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ABSTRACT

Ri—=ogp -R2Cu. MaBr, Rl__ CupxR{__E
Et,0 R2 OCb  R? OChb

OCb = OC(O)N{Pr-,

The stereoselective carbocupration and copper-catalyzed carbomagnesiation reactions of alkynyl carbamates are described as a new and
straightforward method for the preparation of (E)-alkenyl enol carbamates.

We have recently reported that heterosubstituted alkenes suclehloroformate$ resulting from dehydrohalogenati®nor
as enol ethetsilyl enol ether vinyl (alkyl)arylsulfides, vinyl from enolmercury(ll) derivative’: In all cases, only unsub-
sulfoxides, and even vinyl sulfonesere excellent candi-  stituted enol carbamate derivatives were prepared. The
dates for the stereospecific preparation of alkenyl and catalytic addition of terminal alkynes to ammonium carbam-
conjugated dienylorganometallic derivativeswith the goal ates, generated in situ from the secondary amines ang CO
of extending the scope of this powerful new reaction as well led selectively in the presence of ruthenium catalyst to vinylic
as gaining better insight into the stereochemical outcome, carbamate& However, both E)- and (Z)-isomers were
we were interested in studying the transformation of vinylic obtained with theZ)-isomer as the major product (typically
carbamates into organometallic derivatives. with a Z:E ratio of 85:15). More recently, the stereoselective
Vinyl carbamates, or enol carbamates, are well-known preparation of theZ4)-isomer of 1-vinyl carbamate through
species and were originally shown to be very useful the isomerization of 2-alkenyl carbamateyia Hoppe's
intermediates for the access to agricultural chemicals, homoaldolization methodology,was reported (Scheme 1,
pharmaceutical product intermediates, or precursors of
transparent polymefsGeneral methods leading to unsatur-  (7) (a) Olofson, R. A.; Wooden, G. P.; Marks, J. T. Eur..P414984;
ated carbamates have been described and generally use@hem. Abstr1984,101, 190657u. (b) Franco-Filipasic, B. R.; Patarcity,

either the dehydrohalogenation @fhalogenot or 5-halo- R. Chem. Ind.1969,8, 166,
genoalkyl carbamatésr the addition of amines to the vinyl
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s strong ability to coordinate organometallic derivatives should

Scheme 1 have a major directing effect and thus favor the linear isomer.
Path a 1) BuLl/ TMEDA Indeed, W_hen alkynyl carbamat&gb, easily prepared
R1_~_OCb 2) TiOPr-iy R1—\:/OCb from 2,2,2-tribromoethyl carbamate with excess LDA at low
Path b 3) MeOH Zisomer temperature as reported by D. Hogfeare added to
R' H R'  Metal . organocopper derivatives RCu and Mghn Et,0O at —78
B T S °C for only 90 min, the expected linear carbometalated
E"nge’ products2a—h are obtained as a single (E)-isomer after
OCb = OG(O)N(Pr-)z hydrolysis as described in Table 1. The reaction is extremely

path a) _and led to. qutstandlng new appll.catlons n o.rganlc Table 1. Carbocupration Reaction of Alkynyl Carbamate
synthesig#1®Surprisingly, no stereoselective preparation of

the (E)-isomer was described in the literature. As quoted !

R'Cu, MgBr, R__ Cu poR

; R—=—0Cb =
before, as we needed an easy and straightforward access for 1a,b B0 R'2a-h0oCb R OCb
our study to either the (E)- or the (Z)-isomer of vinylic
carbamate derivatives, we decided to develop a new stereo-£ntry _starting material R R products yield® (%)
selective preparation of thé&)-isomer. The retrosynthetic 1 la H  n-C4Hg 3 81
analysis of the E)-isomer shows that it should be easily 2 la H  cCeHu 4 72
prepared by a regiospecific syn addition of susbtitueht R 3 la H  CoHs 5 65
and H across an alkyne. Obviously, the proton addition can 4 la H o CeHs 6 86
be derived from the hydrolysis of a carbemetal bond > la H CHs ! 40

6 1b CHs n-CsHg 8 80
(Scheme 1, path b). 7 1b CH; ¢-CeHyp 9 71
According to the retrosynthetic analysis described in 8 1b CH3 CeHs 10 60

Scheme 1, a regio- and stereospecific carbometalation
reaction of ethynyl carbamate should be the key reaction for
the preparation off)-enol carbamate. Among all the possible

pandidates_ for _the carbometalatiorj reacti%f_‘nwe ‘were rapid (90 min at-78°C), and primary as well as secondary
interested in using the carbocupration reaction since orga-|kyicopper (entries+3) leads cleanly to the pur&f-isomer
nocopper derivatives are known for their high stereo- and after hydrolysis. It is interesting to note that although phenyl
chem_oselect|V|ty, wh_|ch enables them_ to add smoothly to 54 methyl groups are known to be very sluggish in the
the triple bond of various alkyn&seven in the presence of  carhocupration reactiori&:the carbamate moiety allows the
other functionalitie? When organocopper reagents are yeaction to proceed in excellent and moderate yields,
added to hetgrosubstltuted acetyle.znes', pure regioisomers argaspectively (Table 1, entries 4 and 5). A substituted alkynyl
usually obtained; however, the directing effect of oxygen {erivative such as propynyl carbamatealso reacts easily
and nitrogen leads to the branched product (copperfin a ith organocopper to afford stereospecifically the trisubsti-
position to the heteroatom), while those of sulfur and yted enol carbamate as a single isomer (Table 1, entries
phosphorus lead to the linear one (copper is geminated tog_g) E4O is the solvent of choice for this reaction since
the heteroatontf’ Although the ethynyl carbamate is an oxy- THFE |eads to the branched product as the major product

branched product, we thought that the electron-withdrawing

group properties of the carbamoyl group combined with its _

Scheme 2

aYield of isolated pure products after purification on silica gel.
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THF furnishes the “normal” (branched) produd, whereas || N

in EtO, the product results from a directed reaction. A Scheme 4
carbamateorganocopper complel? is therefore proposed Br
to be the intermediate in the latter c&e. oo ToaeRs B 1\‘49‘\0 Bu_
The formation of a new functionalized organometallic was " s Et,0 H> <o—”< H20 3 0Cb
checked by reaction dla with iodine or by reaction with N(Pr-i)p
allyl bromide to givel3 and 14 in 72 and 78% yields, PhCHO Ph
respectively, as described in Scheme 3. )\
Bu _ OH

| i

Scheme 3

/ 5 magnesium transmetalation step, probably due to a strong
r . . . . .
Bu — a7 B”>_<C“ ﬂ?”b{ intramolecular chelation of the $prganometallic derivative
Et0 Et0 ochb i
53 OCb H 2a OCb 5 by the carbamate moiety (Scheme 4).

In conclusion, pure di- and trisubstitutedE)¢alkenyl
carbamates are easily prepared by a carbocupration reaction.

To increase the efficiency of this reaction, we were also Solvent plays a detrimental role in the_ regio_selectivity of
interested in developing the copper-catalyzed carbomagne-th€ reaction, and only ED leads to the linear isomer, due
siation reaction. Therefore, ethynyl carbambdavas added 0@ precomplexation of the organocopper with the carbamate
to a stoichiometric amount of alkylmagnesium halide igtEt ~ Moiety. Finally, typical electrophiles of organocopper or
in the presence of 10 mol % Cul. The carbometalated pure 0rganomagnesium chemistry can be added to the correspond-
(E)-isomer is obtained after hydrolysis in 70% isolated yield. ing a-metalated enol carbamates.

The addition of a typical electrophile of vinylmagnesium
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