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Summavy. Oligopeptidcs with the sequence Z( ClyProPro) &But (n -1 3-7) were synthesized 
along a classical pathway. Generally long fragments wcrc condensed in orticr to allow an easy 
scparation of the products from the reactants. It is cstablished by molecular wcight determination 
and measurements of circular dichroism that thc pcptides form the collagcn-li kc triple helix in 
methanol and that they assume the mndorn coil conformation in dilutc acetic acid. The circular 
dichroism spectra agree reasonably well with the corresponding spcctra for (ProPmG1y)lo which 
was obtained by soIid phasc synthesis in another laboratory. 

Introduction. - Polytripeptides with glycine as every third residue and a high 
content of imino acid residues have the ability to  assume the collagen-like triple 
helical conformation (for recent reviews see [l] and 121). l’hcy serve for a simplified 
analysis of the structure and of the triple helix 3 coil transition of collagen 111 [Z ]  
and offer thc possibility to study the chain Icngth dcpcndence of the equilibrium and 
kinetic parameters of this transition. With this information the mechanism and the 
rate constants of the individual steps in this complex cooperative transition may he 
evaluated 131 1-41, 

One of the simplest and most interesting model sequences for collagen is (Glyl’ro- 
Pro)n. A polymcr with this sequence was first obtained by condcnsation of the tripep- 
tide ProProGly with tetraethylpyrophosphite [5]. This peptide showed a broad chain 
length distribution and it was contamined with phosphorus which might interrupt the 
regular conformation. This polymer was uscful for X-ray studies [l] but the desired 
thermodynamic. and kinetic parameters could not be obtained. Oligotripeptidcs of 
better defined chain length (n = 5,10,15,20 [6] ; n = 10,12,14,15 [7] ; n 7 and 8 IS]) 
were synthesized by stepwise polymerization of the tripeptide ProProGly using the 
solid phase method 191. Although several impressive ph ysicochcmical investigations 
habe hccn performed with this material [1.&16] it may be desirable to have pcptide 
with cvcn higher horIlogeneity. In the solid phase peptide synthesis several sidc pro- 
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ducts may arise which in general cannot be removcd from the main substance [1.7] 
1'181. The analysis of the peptide prepared by this method is difficult. Even the high 
voltage electrophoresis at 4.5-5 kV shows poor resolution at  chain lengths higher than 
40 amino acid residues [8] ClS]. Disturbing irregularities are observed during chain 
elongation by the solid phase method in thc case of (ProProGly), [S]. 

For the reasons discussed we synthesized our peptidcs along B classical pathway. 
This made it possible to establish the properties of the intermediate products. The 
aim was to condense longer fragments in ordcr to facilitate the separation of the 
products from the reactants by gel chromatography. 

Procedure of the Synthesis, - The pathway of the synthesis is givcn in Schemes 
1-5: 

Scheme 1 

A) Z(GlyProP~o),OBut 

ZG1y (I) ZkoProGlyORz (11) ZPro (111) ZGly (I) 1)roOBut (TV) 
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Scheme 3 

C )  Z(G1yPro Prr&OBut 

ZGlyProFroOl3ut (XI 11) 

I 
I 

Z C I ~ R O R O  (xxtr) 

GlykoProroOHu~ (XIV) ZGlyProProOTCl? (XXIII) 

Z(GlyProPro),OUu~ (XXIV) 

z (GlyI)roPm),OTCY (XX) 
/ 
------./ (GlyProF+o)20But (X XV) 

Z(GlyProPro)5013u~ (XXVI) 

Z(GlykoPro),OBut (XVIIT) 

I 
------./ 

Z(GlyProPro),OTCP (XX) (GlyProPro)3013uL (XXVll) 

Z(GlyProPro),OHut (XXVII I) 

Scheme 5 

Z(GlyProPru),ORut (XXT) 

Z(Glyl’roPro)4 (XXIX) 

Z(GlyProPro),OTCP (XXX) 

I 
I 
I------- 

(GlyYroPro) ,OBut (XXVl I) 

Z(GlyProRo),OBut (XXXI) 

’l’he abbreviations arc: 
OBz 
Z = benzyloxycarbonyl ; OTCP = 2,4,5-triclilorophenyl cster ; 
ONp = 9-pitrophcnyl ester. 

benzyl ester; OBut == t-butyl ester; 
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The tripeptide ZYroProGlyOBz (11) was obtained according to Wiilzsch et a!. I 191 
with use of thc carbodiimid method. They also prepared the free tripeptide (Vl) by 
catalytic hydrogenation. This free peptidk: is very easily decomposed to the diketo- 
piperazine of two proline residues and glyQine at  warnring or at standing at room tem- 
perature. This undesired reaction may totaly bc avoided if the hydrogenation is 
carried out in glacial acetic acid. Not evep traces of glycine could be detected in the 
product by electrophoresis on a silicagel plate. One equivalent of  acetic acid could not 
be removed from the substance by keeping over solid KOH in vacuo overnight. The 
substance decomposes only after melting. If an aqueous solution of this pcptide is 
rendered alkaline decomposition starts. 'l'bcreforc one finds in the product of the. ncxt 
reaction step traces of ZCly,. This can a lmst  be re~rinved by precipitating the peptide 
(IX) several times. 

All 2,4,5-trichlorophenylesters wcrc prepared according to Pless el al. [20] by thc 
method of Roth et al. [21]. Because of the tendency of derivatives activatcd at the 
carboxyl group of ZGlyPro to cyclise 1221, synthesis of ZGlyProProOBul (XIII) was 
effected via activation of the imino group of I'roOBut (IV) by thc phosphorazo method 
[2325]. The coupling of active esters with peptides of  amino acids was carried out 
following the procedure of the synthesis of ohgoprolines by H o t h  st al. [26]. 

Experimental Part 

The thin layer chromatography (TLC.) was pcrforrncd on silicagcl plates (0.25 mm layer) 
(Merch, Darmstadt) with two solvent systems: A) n-butanollacetic acidlwater 3 : 1 : 1 (u/u) 
R) n-butanol / pyridine /acetic acid /water 60: 20 : 6 : 24 (u/v) .  The corresponding Rf-values are 
dcsignated RfA and RfB. All hydrogenations were performed under normal pressure at a slow 
hydrogen flow in the prcscncc of Pd-Black (purchased by I'luka AG, chem. Fabrik, Buchs SG, 
Switzerland) fur a period of 10 h i f  not statcd othcrwisc. 

Molecular weights were determined by the Y@hantis inidpoiat cquilibriurn scdimcntation 
method at 30000 rpm [27]. A model E analytical ultracentrifuge (Bachman Instruments) was 
applied. The partial specific columnes were determined with a digital densitometer (A. Paav, 
Austria) according to Kratky et al. [28]. The circular dichroism measurements were performed 
with a Cavy 61 spcctropolarimeter (Vavian) in thermostatetl cells of 0.1 to 1 mm pathlcngth 
(O#ticeUand Perkin Elmer). The methanol used for CD.-measurements bad spectral grade (E. Merck, 
Darmstadt). Prolint? was purchased from Fhka AG, Buchs SG, Switzcrland, [ a ] ~  - - 85.5" 
(c = 5, HaO). Glycinc had analytical grade (E. Mcvck, Darmstadt). 

The peptides (ProProGly)s and (Pr~J?roGly)~, prepared by the solid phase method were 
products from Pvolcin Research Foundation, Minoh, Osaka, Japan. 

A) Synthesis of Z(GlyProPro),OBut (XVIII). - PvoProGZy * CHsCOOH (PI). 37.8 g 
of ZProProGlyOBz (11) [19] ( [a ]~ ,  = - 115.1'; m.p.: 120-1227, were dissolved in 400 ml of 
glacial acetic acid and hydrogenated. After completion of the rcaction thc catalyst was filtcrcd off 
and the solvent was evaporated undcr vacuum at 20". An oil rernaincd which cristallircd upon 
stirring with ether. The chromatographically pure substance was filtercd, washcd with cther and 
dried over KOH ir vacuo (0.1 mm Hg) overnight. Thc yicld was 25.2 g (100%) [&ID = - 82.4': 
[KIM = - 97.7" (c = 1.233, CHIOH), m.p. : 123-124" (dcc.). The substance is found to  be pure 
on electrophoresis on a kieselgurlsilicagcl 2:  1 plate at 1 kV [8]. 

ZGlyPvoPvoGly (IX). 22.3 g of ZGlyOTCP (V) [ZO, 211 (m.p.: 107-108°), 22.6 g of ProProGly 
(VI) and 20 ml of freshly distilled triethylaminc were dissolved in 250 ml of dry ethyl acetatc and 
stirred at room tcmp. €or 24 h. Afterwards, the reaction mixture was extracted with sat. KHCOs- 
solution. The aqueous layer was acidified with conc. hydrochloric acid cautiously to p H  2 and 
extracted with 3 portions of chloroform. The combined organic cxtract was washed with water 
and dried over NasSOd overnight. The chloroform was evaporated under vacuum. A white amorph- 
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ous powdcr remained which containcd traces of ZGly and ZCilyGly. These can bc rcmovcd by 
repeated precipitation from chloroform/pc:troleum ethcr. Thc substance weakens at  80". [a]D :-:. 
- 124.1' (c -- 1, CH3011); yield: 20 g (76%); RfA = 0.41, RfR - 0.31. 

zG&pro (XI). 80 g Of prolinc ([a]= = - 85.5*) was dissolved in a mixturc of 400 ml water 
and 400 ml pyridine and the pH was raised to 9.4 with 4N WtOH. A solution of 153 g of ZGlyONp 
(VIII) [29] [21] (m.p. : 127-128") in 200 ml of dry pyridinc was dropped into the reaction mixture 
slowly. The pH' was maintained at 9.4 with 4N NaOH ovcrnight by means of a pH statc. The pH 
was then lowcred to 8.0 by the addition of solid citric acid and the yellow solution was cxtracteci 
with diethylcther in a Ku~.~chL.v-SteudeCapp~atus for 24 h. The pale yellow aqucous layer was 
saturated with NaCl and acidified cautiously with conc. hydrochloric acid to pH 1.5. The product 
precipitated, was Iiltcrcd off and washed with watcr. The yield of thc crude product was 129 g 
(91%). This was rccrystallizedfrom cthylacetatc. [uJn = - 75" (c = 1, CHaOH); n1.p.: 150-152": 
yield: 123 g (8773, Rf.4 = 0.54, R ~ B  = 0.49. 

BG~yyProProORzlt ( X f I I ) .  A solution of 28 g of ProORut (IV) r301 ([a],-, = - 32.8' (C = 1, 
OHsOH); b.p.: 3 13-114°/11. 'J:orr) in 300 ml of dry pyridinc was cooled to  - 15' and 14.3 nil of 
PCl3 were addcd dropwisc. The temperaturc was not allowed to rise over 0". The cooling bath 
was takcn off and the arising suspension was stirred for 30 rnin. After addition of 50 g of ZCly'c'ro 
(XI) the reaction mixture was heatcd to 70" for 4 h, cooled to room temp. and filtercd. The brown 
filtrate gavc an oil upon evaporation, was dissolvcd in 300 ml chloroform and extractcd with 1~ 
hydrochloric acid. 2~ NaxCOa and with water successively. Aftcr drying over Na2S04 and 
evaporation an oil was yicldcd which crystallizes upon stirring with pctroleum ether (b.p. : 4060O). 
The product was rccrystallizcd from ethyl acetate. Yicld: 52.5 g (70%). [E]D = - 147.5" (c = 1, 
CHsOH); 1i1.p. 111-113"; RfA = 0.70, Rflt = 0.70. Further physical data are listed in Table 1. 

GlyProProOHut * HCl (X T V ) .  25.5 g of ZGlyProProORut (XIII) wcre dissolved in 200 ml o f  
methanol and hydrogenated in the prescncc o f  Pd-black as catalyst. Thc pH was maintained at 
4.0 by adding of a saturatcd solution of dry HC1-gas in methanol with a pH statc. The end of the 
reaction was deterrnincd chromatographically. The solution was filtered and cvaporated. The 
product was chromatographically pure. Thc yicltl was 20.0 g (lOO./,). [ a ] D  .- - 138.2"; m.11.: 
126-129°; R f A  = 0.48, Rfn = 0.58. The mass spectrum was consistent with the expectcd structure 
(frcc peptidc ester). Sometimes, cspecially when the rcaction mixturc was kept at lower pH, the 
carboxyl blocking group was also cleaved off. Therefore, wc later hydrogcnated the pcptide in 
glacial acetic acid. This method yicldcd an oil which had thc siinie chromatographical properties 
as the hydrochloride but wc never got partial cleaving oi thc cster group. 

ZPYOPVO (X). Tlic synthesis of ZProPro was complctcly analogous to the preparation of 
ZGlyRo (Xl). The product was recrystallized from Inelhanol. The yield was 94%. [ a ] ~  7 - 82.5" 

ZProProO'I'CP (XIT). 17.7 g ZProPro (X) and 11.1 g of 2.4,5-trichlorophenol werc dissolved 
in 100 rnl of pyridine and diluted with 100 ml of chloroform. 11.6 g of dicyclohexylcarbodiimide 
(DCCI) were dissolved in 200 ml of abs. chloroform and added dropwise to thc rcaction mixturc 
at room ternperaturc. The arising suspcnsion was stirred ovcmight. The dicydohexylurca was 
filtered off (10.3 g (81.5%)) and the filtrate was evaporated in IIUCUU to an oil which solidified upon 
vigorous stirring with petroleum ethcr (b.p.: 40-60') aftcr 45 min. Hccrystallized from ethyl- 
acetate/pctroleum ether thc product was a white powdcr. Yield: 25.0 g (93%)' m.p. : 101-103"; 

ZProPruGlyPvoPvoOBert (XV). 19.0 g of GlyProI'roOBut - HCI (XIV) were dissolved in 
120 ml of water and dilutcd with 11 0 ml of pyridine. A solution of 23.0 g of ZProProOTCP (XII) 
in dry pyridine was added dropwise to the reaction mixturc. The pli was maintained at 9.1 with 
4~ NaOH overnight. Thc arising clear solution was acidified with conc. hydrochloric acid to 
pH 5 and afterwards with solid citric acid to plI 3. The solution became turbid and was extracted 
with 500 ml of chloroform. Thc organic layer was scparatcd and extractcd successively with 100 ml 
of 2 N citric acid, two times with 100 ml of ZN Na2COe-solution and finally with three times 150 ml 
of water. Drying over Nags04 and evaporation yiclded 25.1. g of an amorphous, white powdcr 
(75%). [ a ] ~  = - 182.5' (c = 1, CHaOli), RfA = 0.48, 1IfB -- 0.68. The Mo1.-Wgt. was found 
to bc 635 (eq.ui1ibriut-n sedimentation in DMF and 650 (gel chromatography with Sephadex 1.H 20 
in (CH&SO). The calcuhted value i s  654. A small portion o f  the substance wm treated with 

(C = 1, DMI'); n1.p. 191.5-193.5"; RfA = 0.57, Rfn = 0.49. 

CcrJD = - 106.2" (C 1, CHsOH); K f A  = 0.73, Rflt 0.68. 
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anhydrous trifluoroacctic *id, Thc mass spectrum of it was found to be consistent with the 
structurc ol  the free carbobcniroxy pentapeptide. T1i.c: amino acid aiialysis gave a ratio of glycine 
to prolinc 1 : 3.98 (calc. : 1 : 4). 

PvoProGlyPvoPvoOBu~ * CHaCOOH (XVII). 21.5 g ol ZProProGlyProProOBut (XV) werc 
hydrogenated in 250 ml ol glacial acetic acid for 10 h in tlic prcsencc of I'd-black. After evapo- 
ration a chrornatogrzlphically pure oil rcrnained which was used without further character- 
isation; Rfn = 0.30, RIB = 0.35. 

ZGlyPvoPwGlyVTGP (X Y I ) .  Thc prcparation of ZGlyPrciProGlyoTCP was pcrforrned 
analogously to that of ZProProOTCP (XII). Tlic substance was a, yellowish powdcr with a point 
of wcakening a t  64". = - 115.8" (1: e 1, C l l & l ~ ) ;  'RfA = 0,68, Rin = 0.76. YiCld: 38%. 

Z(GZyPvoPro)aOBzd (X V I I I ) .  18.6 g oi ProProGlyPrcd'roOl3ut . CHsCOOH (XVII) wen: 
crnulgated iri yc) in1 of pyridina and dilutcd with 90 rj~l  of wdcr. The mixture was coolctl to Oo, 
set slowly to pH 9.3 with 4 N  NaOH and warmed u p  lo room temperature. A suspension 01 18.7 g 
of ZGlyProProGlyOTCP (XVI) in 60 ml of dry pyritiinc was tlroppcd into the stirred rcaction 
mixturc. Thc pll. was maintained a t  9.3 with 4 N  N d ) H  in a p H  statc. The rcaction was allowcd 
to procoed for 24 11. The turbid solution was cooled then to 0" anti acidifictl with solid citric acid 
to pH 3 and extracted with 2 tilncs GOO ml C J ~  chloroform. Tho organic layer was cxtractcd with 
saturatcd NarCOs-solution and twice with watcr. After drying and cvaporation the remaining 
foam was chromatographcd ovcr Sepliadex LH 20. The oluant waq mcthanol. Tllc first Iraction 
appcarcd to he chromatographically pure: RfA -. 0.38, Kflt =i 0.48, [a]n =-I - 224.2" (c = 0.82, 
CHsOH), yield: 15.2 g (54%). Further physical properties arc listed in Table 1. 

B) Preparation of Z(GlyProPro), OBut - Z ( G ~ ~ P Y O P T O ) ~  (XIX). 1 g of Z(C;lyProPro)s- 
ORur (XVIII) was dissolved in 10 ml of anhydrous trifluoroacctic acid and stkrcd at room tcmp. 
for 15 min. Tlic solvcat was cvaporated in va&o ant1 stirred with thrce pohions of ether. Tho 
material was a whitc, aiiiorphous powder which wtiakcns at 130O; RfA = 0.25, RIB = 0.22. 
[alp 7: - 211.2' (c = 1.4, CIl'aOH). Thc yiclcl was 944) tng (100%). 

Z(GZyProPvo)aUTCP ( X X I ) .  600 mg of Z(C;lyP~-ciPro)~ (XIX) werc dissolvcd in 10 ml of  
pyridine. 230 mg of 2,4,5-trichloruphenol arid 250 mg of DUX were added. This solution was 
stirred overnight, the precipitated dicyclohcxylurea was filterctl off and the solvcnt was cvapnrd- 
ed. The resirluc was taken up in 250 ml of chloroform and sucwssively cxtracted with 1~ HCI, 
2 N  NaaCOs-Sohtion and with watcr. The organic phase was dried over Na~S04 and cvaporatcd. 
An amorphous, faintly brownish foam rcniained which was chromatographically pure: RfA -- 0.36, 
Rfn = 0.55, [a]u 7 - 162.5' (C = 1, CHaOH); yield: 500 rng (70%). 

Z(GEyPruPro),$3At (XXI). 460 mg of GlyProProOBut - HAc (XXV) werc dissolved in 10 nil 
of pyridinelwdter 1 : 1 (v/u). The pH was adjusted to 9.3 with 4~ NdOH. 650 mg oi Z(GlyPrO!h>)s- 
OTCP (XXI) dissolved in 3 ml of pyridinc wcrc added dropwise over a pcriod of  114 h. Thc pH 
was maintained at 9.3 with 4~ NaOli by means of a pII-statc and the solution was stirred ovcr- 
night. The pH was thc lowered to pH 7 with solid citric acid and thc solvent was evaporated 
in vcacuo. Thc residue was taken up in 100 ml of chloroform and successively extracted with twice 
25 rd of a solution of 5% citric acid and 5% NaCl (w/u), twicc 25 ml of a mixture of 1~ NaOH 
and ssturatcd NaC1-solution 1. : 1 and three times with 25 ml of saturatcd NaC1-solution. The 
organic laycr was dried over NazSOs and cvaporated. Thc crud(: product (650 mg; yield: 89%) was 
fractionated ovcr a Scphadex J-H 20 column with nicthariol B Y  solvent. T h e  first fraction gave a 
chromatographically purc, white, amorphous powder. Yield: 490 mg (67%); K f A  = 0.23, RfR = 
0.40. Further physical properties are listed in Table 1. 

0) Preparation of 2 (GlyProPro),OBul - ZGlyPro.Pro ( X X I I ) .  5 Q of ZGlyProPtoODu~ 
were. dissolved in 50 ml of freshly distillcd anhydrous trifluoroacctic acid and stirrccl lor 15 min. 
The solution was then cvaporated to dryness and ihc remaining oil was trituratcd with ethct until 
the odor of trifluoroacctic acid has disappearcd. Thc resitluc was takcn up into 100 in1 of chloro- 
form and extractcd with 25 ml 0 . 5 ~  citric'acjd. Thc organic layer was dricd over Nags04 and 
evaporated. A white amorphous powdcr appearcd which was chromatographically purc ; Rf A = 
0.51, RIB = 0.51. Yield: 2.4 g (54%). 

~ G ~ ~ P v o P v o O T C P  ( X X I X I ) .  2.4 g of ZGlylyProPro (XXII) and l.23 g ol 2,4,5-trichlorophenol 
were dissolvcd in 30 ml of pyridinc. To this solution 1.53 g oI DCCJ were added and thc reaction 

81 
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mixture was stirred overnight. Thc precipitate was filtercd off, the remaining solution evaporated, 
dissolvcd in chloroform and extracted with IN hydrochloric acid, 2~ Na4COs and water. Thc 
organic phase was dried ovcr NasSOd and evaporated. Aftcr trituration with pctroleum cther 
a faintly brown eolid material arose, which was chromatographically pure. Yield : 2.1 g (60%) ; 

Z(GZyProPvo)~0Bzd (XXZV). Starting from 2.1 g of ZGlyYroProOTCP and 2.8 g of GlyYro- 
ProOBut the synthesis was performed analogously to the synthesis of Z(ClyI?ro~o)~ORu~ (XXI). 
Thc yield was 850 mg (34%); RfA - 0.52, RfB = 0.57. Thc mas$ spectrum is consistent with the 
assumcd structure. Further data arc listcd in Table 1. 

(GlyP~oPro)!aOBd (XX V). 500 mg of Z(G1yProPro)rOBu: werc hydrogenated in glacial acetic 
acid as described above. The chromatographically purc product was used without further 
characterization. 

Z(GZyProPro)sOBtd ( X X V I ) .  Starting from 500 mg of Z(G1yProPro)sOTCP and 450 rng of 
GlyProProOBut . HAC the pcptide was synthesized analogously to the procedure dcscribed for 
Z(GlyProPro)rOBu*. Thc yicld was 115 mg (17%); RfA = 0.06, Rfn = 0.31. Furthor data arc 
given in Tablc 1. 

D) Preparation of Z(GlyProPro), QBue(XXVSI1). - (GlyPvoPro)aOBd * CHsCOOH 
(XX). 770 mg of Z(G1yProko)sOBut (XVIII) were hydrogcnatcd in 10 ml of glacial acetic acid. 
The oil arising aftcr evaporation solidified upon addition of ether. The product was chromato- 

Z(G2yProPro)aOHu’ ( X X I I ) .  Thc synthesis of the octadecapeptide was carricd out analogously 
to that of the nonapeptide (XVIII). It  waa cluted from the Sephadex LH 20 column as the first, 
well separated fraction and was chromatographically pure; KIA = 0.04, Rfn = 0.25; map.: 
192-193”. Yield: 24%. 

RfA = 0.78, Rfn = 0.81. 

grC&phiCdly pure; RfA = 0.20, RfB = 0.38. Yield: 710 mg (100%). 

E) Preparation of 2 (GlyProPro), OEut - Z(GlyPvaPvo)~ ( X X I X ) .  Starting from 
460 mg of Z(GlyProPro)&But the peptide was prcpared analogously to thc procedurc described 
for Z(G1yProPro)a. A very small spot on the starting point of the chromatogramm was obscrved 
indicating that traces of the frce peptide arosc. The yicld was 391 mg (90%); RfA = 0.13, 

Z(GlyProPro)4OTCF (XXX). 120 mg of (Z(GIyProPro)4 (XXIX) were suspended in 0.5 ml 
of (CHa)aSO. The substance was dissolved upon thc addition of 1.5 ml of dry pyridinc. 30 mg of 
2,4,5-trichlorophenol and 50 mg of DCCI wore added. Thc reaction mixture was stirred ovcr- 
night. After filtration of the dicyclohexylurca and evaporation of the solvent a brownish, amorph- 
ous powder was obtained upon trituration with cther. The yield was 91 mg. 

Z(G2yPvoPro)flBu~ ( X X X I ) ,  The procedure of the preparation of Z(GlyYroPro)70But was 
analogous to that of Z(GlyProPro)aOBut, starting from 362 mg Z(GlyProPro)4OTCP (XXX) and 
290 mg of (G1yyProPro)~OBut (XXViI). 31 mg of solid material were yielded; RfA = 0.02, 

Discuseion of the molecular homogenity of the peptides. - The peptides are 
assumed to be pure and homogeneous by chain length for the following reasons: 
I) All intermediates are pure according to TLC. in the two solvent systems discussed; 
2) In order to characterize the shorter peptides mass spectra, determination of the 
molecular weight by ultracentrifugation or amino acid analysis were performed. All 
determined values are consistent with the calculated ones or the assumed structure ; 
3) The homogeneity of the peptides with n > 3 can be proved by TLC. in the solvent 
system B (see Fig. 1). No side products can be detected; 4) All peptides appear as a 
well separated sharp peak when chromatographed on a Sephadex LH 20 column with 
methanol as eluant. The side bands can be identified as the reactants by TLC. (see 
Fig. 2). Peptides of the sequence Z(GlyProPro),,OMe have been prepared by a Russian 
group [31]. Unfortunately only few analytical data are available for direct comparison 

RfB 0.21. 

RfB = 0.20. 
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Big. 1. Thin layev chvomatogramm of Z(GlyPoPro),ORut on silica gel in the solveal systems A 
awd B. Thc detection of the spots was performed succcssively with iodine vapours (positive), 

ninhydrine (negative) and with Clz/o-tolidine (positive) 

with our peptides. They were prepared by stepwise elongation with a GlyProPro 
tripeptide unit. 

Further characterization of the peptides 2 (GlyProPro), OBur (n = 4- 7) .  - 
According to sedimentation equilibrium the peptides if dissolved in aqucous acetic acid 
(1% acetic acid for n = 4,5 and 6 and 50% acetic acid for n = 7) have a molecular 
weight which corresponds almost to the calculated values for the single chains (see 
Table 1). The partial specific volume was found to be 0.77 crna/g at 20" for a solution of 
Z(GlyProI?ro),OBur. This value was assumed to be thc same for the other peptides. 
In methanol, however, molecular weights are found which are essentially thrce times 
the molecular weights of the monomeric peptide chains (see Table 1). They also 
correspond considerably well with the values calculated for the triple helical peptides. 
The partial specific volume was determined as 0.82 cma/g (again only for Z(GlyProPro), 
OBut). 
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Table 1 

Calc. MoL-Wgt. - 
Pcptide Solvcnt v [ml/g] trirncr monorncr a,* * [el800 

(ultra- deg * cms/ deg - cm2/ 
ccntrifurrc) decimol decimol 

n = l  
n = 2  
n = 2  
n = 3  
n = 3  
n = 4  
n E 4  

n- -5  
n = 5  
n - 6  
n = G  

n = 7  
n = 7  

DMF 
Methanol. 
DMF 
Water 
Mcthanol 
1% AcOH 
Methanol 
1 yo AcOH 
Methanol 
1% AcOH 
MethanoI 
50% AcOH 
Mcthanol 

0.82 
0.814 
0.815 
0.77 
0.816 
0.77 a) 
0.81GB) 

0.77 a) 

0.81G') 
0.77 8) 

0.816") 
0.778) 

0.816') 

2130 
2130 
2883 
2883 
3636 
3636 
4389 
4389 
5142 
5142 
5895 
5895 

459 
710 
7 10 
961 
961 

121 2 
1212 
1463 
1463 
1714 
1714 
1965 
1965 

45s 

720 
720 
950 
980 

1300 
3200 
1650 
4600 
1850 
5100 
2600 
6850 

- 300 
700 

- 400 
4500 

- 500 
6500 
200b) 
7000 

- 29000 
- 24 500 
- 29 500 
- 30 000 
- 31 000 
- 33 000 
- 31 500b) 
- 36 000 

n = 10 Methanol 5000 - 31 000 
free 
peptide l"/n AcOH at 50" - 1.500 - 23000 

8)  Measured for n = 3. * V I piLrtial specific volume 
b) Valucs dctormincd jn 1 % acetic acid. a, = weight avcragc molecular weight 

[ e] 225 = molar ellipticity per amino acid rcsi- 
due at 225 n m  

Further support for the formation of the triple helical conformation in methanol 
comes from the circular dichroism spectra (SCC Fig. 3). In  this solvent spectra are 
found which are typical for the triple helical conformation [32] [33]. They agree 
roughly with the corresponding spectrum of the peptide (ProProG1y)m synthesized on 
a polymer resin [GI. In dilute acetic acid at 20" and a peptide concentration of 0.5 to 
3. mM the positive peak at 225 nm has disappeared and the spectra now correspond to 
denaturated collagen 1313 (Fig. 4). Again reasonable agreement is observed with the 
spectrum of coiled (I'roProGly)lo in the same solvent at 50". The higher tcmperaturc 
was chosen because at 20" this peptide is helical in 1% acetic acid because of its larger 
chain length. The small through near 230 nm which was rcported for (ProProG1y)w 
previously [2] could not be rcpraduced in the present study. 

Collagen has a very negative minimum in its CD.-spectmm at 200 nm which is 
lowered by about 80% upon heat denaturation. Tbc hclix coil transition of our yeptides 
is accompanied by smaller changes in this spectral region and the magnitude and 
direction of the effect is chain length dependent. I;or n --. 7 the usual decrease in nega- 
tive ellipticity is found upon coil formation. At n LL: 5 and 6 almost no change is 
observed and at n I 4 the effect is reversed (see Table 1 and Fig. 3 and 4). This chain 
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-20 

-30 

-40 1 
Fig. 3. CD. spectra of the peptides Z(G1yPro Pro),C)Hut in methanol at 20". Concentration: 1 mg/ml. 

For comparison the spectrum of (ProProG1y)lo in methanol is also givcn (broken linc) 

length clependcnce may result from long rangc contributions of the coupling of pcptide 
chromophore along the chain. It has to be kept in mind, however, that the unknown 
contribution of the end groups is more important for shorter than for larger chain 
lengths. The small positive peak at 225 nrn which is observed only in the helical state 
gradually increases with chain length. This peak scrves as the best signal for following 
the formation of the triple helix. The minimum which shows up at 200 nm in the 
coiled state exhibits nearly no chain lcngth depcnclence. Its value is much higher than 
for collagen, a fact which may be exylaincd by the rcstriction of rotational frecdom 
imposed by the larger fraction of YroPro pairs in the peptides. 

coil transition of the peptides Z(GlyProPro),OBut may be induced 
by a change of concentration, temperature and thc solvent composition. A study and 
analysis of the cquilibrium and the kinetics of this transition and a comparison of that 
of other collagen like peptides will be reported in a successive publication. 

The helix 

The authors thank Mr. W. Sicber for thhe gcncrous gift of a sarnplc of ProORut. They arc 
grateful to Dr. J .  Mazamk and H .  Roll lor thc performance of electrophoretical investigations 
and for helpful discussions. 
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Fig. 4. CR. spectra of the peptides Z(GlyProPro)nOBzct in 7 "/. acetic acid at ZOO. Concentration: 
1 mg/ml. 'he dashed line corresponds to the spectrum of (ProProG1y)~O in 1% acetic acid at SO0 
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140. Synthesis of 4-0xo-1*2 *3,4-tetrahydropyridine 
(2,3 -DJhydro-Q( 1H)pyridinone) 

by Akhtar bider,  Qeorges Cornuz and Hugo Wyler 
Institut de chimie organiquc, Udversit.6 de Lausanne, Ruc dc la Barn 2, 1005 Lausanne 

(7. v. 75) 

Surnmmy. N-Ethoxycarbonyl4pyddone is reduced to N-etho~carbnyl4-01~ 2.3,4- 
tetrahydmpyridine by sodium borohydride in t-butyl alcohol containing cthyl chloroformate. 
Saponification of the product leads to 4-Oxo-1.2,3,4-tetrahydropyridine. 

1, Introduction. - Some N-alkylated 4-0~0-1,2,3,4-tetrahydropyridines have 
been most successfully synthesized by reduction of the corresponding N-alkyl pyridones 
with hydroaluminates. A first example was given by WiW@&&! [l] who reduced 
N-[Z-(indol-3-yl)-ethyl]-4-pyridone with lithium aluminium hydride to the corres- 
ponding N-alkyl-4-0~0-1,2,3,4-tetrahydmpyridine. Other N-alky~-4-0~0-1,2,3,4- 
tetrahydropyridines wexe prepared by Tamwu d d. [ZJ treating N-alkyl pyridonc- 
with lithium triethoxy aluminium hydride. Such compounds have also been obtained 
by other procedures: An example by Hebky et aZ. [3] showed that they are accessible 
by catalytic hydrogenation of pyridones; Stiitz et al. [4] found an opposite mode of 
access: dehydrogenation of an N-alkyl piperidone occurred following a peracid and 
acetic anhydridelbase treatment by means of a modified type of the Polonovsky 
reaction. A total synthetic route to some 2,6-disubstituted 4-oxo-l,2,3,4tetrahydro- 
pyridines is reported by Szsgiyamas group 1'51 condensing Schiff-bases with dialkali 
salts of Bdiketones. 


