
T~~.V0L31.N0.7,pp%1-961.1990 
FtiWdiIICk.UBdill 

oo4o4039!90 33.00 + .a0 

WI’==& 

CONFORMATIONALLY RESTRICTED Pt-Pt’ TRANSITION STATE ANALOGUES. 

SYNTHESIS OF l(R), 3(R) [l(S), 2(S)] and l(S), 3(S) [l(S), 2(S)] 3-[3-CYCLOHEXYL-2-[(BOC)AMlNO]-l- 

HYDROXYPROPYL]-2,2-DIMETHYLCYCLOPROPANE CARBOXYLIC ACIDS 
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Abstract: A concise synthesis and determination of absolute stereochemistry of two novel 
diastereomeric cyclopropyl containing transition state mimics isdescribed. 

A major advance in the development of renin inhibitors was the replacement of the scissile 

bond (PI-PI’) with “transition state mimics” such as statinel (1) and Leu[CH(OH)CH&/alWJ (2, 

LVA). Thisstrategy replaced the PI-Pl’dipeptide with a nonhydrolysable analogue which contained 

a j%hydroxyl group thought to mimic a proposed transition state (3) in the enzyme- substrate 

complex.3 The improved potency and associated specificity of peptides containing transition state 

analogues (TSA’s) has resulted in intense interest in this area-of research with the hope of 

discovering smaller, more potent peptides with improved bioavailability.4 

Interest in our laboratory has focused on the evaluation of novel TSA’s which represent 

conformationally restricted PI-PI’ mimics.5 It is well recognized that the conformational properties 

of peptides are intrinsically related to their biological activities. The conformational properties of a 

peptide should relate to its receptor affinity and selectivity, biological transduction (ground state 

to excited state) and dissociation from the receptor. Through the incorporation of small 

carbocycles in the transition state insert (see 4) torsional angles within PI-PI’ can be expected to 

influence conformation in both isolated segments, as well as the entire peptide backbone. 
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Molecular modeling studies established the suitability of the diastereomeric cyclopropyl amino 

acids 5 and 6 as synthetic targets useful as probes for both local (PI-PI’) and backbone 

perturbations on the system.6 

In this letter we report the synthesis and establish the absolute stereochemistry of two novel 

diastereomeric transition state analogues containing a cyclopropane ring system. 

Our approach to the TSA’s 5 and 6 involved the cyclopropanation of an amino acid derived 

olefin (9) with the carbene derived from t-butyl diazoacetate.7,8 Olefin 9 (45,5S) is readily available 

from (L)- phenyl alaninol in several steps via aldehyde 7 (see Scheme).Zb Addition of 7 to 2- 

methylpropyl magnesium bromide (THF/-55°C) gave 89 as an inseparable mixture (5/l) of 

diastereomeric amino alcohols in which the threo isomer (shown) predominated. While attempts 

to add the diazoester directly to 8 or silyl protected derivatives thereof failed, successful 

cyclopropanation was realized with an acetonide derivative. Treatment of 8 with 2- 

methoxypropene (PPTYCH2Cl2) afforded 9 in 50% yield from 7. With 9 in hand we began to 

investigate cyclopropanation conditions which would allow us to use excess diazo ester rather than 

excess olefin (the more expensive reactant), as is normally the case.10 After extensive 

experimentation with various catalyst and reaction conditions, we found that cyclopropanation of 

9 could readily be achieved with an excess of t-butyl diazoacetate (5 eq) in the presence of catalytic 

CuSO4 (1 mole %/neat/90”C). That reaction afforded IO as a mixture of facial diastereomers in 44% 

yield.1 1 Treatment of that mixture with acid (0.2 eq. TSA/CHsOH) smoothly removed the acetonide 

protecting group to then afford a separable mixture (l/l; silica gel chromatography) of BOC amino 

alcohols11 (MP94-7”C)and12(MP103-5”C).12 

The absolute stereochemistry of 11 and 12 was then assigned by individual chemical 

degradation to the know 1,2-cyclopropane dicarboxylic acids (see Scheme). Cyclopropyl ester 11 or 

12 was treated with TFA (neat/O”C/RT) to afford the amino acid salt 13 or 14. Aminols 13 and 14 

were oxidatively cleaved13 with cat. KMn04/Nal04 to give the desired diacids 15 or 16 whose 

absolute configuration has been established.14 It was then possible to assign the absolute 

stereochemistry of 11 and 12 based on optical rotationsls Thus 11 was assigned the l(R), 3(R) 

configuration about the cyclopropane ring and 12 was assigned the l(S), 3(S) configuration. This 

facile method of stereochemical assignment should expedite subsequent stereochemical 

assignments in our evaluation of conformationally restricted TSA’s. 

To complete the synthesis, both 11 and 12 were first treated with TFA (neat/O“C/RT; which 

removed both the t-butyl ester and BOC group), then in a second step 8OC anhydride 

(dioxane/H20[1:l]/RT) to yield the new protectedTSA’s17 (MP78-82”C)and 18(MP 118-122°C). 

We have devised a concise synthesis of two diastereomeric cyclopropyl containing amino acids 

for evaluation as transition state mimics. The absolute stereochemistry of these two compounds 

was established via a novel and efficient degradative procedure. The biological results reflective of 

the conformational restraints of peptides containing 17 and 18 are in preparation. 
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