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W-CATALYZED Sew REACTIONS: STEREOSELECTIYE FORMATION OF CYCLIC 

CARBAYATES FROM 7ERTW!TYLDIYETHYLSILYL CARBAMATES 

Glen W. Spears, Koji Nakantshi, and Yasufumi Ohfune’ 
Suntory Instttuts for Bkorgank Research, Shimamoto-cho, Mishima-gun, Osaka 616, Jqan 

Summary: Stereoselective formation of cyclic carbamates was achieved by the intramolecular trapping 
of a tert-butyh9imethylsi(yloxycarbonyl group with allyllc esters upon activation with fluoride and car. 
Pd(0). The reactive wnfo#matbn is proposed to be D. The high/y steraosebctive reactbn of 20 aliylic 
esters allowed a detailed react&n mechanism to ha ptvposed whbh accounts for the observed sebctivities. 

The fert-butyldimethylsilykxycarbonyl group, prepared from the most wmmon amino protecting 

groups Boo and 2, is an active species which is convertible Into a variety of urethanes (atkyl carbamates 

and cyclic carbamates) by its inter- or intramolecular trapping with an electrophi1e.l In our previous 

studies, intramolecular reaction of this active species with attylk halides was achieved with the assistance 

of a AgF or AgF/Pd(ll) system to provide cyclic carbamates in a stereoselective manner (eq 1)’ To extend 

the scope of this method we thought of using aftylk esters instead of atfytk chlorides; aftylk esters are 

easily prepared and are more stable than the corresponding alfylic chlorides, are known to undergo Pd 

catalyzed substitution reactions,* and are interesting in view of stereoselectivity in the formation of 

corresponding cyclic carbamates (eq 2). In this wmmunkatkn, we describe Pd catalyzed ScN’ type9 cyclk 

carbamate formation from ferf-butyldimethylsilyl carbamates using allylic esters as an internal 

electrophile. 

The sityl carbamates possessing an altylk ester group were prepared from their corresponding N-Sot 

compounds with fert-butyldimethylsilyl trifluoromethanesulfonate (TBSOTf)/2,6-1utidine.f Successive 

treatment of thh specks wfth 0.10 equiv of Pd(0) and 1 equfv of n-Bu4NF fn THF at room temperature gave 

the oyclk carbamates in fair to good yiekls. Several Pd catalysts and ester groups were examined in order 

to optimize the reactkn wnditkns. Finally. we found that the use of tetrakis(triphenylphosphine)palladium 

(0) as the catafyst and benzoyl ester as the internal electrophite was best. No oydization oocurred either 

with fluortde but without Pd catalyst, or with Pd catalyst but without fluoride. As summarized in Table I. 

the yietds of cyclic oarbamate were dependent on the substrates. i.e., E allylic benzoate 1 and anti 

benzoate 3 both provided syn carbamate (synlantl I 911) in good yiekts whtte a decrease4 in yialds was 
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Table 1. Cyclic carbamate formation from benzoates. 
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observed in the case of the Z benzoate 2 and syn benzoate 4. The stereoselectlvity of the products was in 

accord with that of the ailylic chlorides as previously reported (eq 1). The major product 5a could be 

produced from the transition state structure A in a S,N* manner. In the case of the Z allylic benzoate 

(entry 2). internal delivery of Lewis acid* due to the proximity of the cationic palladium species to the 

amino group may accelerate the desilylation followed by decarboxylation to give free amine as the major 

product (8). In entry 4, the major product was the benzoyl amide in which benzoyl transfer to the amino 

group is the major process due to neighboring group participation of the amino group (C). 

On the other hand, the benzoates of both f-6 and Z-7 gave in good yields a mixture of syn and anti 

carbamates (8a and 8b).4 However, the stereoselectivity of the products decreased 

(syn(trans)-8a/anti(cis)-8b - 3/2, respectively) probably due to the reduced steric bulkiness of the R 

group in transition state A (comformationally constrained -CH2- in a five membered ring versus freely 

rotating -CH20R). It is noted that treatment of the cyclic analog 9 does not provide any cyclic carbamate 

but gives decarboxylated free amine, exclusively. This result suggests that to attack the intermediary 

palladium rr-ally1 complex the conformation of the silyloxycarbonyl group is (D); for the case of 9 the 

bulky dimethyl group on the five membered ring prevents the silyloxycarbonyi group from having the 

appropriate conformation, thus leading only to decarboxylation. 

The use of secondary allylic esters is of interest since now there are 4 possible products considering 

both the ring stereochemistry [syn(trans)/anti(cis)] and double bond geometry (E/Z). The 

phenylcarbamates (in this case the benzoates were unreactive), obtained as an inseparable mixture of 

(S,S)-1 Oa and (S,R)-1Ob (1/1),5 were treated in the same manner as above to give as the main products 

a 1:l mixture of syn and anti E cyclic carbamates in 50% yield (with a small amount of Z olefin). The 

increased formation of the anti-diastereomer is unusual in this series of substrates and suggests that there 

is an additional control element in this case. A 1 :l mixture of the proline derivatives (S,S)-lla and 

(SW-11 b behaved in a similar manner yielding a 1:l mixture of the syn and anti E cyclic carbamates in 

74% yield (with a small amount of Z isomer). 6 At this point the mechanism was unclear since the 

N-carboxylate could attack the n-ally1 palladium complex from either the backside (net retention) or 

frontside (net inversion).7 To clarify this point each proline derivative (SE+lla and (S,R)-11 b was 

examined as the stereochemically pure substrate.6 From the (S,S)-1 la, trans-E product 12a was 

produced, highly stereoselectively (20:1), while (f&R)-1 1 b gave the cis-E adduct 12d as the major 

product (cis-Eltrans-Z = 7/l). Formation of the trans adduct from the (S,S) isomer and primarily the cis 

adduct from the (SR) isomer suggests the mechanism of these transformation to be (1) the leaving group 

and the silyloxyl group are placed on the same side of the olefin in the ground state conformation; the major 

or exclusive isomer is produced from the conformation with the least A1 93 strain;3 (2) palladium (0) 

attacks from the back side of the leaving group, and (3) attack of the N-carboxylate ion species to the 

x-ally1 palladium complex to give the cyclic carbamate in a S,N* manner. These results provide strong 

evidence for the SUN’ mechanism of the present transformations as well as a stereoselective method for 

the synthesis of either 1 ,Psyn or anti amino hydroxyl system.9tt g 
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