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Abstrrcl N-l;ormyl-oL-tryptophylglycl~ ata was cyclizal IO form 3.4dlhydro-gclrbolin denvrtive 

(11) by means of polyphosphatc ester (PPE) In contrast wtth thtr N-•cylglycyl-tryptaminc (Illa. b) or 

-oL-rryptophan estcI (Illc) underwent two-fold cyclodehydration to yield 5H-lmidazo[ I’ 5’. 1.2]pyrido- 

[3 4-b]mdole derl\arlbcs IV). probably by way of 3.4dlhydro-~-carhollne-r)pe lnlermcdlalc (IV) 

IT HAS been rcportcd that polyphosphate ester (PPE) is a good dehydrating agent in 
condensation reactions’.’ as well as a mild agent in some acidcatalyzed rearrange- 
ments.‘.’ For example, N-formyl- or -acetyl-DL-tryptophan and their esters were 
cyclized in the presence of PPE under mild conditions to afford corresponding 
3,4dihydro-p-carboline-3-carboxylic acid derivatives, some of which have not been 
isolated nor characterized by other conventional methods.’ 

An extension of the above work was undertaken with some dipeptidcs containing 
tryptophan and glycine and their related amides as substrates. The present paper is 
concerned with a facile cyclodehydration of these substrates by means of PPE, 
some of which led to the formation of imidazopyridoindole derivatives as a result of 
double q&dehydration. 

N-Fotmyl-DL-tryptophylglycine methyl ester (I) was first subjected to reaction 
with PPE. As observed previously with N-formyl-DL-tryptophan ester,’ I was readily 
cyclizad to yield the 3-substitued 3,4dihydro+-carboline derivative II. With regard 
to the possible application of PPE as a special dehydrating agent for chemical modifi- 
cation in the peptide held. it should be noted that the glycine part of the peptide 
remained intact during the treatment with PPE. 
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The dehydration reaction of glycyl-tryptamine derivatives was examined in order 
to determine the influence of neighbouring groups surrounding the indole nucleus 
in the peptide chain. When N-(N-aatylglycyl)tryptamine (IIIa) was refluxed with 
PPE in chloroform solution for 4 hr. a basic product was isolated as a monoper- 
chlorate in 57 % yield, from which a free base (Va) having the composition C,,H i ,N, 
(2 moles of water lost from IIIa) was obtained in a pure form. The UV spectrum of 

l Pan VIII m the scncs Polvphmpharc Esrrr ac a Synthcr~~ Aqcnr; for a prccedmg paper see Ref 5 
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Va was typical for indoles substituted in the 2-position by an aryl groupp being 
clearly distinguishable from the chromophore of the 3&dihydro-&carboline system, 
a product initially expected from the cyclization.’ The assignment of the SH- 
imidazo(l’S’: 1.2~y~d~3.4-b)~dole structure for Va was further confirmai by the 
fact that the analogous bcnzoyl amide IIIb was also converted by a similar treatment 
to the known compound Vb of the same tetracyclic structure. synthesized from IIIb 
by Elliott with phosphoryl chloride.’ 

WN.,. P.R,_Mc.R =” 

111 
N-1 IV h. R, = Ph;‘R22- H 

c: R, = Me; R, - CO,Me 

During the course of the reaction, the absorption band of the UV spectrum of IIIb 
was readily replaced by the new band at 354 rnh which was further transformed into 
the absorption of Vb. In attempting to trap an intermediate of the conversion 
(IIIb -+ Vb), IIIb was treated with PPE under milder conditions. As expected, the 
isolated product was IVb, a primary product of the Bischler-Napieralski cyclization 
of IIIb, the absorption of which was identical with that observed intermediately. 
Therefore, the use of PPE may generally permit isolation of a product at a primary 
stage of reaction if desired, in advantage over phosphoryl chloride. Further, milder 
reactivity of the reagent without active chlorineatoms would be suitable for applica- 
tion to peptides to minimize side reactions involving amide bonds. 

In general, only a few limited observations may be found in the literature on the 
chemical features of peptides in non-aqueous or dehydrating media.” Very little is 
known about intramolecular dehydration of tryptophan-peptides. For example, 
attempted dehydration of glycyltryptophan with trifluoroacetic acid, the only 
attempt of this kind reported as far as we are aware, was unsuccessful despite the 
fact that the reagent effected the Bi~hlcr-Napieralski reaction of a~tylt~ptophan.9 

Acctylglycyl-oL-tryptophan methyl ester (111~) was similarly heated wirh PPE 
to produce Vc in 71 YO yield. Compound IVc, the most probable intermediate, 
apparently underwent subsequent cyclization as a result of interaction bchvccn the 
newly formed azomethine group and a ncighbouring amide bond. Since this observa- 
tion on the dipcptidc level would suggest that the two-fold cyclodehydration of this 
type could possibly be a general bchaviour of the peptide system involving the indole 
nucleus, this technique is expected to be used for the purpose of some chemical 
modification of tryptophancontaining pcptidcs. 
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l All m.p. 4m uncorrected. 
EXPERIMENTAL* 

N_(3.4-Mydr+f&car&Ilru-3sotboeyl)gIy&te rrvrLyl ester (II). To a xoln d N-lormyl-ca-tryptophan’ 
(1~16~)m6E1,N(555ml)inTHF(60ml)ahylchlorofonnru(5%ml)nurddbdin~portioa,uadct 
xtirtin~ aad cooling during 30 min. followed by additioo d powdered gly&e methyl atu hydrochloride 
(613~AlotadEt,N(5~OaU)inF(20ml)wu~uDda~linld~30mio~rtirrialru 
unltinucdforanadditiotlaI2hrrt~to -5”.AftcTxtMdingovemightrtrrooattan~tbcractkQmixton 
wuhltasdudrbtP~mpo~~sdk.+beraidutruatnuXsdintoCHCI,.tbrarncrwubad 
with 10% HCl, 10% NaxCO,4. water, dried (Na,SO.) and mporttat k DOCY) to kave cru& I ax a 
viscoux oil; sa, q Thix nutcrial pvc a dngk spa in TLC (xiliagd; aatonc:lxaxcac = t :t36); IR 
an - ’ (Nujol) : 1750 (cater) ; 1650 (broad) (MGJJC I). 

A mixture of crude I (I I99 mg), CHCl, (IO ml) l d PPE’ (5 r) wax stirred at a room tamp for I hr. and 
the alixtutz wu cnpotrtai 6l wcla at a room temp. cold water (50 ad) wu Added with cooling and 
xfta airring for 2 hr the cdn wax applied to a column d cation exchm@ rain (IR-120; 1.5 g), which 
wuwaxbodwith McOH(I5Ornl)tbenclutcd with McOH(I~I)coo~70~~HCIO,(981)Tbccluru: 
wax evrpontod &I WCYD below W rml the residue was rcayaallixod from MeOH& to give the 
pcrchlontcdIIup&ydbw nccdksdm.p. 155-IM”;5tP~or35~;IRcm-‘(Nopl): 1745(caet 
C==O); 1625 (conjugated C-N’). W c mp (log 6): 245 (4.12); 364 (4.m (Fouod: C, 675; H, 4.31; 
N, 1060. C,,H,,O,N,.HQO, (pcrchlorrtc d II) requires: C, 4695; H.4.15; N. 1090~W) 

N(N-Ac~yfqlycyl)ny~(III8~Aturpauioadaoctylglyciae(l~l7(I)iaTHF(X)ml)wumixadwith 
Et,N (140 r) with stirring and ethyl cblordormrte (I# @ was added at - 5’ to Q and xtirr& continued 
for 30 mitt, fdfowad by drop& addition of a xoln d trypta&e (I~~~~F(~~~~~ror 
3hr~trooartcm~tbtmirturr~#apo~tedbrwcu,~thtraiduedirrdvedioCHQ*nsbbd 
rurauivdy with UL NaHCO,rq, IO.4 HCl. lilt NKlaq and dried with N@O, and evaporarod k WNO. 
Tbc raidue wax turyxt~Ilizal from THF to give 111x as colowlua fioc acedkx, mp. 14$146’; 1.701 
or66~~;IRan~‘(Nu~l):l645(MidcI).(Fouad:C.~~74;H.6~74;N, 16~27.C,,H,,01N,(lIL)~~: 
C. 64.84; H. 661; N. 1621’/3. 

N-Hippvyhyptmdme (Hlb). Hippuric acid (360 gJ was reacted with trypumiae (3.20 g) ax above to 
gin lllb u ~burksx aealka, mp. 179-180” from EtOH; 87% (lit_’ tnp. 18t&lSl’); IR cm-’ (NujoI): 
1670.1630 (amide I). 

N-~c~y~I~yl-~-rfy~o~ m&y2 ear (Hlc) Compound 111~ was pnpusd from xetyl&inc and 
Dt-tryptOph&II methyl estcf 8s io th axe of II18 yielding coburkss pkta mp. 15g-lSY from aatone. 
(Found:C,6036;H.6iK1;N.l30l.C,,H,~O,N,(IIIc)~uinr:C.605S;Y604;N, 13.t4%.) 

l_(N-&nroy~~rl3.~~~?~c~I~~ (IVbl A mixture d lllb (964 mg) and PPE (5 r) 
inCHCI,(10ml)wurrlluxedlorlhr;coklwrta(2ml)vu~deduadmortdCHCI,rrmovadkwnwl 
below 40” uwl the whok stirred afta addition of cold water (20 ml) for 2 ht to dsclwpoa cxccsl d PPE, 
whik a V&XNU oil uparatcd. The rupcmatant rqueoux layer wax demoted sod the oil dissolved in MeOH 
(lOml)ladlrrrtcdwith’FO%perchloricrcidroLn(450ny). tbeaev~pontedinwnw,tolerve~rolidrrdduc 
The water kycr wax also tratal with 70% pcrchloric acid (5Omg) to deposit crude percblonte Upon 
recryrt&iration of the combined xolid from McOH~tber. the pcrchlontc d IVb was ob&nul u dark 
ydlow rmdm. m.p. 216.2lP (dcc); 9% mgor 80%: UV c mp(logc): 232 (4.29); 354j4.35); IR cm-’ 
(Nujoi): 1665(rmi&1~16l5(conjugted~N’).(Found:C.5665;H.4~46;N, 1~39.C,,H,,ON,-H~O, 
(pcnhlonte d IVbl rcquira: C, W55: H. 446; N. 1041 l il. 

6,ll-Dihydr~3-mrr~~yl-5H-~ro [l’.Y; I.21 p@fo[3.4-b]i&& (!‘a). A mixture d Illa (777 nu) 
and PPE (4 e) in CHCI, (10 ml) wu rclluxod for 4 hr. Tbc xoiwot wax evapontcd In uscw and cold water 
(30 ml) wax added to the ruiduc followed by stirring for 3 hr. Tbc additon d 70% pcrchloric acid (450 ttt& 
and stongc in (be cold gave a ppt. which wax rccryctalli& from McOH to form pak yellow wcdka, mp. 
303” (dtz); 556 tng or 57%; mp (log t): 242 (4.31); 315 (4.381 IR an“ (Nujol): 166O(ting C-N’). 
(Found: C. 51.85; H. 4,35; N. 12.95. C,.H,,N,*HCIO, (pcrchlontc d Vr) requira: C 5193; H. 4.35; 
N. 1298 “/,, 

The free bue(Vx) wss obtained by xuxpcnding the pcrchlonte in EtOAcand treating tbc tuxpauion with 
10% Na,CO,4. The baac. rccryruflixad from EtOH. fonasd ooIourka needkx, mp. 271ct7p” (de+ 
IR an- ’ (Nujol): 1650 (wl (nag C-_M (Found: C. 75-38; H. 5.85; N, 1895. C,,H,,NJVa) requiru: 
C. 75.31: H. 5.87: N. 18.82%) 

6,1l-~vdr~3-~yl-5H-~l’.5’; 1.2Jpyrfdoc3.Cb)f (VbL COmpouad Glib (643 ml) vu 

&al w& PPE (7 g) md the mixtum wax heated at Im (oil-bath tcmp) for 30 min in the rtmo&ere of 
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N,. After decomposition with cold water (100 ml) the ructioa mixture was m&e rlkalinc wth cone 
NH,OH and the ppt wu collected. dncd and recrystalli2bd from McOH containing a small amount of 
pyridinc to givt pak yellow acedks, m.p. 307-m (dcc); 349 mg or 61% flit.’ mp. ~.JlcP); UV c” 
mp (log tf; 253 (4.23); 332 (4 32), Perchlorrte of Vb forms dark yellow needles of m p. 26J.266. (dcct from 

McOH-cthcr. (Found: C, 58.84; H. 4.17; N, 1094. C,.H,,N,*HCIO, @ttchlonte of Vb) requires: 
C. 59.14; H. 4.15; N. 1089*&) 

6.1 l-Dihydto-3-nurhyl-5~rhox~~c~bonyl-5H-imidaro[ I’ 5’: I.Z]pyruo[3.4-blindoIr (VcL A soln of 
lllc (634 mg) and PPE (7 g) In CHCI, (10 ml) was rctluxed for 4 hr. the solvent was evaporated in L’OCUO. 
cold WBICT WII addad and the reaction mixture made alkaline with exau of NaHCO, and extracted with 
EtOAc. The extract was washed wrth sat NaClrq and dried wtth Na,SO, and evrporatat in tyvuo. The 
resultant residue was dissolved in &OH (5 ml), mtxai with 70% pcrchloric acid (300 mg), evaporated 
in tyvuo and the residual soled raryrtallired lrom MeGH to give the perchlorate of Vc as pale yellow 
needles. m.p. 277-278’. 543 mg or 719:; UV en ml, (log t): 244 (4.34); 249 (4.32); 316 (440); IR cm-’ 
(Nujol): 175O(ater~j; 1660(rin8@N’).(Found:C.5024; H,4,39:N. 11-21. C,&H,,O,N,.HClO, 
&chlorate of Vc) requires C. 5032; H. 4.20; N. I Ial ?;.) 

Aclvcow&&mtar We arc indebted to Mr Y. Okuno for pirtral technical assistance. to Mrs. T. Tomn 
and Miss A. Ma& for ekmcntal an&ye+. Thrs work was supported by a grant from the Ministry of 
Education. Japan. 
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