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We have recently indicated that (-)-cl-kainic acid (Kai. 1). a natural product isolated from the 

marine alga I)igenea simplex with powerful neuroexcitatory activity in the mammalian central nervous 

system. may he used as a conlormationally restricted analog 0I glutamic acid (Glu) in biologically 

important compounds.2 We now wish to report on the development of a methodology which allows the 

incorporation of derivatives 01 Kai modified at the yxrhoxy tunction. such as the y-amide (Kan, 2)” and 

the :r-benjylester IKai(tsA). 31 and ether ~Kol(l~A).4~. into peptide chains.The (:-terminal hexa (5)- and 

heptapeptides (6) of the mammalian tachykinin substance P (SP. 7) were used as models in the present 

work. Structure-activity relationship studies have shown that the biological activity of 7 mainly depends 

on the amino acid sequence ol peptides 5 and 6. Moreover. replacement of b&terminal glutamine (Gin) 

by pyroglutamic acid (Up) and of (‘-terminal methioninc (Met) by GILI in these peptides results in 

analogs with higher and equipotcnt respectively contractile activity to that of the parent peptide 7.4 

Using the synthetic protocol described below. the SP analogs 8-l 2 were successfuly prepared. These SP 

analogs contain Kan and Glp in place of Gin at positions 0 or 5 and 5, respectively and Kai(RA) and 

Kol(tsA) in place of Met at position I 1. It should he pointed out that the Kai analog with a reduced y- 

carhoxy function, abbreviated here as Kol, represents a conformationally restricted analog of the 

hydroxyamino acid bhydroxynorvaline (Hnv).S 

Incorporation of compounds 2 and 3 into peptide chains and the preparation of derivatives of ether 

4 suitable for use in peptide synthesis required the use of KG-intermediates selectively protected at one 

of the two available carhoxy functions. Such an intermediate, namely lactone 13, had been already 

described and successfully used ior the preparation of a series of Kai */-amides.” I.actone 13, readily 

available through N-protection ot Kai with the terf-hutoxycarhonyl (Hoc) group, followed by 

iodolactoni/ation 01 the resulting hoc-Kai, served in our work as the key-intermediate for the 
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conversion of Kai to hoth Kai-NH,. for use as the (‘-terminal amino acid, and Kan for use in the N 

terminal region of the peptide chain. In both cases, the commercially available triphenylmethylamine 

(TrtNH?) was employed as an anhydrous and convenient source ol’ ammonia.” 

Kai (1) : x=0. Y=Ol I Wp : K=Ii. x=011 
Kan (21 :X=0. Y=NIl> au : x=0. Y=OI 1 
Kai(Rzl) (31 : X=0, Y=OHA Gin : X=0. Y=Nt12 

‘l’rt-Up-OBt : K=‘l’n. X=OHt 

Kol(Rzlb (4) : X=t13. Y=OlVl Hnv: x=IlJ. Y=Oll 

C;ln-t’hc-l’he-tily~l.eu-Mer-NII, SPcll 15) Kan-(;ln-Phc-l’he-Gly-I .eu-Met-Nllz IKanSI-SPS.tl (8) 

tiln-tiln-l’he-l’hc-C;ly-I cu.Met-N11, U’s,, (61 Glp-Kan-l’h~-l’hc-~ily-l.eu-Mc~-NIIz l(;lp’. Km‘l-Sk, (9) 

Arg-Pro-l ys-~‘ro-tiin-C;ln-~‘he-l’he-C;ly-l.eu-Mel-NII, Kan-Phc-Phe-Gly-I .a-Met-Nil? IKan‘l-W-t, (10) 
SC (7) 

(,lp-C;ln-l’he-l’he~(;iy-I .cu-Ka~(HA)-NI1~ [Glp’. Kai(Rxl)“I-SP5.1~ (II) 

(;lp-tiln-l’hc-l’hc-C;ly-l.cu-K~~l(l~~l~~Nll~ IGlp’. Kul(llxl~“I-SPs.lj (12) 

Thus, coupling lactone 13 with TrtNH;! provided the corresponding tritylamide 14 which upon 

treatment with Zn dust in glacial (gl.) .AcOH. l.ollowed by esterification with benzyl alcohol under 

Mitsunobu type reaction conditions, gave the Ti-hen/y1 ester derivative 15 in 6.5% overall yield. It should 

be noted that, due to its hulk. the coupling of TrtNH,! with 13 was most efl’iciently performed, in 839L 

yield. using the coupling agent PyllrOP.7 Treatment of 15 with trifluoroacetic acid (TI;A)/CH$l2 (3:l) 

resulted in simultaneous deprotection of borh amine and amide functions. The resulting tritluoroacetate 

salt was routinely crn~pled with ISoc-l.eu.HXC), using N./V-dicyclohexylcarbodiimide (IXC) and I- 

hydroxybenlorria/c)le (HOlSt). to give the dipeptide amide I6 in 7(Y% yield. On the other hand, coupling 

iodolactone 13 with the tetrapeptide ester H-Ciln-Phe-Phe-Cily-ant or the tripeptide ester H-Phe-Phe- 

Gly-WI, in presence of the coupling agent IIOP,x produced the corresponding iodolactones 17a and b in 

X4-W% yields. These amino components were obtained from TFA-mediated Ndeprotection of the 

corresponding peptides I)oc-Kiln-Phe-Phe-Cly-~)t.,t and I~oc-Phe-Phe-(;ly-Opt, available in our 

laboratory from previous studies. Treatment of lactoneh 17a and h with Zn/gl. A&H, followed by 

coupling with TrtNH? in the presence ot’ Pyl$rOP gave good yields (hS-75%) of fully protected Kan 

peptides 1Ha and h, respectively 

.Stritylation of Kai. I’ollowed by Mitrunohu type esteril’ication gave the diester 19, which was 

regiospecilically saponil’ied at the y-carhoxy function.? The resulting Kai derivative was reduced at the y- 

carhoxy function in an one-pot experiment. involving activation with I)CC/HOHt followed by NalSH4 

reduction.5 IO give the Kol derivative 20 in 78% yield. Alcohol 20 was sequentially ben/ylated at the 

hydroxy t’unction with lPllSr/NaH. V- detritylated with TsOH.H$ in retluxing isopropanol, coupled with 

ISoc-l.eu.H+ using rhe system IXXJHOl~t and I’inally ammonolysed to give the dipeptide amide 21 in 
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18a ; P=Ciln-Phe-Phe-Cily-~~,t 
18h ; P=Phe-Phe-Gly-OE:t 

I xv. xvi 

22h : P=Phe-F’he-Gly-OEt 

Keqenr.s : i. (a) Me$iC’I/kt~N. (b) TrtCl. (c) MeOH: ii, MeO~lph3PF:to,CN=NC~~t; 
iii, NaOH; iv. I)CC/HOlSt: v, NalSH& vi. NaH/lUllSr: vii. TsOH.H20: viii, ISoc-I.eu/lXX/ 
HOlSt; ix. NH?; x, Ik~~(l): xi, IZ/KI/NaHCOI; xii. lWP/H-Gin-Phe-Phe-Cily-OEt or HOP/ 
H-Phe-Phe-Gly-Ol+t: xiii, Zn/gl. AcOH; xiv. TrtNH#ylWOP; xv. TFA: xvi, Trt-Glp-01% 
xvii. U/IOH/ Ph$/ EtaCN=NCYEt; xviii. IWP / H-l.eu-Met-NH?; xix, BOP /Trt-Glp- 
Gin-Phe-Phe-Gly-OH: xx. 20% TFA in C‘HZ<‘12. 
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7h% overall yield. 
The dipeptides 16 and 2 1 and the penta- and tetrapeptides 18~ and h, were subsequently used lor 

the preparation of the projected SP analogs II- 12 as follows. Saponification of 18a and HOP-mediated 
coupling of the resulting pentapeptide acid with H-I.eu-Met-NH,? gave the corresponding heptapeptide 
amide in 90% yield, which upon treatment with TFA afforded the SP analog 8. Similarly, saponification 
of tetrapeptide ester 18b, followed by BOP-mediated coupling of the resulting tetrapeptide acid with H- 
I,eu-Met-NH;? gave the corresponding hexapeptide amide, in 84% yield, which was also deprotected with 
TFA to give the SP analog 10. On the other hand, Ndeprotection ot’ 18b with TFA and coupling of the 
resulting tetrapeptide ester with Trt-Glp-OHt, a useful compound for the introduction of Glp in peptide 

chains,” gave the pentapeptide 22b in 82% yield. Saponification of 22b, followed by BOP-mediated 
coupling with H-I.eu-Met-NH? gave the corresponding heptapeptide in 84% yield which upon TFA- 
mediated deprotection provided the SP analog 9. For the preparation of analogs 11 and 12, the 
tetrapeptide 13oc-Gin-Phe-Phe-Gly-Oh3 was Ndeprotected with TFA and subsequently coupled with Trt- 
Glp-OBt to give Trt-Up-Gin-Phe-Phe-Gly-0l-t in 82% yield, which upon saponification provided the 
corresponding pentapeptide acid. HOP-mediated coupling of this acid with the tritluoroacetate salts of 
the dipeptides H-l.eu-Kai(B?l)-NH2 and H-I.eu-Kol(Bd)-NH2 gave the heptapeptides Trt-Up-Gin-Phe- 
Phe-Gly-I .eu-Kai(Bzl)- and Kol(B;rJ)-NH*, in XX and 85 % yield, respectively. These amides, upon 
treatment with 20% TFA in CH.& provided the desired SP analogs 11 and 12. Biological evaluation ol’ 
the thus obtained SP analogs 8-l 2 is now in progress. 
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