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Abstract 

Carbamate-directed hydroboration (using BH3) of 1-substituted 3-cyclopentenes 2, 6 and 9 and an 
enantioselective synthesis of the excitatory amino acid 1-aminocyclopentane-1,3-dicarboxylic acid via carbamate- 
directed asymmetric hydroboration [90% de, 45% ee using (+)-IpcBH2] of cyclopentene 2 are described. 
© 1998 Elsevier Science Ltd. All rights reserved. 
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Ether and amide functionality in unsaturated substrates have been observed to direct 
hydroborations and transition metal-catalysed hydroborations respectively [1]. Here we 
communicate  our prel iminary results concerning a study of carbamate-directed 
hydroboration in the context of a synthesis of the excitatory amino acid 1-aminocyclopentane- 
1,3-dicarboxylic acid 5 (ACPD) [2] (eq. 1). 

EtO2q COCI EtO2 C, NHBoc EtO2CJ NHBoc EtO2 C. NHBoc HO2q NH2 
f ~  Curtius ~,~ Directed ~ M e e y l a t i o n / C N - ~ H y d r o l y s i s ~ ( 1 )  

Rearrangement ~ Hydroboration - z 
1 [3] 2 HO 3 NC 4 HO2 c 5 

In order to examine this chemistry, cyclopentene 2 was prepared from the acid chloride 1 
[3] via a Curtius rearrangement (NAN3, acetone/H20, 5 °C, 30 min, then ButOH, 4]k 
molecular sieves, cat. SnC14 [4], toluene, reflux, 3 h, 78% yield from 1). Reaction of 
cyclopentene 2 with BH3.THF (1 equiv., THF, 0 °C to 25 °C, 17 h) and oxidative work-up 
(1M NaOH, 30% H202) gave after chromatography the alcohol 3 (58%) and alcohol 12 
(5%). The relative stereochemistry of alcohol 3 was initially assigned by NOE studies and 
ultimately by conversion to ACPD 5 (vide infra); the level of diastereoselectivity in the 
hydroboration was established as 95 : 5 (3 : 12) by 1H NMR (and HPLC) analysis of the 
crude reaction mixture. The influence of the ester group on the stereoselectivity of the 
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hydroboration was studied using alkene 6 {available from 3-cyclopentene carboxylic acid 
[3b] via a Curtius rearrangement} which after chromatography gave alcohols 7 (35%) and 8 
(21%) (eq. 2), 75 : 25 respectively by 1H NMR analysis of the crude reaction mixture. 
Consideration of the hydroboration results using 2 and 6 indicate that the 95 : 5 ratio of 
alcohols 3 and 12 obtained with 2 is due to a true carbamate-directing effect, but that this 
effect is significantly enhanced by the presence of the ester group. Interestingly, similar 
diasteroselectivity to that found in the hydroboration of alkene 6 was observed with alkene 9 
[5](10 : 11 = 79 : 21, by 1H NMR analysis of the crude reaction mixture) (eq. 3). 

NHBoc NHBoc NHBoc 

THF ~ .- 63% ~ .- 
6 HO 7 HO 8 9 HO 10 HO 11 

EtO2C. NHBoc HO2C. NH 2 
~ Aseq'l ~ (4) 

HO 12 HO2C 13 

Attempted asymmetric hydroboration of cyclopentene 2 with (-)-Ipc2BH [6] (3 equiv., 
THF, 0 °C to room temperature, 17 h) followed by oxidation gave alcohols 3 (34%, racemic 
[determined by 1H NMR using (-)-2,2,2-trifluoro-l-(9-anthryl)ethanol]) and 12 (4%) (3 : 12 
= 8 1  : 19 by HPLC analysis of the crude reaction mixture). However, reaction of 
cyclopentene 2 with (-)-IpcBH2 [6] (1 equiv., THF, 0 °C to room temperature, 17 h) gave the 
alcohol (-)-3 in 42% yield and 34% ee ; reaction at -40 °C with (+)-IpcBH2 gave the alcohol 
(+)-3 in 45% ee (67% yield). The diastereoselectivities in these latter hydroborations were 
essentially identical (by 1H NMR analysis of the crude reaction mixtures) to that observed 
earlier with cyclopentene 2 using BH3. Alcohol (+)-3 (45% ee) was converted to (1S,3S)- 
ACPD 5 {[~]~ +2.0 (c 0.41 in H20), lit. [2a] [~]~ +8.4 (c 1.0 in H20)} via mesylation 
(MsCI, Et3N, CH2C12, 0 °C to room temperature, 17 h, 87%) and reaction with NaCN (3 
equiv., DMF, 80 °C, 17 h) to give cyanide (+)-4 (60% yield), followed by hydrolysis (6M 
HC1, reflux, 4 h) and ion-exchange [Dowex 50WX8-100, 2M aq. NH3, 66% from (+)-4)] (eq. 
1). Alcohol (+)-3 (45% ee) was also converted into (1S,3R)-ACPD 13 { [~]~ -3 .9  (c 0.26 in 
H20), lit. [2a] [~]~ -6.9 (c 1.0 in H20)} by the same sequence of transformations after first 
forming the inverted alcohol (-)-12 (AcOH, PPh3, DEAD, THF, 64%, then K2CO3, EtOH, 
66%) (eq. 4). 

Acknowledgements 
We thank the EPSRC and Glaxo Wellcome for a CASE award (to A. J. T.), and Zeneca (Strategic Research Fund) and Pfizer for 

additional financial support. We also thank E. McGuinness for expert assistance with the determination of stereochemistry and ee 
using NMR, and the EPSRC Mass Spectrometry Service Centre for mass spectra. 

References 
[1] Hoveyda AH, Evans DA, Fu GC. Chem. Rev. 1993;93:1307-1370. 
[2] Previous syntheses: (a) Curry K, Peet MJ, Magnuson DSK, McLennan H. J. Med. Chem. 1988;31:864-867; (b) Trigalo F, 

Buisson D, Azerad R. Tctrahedron Lett. 1988;29:6109-6112; (c) Ma D, Ma J, Dai L. Tetrahedron: Asymmetry 1997;8:825-827. 
[3] (a) Panlscn H, MaaB U. Chem. Bet. 1981; 114, 346-358; (b) Depr~s J-P, Greene AE. J. Org. Chem. 1984;49:928-931. 
[4] Schirlin D, Altenburger J-M. Synthesis 1995:1351-1352. 
[5] Portoghese PS, Sepp DT. Tetrahedron 1973;29:2253-2256. 
[6] Brown HC, Ramachandran PV. J. Organomet. Chem. 1995;500:1-19. 


