
Pergamon 

0040-4039(94)02278-X 

Tetrahedron Letters, Vol. 36, No. 3, pp. 439-440, 1995 
Elsevier Science Ltd 

Printed in Great Britain 
0040-4039/95 $9.50+0.00 

A Novel Synthetic Route to Enantiomers of ~-Hydroxynorleucine and 
t;-Chloronorleucine from L- and D,L-Lysine 

Alexander A. Belyaev' 

Institute of Fine Organic Synthesis, the Urals Division of Russian Academy of Sciences, 
S.Kovalevskaya St., 21, 620219 Ekatefitlmrg Russia. 

Abstract: Thermal remmngemerl of (s)- or (R)-hexahy&o- l-nitro~3-pl'dhalimido-2H-azepirv2-onc 
to the cotres~nding lactom followed by nucleophilic ring opening of the latter gives G-chloro- or 
s-hydroxynorleucine. 

The norvproteinogmic a-amino acid L-6-hydroxynorleucine (Ta) has been widely used for the synthesis of 
modified peptides 1-3, siderophores aeroMetin and myeobaeti# ,~, and L-~-aminoadipic acid derivatives ~,*. In nx~  
cases, 7a was obtained by enzytmtic resolution of the racemcN-aeylated derivatives with aeylase t-5. Notrctystalline 
crude N-(~z-L-~-hy&oxy-norleucine was prepmed as an intenmdiate for the synthesis of L~-aminoadipic acid 
derivative by treatment of N 2 ~ L - l y s i n e  with sodiona h i - - d e  6. Alkylation of dienolate derived from (SS,6R)- 
or (3R, 6S)-4-(benzyloxymrbonyl)-5,6-ffl~l-2,3~5,6-tetrahy&o.4H- 1,4-oxazirv2-one with 1,4-diiodobutam followed 
by nueleophilic substitution of the second iodine atom gave derivatives of L- or O-~-hydroxynofleueine, which were 
used for the synthesis of 2-amino-6-[(p-~xybet~i)-thio]hcxanoic acid in both enanti~netic fonTls 7 . 

Recmitly, we repotted the preparation of A rs -methyl-L-lysine 8 and L-ct-aminoedipic acid 9 via the conmaon 
intermediate - (S)-hexahydro-3-phthalirnido.2H.azcpirv2-one (4a). We now describe the simplified synthesis of the 
above lactam 4a from L-lysine and its use for preparation of 7a and L-6-chloronorl~Sm (8). 

Iaetam 4a was prepared earlier by treanmm of (S)-3-amin~exahydro-2H-azepirv2-one (2) with 
N ~ x y p h t h a l i r n i d ~ .  The relatively high cost of the latter ~ us to look for a more econot~cal 
pathway to 4a. For this ~ ,  L-lysine methyl ester (1) was cyelized in the presence of sodium methoxide 
and, without isolation of the lactam 2, acylated by phihalie anhydride. Phihalamic add 3 thus obtained gave lactam 
4a upon heating in ditmthylformarnide solution (Scheme 1). No raem-hzation was observed in this reaction s ~ m e .  
Although yields were not very high, low cost of the starting materials and easy WOlkUp made this synthetic route 
satisfactory. 

~ t u t e d  8-caprolaetam can be N-nitromted by nitrous gases in acetic acid 1°, nitrosyl tetrafluorobo~e 

anhydxide, 
L-LysOMe MeONa, MeOH dioxane DMF 
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in pyridine H or dinitrogen tetroxide,/soditma acetate in d i e h l ~  ~2. N-Nitrosolactam thus obtained was shown 
to tmdergo thermal rmn'mgma~ in the carbon tetrachloride solution at the room t ~  to give the 
correbTxx~ng laetone H,t2. Treatment of the phthalimido lactam 4 a  with nitrous gases in acetic add gave 
N-nitrosolaetam 5 a  in quantitative yield (rap 118 ° C (dec); [ct] 20 +185.0 ° (C=-I, CHCI3 ). Nitroso derivative 5 a  

appeared to be more stable as cam'@ared with unsubstituted N-nilroso-s-eaprolactanx Thus, heating of 5a in 
dichloromethane solution under reflux for eight lxxu~was sbown by TLC to produce only traces of the desired 
lactone. The highest yield of the laetone 6a was obtained upon heating of nitroso laetam 5a in dry 
1,2-dimetboxyethane trader reflux for one ho~ (schm~ 2) t3. Low conetait~-ation (ca. 3.4 retool/L) of the nitroso 
lactam 5a as well as lactone 6a in the reaction ~xttwe was critical for the yield of the l~er. Thus, the increase 
of the 5a conoaitration up to 34 nmad/L or slow addition of the eonomh~ated lactam 5a solution to the boiling 
dimaboxyethane with the same (ca. 34 nm3ol/L) final theoretical amcentmtion of laetone 6a lead to the formation 
of a very conaplex mixture of tmideritified st.d3stances. I-Iy&olysis of the lactone 6a in aqueous bydrochlodc 
add gave the mixture of 7a and 8, the latter can be isolated by crystallization from ethanol/water. The use of 
diluted sulfuric add alluded pure 7a (Scheme 2). 

~ N203, Ac0H ~ Me(CHa)zOMe ~ foz 7:  

PhghN Phl;hN 94"961 "y'"NO 551 "~ Phl ; l~"  T -  - 

0 0 74-751 7a: 2($~ X-OH 
,* a: J($) 5 a: J($) 6 a:  J(S) 7b: ~R), X-OH 

b: .t(~ b: $(R) &...~m~ 2 b: $(IQ 8: 2($), X-Cl 

(R)-Fmntiomer of the laetam 2 can be readily prepared by resolution of raceme 2 with L-pyrnglutamic acid 
or by kinetic.ally controlled crystallization t4 . It is also co~taa~ercially available. Application of the above 
to (R)-phthalimido laetam 4b, which was prepared from (R)-2 similarly to 4a s , allowed us to obtain 
D-e-bydruxynorleucine (Tb) via N-nitrosolactam 5b and lactone 6b (Scheme 2). 
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(S)- and (R)-3-Phthalimidooxepan-2-one (6a,b): A solution of nitrosolactam 5a or 5b (0.5 g, 1.7 nmaol) in 
dimethoxyethane (500 mL) was heated under reflux for one hc~ and evaporated under reduced pressure to 
&yness. The residue was recrystallized from 85% aq EtOH (10 mL) to give 6a or 6b.For 6a: Yield: 025 g 
(55%); mp 203 ° C; [ct]2° D +95.0O (C=I, CHCI, ))H-NMR (CDG3/'IMS): G = 1.2-2.9 (m, 61-1, CH2CH2CI-I2), 
4.42 (m, 2H, OCH2) , 5.12 (dd, 1H, J=ll.7, 1.6 I-k, CHCO), 7.80 (m, 4I-I,~ ). MS (70 eV): m/z (relative 
intaasity)= 259 (M, 23), 186 01), 173 (59), 148 (100), 130 (23), 104 03), 76 (28), 67 (16). 
For 6b: Yiel& 0.25 g (55%); nap 201 ° C; [c~]2° o -95.0 ° (C=I, CHCI 3 ). 
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