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Abstract: HMQC-TOCSY experiments were used to unequivocally assign the ring skeletons of several 
bicyclic lactams. This work demonstrated the power of these techniques for establishing the complete carbon 
connectivity of peptide building blocks with closely overlapping protons. In addition, it has led to the 
discovery of a surprise rearrangement reaction and allowed for the correction of a previously r&assigned 
Pro-Phe building block ring skeleton. 

Recently, we reported that the titanium tetrachloride initiated cyclization of the a-methoxyalkyl 

amide la (R= CH3) led to the formation of the bicyclic seven-membered ring lactam 2 (Scheme l).l 
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Recrgenrs: a. TiC14. CH2Cl2, -780C to room temperature; b. H2,5% Pd/C, NaOMe, MeOH, 88% (R=CH3) aud 89% 
(R=H); c. i. LDA, THF, -50 to 40°C, ii. (+)-(2RJaS)-(campbordfbnyi)oxazitidine (Davis’ reagent), 780/o; d. i. NCS, 
DMS, CH2Cl2. -30 to -20°C, ii. Et3N 76%; e. NH3, MeOH, 69% (R=Me) and 75% (R=TBDMS/ the bridgehead 
isomers could be separated here), f. TBDMSCI, imidazole, DMF, 81?4& g. i. LDA, THF, -78oC, ii. 02, 6056, h. 
pyroglutamic acid, EDC, HOBt, We-thyhnorphiline. 25% (uaoptimizcd, R=l%DMS). 

Compound 2 was then converted into what we assigned as the peptide building 

compounds were obtained as an inseparable mixture of isomers at the bridgehead 
block 3. Both of these 

position; a minor issue 
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since we eventually needed both isomers for biological testing. The 1-aza-2-oxobicyclo[5.3.0]decane ring 

skeleton was assigned by comparison of the spectral data to previous cyclization reactions that were known to 

form seven-membered ring lactams. 3 However, after repeating the synthesis with a more readily cleavable 

TBDMS group in place of the methoxy group,4 separating the bridgehead isomers, and coupling the building 

block to pyroglutamic acid, it became apparent that there were problems with the as&nment of the building 

block as having a seven-membered ring lactam moiety. The molecule appeared to contain a benzylic methylene 

that was split into an A,B pattern (see Figure 1A). This led to the initial assignment of 6 as a six-membered 

ring lactarn. 

Evidence for this structure was obtained with an HMQC-TOCSY experiment.5 The HMQC (A) and 

HMQC-TOCSY (B) contour plots for the upfield region of one of the two bridgehead isomers of 6 are 

ihustrated in Figure 1.6 
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The HMQC plot (A) allowed for assignment of the one-bond C-H correlations. The cross peaks (contours) in 

the plot were labelled in a fashion consistent with the numbering scheme illustrated for compound 6. Proton 

resonances associated with methylene carbons were readily identified since each of the non-equivalent 

protons yielded a contour with the same carbon. These methylene protons were labeled on the contour plot 

with primed and non-primed numbers (see for example contours 16’ and 16). The contours observed in the 

HMQC plot also appeared in the HMQC-TOCSY pIot (B) and were labelled in an identical fashion. In the 

HMQC-TOCSY plot, additional correlations appeared that corresponded to relayed heteronuclear 

magnetization. These correlations indicated which contours from the HMQC plot were coupled to each 

other, and were labeled with a slash (/) between the numbers representing the two coupled spin systems. For 

example, the cross peak labeled 16/9 indicated that one of the proton resonances on carbon 16 was coupled 

to the proton resonance on carbon 9. The net effect of the HMQC-TOCSY experiment was to spread the 

proton-proton coupling data over the l3C chemical shifts. This simplified the spectrum by reducing the 

degree of overlap between proton resonances and allowed for the complete assignment of all resonances in 

the coupled spin system. Using this data, it was possible to trace out the connectivity of the spin system and 

“walk” around the ring skeleton. The arrows in the HMQC-TOCSY plot indicate the sequential coupling 

pathway and the mode of assignment for compound 6. Note how clearly this spectrum showed that compound 
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6 did not contain a seven-membered ring lactam. As the coupled spin system is traced starting from contour 

16, contour 5 becomes a dead end. The methylene protons on carbon 5 are only coupled to the methine 

proton at carbon 6, an arrangement that is inconsistent with structure 3. It was also clear that the benzylic 

carbon was a methylene and was not bound to a neighboring carbon with an attached proton, supporting the 

assignment of the structure as 4b. 

The presence of the l-aza-2-oxobicyclo[4.3.0]nonane ring skeleton in 6 was a surprise and indicated 

that a rearrangement of the original carbon chain had occurred somewhere in the synthesis. Conventional 

proton and carbon NMR data of 4b and the intermediates leading to 6 did not indicate where this 

rearrangement had taken place. Due to the mixture of diastereomers generated during the cyclization step 

and the significant overlap in the proton resonances, the spectra were simply too complex to distinguish 

between potential six- and seven-membered ring lactam containing molecules. HMQC-TQCSY experiments 

again proved pivotal in solving this dilemma. In this case, HMQC-TOCSY data allowed for the assignment of 

the proton and carbon comrectivities for each of the four isomers obtained from the cyclization of lb. This 

was most impressive because the four isomers could not be separated and the assigmnents had to be done on 

the mixture! Since every carbon in the ring skeleton (except the carbonyl) was bound to a proton, the 

complete connectivity of the entire ring skeleton could be established for each isomer. All four isomers were 

found to possess the 1-aza-2-oxobicyclo[4.3.0]nonane ring skeleton (4b). Clearly, the rearrangement reaction 

had occurred during the cyclization step. A similar analysis on the dechlorinated product from 4a indicated 

that the cyclization of la had also led to the rearrangement reaction. 

Apparently, the six-membered ring lactam product (4b) arose from cyclization to form the expected 

seven-membered ring carbocation 7 followed by subsequent migration of the C3-C4 bond. Molecular models 

indicated that the C3-C4 bond was perfectly aligned with the carbocation for this rearrangement, and hence 

migration of C3 favored stereoelectronically over migration of the phenyl ring (illustrated for one of the 

isomers in Figure 2). The net result of this migration was the formation of a second secondary carbocation 

Figure 2 

7 8 

(8) that was then trapped by chloride. Initially, the driving force for this migration was thought to be the 

formation of the benzylic carbocation in 8. However, when the N-a-methoxyamide having a methyl group 

(9a) in place of the phenyl group was synthesized and cyclized, six-membered ring lactam products (lOa) 

were again obtained (Scheme 2). None of the seven-membered ring lactam product lla was observed. 

Clearly, relief of the strain associated with the seven-membered ring was sufficient to drive the 

rearrangement without any added benefits from increased delocalization of the cation. As in earlier 

examples,3 the rearrangement could be stopped by eliminating the substituent on the side chain altogether. 

The qckation of 9b led to only the seven-membered ring product lib. 

In summary, we have found that the use of HMQC-TOCSY experiments can be extremely powerful 

tools for accurately assigning bicyclic lactam ring skeletons. In the present study. these experiments allowed 

for the correction of a previously m&assigned structure, and the discovery of an unexpected rearrangement 
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Scheme 2 

BnoH$kR s =OE2qR :GR 

9r R=cEr, loa. 82Y* 1lB. - 
9b. R=H lob. -- lib. 82% 

reaction. We are currently using HMQC-TQCSY experiments to elaborate the complete proton and carbon 

connectivity of all new ring skeletons. Work aimed at utilizing building block 5b for the construction of 

conformationally restricted peptide mimetics, as well as, reinvestigating the synthesis of building block 3 is 

currently underway and will be reported in due course. 
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