 

as 20% of the comsponding i some& ally1 ca&cne complex (3r) (Table 1. Entry 1) and this ratio does not 

show any appzckble modifk&on buwcen -78°C and 0°C. As expecta& the anion (2) also reacts with a 

variety of other ekcrqhlllc reagents @n&s 3-8). producing the corrcmnding products (3c-@ and (k-b) 

in timmpmae and !Jomtimes bcller overall yields than those o&ailKd with tut.imy crotonami&s (Scheme 

l).~ChcmicalyicIdsandthc~mtio arcrqortcdinTilblc 1. 

Tabk 1 Reaction of propcnylpyrrolidino m complex (ti) with RX 
____________________~___~_____~-~~~-_-~~~~--~-~-~-~-~-~~-~_~- 
Bnay Rx Pmducts (19 ratio)~ 9 YielcP 
~-__~____-_____-__-__~~_~__~_~~~-~-~~~~-~--~-~-~-~-~~~-~~~-~~~ 

1 AcOHe la + 3a (80:20) 90 

2 Mcoti lb 80 
3 Me1 lc + 3c (16%) 74 

4 EtI Id + 3d (37:63) 60 

5 FM le + 3e (38:62) 70 

6 AllYU If + 3f (41:59) 48 

7 BIlBr lg + 3g (25:75) 80 
8 TMSCl Ill 30 

___________________________________________~--~~--__~____~_______-___________-________ 
4hthcv~by1HNMRmIbccmIkrrrrim~ hlIamwmnvssd 
altyl&dpaudl&NollrtLp~wu Gkecabkinl&audc~liamixtlna% 
uioa0)araquarbsdwithlOgbreebicrid~lutioninTW.qbeMDa(2)vr~by 
t-BuLi Y -7rc in niP. 

As shown in Table 1, ~giosckctivity is in favor of the a-position in almost all cast.% We would like 

to emphasize that y-substitution products also obtained cvcn with Mel9b sod BnBr (Em&s 3 and 7) which 

arc known to give rcgiospccifically a-substituti derivatives in reaction with the dienolatc of 
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crotonamidus.~ In addition, with Etr. RI and allylI, y-selectivity becomes slgnhianly higher (Entrks 4-6). 

Complete y-subtltution is obtained with the bulky and kss nactive aimcthylsilylchlori& (Bntry 8). 

As previously mcntiot@ a-dkylation is quite unusual in the cast of a-substituted uninocprbene 

complexes. Reduced hindrance of the planar vinyl substitucnt with respect to alkyl subatituents, and the 

mkase of strain due to the &conjugation of the double bond in a-lccahzcd anions (Structum A. Scheme 1) 

aswcllaa diffsraKxsinthetyperudsizeofdrepossibk~g~in~lutionfor(2)canbcEaLenasa 

possible explanation for the rather unexpected a-reactlvlty observed in our case. Ihe formation of 

complexes bctwccn (2) and diisopropylaminc cannot also be exclutkd. we have obsctvcd that. when the 

dicnolatc (2) gencrated by LDA, was quenched with MeoD, the mm-deutuatul starting complex (la) was 

recovered whereas the y-monotkuteratal (lb) was obtained using r-BuLi as the brute (Entry 2) . This 

bahavior is very similar to that mpottcd for cnolates w by LDA, when the complexal 

d&opropylaminc compete with D+ in quenching the cnolatc (the effect of hidden proton).‘* 

Fiiy. to our knowkdge. the 8.y unsaturatal duivatives (3) represent a new class of aminoanbcnc 

compl~cs’~ We have cv&ncc that the double bond can be m by the metall” and this should 

fluTluXinQeasctheiilntcrcstaspotemlalstartingmatcrkk in thctmal reactions with alkyncs. 

From these @inGary results it is clear that. in comparison with crotownides. the 

alkcnylaminocarbcm complexes, offer advantages both in the generation of the cortesponding di~0lak and 

(thanks to the Cr(CO), group) in controlling the mgiosekctivity of its reaction with ekctrophilu. We wish 

to exploit the reactivity of “dien0late” (2) towards some other ekclmphilic magents, as well as to study the 

reactivity of the newly genaatul classes of carbene complexes 

Typical procedure: To a tctrahydrofuran solution of dicnolatc (2) Lgenaatul by adding 1.3 mm01 of 

LDA (from 1.3 mm01 of diisopropylaminc and 1.3 mmol of a 1.6M n-BuLi solution in hexanc in Sml of 

THFatOOC)tolmmolof(la)at-780Candlrecpingthemix~atthesam ~for2Omin]3eq.of 

alkylating magent was added by means of a syringe at -78’C under inert atmosphere. The cooling bath was 

substituted with a ice bath and the mixtum was allowed to react at 0°C for 1 h. The maction was qucnchal 

by adding 10 ml of saturated ammonium chloride solution, extracted with CH2C12 (2 x 50 ml), and the 

organic layer was dried over Na$O,,. The solvent was evaporated under reduced pressure and the crude 

reaction mixture was purified by means of filtuingcohunn chromatography (elucnt light 

pctroluan/CHzClz, 8:2).15 The first eluted product was always the y-adduct. All of the new 

alkenylpyrrohdinocarbcnc complexes wwc fully characterized by means of spectroscopic techniques (‘H, 

13C NMR. I.R.. MS.) and gave satisfactorly ekmental analysis. Data for: 

3cz m.p. 49% (Heptane. -78°C); IR(nujo1): 2046 (v CO truns),l977-17W (broad, v CO cis)). 1640 (v 

C=C) cm-‘; ‘H NhfR (80 MHZ. CDCl$ b ppm; 1.26 (d, 3H, J&t- 7.OI-k. Cr==C-CH-C&), 2.10 (m, 4H, 

tY$CH,-,N&H,Cff2), 3.65 (m, 2H, NFC!&CHr), 4.20 (m 3H. CH$Y&-N + Ct=C-CYf-Cl-l,). 5.04 [dt, 

1H. Jm-- 17.lHz. Jr-= JoNilk = 1.8b CH~cH(H)], 5.28 (dt, 1H. J,,* 10.5H~. J-B Jdbk- 1.8H~. 

-CH=CoHJ, 6.00 (ddd, lH, J,_= 17.1H2, J&= 10.5Hz. Jti= 4.9Hz,-CJf=CHi); iv NMR (2OOMIiz. 

CDCld 6 ppm: 15.91 (-CH-CH.$, 24.92 (N&-C), 26.21 (C-C-$0. 55.05 (N&-C), 58.54 (-CH-CI-l$. 

62.89 (C-C+)v 116.05 (-CH=CHd, 138.61 (-C‘H=CHd. 219.02 (CO&), 223.72 (CO,,&, 276.92 

(Ct=C-C); MS. m/x= 329 (M+. very low intensity). 301 (M+-CD). 273 (M+-2CO). 245 (Ivl+-x0). 217 

(M+-4CO). 189 (M+-5C!O,loo46) 

lh: m.p. 71°C (pcntanc, -78°C); IR(nujo1): 2055 (v CO rrax.t).1%3-1880 (broad, v CO cis). 1631 (v 
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c=0 866 (v Si-c) cm’*; ‘H NMR (80 MI& cDC$) 8 ppmz 0 .06 [s, 9H. Si(cIi& 1.67 (d, 2~, J.= 

g-4Hz. w-cH-(=c&Si). 207 (m. 4H. ~&I+-zI’$&H~& 3.63 (m, 2.H. N#&H&4.14 (IQ 
2H. cHf12-zN). 5.83 (dt. II& Jlr,,,,= 1S.a Je = 8.4Hz. 0-CXH-cH-cIi@), 6.36 (bromd d, 1H. 

J rr-= 15.6% ChC-Uf-CH-CHrSi); ‘3c NMR (3ooMH4 -3) 6 ppn: -1.04 [-si(cH3)3l. 25.45 

(M-c=Cc-Si). 25.71 @J+C). 26.12 (C-C-#. 55.33 (N&a 60.28 (c+Iq, 131.12 

(MM-c). 14.68 (=44-c). 219.22 (cQ/,). 224.32 (cG,,.&. 2.64.40 (cr-ca; MS. mip 381 

(M+. vaY low it’-). 359 (M+a). 331 @4+-2c0). 303 (M+-x0). 275 @f+_4co), 247 (M+-x0, 

10096) 

we ))1oyld lti thonA MUU.57’ (Ronu) md CNR for their fimncial qqxwt. 

RdcraOa8Ehd~ 
Fix ithing rcfacnas see: (a) D&z, K.H.; Fhchcr. H.; Hofmnmq l’.; Kreissl F. R; S&hut, LJ.; 
Weiss, K Tmnsit&n Metal Cmbcrv Compkxc~ VCH Weinheh, 19&1; (b) D&z, K H. in 

F&i& de Iblcijm. A.; 

2 

3 

4 
5 

4 

t 

10 

11 

:3 

14 

15 

(c) W&f, W. D. in Conqwehentive Organic 
palFamw mJ~~odd9!&l$ 

J.C.; V-, . . 
1993, IIS. low; (e) Aumann, R; Roths, K; Grehl, M. Synletf l.993.e (f) Stcin,‘F.. D&m& 
hf.; Nolrcmcya, M.; & Mcijcm, A. Synktt 1993,486; (g) Wulff, W. D.; Bax. B. Me; BradvoId, T. 
A.; C&I, K S.; C3ilbat. A. M.: Hmng. R P. Org tzmme&Ics m94. 23. 102 and lcfarencts cited 

pm reviews on the synthesis and application of amino car&m annpkxcs: Schwiudt, MA.; 
Miller, J.R.; Hqedus, L.S. J. Orgamome 
Synktt 1994 391 

t. Gem. 1991. 413. 143; Gmtjti D.B.: D6@ K. H. 

(a) Synthcms of alkcnylaminocarbcm complexes sod their application in Die&Al&r mactions: 
Andemon B. A.: Wulff. W. D.: Power. T.S.; Tribbic, S.: Rhcingold. A. L. J. Am. Chm. Sue. l992. 
214,10784 and ref uwnm cited the&i; (b) In our hands. alka~yl~yrrolidino carbcms did not react 
as dipolarophilcs towards 1.3-dipols such as diamm&me. N-mthylphcnyl nitnm and 
24,6-trimcthy1-35dicItlom&mtlitriloxi&. 
Macomba. D. W.; Madhukar. P.; Roger, R D. ~rgamxnetaliics l989.8.1275 
B&;3F; Del Butmu, P.; Licandm, E.; Ma~orana, S.: I@@. A.; Zanotti-Gcmsa, A. @n&i. 

Ma& C. A.; Xu. D.; GkIstonc B. G. 1. Org: Chewy. 1993.58.538 
Mpan o, G. B.; Mahalanabis, K K.; Mahdavi-Damghani, Z; Snic&us, V. Tetrahedron Utt. 1980. 
21.48 3 1 
Yamaguchi. M.; Hamata, M.; Kawasaki, S.; Minami. T. Chem. Len. 1986.1085 
(a) Majewski, M.; Mpango, G. B.; ‘Thomas. M. T.; Wu, A.; Snieckus, V. J. Org. Chem. 1981.46, 
2029;@)The~~h~of(2)withMeIwasalsocarricdoutinthepreseoceofcoppersal~(CuI). 
Gnly y-alkylatcd derivative (3~) was razovcml in 15% chemical yield besides an untmcmblc mixture 
of by-products. 
a) Wulff, W. D.; Andamn. B. A.; Isaacs, L. D. Tetrahedron Len. 1999,30.4061; b) Macomber. D. 
W.; Hung, M. R: Madhukar, P.; Liang, M. Organotnetallics 1991,10,737 
Dicnolate is the woxd used to indicate the conjugate base of a&unsaauated amides or c.ers*. 
Analogously. the tam “dienolate” is used in the text for the conjugate base of alkcnylaminocarbcnc 
COlTlplCXCS. 

Sabach, D. Angew. Chem. Int. Ed. Engl. 1988.27.1624 
Amiaocarbene cornpkxes bearing unsaauatcd functions in different position arc well known and 
widely used in rhcmul mmions with alkyncs for rhe synthesis of interesting plycyclic 
hetemyckr’d 
Refluxing 34 in cyclohcxnne (4h) affords a product in high yield whose analytical data am in 
agrcemcnt wrath a strucmrc where the remote double bond is coordinated by the metal through a Co 
l&and displacement. The same product was present in very low yield in the reaction mixture of entry 
7. 
I&u-wood, L. M. Al&ichiwdca Acta 198518.25; Yau. E.K.; Cbward, J. K. A&i&mica Acta 1988, 
21,106. 

(Received in UK 3 1 May 1994; revised 27 June 1994; accepted I July 1994) 


