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Abstract: Three diverse synthetic routes to C-7 dialkylated and spiro-alkylated 
azepinones are described. Compounds of this type may be used as conformationally 
restricted dipeptide surrogates. Additionally, the chiral synthesis of novel 
cyclopropanated lysine derivative 29 is demonstrated. Copyright © 1996 Elsevier Science Ltd 

In a recent communication, we described a general method for the formation of C-7 substituted 

azepinones of structural type 3 where R~ = H. t~ Application of this methodology for the synthesis of C-7 di- 

substituted azepinones, starting with ketone 1 (Rj = CH~), failed due to the inability of this compound to 

undergo initial intramolecular acid catalyzed cyclization to give 2 or a variant thereof. Thus we sought to 

develop alternate routes to C-7 di-substituted azepinones related to 3 where R~ and R 2 are both alkyl or joined 

to form a spirocyclic ring. Previous reports from this laboratory suggest that compounds of this type could be 

utilized as potential conformationally restricted dipeptide mimetics. ~b We report here syntheses of N- 

methylcarboxy-3-amino-7,7-dialkyl-azepin-2-one intermediates related to 3. 
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Our first approach involved a variation of the methodology developed by Sugg et al. 2 that provided the 

7,7-dimethyl 10a and spiro-cyclopentyl analog 10b from cyclohexanones 4a (Rt= R 2 = CH3) and 4b (R~, R 2 = 

-(CH2)4-) 3 respectively (Scheme 1). Preparation of oximes 5a,b under standard conditions followed by PC15- 

mediated Beckmann rearrangement provided dichloro-e-lactams 6a,b. Carefully controlled hydrogenolysis led 

to monochlorides 7a,b and displacement with sodium azide gave 8a,b. Catalytic reduction of the azides 

followed by treatment with Boc anhydride gave racemic 9a,b. Alkylation ~c of 9a,b proved extremely difficult 

due to the steric influence of the neighboring geminal dimethyl/spirocyclopentyl group. Under forcing 

conditions (excess LiN(TMS) 2 and BrCH2CO2Et, THF, room temperature), 9 could be alkylated to give a 

mixture of mono and dialkylated products, 4 from which 10 could be isolated by column chromatography. 
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Scheme 1 
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a) NH2OHo~HCI,pyridine, EtOH b) PCI5, CI2, CH2CI2 c) H2, 10% Pd/C, HOAc d) NAN3, DMF, 50 "C 
e) H 2, 10 % Pd/C, MeOH f) Boc20, Et3N, CHCI 3 [from ~ g) LiN(TMS)2, BrCH2CO2Et, THF 

Because the corresponding spiro[3.5]nonanone was not conveniently available, 5'6 we decided to 

develop an alternate route to the spirocyclobutyl analog 23 (Scheme 2). We planned that alkylation of the 

dianion of cyclobutanecarboxylic acid, followed by functional group manipulation and lactamization, would 

provide an entry into this series. Thus, treatment of 11 with 2 equivalents of n-BuLi at 0 °C followed by 

reaction with excess 5-bromo-l-pentene and subsequent esterification led to 12 in high yield. Oxidative 

hydroboration of 12, followed by Swern oxidation and treatment of the resulting crude aldehyde with bromine 

Scheme 2 
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a) 2 LDA, THF, -78 "C then Br(CH2)3CH=CH 2 b) Cs2CO3, BnBr, DMF; 88% c) BH3"THF, THF then NaOH, H202; 90% 
d) CICOCOCI, DMSO, CH2CI2then Et3N e) Br 2, aq.Na2CO3,MeOH; 80% f) H2, Pd(OH)LYC, EtOH; 100% g) I. CICO2Et, 
Et3N, THF. 2. NAN3, acetone, H20. 3. toluene, reflux, 4. BnOH, TMSCI, C1-12CI2; 57% h) Me3AI, CH2CI2; 96% i) KOt-Bu, 
DMSO then BrCH2CH=CH2; 68% j) l. 03, CH2CI2then DMS. 2. p-TSA, CH(OMe)3, MeOH; 47% k) LDA, THF 
-78 "C then CBr4; 84% I) I. NaN 3, DMSO, 50 "~. 2. TFA, H20, CH2CI2; 78% m) 10% Pd/C, MeOH; 95%. 
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in aqueous NaHCO3/MeOH, 7 provided ester 14 in good yield. Hydrogenolysis gave half-ester 15 

quantitatively. Compound 15 was converted to the corresponding acyl azide and subjected to Curtius 

rearrangement. To facilitate isolation and purification of the desired amine, the intermediate isocyanate was 

converted to the corresponding benzyl carbamate s and hydrogenolyzed to afford 16 in good overall yield? ° 

Trimethylaluminum-mediated cyclization ~c of amino-ester 16 proceeded smoothly to give lactam 17 in 

high yield. Our plan at this point was to append the desired acetate side chain to the lactam nitrogen and then 

functionalize at C-3 via  a lithium dianion. While alkylation of 17 with BrCH2CO2Et was successful 

(LiN(TMS) 2, THF, 70%), several attempts to form a dianion of the resulting lactam-ester failed. Deuterium 

oxide quenching experiments showed deuterium incorporation only at the methylene carbon of the ester. As a 

result, a functionalized side chain was required that would be innocuous to the anionic conditions necessary to 

substitute at the C-3 position of the lactam. Allylation of 17 (KOt-Bu/DMSO) gave N-allyl lactam 18. 

Ozonolysis and acetalization provided acetal 19 which was subsequently metallated (LDA, -78 °C) and 

quenched with tetrabromomethane to give bromide 20 in excellent yield. 9b Displacement of the bromide with 

sodium azide/DMSO and acidic work-up provided azido-aldehyde 21. Oxidation of the aldehyde by bromine 

in aqueous methanol 7 gave methyl ester 22. Subsequent hydrogenolysis gave the desired racemic spiro-fused 

lactam 23 in 15 steps and 7% overall yield from cyclobutanecarboxylic acid. 

For the generation of the spirocyclopropane derivative 30 (Scheme 3), we applied the phosphonate- 

promoted cyclopropanation reaction reported by Petter e t  a l .  ~° Utilization of this methodology on a chiral 

precursor provided the protected dipeptide surrogate 31 in homochiral form. Numerous preliminary attempts to 

form the cyclopropane ring onto a properly modified glutamic acid residue failed. We attribute this to the 

incompatibility of the strongly basic cyclopropanating conditions with the a-ester functionality present in the 

protected glutamic acid. Reducing this functionality to the alcohol oxidation state (oxazolidine 24) provided 

Scheme 3 
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a) 12, imidazole, Ph3P, THF; 100% b) Nail, (EtO)2POCH2CO2Et, DMF; 82% c) Nail, ethylene oxide, toluene, 
EtOH; 54% d) NaOH, H20, MeOH ; 100% e) 1. CICO2Et, Et3N, THF. 2. NAN3, acetone, H20. 3. toluene, reflux. 
4. BnOH, TMSCI, CH2Cl2; 36% 0 f) 1. CICOCOCI, DMS-O, CH2CI 2, -78 °C then~EA. 2. Br 2, aq. Na2CO3, 
MeOH; 47 Yo g) HCO2NH4, 10 % Pal/C, EtOH h) Me3AI, CH2CI2; 52% i) LiN(TMS)2, THF then BrCH2CO2Et; 85% 

the successful, if lengthy, synthesis. Thus, treatment of alcohol 24" with iodine/triphenylphosphine afforded 

iodide 25 in quantitative yield. Reaction of this iodide with sodium triethyl phosphonoacetate gave 26, which 
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was treated with sod ium hydride and ethylene oxide to give cyclopropyl  ester 27 in fair yield. ~° After 

saponification, the acid was subject to acyl azide formation, Curtius rearrangement,  and carbamate formation 

as described for the cyclobutyl analog 15. Acidic work-up provided the bis-carbamate alcohol 28 in 36% 

overall yield f rom 27. The alcohol was oxidized to afford the orthogonally protected o~-cyclopropyl-L-lysine 

ester 29 that was subsequent ly subjected to hydrogenolysis  and tr imethylaluminum-catalyzed cyclization to 

give the desired spi rolac tam 30. Li th ium hexamethyldis i laz ide  induced alkylat ion of  30 with ethyl 

bromoacetate proceeded in suprisingly high yield, as compared to its closely related dimethyl analog 9a, to 

give 31. ~2 We attribute the difference in reactivity to the diminished steric interference of  the cyclopropyl 

methylenes of  30 as compared to the unrestrained methyls of  9a. 

In summary ,  we have prepared four new 7,7-disubst i tuted-3-amino-azepin-2-ones,  one of  these in 

enantiomerically pure form, by several synthetically useful pathways. In addition, the first synthesis of  29, an 

orthogonally protected cyclopropanated L-lysine derivative, was described. Further modification of  the C-7 di- 

substituted azepinones and their incorporation in the design of  dual metalloprotease inhibitors ~b will be the 

subject of  a future report. 
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