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Abstract: 1,2-Asymmetric induction of iodocyclocarbamation is described by 

using allylamines 2 and 6 and the method has been successfully applied to 

a stereocontrolled synthesis of bestatin. 

Halocyclocarbamation recently developed by severa1 groups 1) efficiently 

gives important functional groups such as amino alcohol frequently seen in 

biologically interesting compounds. Fraser-Reid and his co-workers first 

made a significant advance toward the amino sugars by using the reaction for 

cyclic systems 1) . We also developed an enantioselective total synthesis of 

(+)-negamycin in which a remarkable 1,3-asymmetric induction was realized 

by taking advantage of iodocyclocarbamation for an acyclic homoallylamine 

12). However, the stereochemical course of the halocyclocarbamation has not 

been explored yet in detail when compared with that of halolactonization 3) 

which seems to be mechanistically closely related. 

In this paper, we wish to describe 1,2-asymmetric induction of iodocyclo- 

carbamation in acyclic allylamines and the application to the synthesis of 

bestatin, an important immuno-potentiator 4) . The chira1 allylamine 2 [mp 

92.5-93.0°c, [a];0-33.30 (c 2.0, CHC13), Rf 0.33 (Et20: hexane=l:2) was 

obtained in 64% overa11 yields from Z-D-phenylalanine ethyl ester by known 

two step procedures [(ll DIBAH in toluene 5) , and (2) Ph3P+CH31-, KH in toluene 

and THF]. Treatment of 2 with iodine (3 equiv) in methylene chloride at OoC 

for 7hr afforded a mixture of trans- and cis-iodocyclocarbamates in 69% yield, 

but the ratio was about l-5:1 slightly in favor of the desired trans isomer 

4. 

Bartlett ohserved the similar poor 1,2-asymmetric induction in the halo- 

lactonization of y,s-unsaturated carboxylic acid but achieved high 1,2- 
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asymmetric induction by employing the condition where an equilibration of 
6) a cyclic intermediate lead to the thermodynamically more favored trans isomer . 

The low selectivity in our case might be due to the irreversible formation 

of the cyclic imino acetal 3. 

HH 

-Bzll 

7b 

0 

Therefore, N-benzyl derivative 6 was prepared (PhCH2Br, KH in DMF and benzene, 

95%, 6; oil, MS m/e 372(M++l), [alio -80.4O(c 2.7, CHC13),Rf 0.44 (Et20:hexane 

=1:4)) in order to perform iodocyclocarbamation under thermodynamic control 

by the equilibration through the iminium intermediate 7. Iodocyclocarbamation 

of N-benzyl derivative 6 was carried out in a similar manner to afford the 

trans isomer 8 and the cis isomer 9 in 80% and 12% yields, respectively 

((6.7:1 ratio). 
20 

8; mp llO-lll°C, [a]D +34.2O(c 2.4, CHC13), Rf 0.27 (Et20 

:hexane=l:l). 9; mp 118--118.5°C,[a]~2-1.00(c 3.1, CHC13), Rf 0.30 (Et20 

:hexane=l:l)). The stereochemistry of iodocarbamates 8 and 9 was assumed 

as shown on the basis of 'H-NMR7) (J4,5=5.0Hz for 8 and 7.OHz for 9), and 

eventually established by correlating to bestatin. The relatively high 

stereoselection could be reasonably explained by the thermodynamic process 

mentioned above and the substituent on the nitrogen was found to play an 

important role in the iodocyclocarbamation. 3) This point seems to be essen- 

tially different from halolactonization where stereochemical control is possi- 

ble by proper choice of the condition 8, (the presente or the absence of base). 

The stereocontrol for bestatin was thus accomplished and the functional 

group transformation to bestatin was achieved by rather conventional proce- 

dures. The conversion of the iodide 8 into the alcohol 10 was best carried 

out in two steps [(93% yield); (1) AgOAc ') in DMF and AcOH, (2) 1N NaOH ir 

MeOH-H20. 10; mp 97.0"97.5OC, [~1]~'+45.3~(c 1.1, CHC13) . Removal of the 
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benzyl group by Birch reduction ")(Na in NH3, lO+ll 82%), followed by Jones 

oxidation and treatment with CH N 2 2 afforded methyl ester 12 in 54% yield 

(recrystallized yield)(l2; mp 91.0.91.5OC, [a12'+66.30 (c 1.2, CHC13)]. The 

key part of bestatin 13, (2S, 3R)-3-benzyloxycarbonylamino-2-hydroxy-4- 

phenylbutanoic acid, was obtained by alkaline hydrolysis (2N LiOH in MeOH- 

H20) of the oxazolidone 12 and reprotection of the amino group (ZCl, 1N NaOH 

in Et20 and H20, 12+13 72%). 13; mp 161.0-161.5°C, [a]20+82.90 (c 1.1, 

AcOH)4). The total synthesis of bestatin was completed by condensation with 

L-leucine (L-LeuOBzl-p-TsOH, DCC, HOBt, Et3N in CH2C12-THF, 95%, 13+14) 

followed by hydrogenolysis (Pd black, H2 in MeOH-H20 ll+bestatin). The 

synthetic material (mp 232-233OC, [a]4å;l5.4O (c 1.40, 1N HCl)) was confirmed 

to be identical with natural bestatin (mp 233-236OC, [a]20-15.50(c 1.0, 

1N HCl) in al1 respects. 11) 

8 10 11 12 

NHZ NHZ NH2 
-Pt-l Jy w-f+ -c ah-Lell-oBzl - m 

Jy 

CO-L-Leu-OH 

a-i OH OH 

13 14 bestatin 
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