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Abstract 

A strategy for constructing bicyclic lactam amino acid building blocks with imidazole sidechains is reported. The 
synthetic route described utilizes an electrochemical amide oxidation to functionalize a proline derivative, and then 
a sequential cyclization-rearrangement strategy to construct a substituted six-membered ring lactam. Alternatively, 
the seven-membered ring lactams were obtained without rearrangement when electron withdrawing groups were 
present beta to the amide carbonyl. © 1999 Elsevier Science Ltd. All rights reserved. 

We have been working to develop new synthetic chemistry in support of efforts to experimentally 
probe the relationship between the predicted and actual biological activity of peptide conformations. I 
Much of this work has focused on the synthesis and biological testing of conformationally constrained 
analogs of the hypothalamic tripeptide thyroliberin (TRH/p-GluHisProNH2). 2,3 For example, a family of 
constrained TRH analogs having the overall structure of l a  has been synthesized and tested for its ability 
to bind and activate the TRH endocrine receptor TRH-R. 4,5 In this work, the central histidine unit of TRH 
was replaced with a cyclohexylalanine moiety. This change was made in order to simplify the synthesis 
of the analogs until the effectiveness of the added bridges could be determined. Having established that 
the bridges in la  still allow for binding to TRH-R, we have initiated efforts to synthesize more potent 
analogs that contain the central histidine unit found in the natural hormone lb. We report herein the 
synthesis of the imidazole containing building blocks 2b needed for these efforts. 

The plan for constructing analogs lb  called for an approach closely related to the one used to synthe- 
size analogs l a  (Scheme 1). In these earlier syntheses, a cyclization-rearrangement reaction sequence 
was used to transform the methoxylated amide 5a into the bicyclic lactam building block 2a. l a ,5a,6 Once 
in hand, building block 2a was readily converted into the desired TRH analogs. Along these lines, we 
envisioned the synthesis of analogs lb  as proceeding through the analogous building block 2b, which 
would in turn be made from methoxylated amide 5b. In the case of 5b, the cyclization-rearrangement 
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sequence was expected to afford 4b. Elimination of the chloride, cleavage of the resulting olefin, and 
conversion of the aldehyde into an imidazole ring 7 would then complete the synthesis of 2b. While such 
an approach would not control the stereochemistry of the lactam ring, the double bond in lb  and the need 
for testing both bridgehead isomers of lb  meant that a more involved stereocontrolled synthesis was not 
necessary. 
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In practice, the methoxylated amide was readily available using the same chemistry used to make 
5a. 5 The titanium tetrabromide initiated cyclization of 5b led to an 89% isolated yield of the desired 
six-membered ring lactam product 4b (Scheme 2). As in earlier cyclization reactions,la,6,8 the presence 
of the six-membered ring lactam was established with the use of an HMQC experiment to determine 
proton/carbon correlations and a combination of COSY and HMBC experiments to assign the complete 
connectivity of the molecule. Titanium tetrabromide was used as the Lewis acid in order to provide 
a better leaving group for the subsequent elimination reaction. Elimination of the bromide in 4b with 
DBU, protection of the primary alcohol as a benzyl ether, and cleavage of the resulting styrene led to the 
formation of aldehyde 3. The aldehyde was then converted to the imidazole ring (2b) as initially planned 
in a 56% isolated yield. In this sequence, the use of the benzyl ether was used in place of the TBDMS 
group used in 2a because of its compatibility with the conditions needed for forming the imidazole ring. 

Suprisingly, a closely related approach to 2b starting from the methoxylated amide 5e (Table 1) was 
not successful. With 5c, the cyclization reaction did not lead to the subsequent rearrangement and did 
not form the desired six-membered ring lactam product. Instead, the seven-membered ring lactam 6c was 
obtained in an 85% isolated yield. The presence of the seven-membered ring was established by assigning 
the complete connectivity of the molecule with the use of HMQC, COSY, and HMBC experiments. The 
formation of the seven-membered ring lactam from 5c was in direct contrast to the previously studied 
cyclization of substrate 5d. In this case, the presence of a methyl substituent beta to the amide had led to 
an 82% isolated yield of the six-membered ring product 4d. la,6 

Two theories are proposed to explain this difference. First, the CH2OAc substituent utilized in substrate 
5c was inductively electron-withdrawing. As such, the CH2OAc group would destabilize the cationic 
intermediate 8 formed from the rearrangement relative to the initially formed 7 (Fig. 1). Second,, it 
was possible that the presence of the acetate group stabilized the seven-membered ring intermediate 
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5c CH2OAc CH2OBzl 1 -- 85% 
(R2=CH2OH) 

5d b CH 3 CH2OBzl 1 82% -- 

(R2=CH2OH) 
5e 4-NO2C6H 4 CH2OBzl 1 -- 61% 

(R2=CH2OH) 
5f b Ph CH2OBzl 1 90% -- 

(R2=CH2OH) 
5g c CH3 H 2 60% -- 

5h ¢ CH2OAc H 2 -- 75% 
5i ¢ 4-NO2C6H4 H 2 -- 63% 

a. The yields are for isolated product. 
b. Reference la 

c. The yields for these cases are for two steps; the anodic oxidation to 
form 9 and then the cyclization. 

by electron donation from the carbonyl to form 9. Of course, a combination of both effects could be 
important. 

In order to investigate if the inductive effect associated with the electron-withdrawing group would 
prevent the rearrangement reaction in the absence of a neighboring group effect, the p-nitrophenyl 
substituted substrate 5e was synthesized and treated with titanium tetrachloride. The corresponding 
phenyl substituted substrate 5f had previously been shown to afford the six-membered ring lactam 
obtained from cyclization and rearrangement, ia,6 In the case of 5e, the seven-membered ring lactam 
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Figure 1. 

6e was obtained in a 61% isolated yield. No six-membered ring product was observed. Clearly, the 
neighboring group effect was not needed in order to prevent the rearrangement reaction. 

The observations made using the five-membered ring amine-derived substrates also proved true for 
substrates derived from a six-membered ring amine (5g-5i). As observed in earlier peptidomimetic 
syntheses using pipecolic acid derivatives, 9 the N-(x-methoxyalkylamides derived using a six-membered 
ring amine were not as stable as their five-membered ring counterparts. For this reason, problems with the 
lability of the six-membered ring derivatives were avoided by carrying the crude methoxylated amides 
directly into the titanium chloride catalyzed cyclization. The yields given in Table 1 for the reactions 
originating from 5g-5i are reported for the two-step anodic oxidation-TiCl4 initiated cyclization reaction. 

The observation that an electron withdrawing group beta to the amide carbonyl allowed for the 
formation of seven-membered ring lactams suggested that the overall approach might also prove useful 
for synthesizing TRH building blocks having a bicyclic[5.3.0]decane ring skeleton. To this end, the 
cyclized product 6c was converted into building block 12 (Scheme 3). This synthesis involved protection 
of the primary alcohol in 6e followed by cleavage of the acetate group. The subsequent oxidation of the 
primary alcohol led to a spontaneous elimination of the chloride group. Hydrogenation of the resulting 
double bond afforded aldehyde 11, which was then converted into the desired imidazole ring. 
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Scheme 3. 

In conclusion, the anodic oxidation-cyclization strategy initially utilized to make conformationally 
constrained cyclohexylAla2-TRH derivatives can be readily modified to allow for the synthesis of 
the imidazole containing building blocks needed for synthesizing constrained analogs of the natural 
hormone. Building blocks with both six- and seven-membered ring lactam constraints were made. The 
synthesis of the constrained TRH analogs from the building blocks is currently underway and will be 
reported in due course. 
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