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As part of our program focused on the development of mimics of the poly-L-prolme type II secondary 

structure by the synthesis of peptides composed of proline templated amino acids (PTAAs) 1, we are interested in 

developing methods for the stereoselective synthesis of 4-substituted proline analogs. An approach to the 

introduction of a substituent at the 4-position could involve enolization and alkylation of one of the many 

synthons derived from pyroglutamic acid.: There are advantages and disadvantages to these synthons trading 

off polyalkylation, reactivity, distereoselectivity, and ease of isolation of product. We seek methodology which 

will be selective for the synthesis of 2,4-trans-substituted PTAAs and will be amenable to the construction of 

multigram quantities of FTAAs. This paper describes improvements in the alkylation methodology of the 

Thottahil bicyclic lactam (1, Figure 1). 
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Although it may be expected that alkylation of 1 should proceed selectively from the less hindered exo 

face, alkylation of the lithium enolate of 1 with MeI affords a 5:1 mixture of endolexo isomers, while akylation 

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All fights reserved. 
PH: S0040-4039(99)00345 -7 



2708 

with allyl bromide is unselective affording a 1:1 mixture of isomers and prenyl bromide is moderately exo- 

selective (1:3 endolexo), t'u This selectivity has been explained in terms of a competing steric and 

stereoelectronic effect. With small electrophiles (MeI), the nitrogen lone pair directs the alkylation to the 

sterically more hindered endo-face. As the size of the electrophile increases, sterics compete with the 

stereoelecuonic effect with medium-sized electrophiles affording mixtures and large electrophiles alkylating 

preferentially the less hindered exo-face. ~'3 

In exploring alternative conditions to effect this transformation, we found that the potassium enoxyborate 

derived from 1 reacted with allyl bromide to afford the exolendo isomers in 81:19 ratio and 49% yield thus 

improving the selectivity over the lithium enolate (Table 1, entry 1).4 Yield and exo-selectivity were dramatically 

improved in the Pd(PPh3) 4 catalyzed reaction (entry 3) affording a 94:6 ratio of isomers in 82% yield. 

Furthermore, the reaction could be catalyzed by as little as 0.1 tool% Pd(PPh3) ~ thus making this reaction 

attractive for large scale work (entry 4). We have carried out this reaction in up to -50 g scale in comparable 

yield and selectivity. This transformation should be applicable to the alkylation of additional allylic systems, for 

example reaction with CH2C(CH3)CI-I2Br affords a 95:5 ratio of exolendo isomers in 81% yield (entry 5). 

We also explored why the uncatalyzed reaction failed to proceed to completion and rettLrned starling 

material. We noticed that reaction of the potassium enoxyborate of 1 with 1.2 eq BnBr afforded a 44% yield of 

products, while reaction of 1 with 4 eq BnBr improved the yield to 65%. Furthermore, if the potassium 

enoxyborate was allowed to warm to rt and maintained at rt for 1/2 h prior to the addition of 1.2 eq BnBr, the 

H H + H 
onab exo 

Table 1 

Entry 

1 

2 

3 

4 

6 

7 

8 

9 

Conditions Yield (%) exolendo 

(i) KHMDS, THF, -78 °C; (ii) EqB; ('tii) 1.2 eq allylBr, -78 °C- 49 81:19 

rt 

(i) KHMDS, THF, -78 °(2; (ii) Et3B; (iii) 1.2 eq allylI, -78 °C-rt 49 89:11 

(i) KHMDS, THF, -78 °C; (ii) Et3B; (iii) 1.2 eq allylBr, 5 tool% 82% 94:6 

Pd(PPh3) 4, -78 °C-rt 

(i) KHMDS, THF, -78 °C; (ii) Et~B; (iii) 3 eq allylBr, 0.1 tool% 79~ 94:6 

Pd(PPh3) 4, -78 °C-rt 

(i) KHMDS, THF, -78 °C; (ii) Et3B; (iii) 3 eq 81% 95:5 

CH2C(CH3)CH2Br, 0.1 tool% Pd(PPh3) 4, -78 °C-rt 

(i) KHMDS, THF, -78 °C; (ii) EbB; (iii) 1.2 eq BnBr, -78 °C-rt 44% 63:37 

(i) KI-IMDS, THF, -78 °C; (ii) EbB; (if) 4 eq BnBr, -78 °C-rt 65% 65:35 

(I) LDA, THF, -78 °C; EtI, -20°C, 4h; ('tii) LDA, -78 °C; (iv) 76% 97:3 

H20 quench 

(I) LDA, THF, -78 °C; BnBr, -78 °C, 0.5 h; (iii) LDA, -78 °C;, 60% >98:2 

(iv) 1-120 quench 
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yield of products decreased to 28%. Lower yields were also obtained in the Pd(PPh3) 4 catalyzed reaction ff the 

potassium enoxyborate was maintained at n for I/2 h prior to the addition of allyl bromidelPd(PPh3) ,. This 

reformation is consistent with the instability of the potassium enoxyborate at higher temperatures. It then 

follows that conditions that increase the rate of alkylation of the potassium enoxyborate (such as the addition of 

catalyst or an increase in the concentration of the electrophile) relative to decomposition of the potassium 

enoxyborate improves the yield of the reaction. 

To address the stereoselective alkylation of non-allylic electrophiles, we utilized the endo-selective kinetic 

protonation discovered by Armstrong. > In a one pot procedure, 1 is enolized with IDA at -78 °C and alkylated 

with EtI at -20 °C for 4 h. The reaction mixture is recooled to -78 °C, reenolized with LDA, and then quenched 

with water to afford a 97:3 mixture of exolendo isomers in 76% yield. The analogous reaction with BnBr as the 

electrophile resulted in a 60% yield of product also in high stereoselectivity. 

With the improvements in yield and diastereoselectivity of the alkylation reaction, we have applied this 

methodology to the synthesis of a homo-glutamic acid analog (10, Figure 2). Hydrolysis of the O,N-acetal 3a 

in 1:4:1 TFA/THF/H20 afforded the lactam 4 in 63% yield: Reduction of the amine with LAH in refluxing 

THF followed by protection of the resultant amine with Boc20 in CH2C! 2 at 0 °C gave the protected prolinol 5 in 

89% yield. Jones oxidation of the alcohol was accomplished by the protocol of Thottahil affording the acid 6 

(88%). The carboxylic acid was subsequently protected as the trichloroethyl ester with diisopropylcarbodiimide, 

trichloroethanol and DMAP. 60zonolysis  of the double bond, followed by decomposition of the ozonide with 

dimethyl sulfide gave the aldehyde 8 (90%). Oxidation of the aldehyde with PDC in DMF gave the carboxylic 

acid which was protected as the benzyl ester with BnBr, NaI, NaHCO3 in DMF. 7's Finally, ct-carboxy 

deprotection was accomplished with Zn dust in THF to afford the PTAA suitably protected for Boc solid phase 

peptide synthesis. 9 
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Representative experimental procedure for the allylation of 1: A solution of 1 (56.2 g, 0.277 tool) 

in THF (250 mL) was cooled to -78 °C and KHMDS (608 mL, 0.304 tool) was added as a 0.5 M solution in 

toluene with good stirring. The suspension was maintained at -78 °C for 15 min and Et3B (416 mL, 0.416 tool) 

was added as 1 M solution in THF. The solution was maintained at -78 eC for an additional 15 rain and 

Pd(PPh3) 4 (3.20 g, 0.0027 mol) was added as a solution in THF (150 mL) followed by allyl bromide (100 g, 

0.827 mmol). The reaction mixture was allowed to warm to ft. After 1.5 h, brine (200 mL) was added and the 

layers were separated. The aqueous layer was washed with EtOAc (3 × 200 mL) and the combined organic 

fractions were dried (Na2SO4) and concentrated to afford 93.9 g of an orange oil. Purification of the residue on 

silica gel afforded 52.4 g (77%) of 3a as a colorless oil. 
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