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A b s t r a c t :  We describe an efficient synthesis of thrombin inhibitor L-370,518 (1) via 13-lactam 2. The 
synthesis of 2 is carried out in six steps from 4-arninocyclohexane carboxylic acid, with a yield of 27%. 
Copyright © 1996 Elsevier Science Ltd 

Tr ipep t ide  L-370,518 (1) is  a t h rombin  inhib i tor  which b inds  revers ib ly  to the  enzyme with  
a Ki of 90 pM. 1 The  molecule  conta ins  a novel C- te rmina l  a-keto-~-amino acid  res idue  which  

serves  bo th  as  a se r ine  t r ap  and  as  an  effective a rg in ine  mimic ,  conferr ing  bo th  potency and  

selectivi ty.  The des i rab le  p roper t i e s  of th is  res idue  necess i t a t ed  the  deve lopment  of an  efficient 

s y n t h e s i s  of a v e r s a t i l e  p r e c u r s o r  of  i t  for use  in  f u r t h e r  m e d i c i n a l  s tud ies .  In  th i s  

communica t ion  we r epor t  a synthes i s  of such an  i n t e rmed ia t e  and,  for i l lus t ra t ive  purposes ,  i t s  

conversion to 1. 

Typical ly  a one-carbon chain  extens ion  from the  a-amino acid is  employed in the  synthes is  

of a -ke to-~-amino  acids  2 a n d  th i s  m e t h o d  is g e n e r a l l y  usefu l  when  s t a r t i n g  f rom r e a d i l y  

avai lab le  a -amino acids.  However ,  a cumbersome synthes i s  r esu l t s  when the  me thod  is appl ied  

to 11 since one of t he  p r inc ipa l  cha l lenges  of the  syn thes i s ,  the  e s t a b l i s h m e n t  of the  trans- 

s u b s t i t u t i o n  across  the  cyclohexane,  3 s t i l l  ha s  to be a dd re s se d .  So, i n s t e a d ,  we chose to 

inves t iga te  a two-carbon 'S taudinger '  d isconnect ion v ia  ~-lactam 2, knowing t h a t  th is  s t ra tegy  
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has  been  appl ied  to the  s te reocont ro l led  syn thes i s  of a-hydroxy-~-amino acids  such as  the  taxol  

side chain.  4 In  our  case i n t e r m e d i a t e  2 is  usefu l  because  the  C- t e rminus  is p r e a c t i v a t e d  for 

a m i d e  fo rmat ion .  More  i m p o r t a n t l y ,  the  S t a u d i n g e r  s t r a t e g y  opens  up  the  poss ib i l i t y  of 

e s t ab l i sh ing  the  cyclohexane  geomet ry  by  t h e r m o d y n a m i c  equ i l ib ra t ion  of an  imine  der ived  

from pro tec ted  cis-4-aminocyclohexane carboxaldehyde  (eq. 1). 
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Hydrogenation of para-aminobenzoic acid5 provided the starting 4-aminocyclohexane 

carboxylic acid as a mixture of isomers, cis predominating. This mixture was protected as its t- 

butoxycarbonyl (BOC) derivative under standard conditions and Weinreb amide formation 

followed by reduction with LAH 6 gave the aldehyde 3 still as a mixture with the cis-isomer 

predominating. In a key step we found that  it was possible to make the benzylimine and 
equilibrate it in situ under very mild reaction conditions (MgSO4, 1% acetic acid, methylene 

chloride, RT, 4 d) to give imine 4 as a 12:1 trans:cis mixture. 7 In contrast, p-anisidine under the 

same conditions gave very poor quality imine. 
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(a) (BOC)zO, KOH, HzO, dioxane, 16 h (91%). (b) MeONHMe.HCI, Et3N, EDC, DMF, | 6 h. (c) LAH, Et20, 
-55 ° C to 5 ° C, 1 h (79%). (d) BnNH z, MgSO4, O.01 equiv. AcOH, CHzCIz, 4 d. (e) BnOCHzCOCI, Et3N, 
CHzCIz, -15 ° C to RT, 3 h. (f) Na, NH 3, -78 ° C, 15 min (37%). (g) MeNH2, MeOH, 50 = C, 16 h (96%). 
(h) BOC-N-Me-D-PhePro, EDC, Et3N, HOBT, DMF, ] 6 h (67%). (i)(COCI)2, DMSO, CHzCIz, -78" C, 15 
rain then Et3N -78 ° C to RT, 30 rain. (j) TFA, CHzCIz, 1S rain. (k) C18 prep. HPLC (42%). 

Staudinger reaction of 4 with benzyloxyketene generated in situ from benzyloxyacetyl 

chloride and one equivalent of t r iethylamine 4a,8 gave poor yields of the p-lactam 5 a n d  

significant quantities of carboxaldehyde 3 were recovered. The dependence of the rate of the 

Staudinger reaction on solvent polarity and base stoichiometry has been investigated by 

Lynch. 1° We reasoned that  we could increase the rate of ketene formation and its subsequent 

addition to the imine to generate the l~-lactam by increasing the polarity of the reaction medium 

through the use of excess triethylamine. Side reactions would then be minimized, assuming 

that they were not similarly accelerated. Thus when we used ten equivalents of triethylamine 

the recovery of 3 was effectively suppressed. Analysis of the crude reaction mixture by 1H-NMR 

and preparative HPLC revealed no evidence for the formation of product with substituents 
either trans on the ~-lactam 4 or c/s on the cyclohexane ring. 

We found it expedient to submit the crude mixture from the Staudinger reaction to a 

dissolving metal reduction to remove both benzyl groups 11 since, after evaporation of the 

ammonia and an aqueous work-up, analytically pure 2 could be isolated in 37% yield from the 

aldehyde 3 simply by triturating the crude material with methylene chloride. 
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We feel tha t  the simplicity of our route to 2 offsets any possible advantage of Ojima's 

asymmetric synthesis of a-hydroxy-~-amino acids. 12 However, we did investigate an asymmetric 

synthesis of 2 using the (S)-a-methylbenzylimine4a, d (equilibrated to an 8:1 t rans:c /s  mixture 

across the cyclohexane). The diastereoselectivity in the Staudinger reaction was poor (ratio of 

the two c/s-substituted lactams 2.2:1 by 1H NMR) so this approach was not pursued further. 

With the lactam preactivated for C-terminal amide formation and the two amino groups 

differentiated, the remaining steps to I were straightforward. The lactam was cleanly opened 

with methylamine in methanol to give methy|amlde 6. This was coupled with BOC-N-methyl-D- 

PhePro 13 under  s tandard conditions to give the tripeptide as a 1:1 diastereomeric mixture. 

Swern oxidation gave a mixture of the corresponding ketones. Finally deprotection (TFA) 
followed by chromatographic separation of the two diastereomers by C18 prepara t ive  HPLC 

(CH3CN/H20/0.1% TFA) 1 completed the synthesis. 14 

E x p e r i m e n t a l  P r o c e d u r e  for the  Preparat ion  of  2 f r o m  3: 

A mixture of 3 (11.37 g, 50.0 retool), benzylamine (5.46 ml, 50.0 mmol), acetic acid (0.029 ml, 

0.50 retool) and anhydrous magnesium sulfate (12.04 g, 100 mmol) in methylene chloride (75 

ml) was stirred under  nitrogen for 4 days. The mixture was filtered through Celite and was 

evaporated in vacuo to give 4 (15.8 g, 100%) as a solid. 7 A solution of benzyloxyacetyl chloride 

(6.94 ml, 44.0 retool) in methylene chloride (20 ml) was added over 5 rain to a stirred solution of 

4 (12.66 g, 40.0 mmol) and triethy|Amlue (55.75 ml, 0.40 mol) in methylene chloride (40 ml) 

under nitrogen. The mixture was warmed to RT and after 3 h water  (10 ml) was added. The 

mixture was evaporated in vacuo to a syrup which was partit ioned between ethyl acetate and 
10% citric acid solution. The organic layer was washed with dilute NaHCO3 solution and brine, 

dried (Na2SO4) and evaporated in vacuo to a solid (crude 5, 9 17.95 g). A solution of crude 5 (1.00 

g,) in dry THF (12.5 ml) was added to a stirred solution of sodium (0.6 g) in ammonia  (100 ml) 

at -78 ° C under nitrogen. After 15 min 2mmoniuIn chloride powder (5.0 g) was added to give a 

white suspension. The ammonia  was allowed to evaporate and the residue was parti t ioned 

between ethyl acetate and brine, adding sufficient water  to dissolve the excess salts. The 

organic layer was dried and evaporated in vacuo to a foam. Trituration with methylene chloride 
gave 2 (233 rag, 37% from 3); mp: 208-211 ° C; 1H NMR (DMSO-d6): 8 0.78-1.29 (5 H, m, 

cyclohexyl H's), 1.33 (9 H, s, t-Bu), 1.66-1.78 (4 H, m, cyclohexyl H's), 3.05 (1 H, dd, J = 9.3 and 

4.6 Hz, CHCHOH), 3.12 (1H, m, C/-/NHBOC), 4.62 (1 H, dd, J = 7.9 and 4.6 Hz, CHOH), 5.85 (1 

H, d, J = 7.9 Hz, OH), 6.63 (1 H, d, J = 7.9 Hz, NHBOC), 8.16 (1 H, s, lac tam NH); Anal. Calc. 
for C14H24N204: C 59.14, H 8.51, N 9.85. Found: C 58.97, H 8.50, N 9.79. 
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