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SYNTHESIS OF 5-ARnTHIO-3-METHn-L-HISTIDINE, A MODEL 

FOR THE STARFISH ALKALOID IMBRICATINE~ 

Masashi Ohba. Takafumi Mukaihira, and Tozo ~uj i i*  

Faculty of Pharmaceutical Sciences, Kanazawa University, Takara- 

machi, Kanazawa 920, Japan 

---Syntheses of 3-methyl-5-phenylthio-L-histidine @a) and 

3-methyl-5-(1-naphthy1)thio-L-histidine (Sb), selected as models for the 

asteroid alkaloid imbricatine (71, have now become feasible through a 

10-step route starting from 4(5)-bromoimidazole (9). The key steps in- 

volve replacement of the 4-bromo group by an arylthio group in the al- 

dehyde (14) and construction of the L-alanine moiety in the chlorides 

(17a,b) by the "bis-lactim ether" method. 

The 5-mercapto-3-methyl-L-histidine moiety has been found incorporated into constituents of 

several marine invertebrate animals. These constituents include ovothiol A (1) (and the 

corresponding disulfide) from unfertilized eggs of the sea urchin -,I 

from the ripe gonads of the starfish -,2a and from the eggs of the sea 
. . urchin -,h of the holothurian Holothuria tubulosa,lb,c and of the asteroids 

Marthas-lbbc and -prantiacus;lb.~ ovothiol B (2) from the ovarian 

tissue of the scallop -i2a ovothiol C (3) (and the corresponding disulfide) from 

the eggs of sea urchins P . , l b s c  Sghaerechinus eranularis,lb.~ and Stronevlocentrotus 

QUQU&U;~ adenochromines A. B, and C (4.6, and 6). structural units in adenochrome (an 

iron(II1)-binding peptide pigment) from the branchial heart of vulearig;lcs3 and im- 
p- -~ -- 

tDedicated to Dr. Masatorno Hamana. Professor Emeritus of Kyushu University, on the occasion of his 75th 
birthday. 
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bricatine (I) ,  a benzyltetrahydroisoquinoline alkaloid from the starfish Dermasterias imbri- 

4 Among these histidine derivatives, imbricatine (7) is unique in that  i t  is capable of 

inducing sea anemone m m ~ h i a  c o c c i 4  "swimming" behavior a t  very low concentrations4 

and that  it displays significant activity in antineoplastic assays.4 A generalized form of 

structure 7 would be 5-arylthio-3-methyl-L-histidine (8), and thus the synthesis of the 5- 

phenylthio and 5-(1-naphthy1)thio analogues (8a and 8b) was undertaken in the present study 

as a preliminary to a total synthesis of 7. 

On methylation with an  excess of Me1 in EtOH a t  65OC for 10 h in the presence of 1 molar 

equiv. of NaOH, 4(5)-bromoimidazole (9)s furnished the dimethyl derivative (10) Imp 197- 

199.5°C (decomp)l6 in 86% yield. This one-step procedure for dimethylation represents an  

abbreviation of the two-step procedure of Balaban and Pyman,7 who prepared 10 by meth- 

ylation (with MeI) of 5-bromo-1-methylimidazole (12) or 4-bromo-1-methylimidazole (111, 

obtainable from 9 by methylation (with Me1 or Me2S04) in which the former isomer (12) was 

always the major product.7-9 Pyrolysis of 10 was then effected a t  235-245°C in vacuQ (28 mm- 

Hg) according to the literature,I and the distillate [bp 135-145'C (28 mmHg)l was purified by 

flash chromatograpbylo (AcOEt) to give 11 and 12 in 61% and 13% yields, respectively.ll 

Application of the hydroxymethylation conditions of Godefroi d . 1 2  to 11 [35% aqueous CH20, 

AcOH-AcONa buffer (pH 4.61, reflux, 24 hl afforded the 5-hydroxymethyl derivative (13) (mp 

12&125"C)13 in 76% yield.14 The correctness of the structure of 13 was supported by hydrogen- 

olysis (10% Pd-C/H2, MeOH, 1 atm, room temp., 30 min), which led to the formation of known 

5-hydroxymethyl-1-methylimidazole [mp l14-115.5°C (lit.15 mp 113-114°C)1 in 69% yield. Oxi- 

dation of 13 with active MnOz in boiling CHC13 for 1 h produced the corresponding aldehyde 

(14) (mp 89.5-90.5'C) in 96% yield. 

Separate treatments of 14 in N,N-dimethylformamide (DMF) with thiophenol (120°C, 3 h), 

with 1-naphthalenethiol (lOO°C, 3 h), and with 4-methoxy-a-toluenethiol (llO°C, 1 h) in the 

presence of NaH gave the corresponding thioethers (15a) (mp 70-71.5"C), (15b), and ( 1 5 ~ )  (mp 

8G31.5"C) in 73%, 83%, and 73% yields, respectively. The thioethereal aldehydes (15a-3 were 

then converted into the alcohols (16a) (97% yield; mp 130.5-131.5"C), (16b) (97%; mp 169- 

170°C), and (164 [loo%; mp 113.5-115°C (lit. mp 113-114°C;16 mp 103-104°C1~)1 by NaBH4 

reduction (MeOH. room temp., 2 0 3 0  mid.  Chlorinations of 16a-c with SOC12 (at O°C for 30 
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min, then a t  room temp. for 30 min) provided the chlorides (17a*), which were isolated in the 

form of crude solid hydrochlorides (17a+.HCl) in 97-98% yields. 

Coupling of 17a.HCl with the organolithium reagent (18) generated from (2B)-2,5- 

dihydro-3,6-dimethoxy-2-isopropylpyrazine in tetrahydrofuran (THF) a t  -7S°C, a n  application 

of the "bis-lactim ether" method of Schollkopf,l~ was carried out a t  -50°C for 18 h, giving the 
20 

trans isomer (19a) [mp 117.5-118.5"C; [a],, -5.80' (c 0.50, CHC13)I and the cis isomer (20a) 
20 

[[a],, -68.9" & 0.50, CHC13)1 in 70% and 5% yields, respectively. A similar coupling reaction 
21 

of 17b.HCl produced 19b [[af-28.6' & 0.50, CHC13)I and 20b [[a],, 48.6 '  (g 0.50, CHC13)I in 

88% and 5% yields, respectively. Hydrolyses of 19a and 19b (0.25 N aqueous HCliMeOH, room 
2 1  

temp., 1.5 h) afforded the amino esters (21a) [98% yield; [a],, +24.S0 & 0.50, MeOH)] and (21b) 
21 

[84%, [alD t25.5' & 0.51, MeOH)], both of which were shown19 to be of 98% enantiomeric puri- 

ty. Finally, 21a and 21b were separately hydrolyzed in boiling 6 N aqueous HCI for 1 h, fur- 
19 

nishing the desired compounds (8s) [mp 193.5-194.5'C (decomp); [a],, t29.8" (G 0.50, 0.1 N 
23 

aqueous HC1)120a and (8b) [mp 212.5-213.5°C (decomp); [a],, +29.4' (E 0.50, 0.1 N aqueous 

HC1)120b in 83% and 86% yields, respectively. The structures, absolute configurations, and 

high optical purities of 8a and 8b were confirmed by desulfurization (Raney Nilaqueous EtOH, 

reflux, 8 h), which led i n  each case to the isolation of known 3-methyl-L-histidine (22) [mp 
26 

231-233°C (decomp); [alD t13.2O & 0.30,O.l N aqueous HC1)120a2l in 8 3 4 7 %  yield. 

In conclusion, it i s  hoped that the above 10-step synthetic route to the 5-arylthio-3-methyl-L- 

histidines (8a,b) from 46)-bromoimidazole (9) would be applicable to the synthesis of the struc- 

turally analogous, starfish alkaloid imbricatine (7). Furthermore, the first half of this route 

in series c (9-++17eHCl) represents new syntheses of ovothiols A and C (1 and 3) in a formal 

sense, since 16c prepared by a different multistep synthesis163173 has already been led to 1 

and 3 through l7c.HCI a similar "bis-lactim ether" route.16J7 
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