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ABSTRACT

“I-A. Cyclopeptide A]ka}oids. Synthesis of the Ring System and Its

“Ton Affinity
Severél‘examﬁles_of the l4-membered, para-bridged ring system of

the cyclopeptide alkaloids have been synthesized via an active ester

- cyclization. The yield bf‘monomeriq'cyclopeptide varied from 1 to 33%

~and was affected by the amino acid substitution pattern_and amide

confotmatibn»of the linear peptide precursoré; Both the synthetic
models'and é_naturally‘occnrriﬁg cyclopeptide alkaloid, ceanothine B,

bind monovalent (Li+) and divalent'(Ca++; Mg++) cations.

I-B. Cyclopeptide A]ka]oids. Phenéyclopeptines»from-the Po]ymorphic

Species Ceanothus integerrimus
_ Seven cyclopeptide alkaloids, pheﬂtyclopeptines-ljz, have been '
found distributed among three forms of the shrub Ceanothus integerrimus.

Chemical degradation, mass spectroscopy, and lH NMR spectroscopy have

_established structures for these seven‘cbmpouhds, three of which have .



have been‘préViously réporﬁed. The utility of cyclopeptide aik§10id.
structure and the distribﬁtion for chemotaxonomic ;ssignmeﬁtsvis discussed.
I-C. ‘Cyc]opéptidé A]ka]oids. Phencyclopeptines from Ceanothﬁs saﬁguinéus
Field desorpﬁion mass spectroscopy has»ideﬁtifiéd five phencyclo_
peptines in the cfude alkaloidal extracts of Ceanothus sa_nguineus. A new
pairedinn HPLC.systeﬁ forvthe sepérétion of-theée-alkaloids is discuéséd{
Amiﬁp acid énalysis, electron impéct massispeétroscopy, and 1H NMR spec-
froéﬁopy héve'estabiishedbthe structUrésfof six phenc?clopeptines including
tﬁb‘isomeric compsﬁpdslé and 6. The’s;ructuré of 2 has not been previously
reported..
1. Phycocyanobi1ipeptfdés.}The Structure and Linkage of a
Phycocyanobilin Bound to the B-Subunit of C-Phycocyanin‘
vThe Smallest'cyénogep brpmide fragmént defived from thgis;subunit
- of Syneéhbcoccusjsp 6301 C—phycocyénin,rthe blue heptapeptide 2, has been
iﬁVestigaﬁed'by 360 Mz “H NMR SPeétfoscop&. ,Thé peptide pqrtion,.hepta-=
péptidelg, was sjnthéSiéed‘indepéndéntiy énd used in comparative spectro-
scbpig:analysis. Théée'Studiethafe led to complete assignment of the
structufe.;f the peptideflinkcd ﬁhycocyanobilln and elqcldufinn of the

nature of the'thioéthér chromophore-peptide linkage.

\19‘
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, »Part‘I;A;
R CYCLOPEPTIDE;ALKALOIDS.VvSYNTHESIS'OF THE RING SYSTEM
| AND ITS ION AFFINITY

Introduction

The;cyclopeptidevalkaloidévare naturél prodﬁcts thch'accuﬁulate .
in the root bark of wobdy plants, particularly thoSe in the Rhamnaceae
'family. The widespread occurrernce of these compounds in'§Ver 25:speciés

of_élanté ﬁakes thié éﬁ important class of natural produétf Aithough
,antibiotic,-hypotensive, aﬁd antitussivé properties have been ascribed
to the cycloﬁeptide alkaloids, no definitive pharmacélogical activity
of fhese.cpmpounds has been demonst;ated.l' Their rdle in the plant is
also unknown, although reéently‘cyéiopeptide alkaloids have shown photo-
phdsphérylatioﬁ inhibiﬁor activity'iﬁ spinach'chlox;opla.sts.2 The'diffii
cﬁlty of isolating suffiéient quaﬁtities_of'tﬁese alkaloids,‘howevér,
éﬁd the absence of any metﬂod fdr'their syntheéié-has pre?énted furthef
biélogical studyvof theéé compqunds.

Sincé the éonfirmatidn of the structure‘of‘pandamine‘l in 1966,3
réﬁo:ts:of the isoiatioﬁ and structure elucidation'of}ﬁpré thaﬁ seventy
' cyclopéptide alkaloids ha?evappééred.l Although cyclopeptide alkaloidsb__
incérporatingil3— and lemembéred rings have been disCovered,'cyélopeptides
. such as frangulanine 2 with the l4-membered phencyclopeptidé nucleus' 3
afé‘by far the most COmmon.- All the nétdfally occqrring phencyclopeptines
vcontain twbvamides at the 3,4 and 6,7 positions in the ring,‘hoWever,
. vafiaEility ih the R5 and RQ substituénté and in the fnnétiOnality of

'the‘benZylicf(l;Z) position is considerable.



In the.present study oor objectiVebhaS been?to develop a-synthesis
‘of the phencyclopeptlne nucleus whlch is sufflclently versatile to allow
the total synthe51s of the natural_products. ‘We shall also dlscuss the
_evidence and implications of;the observation of the Specific‘cation

binding of the naturally occurring and synthetic phencyclopeptines.

'Results.and Discussion

Our initial experlmental approach was designed'to develop a general
synthetlc'pathway to the saturated cyclopeptides 4a-c. .Sﬁccessful prepar-
ntion of thosevqnturatvd mode]s wou]d thcn hc foJ)owod by qynthescs
'dlrected to compounds w1th the functlonallzed benzyllc residues found
in. the natural products (3a;b,c), perhaps via the saturated models as
substrates. As a 81mp11f1cat10n, we chose to omit the nltrogen and
.alkyl fesidues on C—8 -and C-9, respectively, ln our model systems.v
__The exclu51on of the B~ hydroxy—a—amlno ac1d moiety found in the natural
:product would ellmlnate dlastereomer separatlons during the planned
synthe31s, and thevch01ce of a prollne or leuc1ne.re31duefor.R5 Was
nade'on thevbasis'of‘conveniencet,

‘The cyclopeptide models 4a-e were chosen to. test the‘hypothesis
that amide substitutionhshould affect’the coUrse.of‘peptide cyclization.
‘ These models differ in the degree‘of sobstitution of the amide nitrogens
" in both of the component amino acldsrh‘It‘isfcommonlj accepted that amide
resonance Stabilizes their planar"conformation and that transvconformations
are preferred to c1s (neglectlng hydrogen ‘bonds) .. The strong trans
"preference for the amlde bond disappears when peptldes are N—methylated 4a
. That intranolecular reaction between the endspofithe-1inear.peptide is

“influenced by the amide conformation has been demonstrated in the case



e

A-B components of the cyclopeptide alkaloids

M

CH=CH ig, R,=CH,, 1.’\5=VR6-.—T(CH2) 3

- oK, by RyCHy,  Rgm(CHy),CHOR,, Re=H
= CH(QH)CHZ o <, R3=‘R6=CH3,:_RS=(:CH3)I2ICHCH2' '
| o é,_.R3=H,"- | 'R5=R.6'=(CHZ)3
| g Ry=R=H, Rsﬁ(CHB») ,CHCH

2
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ercyclot;ipeptide'synthésis. Thﬁs‘9-memberedrriﬁg cyclotripeptide can

be pfeparédbonly &heﬁ the:amideénaré féffiary (i.e.; cyclotrisarcosylAa‘
and éyclotriproly14b),' Atteﬁpté to cyclizé'fripeptides with primafy_
amino acid résiduéé have only lead to therisﬁlation of cyélohexapéptides. ¢
_Therefore we_chosé tﬁe’five peﬁtide models (ﬁgﬁg) as our first $yﬁthetic

- goals to test the amide conformational factors. -

N=C == RNHCOR' —=  “N=¢C

cis R ' trans

" The key reaction of our synthesis of thévcyciopéptide alkaloids
. involves the‘¢§tlization step.‘:initiallyQIWe cdnSidered‘foﬁf types of
riﬁg closure, as illustfated in Scheme'I;  Amoné thése, aistfong ghbiée
was high dilution cyéliZation of an active ester (pathwéy a), a peptide |
cyciizétion successful in the prepérationvof,éyciotripéptidésaa’p and |
analoguesvbf fhe antibiétics actinomyéinsa apd,gramicidin.Sb,>Intramolec—,
-ular Michéel addition (pathway c); was questionable because of thé |
' revefsibility-of thi$‘réaCtion, espédialiy.when forming a strained ring}
Cyciization via.formation of the 3;4—péptidé bond.(pathway b) was rejeéted
'sihcé this cYclizatioﬁ:would,reQuire éctiVation oﬁ a carbonyl adjacent
to a chiral éatbon.and‘ﬁight_lead to'raCemizationvof this aéymmetric
‘center .if forcing cdnditions.wefe necessary._fFiﬁal formation of fhe_’
1,14-bond by‘Friedel—Craftszacylétion Qas bfiéfly cénsidered (pafhway d);
‘ ﬁoweﬁef, reaétion_conditidns neéessafy to effect this cyclizétion were

considefed‘too vigorous to be compatible with the aryl ether and amide



fuhctionélities. For these reasons the 6,7-peptide cycliiaﬁion of path-
way a was our first choice. | | |
|  'Beginning with'a.3*phenyioxypropanoaté sYstem,-our-initiél-synfhetic
v'desigﬁ éomprised the early préparatibn'of a paré—acyld;éd aryl ether |
‘derivative féllowed by formatiOn of.the 3,4-peptide bond and ultimately
© by the 6,7¥peptide Cyclization. ‘However, in the‘first step of this
sequence we'éncouﬁtered difficulty‘in para—aqylating aryl ether 5 with
"a—subSti;uted-aliphatic acid'derivatives (échéme II1). With‘trifiuoro—
methane.éulfonicfcarquylic ahhydride intéfmediates generated by reaction
.of'éarbokylic acid chlorides aﬁd éilver trifluorOmethanesulfonéte;
vexclﬁsive paréQacylation'of‘oxygenatédnaromatics'has been reported6 in
SOmevcasés} Iﬁ‘extending this>methpd, we acy1ated ﬁethyl 3—phenyloxy— v
propanoate_(g) with eitﬁer acetyi cﬁloride or isobutyfyl chloride uﬁder
the repprtéd'conditions ;nd»obtained gfeate? fhan 85%.§ields of isomeric-
ally pure ﬁara ketones 7a and 7b. However, acylation of éﬁwith N-tri-
f1uoroacetyl;N—methylaminoécetyl chloride (6b) afforded none of the amino
ketone. Due to fhe instability of both aryl ether\and ester moiefies of
5, no FriedelfCraftvprocedure successfully effected the deéired acylation.
On the other hand, acylaﬁion'with an a—haiogenatéd acetic acid.
:derivativé followed by nuclepphilic displacementyof the ﬁalogeh-atom
With’an'aﬁine did afford the.amind kefonefzg, >Unfortunately, the
'acylatiqn of*méth&l 3—pheﬁy10xypropanoate.(2) via the mixed anhydride
fofmed from trifluotomethane sulfonic acid and chloroacetyl chloride_gave
a mixture of ortho and para isomers: in a-3/2 ratio;b A similar iéomer.
ﬁixture was oBtained when 5 was acylated with méthoxyagetyl chloride

'byfthe mixed anhydride procedure,__Clearly this acylation method6 is
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Scheme I. CycliZation'mbdes for the preparatioﬁ of cyclopeptide alkaloids.



_6_§.3 R=Y-_—.H . | ) » ' -ZLa.s R=Y=H "
b, R=Y=CH, SRR b, R=Y=CH,
‘¢, R=H, Y=Br ' ‘ - ¢, R=H, Y=Br
-4, R=H, 'Y=N(.C53)Coci?3_  d, ReH, Y=NHCH,*HCL .

3

‘Scheme II. Synthetié approach via para acylation of

2—phenyloxypropanoates{



not a general one.for exclﬁsive;ﬁara ac&lation of oxygenatéd'éromatic
i compounds; The amino ketdnelzg,'altérnatively; could be prepared in
tﬁree steps. The préviouély synthesized kétone Z§ waS d;brominated with
bromine in ether ét 0 C. Displacement of tﬂé brémide (7c) by methylamine
in méthanol then affofded a 79% conﬁérsion to the amino ketone 7d.

vvCatalytic redqction of thé'ketoﬁe 74 always stoppéd'at the benzyl
aléohol stége:and failed to give the desired phenyiéthylamine; although
similar caﬁalytic hydrbgenation—hydrogeno1ysis conversiqné have been |
repbr;ed.7 Faiiure ih our case was due to depomposition_of the 3-aryloxy-
propanoic acid moiéty in botﬂ a;id'and base. TﬁiSvinstabiliﬁy of the |
3;aryloxypropénoic acidrgroﬁb_neceééifétedjdevisiﬁé'a new approach ﬁo
thercyclopeptide model 4 'in which this functionaiity was introduced nearA
the énd of the Synthesis.

To dvercome these:difficqlties,IWe envisioned tﬁe preparatioh of

the 9,10 ether linkage after the preparation of the 3;4*§eptidé bond.
Thé_éynthesis of the‘p-hydroxyphenylethylamine system, the key intermediate,
. proéeeded via catalytic reduction of the nitroétyrene 8 in acetic acid.
The‘amine_g, on refluxing in goncentrétéd hydrbbromic acid, afforded
tyramine hydrobromidéllg in 64% yield, .Modifyiﬁgvthe trichloroaéetéldehYde.
(chloral) prOcedure8 by adding;triethylémiﬁe‘led to fdrmylation of . tyramine
19.‘ Without the é&dition of triethylamiﬁe,'the Schiff's.base was the . -
exclusi?e‘préduétvdf.this reéction.  The fesultanf phenol ll_&as then
_coﬁvétted td_the.benzyl ether 122 uﬁdervstandéfd cdﬁditionsv(benzyl_
_cﬁlbpide'iﬁvrefluxing acetbﬁe) and was:sﬁbsequently redﬁced with-lithium

- aluminum hydride’to the N-methylamine 13b.



8 9, R=CH,, R'=H 12a, R=CH' . R'=CHO'
‘10, R=H, R'=sH - . 12b, R—C6H5CH2, R'=CHO
11, R=H, R'=CHO 13a, R=CH,, R'=CH,
.".—. '.
13b, R—C6H5CH2, R'=CH,

The most effective method_for the acyletion:of'amines.lg and 13
with Netert-butoxycatbonyl amino-acidsngas a miXed enhydride prbcedute;lo
The ylelds of peptldes 14b and l4c from 13 and peptldes 15d and 15e from
_IQ were greater than 90%. 1In the case of the preparatlon of 1l4a via
dicyclohexylcerbodiimide-(DCC) eoupling, the yield was substantially
lower. -H0wevef,-f0110wing ethet eleavagé with BBr3 endISubsequent
carbamate formatiph, the pure phenol Iég waé'obtAiﬁed. 3The N-methyi
hpeptideS';ﬁExngere conferted‘in high yield-te the7phenels ;éyzﬁ By

hydrogenolysis.

Wlth the phenols (lSa—e) in hand we.next con31dered the alterna—
tives for 1ncorporat10n of the three carbon ptopanoate residue (Scheme III).
The flrst attempted alkylatlon of the phenol (lSa) w1th tert—butyl 3~
B bromopropanoate or 3-bromopropan01c ac1d in acetone over pota331um

carbonate;lead to 1solat10n of the correspondlng acrylate and startlng

_phenol;j Another methodrinyeetigeted.tovﬁtebare 3—phenokypropahate systems
" Qes the Micheel addition of bhendls to'ecrylatee;l1 Usihg p-cresoI asva
model, we developed cenditions fbt‘thie conversioh whiéh gaVe_ether
formation in 80% yield. Employing these conditions, however, we obeerved'

no reaction of phenol 15a With tert-butyl acry1atef



,410—

143., R=CH3, R5=R =(CH2)3

3

- b, ReCgHgCHy, Rg=(CHy),CHCH,, Re=H
&5 R=CgH CH,, 35=(CH3)ZCHCH2, R6=¢n
“Rg
15a, R,=CH,, Rg=Rg=(CH,) 3 -
,Q,RfQ%f . Rg=(CH,;),CHCH,, R =H
[ R3536=CH3, R5=(CH3)ZCHCH2
4, Ry7H, = RyRe=(CH,) 4

e, Ry=R,=H, R,=(CH,),CHCH,
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Ry=CHyi Ry, Rg = (CHy)3 :
Ry =CHy; Ry = (CH3),CHCH, ; Rg # K
Ry=Rg* CHy; Rg = (CH3);CHCH,
R3 =H; R’s'”,Rs= (CH2)3

R3=Rg = Hi Rg = (CH3),CHCH,

®© O 0 T D

" XBL 799-11735

Scheme III. Incorporation of the three-carbon propanocate residue .
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A methqd'fOr the three carbah hﬁmoloéation éf:phenols'by'ﬁichaelv
addition:with'prqpioléte.dérivatives Qas Successful_.12 Thus We-prepérea
methyl E—3—phenoxypropénoaté {lé) by addition of phénol 15a tbimetﬁyl
: pfoﬁidlate. If the sodium salt of the phenol was used, prepared.with
sodium hydfide previous to_condgnsétion, the Z-isomer was the predominant
product. Catalytic hydrogenation of E—3—phenoxypf6pénoate (16) affordea
the prépanoate.;§, but this product was extremelyvsensitiVe-to alkali.
Attempted hydrolysié of the methyl ester 18 in‘aicdholic sodium hydroxide
lead to rapid and complete B-elimination. In contrast, hydroiysis of
méthyl_3—ph¢noxyprdpenoaﬁe(;é)with SOdium hydrokide.was easily'acbomplished.
The resﬁltingjacid 11 06u1d‘bé_hydrogenated;to yield the séturated compound
20a. The general homologation’of.phenolé_}ééjg to thevCOrresbonding
3-phenoxypropanoic acids ﬁhich wére'then'éonverted_fo théir:p—ﬁifrophenyl
: esters‘glgjg is diagrammed in Scheme III. The ¥ééction of the phenols
15a~-e with benzyl prppiolate.followéd by éompleté reductién éfforded'the
 respective 3—phenoxypfopanoic‘acids 20a=-e in high yield._'Aftér preparation

of p-nitrophenyl eéters (Oij_glgjg_with p—nitropheﬁyl trifluoroacetate |
in pyfidiﬁe,l3 the conditions for-pepfide cyclization were next examined.
Removal qfvthe N—tert—butoxyca?bonyi’protecting'gréup was éccom?

ﬁlished by dissblyinglthé'p—nitrophgnyl»esters‘Zl-in anhydrous‘tfifiﬁoro—
acetic aéid‘at 6-~5 Cﬂ(Schéme IV). - By NMR it was . clear ﬁhat thisrprocess
~ did not reqhire'tﬁe présenceIOf a carbénium:ionISCavengef‘comméﬁly used
during acid cat51YZed'decdmpo§ition of tert-butyl éarbamates,4’5,AA£ter .
:evgporétion of fﬁeIQXCess.trifldoréace;iéVacid, the:reéidual amine salt
21 waé dissolved in N,N'—dimethylacetamide.and added slowly to pyridine'

maintained at 90 C. Studies with 2la as the model established acceptable



" Scheme IV. Pep&;de cyclization.

€1~
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conditions»forApepfide éjclizatioﬁ (see‘Expérimgntal‘Seétion). Owing to.
'fthé suécepfibilitf of the BFéhenoxyprqpénoate Systeﬁ to B-eliminate in
valkali,_thé stability of the p—nitropheﬁyl esters gl.andlfhe produéts‘ﬁ
- to thesevreaction qonditions wa$ élso tested; both wefe stable. bUsing
thesé condifigns, fhé synthesis of éaéh of'thébcyclépéptide mohomers ba-e
-on,a“prepérativé.écaie_was accomplished. The yields.afe.oﬁtlinéd in
Table 1. |
-In each case, éyciic monomer 4 was séparated‘fxom the.respective'

dimer 23 by sephadex LH-ZO chromatography.  The spectral datar(UV, CD and
C NﬁR) manifest the difference bétween cyélic monomers ahd*dimers;'
. gépecially‘with fespect,to the arﬁmatic chromophore. 1In the UV, the
absorption'maximérof the cyc;ic dimers 2§_are shifted-to loﬁger wavelengths
"~ with a fivefold increase in extincfion-coefficient relative to tﬁe‘ |
ICOrreééohdingvcyclic mqnomer.ﬁr‘ In the 13C NMR spéctré bf thé cyc1ic.'
dimers 23, each pair of ortho carbons, C—lZ; c-16, and.C—lB,'Cf15, show
a éingle resonance (Fig. 1);‘ On the other hand, eéch of the four ortho
Acarboné c-12, C~13, C-15 and C-16 of fhé cyclic-monomersvﬁ_has a uniqﬁe
fesoﬁagce (Fig. 2). The CD spéctré in the 250-300 nm range sﬁOW the
expected larger interaction of the érométic chrombphoie with the asymmetric
centef_in the c&ciic'mOnomérs £.- The differential molar\extinction ’ |
..coefficient.(Aei in thié region is greater fér.the ﬁonomers than for
itﬁe dimérs. o | | |

~ Contrary to the results'of.cyclotripeﬁtide synthesis;é 6uf data
show tﬁaf the;yield‘of cyciopeptide.aikaloid.mbdei ﬁ_is.independént of
the substituti&n of the amide’(N—3, C~-4) ﬁot involved in the formation

of the final peptide bond. Althbugh‘the‘linear peptides 21a and 21d
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differ by'the sUbstitution pattern of omne amide; the yields of the cyclic
peptides 4a and 4d are similar. The yields ef'cyclopeptides 4b and 4e
‘are also comparable, but 1ess then that of ﬁg._:Cyclopeptide'ﬁg:was
obtained in very low yield. Our tesults show that thetreactivityvof

‘the free amino grbhp (N-6) in the linear peptide is the'ﬁajor factor
affecting'the different yields ofvcyclic monomers. That the rete of
acylatioh of amines is greatly dnflueheed by their'degtee of Substitgtion
is well illustrated by the preparation of N—tert-butoxycarhonylamino
.acids.? The rate of acylation w1th tert;butoxycarbonylaz1de decreases

in the Series.proline > leuc;ne,>> N-methylledc1ne. The yields of cyclo-
»peptides follow this sequence\of decreased teaetivity Qf the nucleophlle,
.with preline (4a'and 4d) > leuecine (4b and 4e) >> N-methylleucine (4c).

The spectral data for the cyclopeptlde monomers 4a-d 1ndlcates that
eachvmacrocycle has avunlque geometry.v Although the yield of cycllc
beﬁtide is independent of the. degreenof amide substitution in the linear
peptide, the conflguratlon of the cyclie product greatly depends on the
.structure of the amide in the linear peptide.

The.ion-binding properties of the_synthetic.peptide,,cyclo—[3(4—8—.
amlnoethyl)phenyloxypropanoyl—L—prolyl] (4d) and a natural peptide alka101d
:ceanoth;ne B,l4 were determlned by c1rcular d1chr01sm studles in aceto-
n1tr11e 15- The cyclopeptide 4d shdwed select1v1ty_for Mg and_Ca++-over
hi+ and did not interact w1th Na ande+ (Figs. 3 and 4). Similarly,
eeenothine B interacted with Mg++_andsCa++_ahd‘not with Na+j(Figs, 5 and
6). - Cyclic diﬁers‘gééjg did ﬁot e#hibit metalfcomplexing when ebservedj

by circular dichroisim.
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It is significaﬂt to note thaﬁ the amino acid compﬁneﬁts Qf the
cyclb?éétide alkaloids contain dﬁly hfdrophobic residues. Such low
molecular weight peptides would probably have a high sqlubilit? in fﬁe
- lipid 1ayer of,a'bioﬁemﬁraﬁé anﬂ'with respect to their ion affinities,
these éyﬁlopeptides could possess ionbphofic actiyityf  The high concen—
v'tratiéﬁ'oftthe cyclopeptide alkaloids in the root bark of plants may
indicéte_an ion solubilizing and tran;pbrting function for these alkaloids
: in plant_rodts.lwAlso, the reportedz’efféct of the cyclépeptide alkaiéids
.6n pho;oph§sph§fylationlﬁay'be dﬁe to alteration bf,an ionfmediated
§r0cess; _Our‘reéﬁlts‘indicate that tﬁis cléSs_of nétﬁral'products
possesses én-affinity for metal fons. .The,implicationﬁthat tﬁe‘cyélo- '
peptide:alkaloidé may function as ionophores in the plant that produces
them is cleérly,Suggested By the data presented_abOVé.l6_

-'Our syﬁthetic metth'caﬁ be geﬁeralized and modified torinélude-
the preparation of cyclopeptides of this‘type in addition to the synfheéis
‘of peptide alkaloids; Fﬁnc;ipnaliiation'of the benzylic.position (c-1)
of our model_system_ﬁ, perhaps via é radical process,:will lead to systéms
J found in the natural products 3. By meéns'of_a substituted pfopiolate»
the positioﬁing of a;variety of grouﬁs on C—élcaﬁ easily be iﬁcluded into
our synthetié scheme, as can substituents én the aroematic nucleﬁs.> The
3—phenylogypropenoate'lg'may éffer.a way to inCOrporaﬁe é'nit¥ogen or
‘.‘other sUBstitﬁtents on C-8{” Through synthesis:bf these l4-membered cyclo-
»peptides;_g or 4, we:canAanswer thé question of what vafia;ion in structure

affects metal complexing_aﬁility.
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_'TABLE l}.,Isolated yieldsq of'cyclopeptides from‘cyclization of esters gl.b

Eétef, Zl ‘ : Monoﬁgf,.é : pimer, 22 bégﬁt::ls, Total
21-a 24%.('332); 22 11% | 577
b 13% 328 3% 80%
< ~0.4% 3% Y ~9%

d 24% A V" - 75%
e 9% 152 . a7z s

after mixed bed ion exchangé and,sephadex LH-20 chromatdgraphy
bUncharacterlzed neutral products, con31st1ng in part of ollgomers

ThlS is a GC yleld based on Sa—cholestane as internal standard
added to the reactlon mikture.

dPreparatiVe GC foliowed by high fesdlution mass spectrometry
established the structure of monomer 4e.
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Figure Captions ~ Part I-A

Fig. 1.

Fig. 2.

Fig. 3.

- Fig. 4.

. — 0 ct—tr——

‘Fourier ttanéfofm 13C NMR spectra:of cyclic dimers in CDC13
(~0.05 M); a, cyclo[3—(4 B—N—methylamlnoethyl)phenyloxy-
propanoyl—L—prolyl]z; 23b, cyclo[3—(4—8—N—methy1am1noethyl)

_phenyloxypropanoyl—L-leucyl]2; _23d; cyCio[B—(4hB-aminoethyl)'

v pheﬁyloxyprOpéﬁoyl;L—prolyl]2; 23e, cyclo[3-(4-B-aminoethyl)

phenyloxyprOpanoyléL—leucyl]2}

Fouriéf transform 13C NMR spectra of cyclic ﬁoﬂomers in CDC1,
080.05 §)§ ’ﬁg,vcyclo[3~(A—S—meethylamihoethyl)phenyloxy
‘propanOyl;L—prolyl]; ”ﬁh,‘cyélo[Bf(A—B—N—metﬁylaﬁinoetﬁy1)pheny1—.
oxypropanoyl-L-leucyl]l; 4d, cyclo[3-(A-B—aminoéthyl)ﬁhényl-
oxyprbpénoyl—L—prolylj; be, cygio[34(4—8¥aminoéthy1)phenyl—

oxypropanoyl;L—leucyl].

Clrcular dlchr01sm spectra of cyeleo[3-(4- B—amlnoethyl)phenyl—

oxypropanoyl-L—prolyl] (4d), c =9.4 ><10 * M in CH3CN.

no added salt

—+—— = 9.4x107° M NacClo,
__.._._ = 8.6x10°° M KPF,
cevese. = 8.3x10° M LiClo,

— = 9.2x10"* M Mg (C10,),
—-=---= = 1.5x107° M Ca(ClO4)2

Circular dichroism spectra of cyclo[3 (4 -B- amlnoethyl)phenyl—

'oxypropanoyl—L-prolyl] (4d), c = 9.4 xlO M CH3CN

no added salt
1.0 XlQ 2 M NaClO4
. -3
-9.3 XlO _ M Mg(ClO4)2

i



Fig. 5.

- Fig. 6.

Circular dichroism spectra of ceanothine-B, c

— 0 a————

Circular dichroism spectra:of ceanothine-B, ¢

——y e————

[}
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'no added salt .

1.1%107° M NaClo,
9.2x107" M Mg(Cl0,),

. i
1.5x10 " M Ca(C10,),

no added salt
1.1%10°° M NaClo,

19.2x107" M Mg(Clo,),
1 1.5%x107° M ca(c10,),

1.0x10""M in CH

1.0 x10"° in CH

3

30N~

CN.
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Experimental Section

| Methy]r3—(4'-ACety1pheny1oxy)prbpanoaté (Zg)} To a suspension of
’Silvef'trifluoromethaneeulfonete (65.1 g;‘0.25.mol);iﬁ 750 ml of CH2C12
was added a solution of .acetyl chloride (19.9 g, 0.25 mol).in 75 ml of
CH Cl After the immediate prec1p1tat10n of silver chloride, a solution
-of methyl 3—phenyloxypropanoate (5) (45.6 g, 0 25 mol) vlln 75 ml of
;CHZCl2 was 1ntroduced One—half hour later the addition of the same
amounts of silver salt and acetyl chlorlde was repeated After 1 hour,
the mixture Was'filtered, the filtrate was successively washed with water
(3 XéQO ml), sat...NaHCO3 (3 X300 ml), and sat. NaCl (1 x300 ml),:dried
aod_evepofated. :After distillation»(Kugelrohf), 53 g (93%) of Zé was
obtained: GC.(A) Rt at 200°C, 4.3 min; NMR § 2.55;(5;3H), 2.83 (t,Zﬁ,
J=7Hz), 3.73 (s,3H), 4.30 (t, 2H,J‘=7Hz), 6.94 (d,~2H;j'=10Hz), 7.76

(deH,.]= lOHz}f Anal. (C12 14 4)

"Methy]}3-(4'-Bromdacety]pheny}oxy)prdpanoate (7c). -Bromine‘(l.78'g,
11 mmol) ﬁaserapidlybadded to evstirred slurry.of ketone Zg_(2.48 g,_ll
mmol) in 25 ml of_EtZO et.0—5°C. The reaction mixture become homogeneous
_ whenvellowed to warm toAroom temperatore. After 1 hour, the soiution was
washed witﬁ dietilled water (2 x 15 ml); sat;.NaHCO3 (15 ml) and‘sée, NaCl
(15 ml),edried and eQaporatedefo efford 2.65 g (80%) of the bromo ketone
Jc: mp 68-70°C; GC (A) R, at 230°c é.é min; MR 6'2.76 (t, 28, J'=7Hz),
3. 67 (s, 3H), 4.27 (t 2H, J-—7Hz), 4.32 (s, 2H), 6 94 (d 2H J =10Hz),

7.76 (d 2H, J =10Hz). Anal. (C; ): C, H.

€128 43?

| Méthy] 3—(4'-N—Méthy1amihoaeetyibheny]oxy)propanoaté (ZQ). A

methanol,solution‘of bromoketone 7c (1.81 g, 6'mmol, in 50 ﬁl) was cooled
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to -5°C at wh1ch time a 254 (w/u) solution of methylamlne in methanol

v (3.60 g, 30 mmol) was introduced. After 4 hours, 1N HC1l (32 ml) was

| added, and on evaporation and SiO2 chromatography (a), 1.36 gv(79Z) of
| the hygroseopic amine hydrochloride‘ZQ wss obtained: .NMR (DMSQ-dG) 8
2.73 (s,2H), 2;9Qh(t,'2H,J=7Hz)}d3.23 (2;3Hj, 3.70 (s,3H), 4,38 (t, 24,

3 =7Hz), 4.75 (s,2H), 7.20 (d, 2H, J = 10Hz), 7.92 (d, 2H, J = 10Hz).

2 (4'- Methoxypheny])ethy]am1ne (9) A,snlution of p—methoxy-wé
n1trostyrene (8 50 g, 0. 28 mol) in 1.7 L of glacial acetic acid was
. added.over an 8 hour perlod 1nto 1.7 L of glacial acetic ecid‘conteining
Pd/C (10%, 17.7‘g) and conc. H, so4 (46 g, 0.47 mol). Hydrogen'was bubbled
‘through the solutlon w1th a gas dlsper51on tube durlng the addition and
for 1 hOur.afterwards On . subsequent 1solat10n and dlstlllatlon, the
amine 9 (3 3 g, 78/) was 1solated bp 110—112 c (2 mm); NMR § 1.10

(s,2H),‘2.86 (m,4H), 3.70 (s,3H) 6.83 (dd, 4H,J = 8,18Hz).

.2—(4'-Hydroxypheny1)ethylamine Hydrobrnmide_(Tyraminenydrobromide)
10. A mixture of the.amino methyi‘etherlg (i0.9 g, 72 mmol).in 300 ml
487 HBr was refluxed‘for 30 minutest After the‘solution wss cooled in
an ice hath, the crystalline precipitate was eoliected and recrystallized
-from 95/ ethanol to y1eld 10 g (644) of 10: mp 243-245°C, NMR 6.3;20'

(q, 4H, J'= 6Hz), 4.80 (s,phenolic), 7.0 (dd, 4H, J =8,18Hz) .

-N- Formy] =2-(4'- hydroxypheny])ethy]am1ne (11). while a suspension

- of tyramine hydrobromlde,lg (10 g, 46 mmol) and tr1ethy1am1ne (9 3 g,

'92 mmol) in 75 ml CHCl3 was maintained at 0—5 C, a solution of trichloro-

"acetyldehyde (6. 76 gs 46 mmol) in 25 ml CHCl3 was added dropw1se over a

1 hour perlod After refluxing for one-half hour, the resultant solution
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was evaporated and the residue recrystallized from water yielding 4.6 g

(62%) of the N~formyl derivative 1l: mp 97-99.5°C; - TLC (B) R, 0.35

(ninhydrin neg.); NMR 8 2.61 (t, 2H,J =7Hz), 3.27 (q, 2H, J =7Hz), 6.61

(d;'ZH,J'=8Hz),’6.91 (d, 2H, J =8Hz), 7.86 (m,1H), 7.92 (s,1H), 9.0 (s,1H).

Anal ( C, H, N.

C9H11 0,):

N—Formy1—2—(4'-methoxypheny1)ethylémine (12a). To a solution of .
amine 9 (40 g, 0.27 mol) and triethylamine (29.5 g, 0.29 mol) in 250 ml
'CHC13 cooled to 0-5°C was added drdpﬁise over a 1 hour period, a solution

of trichloroacetaldehyde. (43 g, 0.29 mol) in 250 ml CHC1l,. . Following

3°

‘reflux for 45 minutes, the solution was washed with 5% aq. acetic acid

(3250 ml), distilled water (1 x200 ml), sat. NaHCO, (1 X200 ml), dried

°3
and evaporated. The residue was distiiled to afford 44 g (92%)[of'the
amine 12a: bp 159-161°C (2 mm); GC (A) R_at 175°C, 9.8 min; NMR § 2.75
(t, 2H, 3 =7Hz), 3.43 (q, 2H, J =7Hz), 3.73 (s,3H), 6.30 (s,1H), 6.85

(4, 24, J =9Hz), 7.05 (d, 2H,J'=9Hz), 8{0 (s,1H). Anal. (ClO 13N02)
c, H, N.

N-Formy1-2-(4'- benzy]oxyphenyi)ethy1am1ne (12b). A mixture of 11

(4.0 g, 24 mmol), flnely powdered, anhydrous K (7 9 g, 57 mmol), and

benzyl chloride (3 2 g, 25 mmol) in 100 ml acetone was refluxed for 23
hours. After flltratlon and evaporatlon the re31due was partltloned
between CHCl (150 ml) and dlstllled water (100 ml). The organic’phase
was succe551vely washed w1th sat. NaHCO (2 x75 ml), IN HCl (2x75 ml),
distilled water (75 ml) and sat. NaCl (75 ml) Follow;ng drylng and
evaporating, 4.7 ¢ (762) of_lgg was isolated: mﬁ 1094110°C;'.iLC (B)

= 0.49; NMR 8 2.73 (t, 2H,J =THz), 3.48 (q, 2H,J =THz), 4.98 (s,2H),
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5.70 (m,1H), 6.85 (d, 2H, J =9Hz), 7.05 (d, 2H, J =9Hz), 7.33 (m,5H),

.8.0 (s,lH)f. Anal. (C16 17N02) Cc, H, N.

N-Methy]—Z-(4'-methoxypheny1)ethy1aminee(lgg). To a rapidly Stirred
slurry of lithium alumimum'hydride (9.10 g, 0.24_m01) in 180 ml THF keptb
at Q—5°C'was added a solution of the N-formyl compdund-lgg)(42.9 g, 0.24
mol)-in)lOO‘mi TﬁF dutimg 5 50.minute perioe, then the mixtqre was -
fefluxed for 30 minutes. 'Aftermcobiing the reaction mixture to 5°C?

the excess hydride was destroyed‘by successiveveddifion of-9 ml_weter,
9 ml iS% NaOH, and 20 mi meterramd allowed to's;ir for an additional v
30 minuteé; Fiitration,»evaporetiom and‘distiliation afforded the
N—methylémine 13a (30.5 g,.807)‘ bp 80-83°C (2 mm)"NMR § 1. 20 (s,1H),
2.40 (s,3H), 2.77 (s, QH), 3.62 (s, 3H); 6 77 (dd, 4H J —8 ,18Hz). Anal.

(ClOHISNO) c, H N.

N-Methy]-Z—(4'bbenzy]oxypheny1)ethy]amine'(1§§), In a manner
exacfly as above, the amide lgg (4.72 g; 18.5 mmel) mas‘reduced to amine = -
135'(4 2 g, 947)-' bp 136°c.(0 1 mm); NMR S 2. 39 (s, 3H), 2.74 (m 4H),

4.98 (s, ZH), 6. 84 (d 2H, J =9Hz), 7.06 (d, 2H,J = 9Hz), 7.32 (m SH)

 Anal. (c16 19NO) c, H, N.

| N- Methy] -N,N'-tert- butoxycarbony] -L- pro]y] -2- (4'-methoxypheny1),
thy]am1ne (14&) A solution of N—tert butoxycarbonyl L—proline (24 5 g,
“0.11 mol), the amlne 13a (18.8 g, 0.11 mol) and DCC (14.3 g, 0.11 mol) in
~l 0 L of CHCl3 was stirred for 12 hours. Following'remoﬁal of . thevurea
by flltratlon, the solutlon was washed w1th 5% acetic acid (2 x500 ml)

distilled water (1 x500 ml), sat NaHCO3 (2 x 500 ml), and sat. NaCl

(500 ml), drled and evaporated to yleld 14a as an oil" (30 g, 73/) NMR 8
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1.45 (s,9H), 1.85 (m,4H), 2.8 (m,2H), 3.0 (d, 3H, N-CH,), 3.50 (m,4H),

- 3.73 (s,3H), 4.50 (m,1H), 6.82 (d, 2H, J =8Hz), 7.05 (d, 2H,J =8Hz).

| N?Methy1-N,N'-terf—bﬁtdxycarbony1*L—1eucy]-2-(4F—benzy]0xypheny1)‘
ethylamine (14b) . The temperature of a solutlon of N- tert—butoxycarbonyl—
.Laleﬁcine (2 77 8 12 mmol) and N—methyl morpholine (1.16 g, 12 mmol)

in 58 ml THF was malntalned at -15°C while 1sobutylchloroformate (1. 57 gs
12 mmol) was rapldlyfadded. One minute later, a solutlon of the N—methyl—
- amine 13b (2;77'g,.12:mm§1) in 23 ml THF was- dripped in during a 2 minete .
,interval'wﬁile the soiution was kept below.-15°C. Afrer.removal of the
bcboling-bath; rhe selution was stirred for'h.addiinnal hours, fiitered
énd eVaforeted. The resulting 6il was dissolved in 100 ml ethyl acetate,
"waShed-wirh 1IN HC1 (3 x50 ml), sat. NaHCd3 (3 x.50 ml) and sat._NaClv(SO
ml), dried and evaporated, yielding 14b as a clear oil (;.Bng’.92%): '
TLC. (B) R; 0.63; NMR & 0.92 (dd, 6H,J =6,12Hz), 1.5 (m, 3H), 1.48 (s,98),
2.77 (m,2H), 2.90 (d, 3H, N~CHg), 3.55 (m,2H), 4.55 (m,1H), 4.98 (s,2H),
5. 14 (m 1H), 6.82 (dd 2H, J =3,8Hz), 7.05 (d; 2H J= 8Hz), 7.30 (m, 5H)

Anal. (CZ- c, H N.

7H3gN0,):

N-Methy1-N,N'-tert-bUtoxycarbonyl—N'—methy1-L—1eucyT-2(4'-benZyl—
oXypheny1)ethy1amine_(lgg). The coupling of N—tert—buroxyearbonyi—N—
_ methyl--L—leuc‘ine'g’19 (1.86 g, 7 6 mmol). and N;methvlamine 13 (1. 83 e
~7.6 mmol) was accompllshed w1th the mixed anhydride procedure utilized
-for the preparation of lé4a. The peptide lé4c was 1solated in 91% yleld
(3.24 g)i‘ TLC.(C) kg 0.56; NMR § 0. 89 (m, 6H), 1.45 (m 12H), .68

(d, 3H, N-CH carbamate), 2.73 (t, 2H, J=8Hz), 2. .89 (m, 3H, N-CH 3>

3
3.43 (m,2H), 3 75 (m,1H), 4. 98 (s 2H) 6.83 (d, 2H, J=8Hz), 7. 6



(d, 2H, J=8Hz), 7.3Q (m,SH).‘ Anal. (C28H40N204): C, Hé N.

‘ N-MethylfN,N'-tert;bUtoxycarbony]-L-prd]yi42-(4'-hydroxypheny])
éthy]amine (lég). To a beﬁzene solution (20 ml) of the peptide lﬁg‘
(3.09 g, 8.5 mmol) was added borén trib£omide_(2.56 g, 10.2 mmol). The
. resultantvhéterogeneoﬁs miiture was refluxed’fbr 6 hrs.. After'remo?al
of‘the_sOlvéﬁt,.thé-residué was partiﬁioned'beﬁwéen 10% NaOH (SOvml).aﬁd

CH2012 (3x20 ml). After adjustment of the pH to 9.7, the aqueous layer

was',washed_with.CHZCl2 (3 %25 ml) and evapbrated to a light yellow oil
weighing-l,40 g (67%). That'thé.o—methyl grdup was completely femoved
.ﬁas-establiShed by NMR. ThiS‘Oii (1.40 8> 5.6 mmol) was dissolved in.

10 ml of dioxané-and lO_ml of water; and the pH was maintained at 8.6 with
IN NaOH with avautopitrator}l Aftér 2 hrs the pH was adjusted to 2.0, fhé
.reaction mikture.waS-éxttaqted Qith CHZQI2 (3 X25vml)3 the CH2C12 was
-evaporated and the residﬁed chromatbgréphed (B) affordiﬁg the phenol 123.
'<1;37 g, 70%) as an dilf. TLC (B) Rf’0;2;'hinﬁ§drin_n¢gative FeCl3/K3Fe(CN>6
positive; NMR § 1.43‘(5,9H), 1.8‘(m,4H),'2.7iT(m,2H); 2.9 (d, 3H,Ncﬁ3),
3.2-3.8 (m,4H), 4.58 (m,1H), 6.85 (m,au), 8.60 (m,1H). Anal;_(019H28N204):

C, H, N.

;N-Methy]-N,N'-tert-butoxycakbdny]fL-leucyl-Zé(4}-hydr0xyphehy])
ethy1aminé (l§§);' After a slurry of Pd/C (700Amg, lOZ) in 25 ml ethanol -
was treafedvWith'Hé at_32 psi fof 30 minutes, a solution of benzyl ether -
14b (4.77 g, 11 mﬁolj in 70 ml éfhanol was introducgd and was hydroéenated
at 30 psi forb3_hrs. After filteriﬁg, tHe soluti&nbwas eQapbratgd:to.lég,
‘an-oil weighing'3:82.g (100%): .NMR § 0.91 (dd, 6H, J= 6,13Hz);.'l.36?1.61 ‘

(m,3H), 1.41 (s,9H), 2.78 (m,2H), 2.90 (d, 3H,NCH,), 3.50 (m,2H), 4.52
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(m,1H), 5.18 (m, lH), 6.68 (d, 2H, J = 8Hz), 6.93 (d, 2H, J =8Hz). Anal.

(Czo 32 204) <, H, N.

N-Methy1-N,N'-tert- butoxycarbony1 -N- methy] -L- 1eucy1 -2- (4‘-hydr0xy~
pheny])ethy]am1ne (l__). In a manner exactly as above, benzyl ether lic
(3.10 g, 6.6 mmol) was converted to phenol 15c (2 5 g, 100%): TLC (C) Re
O 49 FeCl /K Fe(CN)6 p031t1ve, NMR 6 0.89 (m,6H), 1l.44 (s,9H), 1.43-1. 45.
' (m,1H), 1.57 (t, 28, J = 8H2), 2.70 (m,5H), 2.90 (m,3H), 3.47 (m,2H), 3
(m, 2H), 4.59 and 4.80 (m,1H), 5.00 (m,1H), 6.70 (m,2H), 6.95 (m,zﬁ);

Anéi. (621 34 5 4) c, H, N.

'N,N'-tert-butoxycarbonyl-L- pro]y] -2- (4' hydroxypheny])ethy]am1ne
(lﬁg) As a solutlon of N-tert- butoxycarbonyl L—prollne v(7.53 g, 35 mmol)
" and N—methylmorphollne (3.54vg, 35 mmol) -in 175 ml 'THF was cooled to -15°C
| isobutylchlqroformaté (4;78'g, 35 mmol) wés rapidly added. Aftervl.minute
a soiutibﬁ'of‘tyrémiﬁexﬁy&robrdmidé;191 (7.63 g; 35 mmoi) and trieth&l—
:aminé‘(3.54 g, 35 mmol) in 70 ml of DMF was added over a 2 minute period
.whilé the témperaturé‘wés ﬁéiﬁtained‘at ;1290.‘ Four ﬁoufs affer the
_fem0va1 of the cooling Bath, the feaction mikturé was filtered and
evaporated; ‘The resid;e was dissoved in ethyl acetate.(200 ml), washed
with IN HC1 (3x100 ml), sat. NaHCO4 (3 xioo ml), and éat.'NaCI (1 x 100
ml), dried and evaporated, giving 11.3 4 (97/) of purn ]5d . NMR.§ 1. 40
- (s,9H), 1.70-2.20 (m, ), 2. 66 (m, 2H), 3.25-3.48 (m,4H), 4.18 (m, lH),_
6.72_(d, 2H,Jﬂ=8Hz), 6.91 (d, 2H, J =8Hz), 7.86 (m,lH).-»Anal. (C_18 26 204):

c, H, N.

N,N'—tekt-butokycarbony]-L—]euéy]42-(4'-hydroxyphehy1)ethy]amine

(1 e). The cbuplihg of N—fert;butoxycérbonyl—L—1éucine9 (2.31 g, 10 mmol)
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and tyramine hydrobromide (10) (2.18 g, 10 ﬁmol) was accomplished exactly
~as above to give pure 15e as an oil (3.2 g, 89%): NMR § 0.87 (d, 6H,
J=6Hz), 1.43 (s,9H), 1.5 (m,3H); 2.3 (d, 2H,J =7Hz), 2.6 (t, 2H, J = 7Hz),

c, H, N.

(4.54 (m,1H), 6.8 (dd, 48, J=8,18Hz). Anal. (Clg 30M204) ¢

Benzyl'E-3-(4l—B-N,N'—tert-butoxycarbonyl—L-pro]y]-N-methy]amino-
ethy])phehy]oXypropenoate'(lgg). A mixture of phenol lég (1,18 g, 3.4
mmol), N—methylmOrpholine'(0.34.g, 3.4 mmol) and,benzyl propiolate
(1.09 ¢, 6.8 mmol) in .20 ml of.THF was allowed:to stand for 3 hrs at
© room temperatnre After‘evaporation of the solvent, the residue Qas
dlssolved in 60 ml of ethyl acetate, washed with O. ZN HCl (3 X20 ml),
'water (20 ml), sat. NaCl 20 ml), dried and evaporated The resultant
0il was chromatographed (SlO 100 g, Et O) to glve 1.55 ¢ (90/) of l9a
NMR § 1.47 (s,9H), 1.6=2.1 (m,4H), 2.63—3.1 (m, 2H), 2,95 (s,3H), 3.2-3.75
(m,4H), 4.55 .(rn,lH:), 5.18 (s,2H), 5.58 (d, 1H,J =12Hz), 6.91 (d, 28,
J=8H2), 7.11 (d, 24, T =8H2), 7.38 (s,50), 7.83 (4, 1H, J = 12Hz). - Anal.

(CpgHggN,0g): Cy H, N.

Benzy] E-3-(4'aB-N,N'-tert-butoXycarbony]-L-]euéy]-N—methy]amino—
.ethyl)bhenyloxypkopehoate (19b) In a manner analogous to above, phenol
le (3. 90 g, 11 mmol) was converted to 19b (5 3 g, 94%) after. chromat—
ography (200 g Sephadex LH—ZO methanol) NMR 6 -0, 92 (dd 6H J 6, 12Hz),
1.1-1.8 (m, 3H), 1.43 (s,9H), 2,80 (m,2H), 2.91 (d,3H), 3.50 (m,2H), 4.52
(m,10), 5.12 (m,38), 5.5 (4, 1H, J = 12Hz), 6.90 (d, 2H,J =8Hz), 7.13
@, 2H,J‘=8H_z),'_ 7.i.28 (s,5H), 7.73 (@,v’ lH,.-J=12li.z‘). Anal. (C,H 40 N,0):

c, H, N. | | N

Benzy1 E43b(4'-B—N,N'-terthutoxycarbony]QN'-methyl-L—]euey]—N—
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methyiaminoethyl)phenyloxypropenoate (l_g).. The acrylate 19c (2.32 g,
70%) wasvprepared‘frdm ?henél 15¢ (2.34‘g,.6.2 mmol) as above: TLC Rf
0.27 (Et,0/hexane, 1/1)- MR § 0.88 (m,6H), 1.43 (m, 9H), 1.51 (m,3H),
2.66 (s,vBH;NCHS) 2.77 (t, 2H,J =7Hz), 2.91 (d, 3H, NCH Qs 3.47—3.68
(m,3H), 4.98 (m,1H), 5.10 (s,2H), 5.50 (d, 1H,J =12Hz), 6.89 (d, 2H, |
| J=8Hz), 7.11 (d, 2H,J=8Hz), 7.27 (s,5H), 7.70 (d, 1H, J=12Hz). Anal.
(c31 472001 C, Hi N.
| Benzyl'E—Bf(4'-B-N N'tért-butoXycarbony]-L-pro]y]aminoethy])pheny]-v
oxypropenoate (19d) The conversion of phenol 15d (5.37 g, 16 mmol) to
19d (7 9 g, 99%) was accompllshed as above: 'mp_99—101 C, TLC (EtZO) Rf '
0.143 NMR § 1.41 (s,9H), 1.82 (m,4H)5 2.82_(m,2H), 3.30 (m,2H), ‘3.45
(q, 2H,J =7Hz), 4.17 (m,1H), 5.11 (s,2H), 5.50 (d, 1H, J =12Hz), 6.91
(d; 2H, J = 8Hz), 7.11‘(d, 2H,J“=8ﬁz); 7.285(m,5H), 7,73 (d,‘iH,J'=12Hz);
125 ' | '

[a]

b -52.6° (c 0.73, CH30H). Anal. C, H, N.

(Czs SYAPLPL

. Benzyl E-3—(4‘—8-N,N'-tert-butoxycarbdny]-L—]eucy1aminoethyl)pheny]-,
Oxypropenoate'(lgg). As above, phenol ‘15e (2.9 g, 8.3 mmol) was converted
toilgg (3.98 g, 92%), an 0il: NMR & 0.9 (d,'GH,J'=6Hz), 1.4 (s,9H), 3.0
(t, 2H,J*=7ﬁé), 3;5’(q;22H,J:=7H2); 5.0 (m;ZH);'5;6 (d, 1H,j'=12Hz), 6.89

(d, 2H, J =8Hz), 7.11 (d, 2H,J = 8Hz), 7.3 (s,5H), 7.80 (d, 1H, J = 12Hz).

3-(4‘?B-N,N‘-tert-butoxycarbonyj—L-prb]yTAN—methylaminoethyl)pheny]e
0xypropanoic:acid (20a). -A>mikture of ;25’(1.51'g; 3;0 mmol) and Pd/C
- (10%, lOObmg)-inIIS ml ethapolvwas‘hYdrbgenatediat 37 psi for 1.5 hfs.
.After filtration and-evaﬁoration, 295 (1.25 g,.lOOZ)>Waé:obtained: NMR 6
1.43 (s,9H), 1.6-2.2 (m,4H), 2.6-3.1 (m,4H), 2.75 (t, 2H, I = THz), 2.95

(s,3H), 3.28-3.9 (m,4H), 4.2 (t, 2H,J = 7Hz), 4.55 (m,1H), 6.78 (d, 2H,
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J =8Hz), 7.1 (d, 2H,J=f8Hz), 9.5 (s,lH).‘ Anal. (022H32N206) c H, N.

’ 3 (4 -B-N, N' tert- butoxycarbony] L- Teucy1-N- methy]am1noethy1)pheny]-‘
oxypropano1c acid (ZOb) With the above procedure, hydrogenatlon of l9b
(1.29 g; 2.5 mol) afforded the acid 20b (1.03 g, 100/) NMR 8 0.90
(dd, 6H, J==6,12Hz), 131-1.8 (m,3H),«l.41 (s,9H), 2.77 (m,2H), 2.89 (d,:3H,
;‘NCHB), 3.5 (m,za), 4.15 (t,éH,~T=5ﬁz), 4.55'(m,1ﬁ), 5.48 (m,1H), 6.73

c, H, N.

" (d, 2H, J =8Hz), 770Q‘(d,,2H,J =8Hz). Anal. (C23 36 2 6)

3-(4'-g-N, N' tert- butoxycarbony] -N'- methy] -L- 1eucy1 -N- methylam1no- g
ethy])pheny]oxypropano1c acid (20c). The conversion of 19¢ (2.02 g, 3.8
mmol) to the acid 20c (1.65 g, 97/) was accompllshed under the above .
conditions and: UV A ‘max (e) 277 nm (1585) 283 (1331), NMR 6 0 89 (m 6H),
1.44 (s,9M), 1.53 (m 3H), 2. 68 (m, 3H), 2.77 (m,2H), 2.91 (m,3H), 3. 43
(m,2H), 4.16 (t, 2H,J = 5sz, 4.98 (m 1H), 6. 76 d, 2H J= 8Hz), 7.05 (m 2H).

Anal. c, H, N.

(Cza 38" "2 6)

(4 -g-N,N'-tert- butoxycarbonyl -L- pro]y]am1noethy1)pheny]oxy-
propano1c acid (20d) In a manner exactly as above, 194 (5.04 g, 10 mmol),
was converted to ggg_(4;13 g;'iooz): NMR § 1.43 (s,9H), 1.82 (m,aﬁ),’ |
2.70 (m 2H); 2’77-<t 2H, 55;732); 3.39 (m,4H), 4.16 (t, 2H, J==7Hz):

4,22 (m,1H), 6.73 (d, 2H,J = . 8Hz), 6.98 (d, 2H,J =8Hz), 8.90 (m,1H);

25

(o ]D -56. 4° (c 0. 87 CH OH) Anal. c, H, N.

(C21 30 2.6);

3-(4'4B—N,N'aterthUtoxycarbonyleLfleucy1aminoethy1)phehy]oxy-
prdpanoic acid-(ZOe). Theveonversienvof 19e (3. 80 g, 7.4 mmol) to.20e
(2 88 g, 92%) was accompllshed as above NMR 6 0 88 (d 6H J= 5Hz),

141 (s, 9H), 1. 57 (m 3H) 2. 68 (c 2H, J -7Hz), 2. 74 (, 24,7 = 7Hz), 3.41
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(q, 2H, J =THz), 3.68 and 4.02 (m,1H), 4.17 (t, 2H,J =7Hz), 5.14 (m,1H),

6.36 (m,1H), 6.75 (d, 2H,J'=8Hz); 6.98 (d, 2H,J =8Hz). [a]2°

Ip —?6.7 :

(c'l.l, CH30H). Anal. (C22 34 9 6) c, H, N.

p- N1tropheny] 3-(4'-B-N,N'~tert- butoxycarbony] -L- pro]y] -N-methy1-
am1noethy])pheny]oxypropanoate (21a). A mixture of the acid 20a (4.94 g,
_12 mmol) and p—nltrophenyl trlfluoroacetate (2.64 g, 12 mmol) in 25 ml
pyridine was stirred for 4.5 hrs. After evaporation the residue was
-disSoived ih'ZCO mi of ethyl-aoetate end washed with 0.3NvHC1v(3 x100 ml),
~ sat, NaHCO3 (2 *100»m1),‘HéO (100 ml)-end sat. NaCl'(lOO ml). Chromat—'
ography (C) of the residue after evaporation afforded the‘p—nitrophenyl
estéi_g;§ (4.48 g, 70Z): NMR § 1.42 (s,9H), 1.6-2.3 (m,4H), 2.6-3.2 (m,7H),
3.3-3.8 (m,4H), 4.32 (t, 2H, J=7Hz), 4.55 (m,1H), 6.83 (d, 2H, J = 8Hz),

7.13 (4, 2H,J’=8Hz), 7.28 (d, 2H,Jﬂ¥10Hz),'8.18 , 2H,J‘=1.OHz)f Aﬁal.

(c 28 35N30g) ? C"vaN'

p—Nitropheny] 3-(4'-8-N,N'- tert- butoxycarbony] -L- 1eucy1 ~-N-methyl-

amnnoethyl)pheny]oxypropanoate (Z]b) In a manner exactly as above, 20b
(954 mg, 2. 2 mmol) was converted to p-nitrophenyl ester 21b (1.04 g, 82/)
TLC (Et,0) Rf 0.32; NMR 6 0.94 (dd, 61, J = 6,12Hz) 1.43 (s,98), 1
A(m;BH); 2;77 (t, 24, J =7Hz), 2.90 (d; 3&,N—CH3), 3.06 (t, 24, J = 7Hz),

3.55 (m,2H), 4.31 (¢, 2H,J'=7ﬁz); 4.57 (m,1H), 5.18 (m,1H), 6.80 (d, 2H,.
tJ’;st), 7.03 (d, 2H, 3 =8Hz), 7.24 (d, 2H, J = 10Hz), 8.20 (d, 2H, J = 10Hz) .
C, H, N. - | v

»'Anal; (029 39 O )

peNitropheny1 3'(4' B- N N'-tert- butoxycarbony] N' methy] -L-Teucyl-
N-methylam1noethy1)pheny]oxypropanoate (21c) .The=preparatlon of the

'ester Zlc from the - ac1d 20c (813 mg, 1.8 mmol) was accomplished as in the
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earlier\examples.l The oil was isolated pure (859 mg, 83%) after chroma-

tography (200 g Sephadex,LH—ZO; methanol): TLC (Et20)'Rf 0.42; NMR §
0.89 (m,6H), 1.44 (s,9H), 1.52 (m,3H), 2.67 (s,3H), 2.73 (t, 2H,J = 7Hz),
©2.89 (d, 3H,N=CH,), 3.03 (t, 2H,J =7Hz), 3.43 (m,1H), 3.68 (m,1H); 4.28 |
(t, 2H,J =7Hz), 4.73 and 4.95 (m,1H), 6.77 (d, 2H, J=8Hz), 7.06 (d, 2H,
J=8Hz), 7.20 2H, J= ) L oH, 3= A C.H, N.0.):

iz) (d, 2H, J=10Hz), 8.18 (d, 2H, J=10Hz), Anal. (Cygfl, N,00):
c, H, N. - -

p—Nitrophenylv3-(4‘-B-N,N'ftért-butoxycérbony]—L-pro1y1aminoethy1)
pHeny]OXypkOpanoate (21d). 1In an analogoﬁs‘manner,.ggé (3‘45 g, 8.5 mmol)
was con&erted tp pbnitrthenyl ester 21d (3.88 g, 87%) after chromatography
(200 g sephadex'LHezo, methénol)} NMR & i.43 (s,9Hj; 1.64-2.18 (m,4H),
2.7 (m,2H), 3.05 (t, 2H,J =7Hz), 3.23-3.52 (m,4H), 4.18 (m,1H), 4.30
(t, 24,3 = 7Hz), 6.80 (d, 2H,J =8Hz), 7.05 (d, 2H,J =8Hz), 7.24 (4, 2H,

J =10Hz), 8.19 (d, 2H, J =10Hz). Anal. (C C, H, N.

27M33430g)
p-NitrophenyT 3-(4'-B¥N,N'ftert-butoxycarbony1-Le1eucy1aminoethy1)‘
pheny]oxypropanoate (21e). As abQVe, ggg (2.70 g, 6.4 mmol) was converted
to'p—nifrophenyl ester 2le (2;57_g, 7425: ﬁp‘ll6;118°6;‘ TLC (Benzene/
ethyl ééetate), R% 0.5; NMR & 0;89 (d,36H;J'=6Hz), 1.41 (S,QH), 1.61
(m,3H), 2.70 (t, 2H,J = 7Hz), 3.'01‘(t, 2H, J = 7Hz), 3.43 (m,2H), 3.93
(m,1H), 4.30 (c, 2, J = 7Hz), 4.75 (m,1H), 6.03 (m,1H), 6.80 (4, 2H,J =
8Hz), 7.04 (d, 2H,J=éHz); 7.22 (d, 2H,J =10Hz), 8.17 (d, 7H, J = 10Hz).

Anal. (C

Jgti37N30g): C, H, N.‘

Cyc10[3;(4-6-N~methyiamihoethy1)pheny]oxypropénoy]-Ljpr01y1] (4a)

and Cyc]o[3-(4-B—NFmethy1aminoethy1)phény]Oxybropanoy]-L-pro1y1]2 (23a)..

The p—nitrophenyl ester 2la (719 mg, 1.33 mmol) wasvdissolved in 10 ml

of anhydrous trifluoroacetic acid atVOQSfC. After one hour the solvent
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was evéporated to give on oilv(l.20.g) which was dissolved'in 600 ml of

_ N,N'-dimethylacetamide. The resﬁlfént solutionvwas'odded'over a 50 hour
period with a-moforing pump to 600 ml of mechanicolly Soirfed pyridine
maintained at 90°C. Thehsoiution was stirred and heated for an additional
10 hrs, evéporated, the.residue wao dissolved in.methanol and filtered
through a mixéd bed ion exchange resin. The firSt 100 ml of oluant was
collected and evaporated to give a solid residue (223 mg, 567) from which,v
after chromatography (200 ¢ Sephadex LH—ZO methanol), three fractions
were 1solated. Eluted first was 45 g (ll/) of cyclic ollgomers which was
not further oorified. Next was the cyclic;dimer g§§_(88mg, 22%).: ump
251°C (dec); UV A___ (€), 226 mm (21400), 277 (2910), 284 (2510);

GC (4) R, -at 2755C,'5.6 min; MS m/ev(relative'intensity) 604 (0.8),

303 (3),>302,(12), 183 (31), 152 (21), 124 (67); 121 (10), 70_(100),

25 197.5° (c 0.2, CH,O0H); CD-AE_ _ (A am), +2.67 (228),

D. 3 max

55 (45); [al
~0.11 (268), -0.14 (275.6), -0.14 (283), +0.07 (287); 'H MR § 1.36-2.36 .
(m,8H), 2.5-3.1 (m,12H), 3.0 (s,6H), 3.14-4.27 (m,10H), 6.8 (d, 4H,

J =8Hz), 7.01 (d, 4H,J =8Hz). Anal. ( C (calculated 67.5,

C348,, Na0g)®
found 66.4), H, N.
Eiuted'last was 4a (97 mg;.24Z) obtained after sublimation‘ét'100°c

(0.01 mm)f IUmp 188;C; v A (€) 270 nm (508),2276 (492).. GC (A) Rt

at- 275°C, 3.2 miﬁ; MS m/e C17H22N203 requirés 302.i630,vf0uno 302.1636;
[a]2> +6.3 (c 0.2, CH,0H); CD-AE___ (e T, +8.72 (222, -1.74 (241),
~1.01 (270), -0.97 (275.5); NMR § 1.74 (m,2H), 1.89 (t, 2H,J =10Hz),
2,22 (dd, 1H, J =5,12Hz), 2}57‘(m,1H), 2.72 (m,2H), 2.95 (s,3H), 3.02 (m;15>,
3.42'(m,1ﬁ), 3.53'(m,iH); 4.24 (dd, 18, J =5,12Hz), 4.80 (t, 1H, J = 11Hz),

.C, H, N.

-6.77_(od,.1H,Ji=2,8Hz), 7.09 (my3H). Anal.. (c17 2Np05):
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Cyclo[3- (4 8 -N- methy]ammoethy])pheny]oxypropanoy] -L- leucyl] (4b)
~and Cyclo[3-(4-B-N- methy1am1noethy1)pheny]oxypropanoy] L- leucy]]2 (_§_

; _DiSSolution of p-nitrophenyl ester 21b (665 ng, 152 mmol) in 10 ml
‘anhydrous trifluoroacetic écid at 0-5°C as above, afforded an oii (1.03 g)
after eVaporation whicﬁ was dissoived in dimethyiacetamide (620'm1) and
added dropwise over a 50 hour period to stirfed’pyridine-(600 ml) at 90°C.
.Stifring was continued.for an additional 10 hrs. ‘The:pyridime was evapo-
| rated, the residue was dissolved in methanol and filtered through a mixed
‘Bed ion_exchangé resin'to give an o0il (332:mg)5 Tﬁe crude product was
purified by column chromatOgraphy on Sepﬁadex_LH—ZO in methanol, isolating
four fraotioﬁs:

(i) 95 mg (25%) of cyclic oiigbmers;‘

_ (2) dimer 23b (123 mg, 32%), oryStallizeo from efhanol: ump 234°C;

uv *an (e) 224 nm (25245), 276 (3234), 283 (2691); MS m/e (relative intensity)
636 (6), 386 (2), 362 (3), 318 (8), 43 (100);  CD-ep Oy mm): =8.70
(218), -3.77 (234), -0.48 (278), -0.45 (283); NMR & 0.83 (m,6H), 0.93
(q,’6H,J‘=5Hz),‘1;30_(m,4H),”1.47 (m,znj, 2.55 (dq,'aﬁ;J'=7Hz), 2;78 (m,4H),
2.97 (d, 4H,J’¥4Hz); 3.00 (m,6H), 4.09 (m,aﬁ), 4;25 (m,2H), 6.20 (m,2H),
6.80 (m, AH);'7.02 (m,4H). Anal. (C,H_N,0J: C, H, N.

(3) was a mixture of compounds (36° mg, 10%) not further characterlzed

(4) cyclie monomer 4b (49 mg, 134) . ump 119° Ciafter subllmatlon at
- 100° C (0.01 mm); UV Amax (e) 226 mm(shoulder, 6052), 275 (690); MS m/e
(relative intens.) 319 (4), 318 (17), 276 (6), 275 (36), 44 (100);_ 
oC (B) R -a_;tjzaoé, 8.6.min; OD-Ac__ (A mm): +9.84 (230), +0.23 (275),
+0.46 (234); NMR § 0.84.(do, 4H,J’=4,8Hz), 0.92 (d;'ZH,J'=6.Sﬁz), 1.16
(m,1H), 1.34 (m,2H), 2.25 (dd, 1H,J =3,8Hz), 2.40 (dd, 0.5H, J =5,15Hz),
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©2.63 (m,0.5H), 2.80 (m,2.5H), 2.94 (s,1.5H), 3.04 (s,1.5H), 3.40 (m,0.5H),

3. 61 (m, 0. 5H), 3.95 (q, 0.5H, J =6.5Hz), 4.21 (dd, 1H, J = 4,11Hz),

- (ta, 0. 5H J =5, 9Hz), 4, 71 (td, 0.5H,J = 5 6 12Hz), 4, 92 (m, lH), -5.62

(m,lH); 6.68 (dd, 0.5H,J=2.3,8Hz), 6.89 (m,Z.SH), 7:.17 (m,lH). Anal.

(C18 26 203) C, H, N.

Cyc1o[3-(4-B;meethy1amfnoethy1)pheny1oxypropanoy1—thethy1-L-
Teucyl] (46); The‘COnversion.of.p—ﬁitrophenyl ester 2lc (665 mg, 1.2
mmol1) to the cyclopeptldes was accompllshed as descrlbed above. vAfter
ion exchange, a colorless 011 (21 mg) was 1solated Sephadex chromatography _
(200 g LH-20, CHBOH) afforded two fractlons: |

(1) 12 mg (3.5%) which was not further characterized;

‘(2) 8 mg (2.2%) contained threeiﬁajor coﬁpohents by GC (B) Rt at
230°¢: - 18 min (20%), 21 min (14%), 32 min (56.42). _These’prodccts-Were :
isolated by preparative GC (3% OV—17, 6" x %"); The 18 min component
was theadesired cyclic peptide 4c (1.6 mg, 0.4%): ’MS.m/e C19H28N203
requiresf332.21002 found 332.2091. The other coﬁpohents were not

. further characterized.

Cyc10[3-(4—8—amin0ethy1)phenyloxypropanoyl-prr01y1j_(ﬁg) and
Cyc1o[3-(4-8—aminoethy1)phenyloXyprOpahoy1;L=pr01y1]2 (23d). The conver-
sion of. p—nltrophenyl ester 21d (591 mg, 1. 1 mmol) to the cyclopeptldes
was accompllshed exactly as prev1ously descrlbed After 1on exchange a
llght yellow oil (244 mg) was 1solated Sephadex chromatography (200 g
LH—20 MeOH) gave three fractlons Fractlon 1 was 54 mg (174) cycllc
Aol;gomerS‘ Fractlon 2 was CyCllC dimer 23d (110 mg, 34/) ump 221° on

crystallization from ethanol, UV Amax (e). 224 nm (25180), 276.5 (3393),
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283.5 (2855). MS m/e 576 (0.8), '374 (2), 368'(2),'124 (100), 70 (100);
OD=Be o Aoy Tt 6.9 (224), -0. 29 (282), ~0.45 (274.5); MR § 1.73
(m, 2H), 2.05 (m,4H), 2.52° (m, 4H), 2. 68 (m, AH), 2.86 (m 2H), 3.32 (m,6H),
3.73 (m,4H), 3.97 (m,2H), 4.58 (d, 2H,J'=7.5Hz), 6.81 (d, 4H, J = 8Hz), .
?.01'(d,.4H,JV=$Hz)? 7.13 (m,2H). Anal. (C32 40 406) Cc, H, N.
hFractibn 3 was cyclic monomer- 4d (75 mg; 24%),-an oil;'-UV Xmax (€) 223 nm
(6198 sﬁoulder),"zyl (568), 276 (513); GC (B) R_ at 230°C, 12 min;
| MS‘@/e 289 (4), 288 (19), 23; (13), 70 (100); cD-Ae__  (A__  mm) |
-12.42 (232), -2.17 (271), -1.91 (277); MMR & 1. 55 (m,1H), 1.95 (m 1H), -
2,12 (m,2H), 2.19 (dd, 1H, J =6, 13Hz), 2. 34 (m,1H), 2.75 (dd, 1H, J =10 ,17Hz),
2.89 (m,2H), 3.31 (dd 18, J =10,17Hz), 3.49 (t, 1H, J =8Hz), 3.80 (m, 1H),
4.28 (m,2H), 4. 62 (t, 1H,J = 10Hz), 6.36 (m 1H), 6.85 (s,28), 7.17, (dd

2H J =8,15Hz). Anal. c, H, N..

(Cyghag, 3)‘

‘ Cyc10[3—(4-_8-,am1'noethy1)'pheny]jo'xyprepanoyl—_L-leucyjl]ﬁ '(4_e') and
ftyé]o[‘B'-(4.‘3-am1'rioe.thy1)phehoxypropanbyT-L-ieuby]]2 (23e). With the same
cyclizétibn proeedure, h—nitropheny1 ester 2le (588 mg, 1.1 mmol) was
"converted re'the cyclopebtides; :Thevresultiﬁg hroﬁn solia Qas_rriturated
in methanol and filtered. The;inselubie-portion (46.2'g, 12%) was 1ater
identifiedvas cyelic’dimer'ZZe The methanol flltrate was eluted through
a mixed bed ion exchange resin and evaporated to give a SOlld residue
'(137 mg). FollowingvSephadex:chromatography (200 g, LH+20, CH3OH), three
fractiohs were isolated. Fractionil'was 48-mg7(152)10f c&clicboligomers,
_:not furtherjcharacterized, FractionVZ.was.cyclie dimer 22e (51 mg, 157):
, crystalllzed from ethanol imp 287° C -V k (6)224 5 nm (19511),‘
(2680), 283 (2267). MS m/e 609 (1), 608 (3), 306 (2), 305 (14), 304 (69),

86 (100); CD-Aemax (Xmax nm):..—5.65v(229),_+0.69 (277),~+O.74 (284);‘
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.NMRwS 0.93. (m,12H), 1.66 (m;sﬁ)', 2.65 (m,8H), 3.26 ‘(m, 2H, J = 7Hz), 3.45
(n, 2H,J=7ﬁ;); 4.13 (m,28), 4.23 (m;2H), 4.63 (m,éa), 6.71 (d, 2H, J = 8Hz),
6.9? (d;'2H,J'=8Hz5. 'Anai. (C34H48N406): C, H, N. ..Fxgction 3 was the
cyclopeptide 4e (31 mg, 9%): _uﬁ@_199°¢; uv Xmé# (e) 226 mm (6127), 276 ;
(734). ch(B) R, at 230°C, 9.5 min: MS m/e 305 (6), 304 (29), 86 (100),
CD-e e (e T +8.12 (226), +0.39 (275), +0.50 (284); NMR 6 0.84
(d, 6H, J=6Hz), 1.33 (m,3H), 2.31 (m,2H), 2.52 (m,1H), 3.06 (m,2H), 4.00
(dd, lH.,AJ'= 7,1_4Hz5, 4.21 (qu, ZH,.j;—-6,13Hz)', 4.95 (t, 1H, J =10.582),
5.22 (d, 1H, J =11Hz), 5.53 (d, 1H, J =9Hz), 6.87 (dd, 1H, J= 2.4, 7Hz),

6.94 (dd, 1H, J=2.4,7Hz), 7.03 (dd, 1H, J= 2.4,7Hz), 7.09 (dd, 1H, J =

¢, H, N. SRR | |

: 2.4,7Hz)i Anal. (C,7HyN,04)
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The recently observed effectvof cyelopeptide aikaloids on ion
selective mitochondrial swelling may be perfinent inithis regard
[K.Kawai, Y.NOZawa-and Y.Ogihara, Emperienfia 33, 1454 (1977)].

All reactionévwere nerformed under a nitrogen atmosphere./ Solutions
were dr1ed over Na SO4 and evaporations were done in vacuo with a
Berkeley rotary evaperator. Uncorrected melting points were deter—
mined on a ThonaséHeover Capillary MP_Apparatns.and'Kofler‘Miero Hot
Stage (ﬁmp). Both H—NMR and 13 —NMR spectra were taken in CDCl3

solution ﬁsing internal'Me4Si (80) on avVarlan HR—220 and a TT—23

(w1th a :Brucker WH-90 console equipped w1th an NIC—80 computer and a

Varlan 25.14 MHz magnet) respectlvely. UV spectra were taken in

methanol on a Cary 118 instrument. A model AEI-MS12 mass spectrometer

with INCOS data system was used for determining'masé speetra. The

gas chromatography was done on: (a) an.F‘&M_Model_402 High Efficiency

.GC With;a 5 ft by 1/8 inch glass column,- 3% OV-17 (w/w) on.AerOpak 30

(1004120 meéh)} and (b) a Hewlett Packard Model 5730A GC witH a 3 ft
by 1/8 inch glass eolumn and the same liquid pﬁase.andvsolid support.
TLC was done on silica (Eastman sheets_#6060) and celumn chromatography

uéed'siliea gel 60 (EMiReagenfs)fwith SOlvent'systems: (a) CH3OH/ben—

 zene/acetone, 1/1/1;. (b) benzene/acetone, 4/1; and (c) benzene/

Et,0, 1/1. Optical rotations were determined on a Bendix Ericsson

2 b
ETL—NPL Automatic Polarimeter Type 43A. CD speetra were taken in
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acetonitrile on a homemade spectrometer [see J.C.Sutherland,

L.E.Vickery and M.P.Klein, Rev. Sei. Instr. 45, 1089 (1974)].
Ton exchange chromafography was done with avﬁiXed bead resin, BioRex

| A6501~X8—D; 20-50 mesh, on a column 1.5 % 50 cm.. Elemental analyses

were perfo?méd by the Analytiéal_Laborafofy, Department of Chemistry,
Uﬁivefsity‘of Céliforﬁia, Berkgley;

The following éolven;s were routinely &istilled prior to use:
tetrahydréfuraﬁ from.sodiuﬁ benzobhenonebketyl, ,pyfidine (predfied '
over NaOH pellété) from BaO, and N,N'—dimethylacétaﬁide from 4A

molecular sieves. vSpectral grade acetonitrile and analytical

reagent grade salts were employed for the ion studies.

 The p-methoxynitrostyrene was prepared analogously to the process

of D.E.Worrall, Org. Syn., Coll..Vol. I, 405 (1932).

'P.Quitt, J.Hellerbach and K.Vogler, Helv. Chim. Acta 46, 327 (1963).
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_ R Moleculaf — Calcuiated - Found

Compound . formula “C H -N . -C H N
4a CoHy N0, 67. 7.3 9.3 67.7. 7.4 9.1
s C1gHy6N,05 67i. 8.2 8.8 67.9 - 8.2 8.7
4d C16Ha0N,05 66. 7.0 9.7 66.5 7.0 9.7
e C Hy N0, 6.1 8.0 9.2  66.9 8.0 9.1
7a CipH0, 648 6.3 - 64.7 6.1 -
Je  CpH 0,Br 479 4k - 48.0 474:‘ i
11 CgHy,NO, 65.4 6.7 8.5 65.2 6.7 8.4
12a  C H,N0, 67.0 7.3 7.8 67.2 7.1 7.9
1% c H N, 75.3 6.7 5.5 752 6.7 5.5
13a C gty sNO 72.7 9.1 8.5 72.9 9.0 8.7. 
13b €, H1gNO 79. 7.9 5.8 - 79.6 ' 7.9 5.9
14b C,7HagN,0, 71.3  _8.4 S 62 L5 8.3 '5;9
e Cygl, N0, 71.8 8.6 6.0  72.0 8.6 5.7
152 CigH,eN,0, 65. 8.1 8.0 65.3 8.0 8.0
b c20H32Néo4' 65. 8.8 7.7 - 65.8 87 7.5
IS¢ Gy Hy N0, 66.6 9.0 7.4 | “
154 :gisﬁzéNzo4 64. 7.8 8.4 64.5'_ 7.8 8.2
15e G HN,0, 651 86 8.0 64.8 8.4 1.9
192 C,gHL N0, 68.5 7.1 . 5.5  68.3 7.1 5.6
19 CygH, N0 68.7 7.7 5.3 68.6 = 7.7 5.3
;25, ;  C31ﬁ42N206 §9."'_,7.9" 5.2 68.9. '_7.9' 5.1
194 ;1C28H34N206 68. 6.9 5.7 67.9 6.9 5.7
20a C, H, N 0 62. 7.7 6.7 62.7 7.6 6.7

227327276

continued . .
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Elemental anélysié,(continuéd)

C34H,8%,06

67.1 7.9 9.2

o _ Mdlecular - Célculated — _-qund
Compound  formula c H N C H N
20b -023H36N266 63.3 8.3 6.4" 63.3 8.1 6.4
200 CyHygN,0,  64.0 8.5 6.2 63.9 8.6 6.0
204 Célﬁ30N206 620 1.4 6.9 61.9 7.4 6.8
200 C,,H,N,0, 625  B.1 6.6 62.4 8.1 6.5
21a’ CygH, N0 621 6.5 7.8 62.1 6.5 7.8
L 21b - CygHa N0 62.5 - 7.0 7.5 62.2 7.0 7.8
2e CygH,N00  63.0 7.2 7.3 62.7 7.2 7.2
214 CypHy N0 L5 6.3 8.0 61.6 6.4 7.9
2le c28H37N308 61.9 6.9 7.7 61.8 6.9 7.6
232 CyH, N0  67.5 7.3 9.3 66.4 7.4 9.2
23 cyH N0 67.9 8.2 8.8 67.7 8.0 8.7
o234 CpH, N, 0 66,6 7.0 9.7 1 66.6 . 7.0 9.7
23e 1 66.8 7.8 9.2

[3
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~ Part I-B.

CYCLOPEPTIDE ALKALOIDS. PHENCYCLOPEPTINES FROM
THE POLYMORPHIC'SPECIES‘CEANOTHUS INTEGERRIMUS

Introduction

Ceanothus integerrimus (''Deer Brush") is a polymorphic species of
the‘family Rhamnaceae occurring from southcfn‘Washingtoﬁ”chfough California
into western Néw Mexico. Although as manylas eight varieties.of thisc

semi-deciduous shrub have been characterized, only two of the seven found-

- 4in California are present in significant population. -C. integerrimus H.

and A. var, integerrimus inhabits the inner South Coast Range and C. inte-
gerrimus var. californicus (Kell.) G. T. Benson is found in the Sierra
Nevada northward through the Cascade and Klamath Rahges.l

As;part of more comprehensive alkaloid structure studies of Pacific

' North American Rhamnaceae, we have begun a phytochemical investigation of

Ceanothus integerrimus. Our investigation of three specimens of this
shrub, one of C integerrimus var. califbrntcus and two from different

pOpulatlonS of C. zntegerrzmus var. integerrimus -has led to the 1dent1f1—

cation of four new cyclopeptide alka101ds,'phencyclopeptlnes i_ﬁ v

addition to the three previously reported‘alkaloids‘é_z (Table 2).
Employing reversed phase»high'performance'liquid chromatography (HPLC)‘
and mass and lH NMR spectroscopy, the dlstrlbutlon of phencyclopeptlnes

among the three plants was determlned (Flgs. 7, 8 and 9; Tables 2 and 3)

Results and Discussion

" The identification of the‘H?LC-purified_constituents of C. integer-

rimus is based mainly on their characteristic electron impact mass spectra.
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Accor&ing‘to the.fragmentétion schemeé preViously‘proposed (rig. 8),3’4
the mass spectfa of the seven alkaioids from the three plants (Téble 3)
confirm the structufal.assignmenté made in Table 2. Iﬁ.addition, the
total alkaloid acid hydrolytic products from each,plant (Tab1e 4) are
consistent with the distribution of.phencyciopeptines 1-7 among the three

 plants shown in Fig. 9. Sincé tryptqphan'is_destroyedvby acid,hydrolfsis-
and N-alkylated amino acids are not detected by the usual éutomatic.amino'
acid analysis due. to their low color &ield,vthe failure to.detéct-apy

:otherramino'acids in the aéidic hydrolysate of_C.vintegerriMus‘var. inte-

fgerrimus (Mendoéino Coqnty)'corroborates tﬁe observation of only iﬁdolic'
phencyclopeptiné components in this'plaﬁt. | | |

Leucipé,viépleuéine, and valinevand their‘methyiétéd derivatives
were distinguished from one another by mass speétroscapy an&'iH NMR
spéctroscopy,'and aﬁinovacid analysis in some cases. Amino acid analysié
of the acid hy&rolysatesvpfveach HPLC—pufified pheﬁcYéiopéptiﬁe confirmed
the identity of thevring émiﬁ§_acid (RSS suggested b? masé épecfroscopy.'
Frégménts prodpcéd from.the.rearrangement of the base peak (BP, a) in the
mass spectrum of the ﬁheﬁcyclopeptiné:ﬁrovided diagnostic'evidenéevfor

" the structure of.the N-aklylated amino acid residue, Rg (Table 3).

1H NMR spectroscopy furnished the most definitiveviﬁfdrmation

regardiﬁg.the nature of the N-terminal amino acid moiety (R8), since the
two methyl groups of isoleucine manifest different mﬁitiplicity in their

NMR signals, the Y-methyl being a doublet and the JS-methyl a tfiplet.

Both the §-methyls of leucine andvthé Y-methyls of valine are two sets

of doublets. Furthermore, the chemical shifts of the methyl groups on

the N-terminal amino acid (R8) are also diagnostic. In the cases of
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.phencycldpeptineé ﬁhere_R9 is phenyl, avpronqunced‘upfield shift (as much
as 0.6 ppm) has Been ObéervedKih the thethyl andiy—methyl resonances of
‘vfhe‘N—tefminal amino acids. Sﬁch high fiel& resohanéés‘do-hot'OCCur
in the.spectra of'alkaloids:WhiCh héve N-terminai 1eucinevresidues since
‘there are noly—méthyl groups. .Thus the éhemical Shifg qf thé léucine.
§-methyls in cfenatiné A 9 occur within the expeéted range,svtwo doublets
at 6 0.78-ana 0.83 ppmiin‘CDCl3, whereas the doublet occurring at‘0.24
ppm in the spectrum of iﬁtegetrine}é is attributable to tHe;y—méthy1 of
 the Neterminal isoleucine residué. |

Our observation of unuéually_high fieldvdoublets in the,spectra of
phencyclopeptines 1, 3, 4, and 7 as well, establishes that the N-terminal
.amino acids are either deri&atives of valine or isoleucine. Such-high
field resonances were ﬁét observed in the lH NMR spectrum of discafiné
ﬁ 5 and phencyclopeptine 2, in agreement with the literature. ’

vIt'is unusual that onlyuone'offthe phéncYéldpeptineé,_discariné_3‘§3
- found iﬁ C; integefrﬁmus var[integerrimus from Santa Cruz Cqunty_wasv
observed in the extract of the plént of the same species from Mendocino
County'(Fig;é Y. 1In contrast,,fhe total aikalbidal mixture from var.
integerrimus of Santa Cruz County 'and- thaf: f_rc;m var. californius coﬁtained

four common phén¢Y¢1Qpeptines, 3, 4, 5 and 7.



TABLE 2.

. o
-

9~-phenylphencyclopeptine
(Integerrenine)®

65

continued .

- Phenycyclopeptine constituents of Ceanothus integerrimus.
Ry Rs Rg. M
1, 5-B-Indolylmethyl-8-N-methylvalyl- C.H ‘B-indolyl-CH NMeVal 579
- . . 65 2 .
9—phenylphencyclopept1ne : .
5-B-Indolylmethyl-8-N, N—dlmethylvalyl— (CH,) ,CH  B-indolyl-CH, e, Val 559
©9- isopropylphencyclopept1ne S : -
3, 5-Benzyl-8-N,N-dimethylisoleucyl- CyHs CeHSCH, | WMe,Tle 568
9—pheny1phencyclopept1ne : - ; : '
4,,5—Isobutyl-8—N—methylisoleucyl— " C.H “(cH,) ,CHCH © NMelle 520
- o : ‘6.5 T332 2
..~ 9-phenylphencyclopeptine -
| 5, S—B—Indolylmethyl—B-N N- dimethylisoleucyl—j ' (CHQ)ZCH 'B—indoiyl—CHZ e,Ile 573 -
9—1sopropy1phencyclopeptine ' . ' : S
(Discarine B)*
6, 5-B-Indolylmethyl-8-N,N-dimethylvalyl- 506115 B.—‘indollyl-CHZ. . NMe-ZVa'l 593
' 9—phenylphencyclopept1ne . 4 '
(Integerrlne)
7, 5-Isobutyl-8-N,N-dimethylisoleucyl- C.H (c‘HB)chcn2 MMe,Ile 534

_‘ZS_



TABLE 2 (continued) -

Ry Rs Rg. M
8 5- Benzyl—S—N—methylvalyl- : o . C.H. C,H.CH, - NMe,Val :‘554'
S 65 76 5772 - _ 2 T
-9—phenylphencyc13peptine- T

(Integerressine)

aEirst identified in Discaria longespina H. and A;6

bFirst idehtified in 'C. integerrimus H. and a8

First identified in C. integerrims H,'énd A’

dIdentlfied constltuent of C.. zntegerrtmus H. and A; 7

- three plants in the present 1nvest1gation.

not observed in any of the
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‘TABLE 3. Mass spectra of the HPLC purlfied phencyclopeptlne components
: - of C. zntegerrtmus
o v ' Compound — _ —
| Fragment? 1 2 3 &5 s 7
Mt 572 ss9® ses - s20? 0 573P 593 s34P
Bpa 862 1000 Y114b-_ ,100b" 1P 1oob- 1P
b s3> s16.  s1P 4P s16 0 ss0 477?
¢ 215 195 - 229 215 195 229 229
d 187 . 167 201 187 167 201 201
e. . 410° . 376 371 337 376 - 337
f 224° 190 224 224 190 224 224
g 49 - - 421 - - -
h 347°  347° 308 274 347 347° -
i 135 135 135 135 135 135 i35
i 451 417° 412° 378 . - -
ko3 283 278° 244 283 317 244
1 289 - 255° = 250° 216 255 - 216
m 131 97° 131 131 - 97 131 131
0 170° 170 31 97 170 170 97
o 159 1159 120 86 159 159 86
p 130 130 91 57 130 130 57
other . 117 117 98 - 505d 17 117 5199
| S Amf 8¢ 85F mm;
477 491

“Fragment ions refer to structures in Fig. 8.

b

Coy i el e : o
“Weak -ion intensity in some spectra. . -

At 215

veM+. _ 29 ‘
Pt - 43

High resolution massvspectral data obtained.

gFragments from rearrangement of BP, dlagnostlc of N—alkylated ‘amino

ac1d N—termlnal moiety:

Ile,

2 .

Taken from Ref. 5.

m/e 58 MeLeu, 72 Me

2

Leu, 85 Me

Val and
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TABLE 4. Aminb acid identification and yields from atidi
o hydrolysis of C. tntegerrzmus root bark total

alkaloid’ mixtures. ‘

C. integerrimus : C. integerrimus c. integerriﬁus
Product  var. integerrimus -var. integerrimus var.
'~ Santa Cruz Co. . Mendocino Co. californicus
NH, 769 516 S 590
Ile - R
Leu 352 - 190
Phe ! 29 - L - S ' 26

aCrude alkaloid mixturés (250 mg) were hydrolyzed with 1-2 ml 6N
HCl contalnlng one. drop glac1al acetic ac1d for solublllzatlon

in sealed ampules. for 24 hrs at 135 C Y1elds are reported 1n

'nanomoles/ZSO mg,m1xture hydrolyzed.
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Figure Captions - Part I-B

 'Fig; 7.

Fig. 8.

: Fig; 9.

HPLC of crude alkaloidal extracts of the polymorphic species

C. integerrimus. HPLC system employed: LiChrosorb C2 (10 u,

10 x150 mm); mobile phase CH,ON/10% aqueous NH, (9/1, v/v);

flow rate, 2 mf/min; 35°C; A 254 nm; injectibﬁ'volume, 100 HL;

c~3 mg/mf.

Electron'impact mass spectral fragmenta;ion of phycyclopeptines.

Phencyclopeptine distribution in (. integerrimus var. integerrimus

" H. and A. from Santa Cruz County, C. integerrimué var. integerri-.
mus. H. and A. from Mendocino County, and C. integerrimus var.

: califbrnicus (Kell) and G. T. Benson.



Mendocino Co.
, .

e

_ ;C mfegernmus H. ond A
- var. /nfegerr/mu,

6‘ mfegerr/mus H. ond A.
var.. /nfegerr/mus
~ Santa Cruz Co.

L L |
0 5 10 15

‘Minutes

Fig. 7

var.

- C. integerrimus
calrfornicus
(Kell.) G. T. Benson

LG
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i o

Ll HN= - R5+
(Rg-1)-
n o P

XBL 799-11737
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i var. .
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S ~ var.
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\ .

var.

integerrimus var.
Santa Cruz Co. )

' cd//fom/bus

Fig. 9 - -
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Integertessine_§ has_been reported as the majer alkaloid of C.
integerrimus var.iﬁtegerrimus rbots,vintegerreninelz_as a minor alkaloid,
~and integerrine'§ as a'ttace component;sigt.Our results are.different:'
from this'reported estimation. In the extract.of C._integerrfmus Vat
integerfiﬁus from Santa CruZ'County, inteéerrine_z was the major alkaloid
whereas integerrine_g and intefressine § were absent. 6n the other hand;
,.integerrine é_was'the major constituent of C. integerrimus var. integer-
rimus cttained from Mendocinc County;

anservativeibotanicai opinion has been that the poiymornhic forms
~of C. infégerrimus may renresent tesponses td-varying'amounts ot moisture
and therefpre:sheuld be included in avsingle species C.'integerriMusvH.
and A. 1 It is possible that.quaiitative differences in alkalOid ccmnosi-
tion between plants from different populations of C. zntegerrtmus may .
similarly_teflect the responSe_of the.plants tq»locai environmental
conditions. |

The phytochemicai 1nvest1gatlon of C tntegerrzmus ‘also poses a
‘difficult challenge to both the botanist and the chemist because inter-

specific hybridization within the genus_CeanothuS'is widespread.. Thus
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the variation in the_alkaloidalrcharacters could be representative of -

‘the degree of interépecificwhybridization in Ceanothus. This concept

‘might explain the diéparities among the alkaloid'contents.of the three

examples of C' integerri'mas var, ‘intégerrimzl,ts examined in this in{restigation
and those Qbserved by othefs.S’9 Furthermore; fﬁe reported'association |
of nifrbgen-fixing actinomycetes withvthe roots of'Céanothﬁslo aé well
as with other plaﬁté which‘prOduce phencycloﬁeptiﬁes méy implicate the
symbioﬁfs in the production of cycl¢peptide'élkaloids. These.intriguing
poésibilitiéé fdrther compligaté the phytochemical investigation_of C.
iﬂieger?imus and should be addressed‘in future studies of Ceaﬁothus.

;The chemotaxonomic'Utiliﬁy of thé phenéyclopepﬁines ﬁust reiy upon
.the examiﬁafion'df many blants'frOm_each différeht population of (. |
integefrimusa The ﬁrocedure outlined here, involving standard isolation,
HPLC purificatidn, and méSs spectral identification; pfovides-é quiék

and objective means dpbn which to bése.plant taxonomic andvevdlutionéry

relationships.
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Experimental Séctionll

Plant Materi’al12

Rodt bark of C. integefrimus'varfintegerrimus was obtained from
ifs type locélity'in the Santa Cruz Mountains of California and from a
population invthe_NortHVCoast Ranges of Mendoéino Cdunty, Califbrﬁia,
while root bark of C. integerrimus var. californicus éame'from its type
1dcality in the Siérra-Nevada Mbuntains‘df Calaverastounty, California.
Countingfannqli revealed the plant from-Santa'Cruz céunty was 1l-years
0ld, the qne'frOm Mendocino county was 16 years old, and the var.
califbrnicué was_considerably.blder. Herbarium,VQUCher spéciméns were

submitted to the University Herbarium, Univefsityvof California, Berkeley.

Extraction Procedure

Planf matérial (500 g), froz¢n in 1iquid ﬁitrogen, was ground to a

_ fine powder in a Waring blender and extractéd'with 0.1N HCi (2 x2 liters)
over a_pefiéd of 8;127hrs at_roém températﬁre. Aftef filtratibn; the_ |
vextractSFWere combined, adjusted to_pﬁ lO.with sat.'NaOH, and extracted
WithvcH2C12>(2.Xl 1iter); The éombiﬁed CHZCi2 layers weré:céﬁCéhtraté&.
'tovlod ml; and,extfactéd with O;lN HCi (5 XZO ml):or“ﬁntil furﬁher acid
extracts‘were alkaloid free.‘ The combined acid extracts were made
alkaline with sat. Nézco to pH 10, extracted with cH2c12' (5 x50 ml),

and evaporated,'affording.the following'alkalbidal yields: C. integer-
rﬂmﬁs var;integerfimus (Sanﬁa Crué éounty), 0.09%; C.'integerriMus var.
caZifbrniéus, 0,33%; C. integérfimus var.integerfimus (Meﬁaoéino éoﬁnty);

0.14% (root bark).
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HPLC_Isolation-of Phencycloﬁeptines
Semi-preparative ﬁfLC was performed_on a LiChfosorb C2 column
.klofu’ 16 x 150 mm or 10 XZSO ﬁm;_E..M. Merck). The crude alkaldidal
v_miktures Qere diséolvéd in 1/1 mééhanol/acetonitfilé at a concentration
of 3‘mg/m£,vand injection VOlumes‘rahged from'lO—ZSO'UQ; The mobile
' phése was a mixture of acetonitrile“andVO;OOlSZ‘(v/v)’aq. ammonia'with
the aqueoﬁs aﬁmbnia comprising lO—BOZ,rthe flow’faté(was usuaily 2 mi/min,
" and the temperature was maintained ét 40°C.'vAlkaloida1 comﬁoneﬁts were
detected éf 254 nm. Figure 7 shows a tpyical'HPLC’traCingifof the alka-
1oid mixfures from eacﬁ plant variety; 10—20 injectiqns provided‘suffi-
qiént material of each cdmponent»for structufal.analysis. Fraétions were
evaporaféd in vacuo and driedvunder high vacuum immediately after . |

collection..

Yields of Phenéyclopeptihe Components

Cf intégeffimus var.integefrimﬁs'(Santa Cruz County). Of the eight |
l¢omp6nehﬁs séparéted by HPLC éﬁoﬁﬁ in Fig. 7, five showed mass épectral
ﬁattefns charaéteriStic of.thé phenC&clopéptiﬁe huﬁléﬁs.u Tthe components
'-'Qérevobtained.iﬁ.tﬁe following relative yield: _1'(762),"2'(162), 4 (102),
3 (4%), and 5 (t;éce).r | |

C. integerrimus vaf!integerrimus;(Mendociﬁquounty). Three of seven
coﬁponents'copﬁaihed tﬁé phéﬁcyclopéptine nﬁcléus g_(70%),' § (15%), and. -

1 (15%).

C. integerrimus var.califbrnicus;' Four phencyclopeptines were
_identified by mass spectfoécopy_in rélative amounts as fdllows: 7 (45%),

5 (45%), 4 (5%), and 3 (5%).
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Structures of Phencyclopeptine Components

’5*8-Indo]y]methy]48-N-methy1va}y1-9-pheny1phencyc1opeptine (1).
NO - ° + : e 5 o
C34H37N504;eump > 350°C; MS: M C34H37N504 rqulres 579.2845, found

579.2788, M-43 C ‘requires 536.2298, found 536.2302, BP C.H. N

31f30Y50 T 512
requires 86.0970, found 86.0970 (see Fig. 8 for complete mass spectra);
amino étid analysis after acid hydrolyéis: 'no amino acids observed;

1y NMR, high field regioh: § 0.27 (d, 3H, J=6¢9H2»val—Y—CH3), 0.54

(d, 3H, J=6.9Hz val-y-CH,).

'_” 5-B-Indo1y1methy1-8fN,N7dimethy1Vé]y1-951SOpropylphencyclopeptine

. _ N , ( .
. . o, . .
- (2). CypH, NSO, 5 Hmp 233°; MS: M 032H41N504 requires 559.3158, found

559.3146, M-43 m/e 516, BP'c6H14N-requirés 100.1126, found 100.1130

1

(see Fig. 8); <TH NMR, high field region: & 0.84 (d, 3H, J=6.8Hz, (CH,) ,CH),

, 3)2%H) 3
1.18 (d, 3H, J=6.9Hz val-y-CH,).

0.93 (d, 3H, J=6.8Hz, (CH,),CH), 0.96 (d, 3H, J=6.9Hz, val-y-CH

-S—Bénzy]-B-N,N-dimethyl1so]eucy1-9-pheny1phencyc]opeptine (3).
| - o + | o _
C34H40N404; ump > 350°; MS: M m/e 568, -M-57, C30H31N404.requ1res

511.2345, found 511.2332, BP C,H, N requires 114.1282, found 114.1279

(see Fig. 8); 'H NMR, high field region: § 0.18 (d, 3H, J=6.9Hz ileu-y-

CH,), 0.80 (t, 3H, J=6.9Hz, ileu-8-CH,).

5-Isobuty1-8-N—methy1iso]eucy]—94pheny1phéncyc1opebt1né (ﬂ).

C..H,N,0,; ump 213°; MS: M’ C, H, N,0, requires 520.3049, found 520.3053,

30740 4 4° *30°40"4 4

M-57 C26H31N4O4 rqu;res 463.2345, foqu 463.2356, BP_C6H14N requires
100.1126, found 100.1131 (see Fig. 8); amino acid analysis after acid

hydrolysis: 1.0 leucine; 1H NMR;_high,field-région:  5 0.57 (d, 3H,



J=6.9Hz, ileu-Y-CH,), § 0.66 (u, 6H, ileu-6-CH, and leu(C5)-8-CHy),

. 0.76 (d, 3H, J=6.5Hz, 1eu-(c5)-6-cu3).

5-8-Indolylmethy1-8-N,N-dimethylisoleucy1-9-isopropylphencyclopep-

" tine (Discariné B) (5). ¢ wH43N504§ ump 233°, Ref. 6, mp 235-236°;

33
+ . P o 97 M_57 «
MS: M C33H43N504 reqp1res-573.3315? found 57373297, M-57 m/g 516,
BP CH,, requires 114.1282, found 114.1284 (see Fig. 8), 'H NMR (identi-

7716
cal to Ref. 6,7), high field region: § 0582 (d, 3H,'J=6.7Hz,'ileu-y—CH3),

0.90 (t, 3H, J=7.5Hz, ileu-6~CH,), 0.91 (d, 3H, J=6.8Hz,. (CH,) ,CH) ,

1.18 (d, 38, J=6.8Hz, (CH,),CH).

'S-B—Indo]j]methy]-8—N,N—dimethy]va1y1-9-pheny1phencyc]opeptine

u. - v . o - o, . +
(Integerr1ne) (6). CyHygNcO,5 'Wmp 246°, Ref. 8, mp 258°; MS: M

,C35H39N504 requires 593.3002, fpuﬁd.593.2924,- M-43 m/e SSQ, BP C6H14N
requirés 100.1126, found 100.1127 (see Fig..g)j lH NMR, high field region:-

§.0.16 (d, 3H, J=6.8Hz, val—Y—CH3),.'O.7O d, 3H,‘J?6.8Hz, val—Y—CH3).

'5-Isobuty1—8-N,N—dimethy1iso]eucy]49-pheny]phencyc10peptine (Inte-

: ' . - [ T ) 'o,. . +
gerrenine) (7). 4 H N0, mp 259°, Ref. 9, mp 278°5 MS: M' C, H,,N,0,

| 31742 | :
requires 534.3205, found 534.3200, M-57 C,.Hy,N,0, requires 477.2502,
found 477.2515, BP C7H16N requires 114.1282,-fpund 114.1283 (see Fig. 8);

' 1H NMR (identicallﬁo Ref. 9), high field region: 6 0.36 (4, 3H, J=6.7Hz,

'iled—-y.-cn3-)', 1 0.78 (d, 3H, J=6.5Hz, leu-5-CH,), 0.85 (d, 3H, 1=6.5Hz,
 leu-8-CH), 0.86 (t, 3H, J=7.3Hz, iieﬁ—S;CH3). |

~
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;HPLC_waé performed with a Spectra PhysiCS-Mbdel_SP3500B Chrdﬁato—

graph,and]a model 748 oven, [Santa Clara, Califorﬁia]. UV‘absqrbahce

was monitored with an Altex Model 151 Dual Wavelength Detector,

[Altex Scientific Inc., Berkeley, California]. HPLC grade solvents

'from Burdick énd,Jackson Léboratories [Muskégon, Michigan], and

!

"water'purified with a Milli{Q-system, [Miliipore Corp., Bedford;

Massaéhﬁéétté] were used. for HPLC; Uh@orrectedImelting-points
were defermined on a_Koflef ﬁicro Hot Stage (uﬁp), A'modgl AEI—MSlZ.'
mass spect#ometer [AEI S¢ien£ific:Apparatus Ltd., Mancﬁesfer,
Ehgland]'with INCOS data»sySﬁem was used'fbridetérmining low
té301Utionﬂmass spectra.‘ High resolutiéﬁ_mass spectra-were.obtained
With é Consolidate&'Electrbdynamics*CEC—ilOB inStrumeﬁt. Amino acid.
analyseé were-perfofmed on a BeckmanvIZOC Fhromathraph [Fullerton,
Caiifornia]i Unless otherwise indicatéd, 1H NMR sbectra wete taken

|

in CDC1 solution‘(QHC1 at 7.21 ppm) at 22°C on a homemade spec-

3 3
trometer based on a B;uker 63:kG.ﬁagnet operéting”at 270 MHz with a
ﬁiéoletllISO data system. Evaporations Qére'dqnevin‘vacuo wifﬁ:a
Buchi rotary evaporator. | |

Identification of plant materials was péfférﬁed,py Dr..L.R.HéCRard,
ﬁniversity,of California, Berkéley,_California,'and’Dr.vM.A.Nobs,

Carnegie Institution of Washington, Stanford, California. All three

. plants were collected iﬁAthe months of May ahd June. .

Compoundé of the same structure isolated from‘differentvplants had

the same mp's and 1H NMR spectra.
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Part I-C.

CYCLOPEPTIDE ALKALOIDS. PHENCYLOPEPTINES
FROM CEANOTHUS SANGUINEUS

Introduction

Ceanothus éanguineus Pgrsh., a species of the.faﬁily Rhamnaceae,
‘cbmmonly known as Redsteﬁ Ceanothus for its red-purple brancheé,'inhabits
wooded 510peé; open hills, flats aﬁd_ledges from Norfhern~Céli£ornia north—
ward into British Columbia and eastward into Idého and Montaﬁa.l Invthe .
present feport, as partbof a systematic study of the alkaloids of California
Ceanpthus specieé,vwe describe fhe idéntification of six éyclopeptide
alkaloids‘from crude éxtraéts of‘the root bark ofnfhis shrub. Befbré
- chromatographic separétion, however, tﬁe.number and nOminal_masses of
_tHevconstituents of the.crude acidic extract»were‘a5certained4by fie1d
desorption_(ED) mass éﬁeétrometryfzvvfﬁis'composite.Fﬁ mass spéctrum of
;thelalkaléidal.mixture revealed: the presénce of'fiVe'majér'cbmponents with
molecularbions m/e 504, 520, 534,3559, and 573 (Fig. 10). After high |
pérformance'liquid chromatography (HPLC) (Fig. 11), the strﬁctﬁres of phen-

cyciopeptinéé 1-6, ipciuding those of thé-two.isomers witﬁ molecular weight -
of 534 (Table 5),‘weré establiéhed by electrén impact (EI)masS‘spectrometry,
leNMR spectréscopy, and amin@ acid analysis. Of the six qomponents,

five have been previously reported3f7 while 2 is a new compound.

Discussion
In contraSt‘to mass spectrometry me thods used in previous phyto~
chemical investigations of Céanothus, we have employed field desorption

(FD) mass spectrometry-as a means to rapidly détermiﬁe the alkéloid



compositidn in crude extradts.2 The_FD analysis of crude alkaloidal
mixtures.from.Ceanothus sanguineusﬂfevéaled parent ions of five phencyclo-
peptines (Fig. 10). Given this résult?.fhe devéloﬁﬁeﬁt of a chromatographic
»vsystem-fo resolve all five componénts bec;ﬁevour initial goal{
When the reversed phase HPtC system uéing 6;0012 NH40H (aq.)/aceto—
- nitrile mixtures4 proved:unsuccessful, a‘péired—idn, reverse phase‘HPLC
_éystem usiﬁg 0.01N peffluOrobﬁtyric acid/éqétonitriie mixtures was devised
“(Fig;lj, system 1). The use of perfluorobutyric acid décreased column
degradation and téiling of peaks observed with the'alkalinebelﬁanté. "In .
.addition;ﬂtﬁis paired-ion proved to beAsuéerior to the sulfonic acids_dgg
to its high vola£ility andiease éf removal. A silica HPLC system was |
employed to sebarate phenéyélopeptines_z aﬂd‘g which co-chromatographed
-b_in system l&(Fig.ll;system 2).

The structural assignments of the HPLC—pﬁrified;ﬁhenCyclopeptine
'c0mponents of‘C@anothus sahguineus,are based primarily on their:charaéter—'
isﬁic éleétton impact ‘mass spectfa (Table:6),'_With the. exception of the
'fryptophan-contaiﬁing phencycloéeptines 2 and 3, ‘the aséignmeht of the
.fing amino,écid'résidue (Rs)vis basea on acidic hydrol&éis of the purified
phencyclopeptine followed by émino acid.analysis., Amino acid analysié
~reveals that.the_two isémericAphenéyclopeptipes,'frangufolinelé and
adéuetiﬁe Y' 6, whichvére insepafable,by ;eversea phase HPLC (Fig,.ll,
system 1), are pfesént in a ratio of 1 t§ 2; respecti&ely; Further
"evidence for the mixture_of these two isomefs is provided by ;H NMR
 spectfosc6py aqd thin-layer chromatography. - Aé sﬁown'in Fig. 12 the two
 doub1ets‘atr0;59-and 0.64 ppﬁvhave been’assigned;to the.1eucihe S-methyl

" .groups of fraﬁgufoline_é, in agreement with the reported values of 0.60 -
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 and 0;65 ppm;8b The aésignments of the déublet at 0.38.ppm and the multi-
plet at 0.69 ppm to.the isoleucine Y- and 8-methyl gféﬁps of‘adouetine-Y'
6 aré consisfent with the 1iterature.9 Ihtegration of_thesé signals
confirms the 1 to 2 ratio_éf leucine to isoleucine indicated by amino .
acid analysis. The two large doublets at 1.01_and-l;27 (Fig. 12);assignedr'
tO'the-Rg'ﬁéthyls of bqth_é andtg;,afe cdnsistent with the literature
valﬁes of 0.99 énd 1.25 ﬁpm for.‘_S__'8 and 0.99 and 1.23 ppm for_é.lo
Furthermbre,>silicé flc (CHClj)_of this mixture of isomers févgals two

spots with R 0.40 and 0.33, which agrees wéll with the reported chromat- .

f
ographic data‘for these two ﬁhency¢lopeptines.

In an earlier report describiﬁg the isolation and characteriéation ‘
of alkaloids from Ceanothus integerrimus, the chemotaxonomic utility of
"the phencyclopeptines was disgussed; Invthe'fﬁtureg the use of Field
Desorption/Coliisiqn Induced Dissociation.(FD/CID) massbspectrOmetry'
émploying the linked B/E s‘can2 méy provide a useful and rapid’appfoach
to the anal&éis:of individual phencyclopeptines in crude planﬁ extracts

without the need for c¢hromatographic separation.



TABLE 5.

Phéncyc10peptines of Ceanothus sanguineus

alanyl)- 9-isopropy1phencyclopeptine
(Adouetine Y' or Myrianthine B)

R5 Rg. Rq MW
-1, 5-Benzyl-8-N-(N'-methylprolyl)- 9-isopropyl CH,C H_ NMePro CH(CH,) 504
= a 2765 . 372
phencyclopeptine (Ceanothine B) _ :
2 5—sec-Butyl—8—N(N'—methylphenylalanyl)— CH(CH.,)CH,CH, NMePhe CH(CH )‘ 520
2, (CRICHZ)CH,CR, L)
9-isopropylphencyclopeptine :
3, S-B—Indolylmethyl—S—N—(N‘,Nfdimethyl—v' —B-indolyl-CH2 NMeZVal CH(CH3)2 559
valyl)-9-isopropylphencyclopeptine - S
4, 5-B- Indolylmethyl—S-N—(N' N'-dimethyl: -B—ihdolyl—CH  NMe,Ile CH(CH.) 573
‘ -isoleucyl)- 9—1sopropylphencyc1opeptine - -
(Discarine B)
5, 5-Isobutyl-8-N—(N',N'- dlmethylphenyl— CH, CH(CH.,) . NMe,Phe  CH(CH,) 534
2 2 372 2 . 372
alanyl)- 9—1sop§opylphencyc1opept1ne
(Frangufoline) ; . : :
6, 5—sec;Butyl-8—N—(N"N' dimethylphenyl-: CH(CH )CH 3 R NMezPhe CH(CH3)2 534

%First identified in Ceanothus americanus I.>
®First identified in Discaria longespina H. and A

®First identified in Waltheria américanq L.7

bFirst identified in Ceanothus integerrimus H. aﬁd'Af
dFirst identified in Rhamnus frangula L.

._ZL_



~73-

TABLE 6. Low resolutlon mass spectra of HPLC purlfled components

- of Ceanothus sanguzneus a
| Compéund" :

Fragment 1 2 -3 4 5,6
ut 5046 5200 559 573 .. 534

BPa 8 13 100 14 148

b 46l 429 516 516 443

c 195 o182 195 . 195 195

d 167 - 153 167 167 167
e 337 303 376 376 303

L E 190 190 190 190 190

- 421 387 460 460 387

h 308 . 274 347 347 274

i 135 135 135 135135

i 378 344 417 417 344

K 244 . 210 . - 283 283 210

1 216 182 255 255 182

m 97 97 97 97 97

n e = 170 170 -
o 120 . 86 - . 159 159 .86
P 91 - 130 130 -

oeer 489b Cowed o '2%3f
475°  133° L 3987

133

Fragment ions accordlng to fragmentatlon scheme in Ref 4,

‘b+415

M - 29
jM —C4H9
a-H
fé—oH

Ip NH(CH3)
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-Figure Captions - Part I-C.

~ Fig. 10.

Fig. 11.

 Fig. 12.

' Field deébrption mass spectrum of the crude acidic, aikaloid

eXtraét otheanothus'sanguineﬁs (emitter current 16 mA).’

HPLC of crudé alkaldidél"mixturéé from C. Bahguineas.

- HPLC systems'employed: 1)'LiChrosorb‘RP-iS (10 p,'10><250 mm) ;
‘mobile phase 0.015 M perfluorobutyric'acid/CH3CN'(6/4 viv);

flow rate 1.6 mf/min; 25°C; A 254 nm, injection volume 10 yf;

C = 3.8 mg/mg. 2) Waters Porasil (10 y, 3.2x280 m); mobile

vphase CHCl /hexane/trlethylamine (95/5/0 1 v/v), flow rate
1.6 ml/min, 41°C;. A 280 nm; injection volume 10 ul c= 3 5

' mg/ml

Expanded view of high field reglon of 1H NMR of 2 1 myrianthlne-

B 6 and frangulanine 5 mixture
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Experimental Sectioﬁ

Plant Material
Root batk of C.bsanguineus ﬁas_cbllected from plants in Klamath
vNational.WildérnESs»on'Héwkinsville Road, 5.5 miles east of HaﬁkinsVille,'

on Humbug Mountain.

Extraction Procedures
R o L . o 4
The extraction procedure, as described in an earlier report was -

- used. The totai crude alkaloid yield was 0.22% of the root bark.

_Field Desorption Mass Spectrometry
As,shéwn in Fig. 10 the FD mass spectrum_of the crude alkaloidal
mixture reveals five major components with nominal masses as follows:

m/e 504, 520, 534, 559 and 573.

HPLC Isolétion of-Phency¢lopeptinés
Efeparative HPLC'wés berfotméd with two systems (Fig. 11).

“System'oﬁe used a:LiChrosorb RP—18 column.(lOu, 10 X 250 mm, E. M.
Mérck). The_crude alﬁaloidal migtufé was dissolvea in methanol and |
filteredbthfough a 5 micron teflon filter. Injectién‘voluﬁgs ranged from
'100.to>200'u2 at a'ééncénffatibn of 3-4 mg/ﬁl. The mobile ﬁhase was a’
‘65/35 (v/v)bmixture 6f_0,015M aquebus perfluor§bﬁtyfic acid and acefp;
nitrile. The chromatogféphy was dbné at/féom_feﬁpéfatufe with a flow
rate of 1 to 2.5 m&/min. Aikaloidalscomponenﬁs were detected at 254 nm.
Figurelj;shows_a typical HPLC tracing. The collected fractions ﬁere
evaporéted in vacuo and the residues'were.dissolved in 1.5M NH40H (4 ﬁl)

and extracted with CH Cl2 (3x1.5 m). The combined organic layers were

2

extracted with H20 (1x1.5 mQ) andvﬁhen dried under a stream of nitrogen.
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The second system used a Waters Porasil column‘(10u, 3.2'x250 mm).
‘The prqde.alkaioidél ﬁixture§ were dissolved in CHC13'and.chromatography
Wés pérformed'at137—4l°c.with a'mébile_phase.of CHC1,/hexane/triethylamine,
95/5/0.1. vAlkaloids‘Wgre detected at 280 nm as shown in Fig. 11. Fractions
collected_wefe_imﬁediaiely-evaporated in Vacuovand dried under‘highavacuum.
'_Relétive weighﬁ-pergénts-of-c. sanguiﬁeﬁs phehéyclopepfines (HPLC Systeﬁ 2)

were 1 (37%), 2 (3%), 3 (12%), 4 (43%), 5 and 6 (6%).

Structures of Phencyclopeptines from C. Sanguineus_

,_5-Benzy]58AN-(N‘-methy]pro]y1)49—1sopr0py1phéntyc]opeptine (Ceaan
thine B) (1)4 (.329H36N404;.ump 225°, Ref. 11, m§ 238.5;240._5?; Ms: M
C29H36N404 requirés.504.2736, found 504.2795, BP CSHlON requires 84.0813,
found 84.0809; amiﬁq acid analyéis»llOfC/lé hrs: phenylalaniné'(l.O);
| HPLC—system, retention time'in.minﬁtes: 1, 19.5; 2, .4.5 (Fig..ll);‘lﬁ NMR .
,(éDCLB) - 0.91 (d, 3H, J=6.7Hz, R9-CH3-) , 1.24 (d, 30, J=6.7Hz, R9-CH,),
1.63 (m, 1H, R9-CH), 1.7-L. 9 (m, 2H, R8-y1 CH2 and 31 CH,), 1.98 s, 3,
| "‘N CHy), 2.1-2.2 (m, 1; R8-y2 CH ), 2.2 -2, 3 (m, 18, R8-B2 CH,), 2.68
(dd, 1H, 4.3Hz, 10,6HZ,'R8—61-CH ),.2.85 (dd, 1H, J=8.2 and —14.7Hz

'R54CH2), 3.01 (m, 1H, .118-62‘ CHZ), 3.08 (dd lH J 4.2 and -14. 7 Hz, R5-CH ),
 4.3-4.4 (m, C5-H), 4.34 (dd, 1H, J=7.0 and 10.0Hz, C8-H), 4.93 (dd, 1H,

2.0 and:, 7.0Hz, C9-H), 5.99 (d, 1H, J=6.9Hz, Cl-H), 6.39 (d, 1H, J=7.4Hz,
’R8—o‘LCH)v_, 6.4-6.5 (m, N3-H), 6.66 (m, 1H, c_z-.a),‘7.o—7.'3' (m, 9H, aromatic,
.RS—Q, CiZ 13,15, i6—H'é), 7.75>(d‘ iH, JQlO.OHz C8-NH).- This NMR spectrum

is 1dent1cal with that obtalned from an authentlc sample of Ceanothlne B

from Ceanothus amertcanus L1nn
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5-sechuty1-8-N-(N'-methy1phény1a1any1)-9-isopropy1phencyclopep-

. : ‘ . o. ‘..+_ — ‘ . o
_tine (g). CyoHyuoN4045 Mmp 229°; MS: M m/e 520, Mv?l C23H33N404 requires

9712
amino acid analysis 110°C/16 hrs: isoleucine (1.0); ‘HPLC-1, 24.0; 2,

'429.2502, found 429.2506, BP C,H, N requires 134.0970, found 134.0966;

2.5 (Fig.11).

'S-s—Ihdo]y]hethy]-B-N-(NgN'-dimethy]va1y1)Fgfiéopropylphencyc]d—.

32H41N504; ump 229°, Ref. 4, ump 233 ; MS: M m/e 559,

peptine (3). c
‘requires 557.3002, found 557.2957, M-43 m/e 516, BP C

M-2H C4,H34N50, ‘ 14N
requires 100.1126, found 100.1125; amino acid analysis 110°C/16 hrs: no

amino acids obserVéd; 'HfLC—l, 24.0§'2,718.7v(Fig. 11);
S-BeIndoly1methy1-8?N(N',N'-dimethy11561eucy1)e9-i$opropy1phen-

- Ca3t, 505
requires 573.3315, found 57.3264, M-57 CogHy N:0,

cyclopeptine (Discarine B) (4)-. 04;-umpv233°,.Ref. 4, ump 233°;

+ .
MS: M C33H43N504

requires 516.2611, found 516.2644, BP C_H. N requires 114.1283, found

7716
114.1281; amino acid analysis 110°C/16 hrs: tryptophan (low recovery);
| HPLC-1, 26.7; 2, 11.1 (Fig. 11); 'H NMR identical with previously
repbrted'spéctra;a’lz |

'~5—Isobuty1—8-Ne(N',N'-dimethyipheny1a1any])-9-1sopropy]phéncyclo-

peptihe;(Frangufo]ihe) (§)v and "Sesec-Buty1-8-N5(N';N'—dimethylpheny1¥
| 13 .
/=57 | )77 G HygN,0,;
MS: M M/e 534, M-91 Cy,Hy5N,0, requires 443.2648, found 443.2649,
1oni4N requires 148.1126, found 148.1118; ump 261°, Ref. 6, mp 289-
'290° for 5, and Ref. 9, 244° for 6; amino acid anaiysilelO°C/l6 hrs:

é]any])-9—1SOprbpy1phencyc16peptine (Adouetine Y') (§
"BP C

ile/leu, 2/1; 'H NMR, high field region: & 0.38 (d, 2H, J=6.7Hz,

ile-y-CH,), 0.60 (d, 1H, 6.7Hz, leu-S—CHé), 0.64 (d, 1H, 6.7Hz leu-8-
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CH,), 0.68 (m, 2, ile-8-CH;), 1.01 (d, 3H, J=6.4Hz, R9-Me), 1.27
(d, 3H, J=6.7Hz, R9-Me); TLC Analtech Silica Gel G (250 u)-eluant,
CHC1,/Et,0/MeOH, 45/15/1, R_ 0.40 (5) and 0.33 (6), Ref. 12, R_ 0.66 (5),

0.58 (6); Ref, 14, R_ 0.44 (5), 0.35 (6), HPLC-1, 33.5; 2, 3.2 (Fig. 11),
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Part II.

PHYCOCYANOBILIPEPTIDES. THE STRUCTURE AND LINKAGE
~ ~OF A PHYCOCYANOBILIN BOUND TO THE B-SUBUNIT
L OF C-PHYCOCYANIN - =

Introduction
B The intensely blue protein,‘C~phyco¢yaﬁin, is a qgjorilight

harvesting component_pf the photosynthetic appa:atﬁs_of cyanobacterig
'(bJUe—green aigae) and of certain red algae.l CémpoSed'of two distinct
polypeptide chains, o aﬁd.B’subunits,2 the monomer of C-phycocyanin
contains thréé distinct covalently bound prosthetic groups known as
phycocyanobilins-;_one-on the a~chain and two on the B—chain.. Since
the initial work‘in t.:he'l9.30’s,4 ihtensive:study 6f‘the phycocyanoﬁilins
‘has not &et proVided.the unémbigugus aSéignment of the Stru;turebof the
natufal prosthetic groﬁpé:nor the precise naturé‘bf the c0valeﬁtlliﬁkagg
to the apdproteiﬁ._’

Thé methodology most widely usedvto examine‘the structure of these
pigﬁents;has entailed the cleavage of the chromophore—protein'iinkages_of
C—phyco¢yanin through treatment unde; various édﬁditiqns.7_lé from thesé
- studies a number of dégradation products and pﬁycobilins,feieased from
the protein have béen chafacterized spec#roscopically, including fhe»
"blue pigment" l;whose,dimethylresterihés been synthesized recéntlyfIS
It is.clear, however, thatfall of these]pigmeﬁts, while derived from the
vafious natife prosthétiC'groups,'are products whose nature is dependent
on‘fhe gleévagé éoﬁdiﬁionss'and the pqtéhtial ofvthe laéter for introduc-.
ing artifaéts.

 The second experimental approach,.which‘requires the :chromophore-



-84~

pfotein linkage to be maintainéd, has been appliea to thé detefminatioﬁ :
of the'amiho‘acid SéqﬁenCes.abdut the sites of attachment of the:three
phycocyapobiiins.16_19 From such analysesbof prdteolytitally prepéred
oligbpepﬁides from C-phycocyaﬁin, chfomqphore—protein”linkages involving
.the éide chains of serine,16 aspartic acid,l7.¢ystéiﬁel7_19 and tyros_ine19
have been proposed. Tw§ recent studies of highly_purified chromopepti&es
from: the C—phycocyanins of,MbstigocZadus Zaminosusls and Synechoeoccus
'sp. 630120 howaﬁer,vhave unambiguouély_establishéd the linkage of a
cySteine residue to each of.the‘thrée‘phycocyandbilins. Although

substéntial evidence impiipates.a”ﬁhioether'linkage,l7’18’20_22

direct
proof of the structﬁré of;any'probosed chfomoprotein»iinkage'in C-phyco- -
cyéﬁin iS'lacking. | B

| In-the‘présent Study; we report the structure determination of

one of the three_péptide—ﬁoﬁnd phygocyanobilips, namely Bl—phycdcyano—
biliheptapeptide 2 obtained from the cyanogen-brOmiae»éleavage of

Synechococeus sp. 6301 C—phyCOCyanin.20’23

 A‘§ompa;ison of the ‘H-MR
‘spectra ofvthis chromopeptide 2 with thoée of_synthetié peptide~§_Was
undeftaken to permit the difect aséignment»of tﬁe s£rﬁ¢ture'of the B,-
éhycocyanoﬁilin_asrwell as that of the chromqprotein iinkagé.
Chromopepcidelg, derivedbfrom résidue3~79—85 of the‘B-chain,Zo
was chosen as. the substrate to demonstrate a new methodology'forvthe
analysis of the prosthetic gfoups of bilibroteins.‘ Our apﬁfoach required
that the conditions used in obtaining the substrate for st#uctural
investigétion should not alter the native structure of the_prosthetic

group or its linkage to the ﬁrotein. The cyanogen bromide cleavage

procedure satisfied these requirements and in addition provided a good
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yield of the chromopeptide 2. Furthermore,.the deVelopment.of an cffec—_
tive high perforﬁance liquidrchromatograﬁﬁic (HPLC)_syStem fcr the
separation of this tyﬁe:of>chromophore—linkéd peptide assured the
homogeneity of the cleavage product. Using this methodology and the
comparative 1H NMR spectroscopic analysis described in this repott,'the
direct proof of the structure of'an intact phycocyanobilin and its

thioether linkage has now been realized.

Results and Discussion

'TQ facilitate the interpretetion of thele—NMR spectruﬁ of the
chtomopeptidevz; authentic heptapeptideeg was ﬁeceésary and 1t was obtained
in quantity by synthesis{ We choee'first to prepate tﬁe‘protected hepta—
?eptide.4 24 which subsequently could be deblocked w1th ac1d to afford 3.

The synthes1s of the protected heptapeptlde 4 was accompllshed
with the repetitiVe-mixed anbydride method (Scheme I). 25 This process
was chosen in preference to the solid phése method26‘as the intermediate
peptides (é{lg) could be highly pctified after each condensation step.
ththermore, theideblccked peptides Leu—Arg—ASp;Hsl (ll).and-Cye(SSEt)—
Leu-Arg-Asp-Hsl (12) which were obtained.from intermediates 8 and 9
respectively, were»necessary for the interpretation.of the NMR -spectra
of heptapeptides z_and_g. |

- The lectone bf,homoserine,(Hslﬁ-proved tc be‘an.effective pretecting
gfoup fer‘thevC—terminal residue. It was'fermed rapidly as the'crystalliﬁe
'trifiuofdacetic acid salt uéon dissolution of L4hoﬁ03eriﬁe in anhydrous
trifluofoacetic acid, and thrcughdct the,synthesis of the heptapeptide 4
the homoserine lactone moiety remained. qulte stable.27 With one exception

the ylelds of the purlfled peptide after each condensatlon were >90%.
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~ Ala-Ala-Cys-Leu-Arg-Asp-Hs!
| HO,C  GOLH

© BocNH-Ala-Ala—Cys(SSEH)-Leu-Arg(Mbs)-Asp(Bn)-Hs!
| 1 HF/EtSH
. AloéAlonys (SSEt).—-L_et_J—Ar‘gf-A-sp-stl_



. Ala R Alo’» o Cys ‘ Leu 'AArg’ _ | Asp Hsl ‘Pebride
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' Mbs

| SSE} | |
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| Mbs ,0Bn 9

SSEt
Boc——OH  Boc— - _
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Boc—— - : _
Mbs 0Bn

Boc——OH

SSE¢t

Boc- : — -
Scheme 1. Repetitive excess mixed anhydride svnthesis of the protected heptapeptide 4.
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‘This exception was the low yield of tripéptide z_for.which the éycliZa;ion
of the mixed anhydridevinterﬁédiate of the érginine_déri&ativé was respon-
Sible.“Since.this side product can be easily'sépgrated.from-the desired
tfipéptidé, the use of excess érgininé deriVafi&é'shéuld imprgve this
'convefsipn..' |

for thevsynthesis of the hexa- and heptépeptides 10 and ﬁ} the
t-Boc group‘waé removed with 4N HC1 in anhydfoﬁs aioxane.' fhis me thod
was preferred because of the reported instébiiity'of the éthfl disulfide A
in_anhydrods triflﬁdfoac‘etic*acid..z8 Final removal of the p?otecting
R groups was_accoﬁplished-With anhyd:ous.hydrogen[fluoride for éng—half hour

“at 090.29

‘Ethyl mercaptén, instead of anisole,'sefvea to scavenge the
¢arboniuﬁ ion_and.to prevent_acid—catalyzed disulfide interchange.
Despité this precaution, a cbmplex'mixturé of side'products_accdmpanied

bthe heptapéptidelé which, after HPLCYpurificétion (Fig;'13)vwas isélated.v
in 30% yield. The'side reactions.encounteréd dﬁring the HF cleavage
prébably involve the:diéulfide ﬁoiety. aSimilarlfeaqtiqﬁ‘of tﬁe protécted

'tetrapeptide.glwith-HF/EtSvarovidedfpufe matetial without'need»fof:_
further purification; however, the péntapeptide 2_a130’gave a complex
vmikture of productsvwﬁich required purification by HPLC.

"HPLC prerd to be an effective tool for the.analyéis and'éurifica-
tion of the-peﬁtide mixtures. Using reversed-phase C18 chromatography,.
all of the synthetic oligopeptides could be separated. = The protected
peptides 4-10 were eluted with 60/40 CH3CN/H20 and detec;ed at 225 nm;
they showed increased retention times with increased size. The deblqcked

peptides were detected at 190 nm using a gradient eluent containing a

mixture of acidic phosphate buffer and acetonitrile (see Expérimental



-89~

Section). With the latter syétem bOtH the chromopeptide.g (Fig. 14) and
~ the synthetic heptapeptidelg (Fig. 13) were purifiéd‘on a preparafive
scéle for_lH NMR spectroscopy.

In order.t; determine the chromdpﬁore structure and mode of linkage
to the peptide, the. 360 MHz,lH NMR spectra of the chromopeptide 2 and the
syntﬁetic peptide 3 (Figé..lS and 16), in D20_ahd'in pyridiné-ds, were
_compared. ’ |

Complete assignmént of fhe 1H-—NMR spectra of the synthetic hepta-
.‘peptide‘é has involved extensive spin decbupiing experiments and compara-
tive NMR studieé with synthetic tetra- and pentapeptide,_l& and}lgr
Péréllel‘analysis of the‘NMRvspeétra of chrombpéptide 2 reveals the
'”expecﬁed similarity of the resonant frequencies of the corresponding
amino acid residues of 3 (Tables 7 and 8).

| In D20, minor_differénces ih_the épectra of the two heptgpéptides
~are evident in the resonances attributed_to.the cysteine, 1eucine.and
érgininevresidues (Fig. 15, Table 7). The pbsitioq of.the a-hydrogens of
vthese"tﬁfee amino ‘acids ip Z‘ére_displaced_0.10-—0.20\ppm ﬁpfieid‘from:
those.in synthetic peptide 3. Smaller (O.l ppm) upfield shifts are also-
 obserVed_in some of thé'reéonances of the leucine and arginine side
-chains‘of chromOpeptide'g¥ Littleﬁdifference in the chemical shifts of
the N—terﬁinal alan&l, C¥terminal.homoserine lactone, and aépartic acid
side chains of‘the‘two peptides7in DZO is evident. These upfield shifts
in the spectrum of chromopeptide 2 can arise frém thé local magnetic ring
current field of thé_bound phycoCyanqbilin,and from ph&cqtyanobilin—induced
conformational‘changé.in the peptide backbone. " In pyridiné—dS? thé

'similarity of the spectra of the two heptapeptides 2 and 3 is even more
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striking with respecﬁ to‘thg peptide moieties (Fig. 16;‘Table 8). Only
the resonénces attributed to the alpha and_beta hydrogens'of cysteine and
the alpha hydrogen of the N-terminal alanine are shiffed significantly
(0.10 ppm ﬁpfield) from their assigned frequencies in the spectrum of 3.
The cheﬁicai shifts of the.qther amino acid residués of g_ahd<§ fall
within 0.03 ppm of each other iﬁ pyridine-d,. |
The dbservatidh'that the differences in the spectra of the two
heptapeptides iﬁ both solvenfs are‘thé largest for amino acid residues_
nearest the cyéteine is consistent with the proposéd thibethér linkage

17’18f20_22 Moreover, the essen-

of phycocYanobilin to the peptide chain.
tial identity in chemical shifts Qf the arginine'G—methylénes»and-aSpartic
acid B—methylenés in the -two peptides in both DZO and pyridine—d5 discounts
the possibility of a second linkage.involving the side chain of these
amiﬁo acids. .
From the previoﬁs spectral analysis of the peptide moiety of 2

the assignment. of the remaining resonances. to thg phycocyanobilin prosthetic
group can be made. Shownvin Tablé 9, the 1H—NMR spectr51 as§ignments of
the bilin moiety of 2 show gfeat similérity with tﬁose‘reported for the
blue pigment;l}lo_' In particular the resonaﬁces attributed to the aromatié
methyls of C-7, 13 and 17,'olefiﬁic methines of-C—S, lO'andils,,the ethyl
groupvof Cc-18, and the propionic acid methylenes at c-8 aﬁd 12 are salient
features of the spectra of both pigments (1 énd 2).

. The complex spin system of ring A of.g.was deciphefed with a number
of double résonance e#ﬁeriments (Figs._17_aﬁd'18). Two broéd.doub1ets at
1.21 and 1.44 ppm in the spectrum of chromopgptide g'in'Dzox(Fig. 17’ have

been assigned to the C-2 and C-3' methyl groups, respectively. The doublet
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‘at l.2l.ppm is coupled with a-mu1tiplet at 2.69 ppm (Fig. 17a), while
irradiation'of a’multiplet ét 3.583ppm collapses the doublet at 1.44 ppm
to a singlé; (Fig.'l7#)-‘_1n pyridine—ds, the two doublets at 1.39 ppm

and 1.48 ppm'aré coﬁ§ied with muitiplets at 2.70 ppm éﬁd'3;52; respectively
(Fig. 18a,b). | | |

Céhvgrse_doubie feSOnancevexpefiments have pfovided‘conclusive
evidence fdr the proposed thioether linkage to ring A of chromopeptide 2.
Irradiation bf the highef field, methyl doublets,.i;Zl ppm in D20 and.1i39
ppm ‘in pyridine—dS, effeCts a éhaﬁge in the cbrresponding multiplets at
.2.69 ppm (Fig. 17¢) and 2.70 ppm (Fig. l8§). 'Due to overlapping resonances
-at'2.69 ppm in'tﬁe D20 spectrum of 2 the preciée'natufe of this chaﬁge}
cénnot‘be ascertaiﬁed. However, the analogous irradiation of the doublet
at 1.39 ppm iﬁ_fhe pyridine—dslspectrum Qf‘g.clearly.bfings about the.
collapse of the multipletvat 2,7vapm to a doublet with J =4.3 Hz (Fig. 18c).

‘When. the lower field methyl doublets ét 1.44 "pp"m in D20vand i..4v8
‘ppm:ip pyr.idine-d5 are.irradiéted,_thegcollapse of.resohances atv3;58 ppm
(Fig. 174) éhd 3.52 ppm (Fig. 18d) is observed. -In this case, the'éffect
of‘thése-découpling irfadiatioﬁs on the multiplet at 3.52 ppmvin pyridine—d5
'(Fig;‘iéd) is obscured by overlapping resonances, whereas the multiplet |
at 3.58 ppm in D20 5ecomeS'a doublet (Fig..l7d);

The~resulﬁs bf these decoupling experiﬁents confirmed the presence
of two alpha subStituted éthyl groups,.CH3CH(X)—, each adjatent ;ova 
methiﬁe‘ Upon‘irradiation of a mﬁlfiplet at 3,15_ppm:in the pyridine—d5
épectrum of Z, a change in the.multiplicity of the resonances at 2.7O ppm
(C-2-H) aﬁd-3.52 ppm (C-3'-H) was observed. Owing to.the‘ﬁfesence'of :

overlapping signals, the precise effect of this irradiation on the multiplet
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at 3.52 ppm could not be determlned .however, the collapse of tﬁe multi-
plet at 2. 70 ppm to a quartet (J=7.2 Hz) was clearly discernible (Fig. 18e).
These data show that the two ethyl moieties which include C—2 and C-3
are édjacent to»tﬁersamerméthiné hydrogen, C—3—H; § 3.15 in pyridiné—ds.
| The assigﬁment.of the higher field methyl doublgt (1.21 ppmiin D20
| and 1.39 ppm in pYridine—ds):to‘thé C;Z méthylvgropp is baééd on cémpariSon'
with .model cohpounds. In a recent étudy on Bilin—protein linkéges, the
vsynthesis'and NMR'SPecfrum_(in DMSO—dG) of the thioether-containing
succinimide 13 were reported,30 and ﬁhe chemical shifts 6f methines C-2
.and_C—3"were 2,8 and 3.3 bpm, respectively; The analogous resonanceé of
the‘C—Z'and C-3' methines bflthe Bl—phyCQCyanobiiin in 2, 2.69 and 3.58 ppm
in DZO (2.70 and.3.52 pém in pyridine—ds) reépeéti?ely, similafly reflect
the assignment of the ‘thioether methine resonance ﬁo the lower field value.
Since theviower field resonance is'coupléd withvthe doublet at 1;44 ppmiin
D20 (1.48 ppm in pyridine—ds) this ddublgt'has been»asSigﬁed-to tﬁe Ce3'; |
methyl, alpha to the sulfu: kTable 9. | |

The assignment of-the'stereochemistry of the.thibether;linkage'
shown in 2 requires three assumptiéné, 'If one assumes that (a) the’
absolute steréééhemistry of C-2 is R;31 (b) fhe'éeometry of ring A is
tfans;32 and (¢) the cleavage of 1l from C-phycocyanin involﬁes a concerted
trans—periplanér elimination requiringvthé reiative stereochemistry at
' C-3 and C-3' to be RR or SS,33 theﬁ the assignment of -the RRR stereo-
chemistry at C;Z, 3 and 3' can be made. Although thiS’stereochemical
assignment fpr the B1—phycocyanobilin—peptide linkage is_frobable, the
stereochemical questions have not been unambiguously answered.

Our proposed structure 2 is consistent with the observation that
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‘the blue pigment lvis phe-majof pigment §btained'from C—phycocyaﬁin under
a variety of _conditions.13 As shownrin Scheme II, a'ﬁaﬁtomerizationQB;
elimiﬁation mech#nism could explainvthese expérimeﬁtai results. The
deﬁterium eichange of the C-5-methine observéd in the NMR spectrum of 2
PrOVides‘clear é&idence for the equilibrium befween tautomers gianddgg._
'-This‘taUtomerizatiqn would increasg the acidity df the‘C—3 hydrégen of 2a
(pyrrolinone form) through éonjugation witﬁ the C-1 carbonyl, and thus
-promote the B—elimination of the peptide. ,Presumably-a répid equilibriﬁm
betwgen the resulting pigﬁent la and_tﬁe blue pigment 1 would fhen be
established.B4 Due to. the édditibnal double boﬁd-(C3fC3'), it is plausible
to aséume the positioﬁ Qf this equilibrium favors ﬁhe blué‘pigment_l.v
Whether this-pigmeﬁt can indeed be,released from the chromopeptide 2
under the same'conditiohs.uéed-to.libeiate it from the iﬁtact‘ﬁroteiﬁl3
'”remainsvté be determined. |

A large difference in the temperature dependence éf the 1H4NMR.
épectra of the synthetic peptide 3 and therchromopeptide;g_inlDZO Qas
oSserVéd. While the spectrum of §'wa§ relativeiy unaffected byvchanges
in témpérature bétweeﬁ 15°Aéﬁd'409c, thevéffect'én thé’spéctrum of the
'chromopeptide‘g;waSHsignificant. In:contrast to 3;. at IS?C'many‘of the
fesonaﬁces of the»chromopeptide.g were:so bro#d_that much of theée fine:
structure was not discerniblé. vTHis was especialiy,fhe case for proton
vfesonances of the Bl-phycocyénobilin'group‘of 2. 'AlthoughAtﬁe line width
and resolution greatly improved at 40°C, many of the resonances due to
. the prosthetic grdup of 2 remained brﬁad.

These temperature effects on the NMR spectrum of g_in_DZO can be

interpreted to represent interconversions between different molecular
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‘Ata-Ala-Cys-Leu—Arg—Asp—Hs!
| - HORC  COH

Ala-Ala-Cys—Leu—Arg-Asp—-Hsl
 HOG  GOpH o

Scheme II. Proposed7tautomerizationsand tfans—periplanar

‘B-elimination of 8i—phyéocyanobiliﬁheptapeptide g..



~96-

vconformations or aggregations ofvthe chromopeptide. The obserﬁed line

bfoadening in D20 may be attributed to a large number of interconverting -

prototropic forms aﬁd geometric isomers of the bilin chromophore. These
, interConversiQné would result in a concomitanfly large number of magnetic-
aiiy nonequivaient environments for ihdividual protons of the phycocyano¥
bilin. Since the line width depends on the rate of interconversion
_between such isomers, the températqre dependence.df the NMR spectrum
can thus be explained.

Concéntration’dependeﬁce in the cifcular dicﬁroism-(CD) spectrum
of 2 in D20 (Fig. 19) suggests that dimerization of the phycocyanobilin
moiety (pérﬁaps through‘#—ﬂ complex fo;ﬁation) is'occurripg at the concen-
tration-at'which'fhe,NMR spectrum was obtained. (2.4 mM in DZO).' Compara;
0 also shoﬁs that: the

2

phycocyanobilin prosthetic. group effects a conformational change in- the

tive analysis of the_NMR spectra of 2 and 3 in D

: péptide backbond of 2. ,The.ihfluencé.of’the'biliﬁ‘moiety is particularly
évident in amino acid residues closest5fo,the thioether linkage as
diSéussed eafiier;: On the other hand, the great simiiarity in the NMR
épectfa of 2 andﬁé in the aromatic solvent pyridinefd535 shows that the
chromopépﬁide 2 exists as a monomeric spgcies-in this solvent. This
-observatioﬁ is conSis;eht withva ﬂ-ﬂ.interagtioﬁ iq DéO suggested.By,CD
data. 'Thelgxact nature of'thé_complexlformation-inﬂDZO warraﬁts further
inVestigation‘wﬁich may shed light on the orienfatipn-and interactionrdf
the three biliné_wi;hiq»nativé.C—phycocyaﬂin._f

fhe ﬁMR aﬁd electrdnic absorpfioh speéttai data indicate.that
chémicalbmodification of the chromopeptide has not_occurréd during the

cyanogen bromide cleavage. A comparison of the absorption spectrum ‘of

ey
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C—phycocyanin and chromépeptide_g iﬁ 30% acetiC'acid (Fig. 20) shoﬁs‘an
insignificanf différencé‘in_the épgctrum_of the phycocyanobilin proéthetic
.'grogp'aftef cleavage. Thé difference in absorption'maxima, Xmax is 655 nm
 fdf,2_and'660 nm for denafured C-phycocyanin, i$ sma1i considering ﬁhe
presence of three phycocyanobiiins attached to different peptide sequenceé
in‘C phycogyanin.3520- Thus we conclude that the conditions of the cyano¥
- gen bromide cleavage leave the phycocyanobilin group unmodified.
.CoﬁparativevNMR analysis of tﬁe two heptapeptides 2 and_é shows
‘' no éVidencévfor a second chromopeptide'iinkage-(see earlier discussion)..
:Thé chditiéns uséd for the isolation of chromopeptide 2 Iimitiany sééond
Ilinkage to oné that.WOuld be cleaéed-by cyanogen bromide inv702 férmic
acid at 25°C for 18 hrs and by subsequent chromotographic procedures.
TheSe:limitatidns.rule>out both an ester-linkagé inVolving sef?ll6 or
tyrosyl19 hydroxyl groups, and an amide linkagevto the propionic acid
side chaiﬁs of the Bl—phycocyanobilin ﬁpiety. " The proﬁosed17 aspartic
acid-enol ester linkage ié bf,doubtful stabilityveven.in the native.
vprotéin. It élso-requires ring A'to,gxist as a less stéblé (relative.
' to pyrrole) tautomeric pyrrolenine. For the Bl—phycoéyénobilin prosthetic
group, the thiOether 1ink3ge appears to be_the only linkage to the.protein.
in this réport we présent a methpdology‘for fhe analysis of one
of thfee-phycoéyanobilins.of C-phycocyanin.  This aﬁproach,'which.inVOIVes
the isélation, HPLC'pufification, andbspectfoscopic-analysis of small
chromopéptides, will Be applied to the stqdy of the other twd peptide_
linkéd phyCoCyénobilins Sf C—ﬁhycdcyanin.' In this way,.thé'étructures
»and'linkages~of all the pigment proétheticvgroups.aésociated with aﬁ

individual biliprotein should be established. Such data hopefully.will
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- provide the fundamental structural information for further studies of
the arrangement of the bilin prqsthetic groups within the proteiﬁ which |
.ére responsible for the light-harvesting effectiveness of algal bili-

proteins.
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TABLE 7. 360 MHz 1H NMR'éésignments'for the peptide moieties of chromo-
peptide 2 and synthetic peptide 3 in D,0 at 40°C. .

Chemical shiftq' Number Multiplicify,

2. 3 of H's J, Hz Assignment
4.07 - 4.07 1 4, 7.2 (6.8)¢" ala(1) ace?
1.51  1.53 i d, 7.2 (6.8) ala(1) BCHy
4.27  4.37 1 4, 7.2 (6.9) ala(2) aCH

S 1.29  1.37 3 d, 7.2 (6.9) ala(2) BCHg
4.50 = 4.67 1 ad, 6.8, 7.6 cys GCH
3,02 3.00 1P dd, 7.6, <13.9 «eys B,CH

311 311 1 dd, 6.8, -13.9 cys 8,CH
4,26 4.41 1 dd ’ leu aCH
1.51  1.61 R leu BCHy, YCH
0.77  0.87 3 d, 5.3 (4.1) leu §,CHy’
0.83°  0.92 3 d, 5.3 (4.1) leu §,CH,
415 4.30 1 dd, 6.0, 7.8 arg OCH
1.64  1.81 1P - " arg B,CH,
1.74  1.81 1? arg B,CH,
1.54 © 1.61 2P o arg Y,CHy
311 3.19 - 2 t, 6.8 arg 6CH,
4.63  4.70 1. dd, 5.9, 7.8 asp aCH
2,77  2.80 1 dd, 7.8, -16.8 asp B,CHjy

2.87  2.92 1 dd, 5.9, -16.8 “asp B,CH,
4.58  4.63 1 dd, 9.4, 10.4 hsl GCH
2.30  2.32 1 m hsl B,CH,
2,59  2.60 1 m hs1 8,CH,
4,37 4.38 1 m hsl Y, CH,
4.53  4.54 1 m hsl v,CH,

%The chemical shift.values are in ppm’ from

sodium 2,2-dimethyl-2-

silipénta—S—sulfonate (DSS) . and CHCl5 was used as the internal
chemical shift marker.  The chemical shift of 10 mM CHCl5 in D,0

is 7.66 ppim relative to DSS.

bOverlapping fesonances weré_observed.

:cThe cdupliﬁg constants in parenthesis represent valués ohtained for
the.chromopeptide'gjwhich differed from those of heptapeptide 3. .

d

Ala(l) designates the N-terminal solution.
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TABLE 8. 360 MHz lH NMR assignments fer the peptide moieties of chromo-
peptide 2 and synthetic peptidelé in D5-pyridine at 25°C.

Chemical shift (ppm)a Number Multipiieity : b
T 3 : of H's J, Hz . Assignment
- 4,57 . 4.70. o1 m ala(l) oCH
1.80 o 1.84 3 d, 6.3(5.5) ala(1) BCH,
 4.92-5.00  4.94-5.04 A m_ ala(2) ocH
1.50 . 1.53 3 d, 7.0(7.4) ala(2) BCH,
5.14 . 5.26 1 m o ~ cys OCH
3,42 - 3.49 1 dd, 7.8, -13.6  cys B,CHy
3.5  3.64 1 © dd, 4.9, -13.6  cys B,CHy
4.92-5.00  4.94-5.04 48 m leu aCH
1.89-2.00 - 1.89-2.00 = 7° ‘m * leu BCH,
1.90  1.90 . m leu YCH
0.77 - 0.75 3 d, 5.7~ leu §,CH,
077 0.78 3 d, 4.3 leu 8,CH,
4.92-5.00  4.94-5.04 4° m arg OCH
©1.89-2.00  1.89-2.00 7 n arg. BCH,
1.89-2.00  1.89-2.00 7 m arg YCH, .
3.33  3.30 2 m ' arg 6CH,
5.56 . 5.56 1 m _ asp aCH
3,25 3,27 1 ad, 7.3, -17.0  asp B,CH,
3.41 3.39 1 dd, 5.9, -17.0  asp B,CH,
4.92-5.00  4.94-5.04 4° m - hsl acH
2,23 220 1 o hsl B,CH,
2.43 | 2.46 1 m hsl B?_CHZ'
409 4,09 1 m hsl ¥,CH,
4.29 4.29 1 m hsl Y,CH,

| The chemical shift values are in ppm from TMS and ﬁere determined
from a residual proton of pyridlne (7.81 ppm from TMS at 25 c)..
b _

The NH's were not assigned

Multlple resonances occurred at these frequencies
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360 MHz

1
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H NMR assignments of the bilin moiety of chromopeptide

2 in D,0 and pyr1d1ne—d5 and the blue plgment 1 (BP) in .
yrldlne—d5
Chemical Shift“, _ Nﬁmber_ _Multipliéity .
gﬁDZO) ' _g(pyr—ds) lﬂpy;jds) of H's J, Hz ‘ASsignment
1.02 1.23 111 3 e 74 18-CH,CH,
1.1 .'_1.39, : 1.34 , 3 d, 7.3 | "2-CH3
1.44 1.48 1.8 3 d, 7.1 3'-CH,
2.11 2.02 1.89 3 s
2.15 ,2'07 1.95 3 s .7,13,17—CH3
2,17 212 2.01 3 s |
2.23 2.48 2.34 2 q 18-CH2CH3
2.69 2.83,2.85 2.70 4 m 8,12-CH,CH,
2;55. 2,70 '2.70 1 dq 2-8
311 3.09,3.17  2.97 4 m 8,12-CH,CH,
e 3.15 - 1 | o 3-H
3.58 3-52, 6.17 1 m 3.y
5.94- _5.87':” 5.71 14 s 5-H
6.32 6.08 5.92 1 s 15-H
41 129 7.09 s 10-H

Arhe chemical shifts in DZO and pyrldlne—d are reported in ppm from-
DSS and TMS respectlvely as described in Tables 7 and 8.

bFrom Ref 10.

The chemical shift attributed to the C3—meth1ne was not determined
in D 0.

d

reduced size of the 31gnal

Slow exchange of the CS—methlne w1th DZO was repon31ble for the
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Part I1 - Figure Captions

 Fig. 13.

Fig. 14.

Fig. 15.

Fig. 16.

- Fig. 17.

Fig. 18.

‘doublet at 1{48 ppm; f(e) aftei irfédiaﬁién of'the'mulfiplet

Reversed phase HPLC (system C) of heptapeptide 3 as the crude

réaction-prodﬁct and after purification.:

Reversed phase HPLC (system D) of crude chromopeptide 2.

(a) The 360 MHz 1H.NMR spectrum of chromopeptide 2 at 40°C

(2,4 mM; D20).>»(b) The 360\Mﬁi‘1H NMR spectrum of synthetic

Heptapeptide_g'at 40°C (2.55 mM, DZO)'

'b (a) The 360 MHz lH NMR spectrum of chromopeptide 2 at 25°C .
(2 mM, pYridine—dS). (b) The 360 MHz 1H NMR speétrum:of

‘syﬁthetic heptapeptide.§>at’25°c (1 mM; pyridine—dS).

. The partial 360 MHz 1H NMR spectrum of the chromopeptide 2

_taken at 40°C in D,0: (a) after irradiation of the multiplet

2
at_2.69.ppm;'.(b)‘after irradiation of the multiplet at 3.58

ppﬁ: '(c)_after_irradiatioﬁ of the doublet at 1.21 ppm;

(d) after irradiation of the multiplet at 1.44 ppm.

The partial 360 MHz ¥H NMR spectrum of the chromopeptide’ 2

" taken at 25°C in pyridiné—ds. _Lower spectrai'¢oup1ed.

“Upper spectra:._(a) after decoupling the multiplet at 2.70 ppm;

(b) after irradiation of multiplet at 3.52 pbm; (c) after

irradiation of ddublet‘at 1.39vppﬁ; (d) after decoupling the

5t-3;15 ppPm.
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'~ Fig. 19.  The circul.ai" dichroism spectrum of - the cﬁromOpeptide 2 in DéO:

e -='5.7x10’.y,,
= 2.21x10"° M.

Fig. 20. “Absorption épectra in 25% HOAc of HPLC purifiéd ‘chromopeptide
2 _(,5"","" is "2'.2'>< 1073 M) and C-phycocyanin from Synecho-
6

coccus sp. 6301 (————-— »i‘sv'5.7. X107 " M).
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Experimental Section

Methods
All reactions were performed ﬁnder>N2. Solutions were dried over

NaZSO4 and eyépofations were done in.vacuo with a Bﬁchi.théfy Evapbrator;
Uncorrected ﬁp’stere détermined on a‘Thomas-ﬁoover Capillary MP Apparatus
: and.a-Kofier MigrO'Hot Stage (ump)g ;H NMR spectra of the protected
peptides 5-9 weré.taken in'CDCl3 solution using internal'MeéSi (6 0.0)

on a hdmemade spectrometer36 based on a Bruker 63 KG magnet operatlng at
é7O.MHz‘With a Nicolet 1180 data system. The 360 MHz 1o R spectra of

the deblocked peptides 3, ;l, and 12 and chromopeptide_g in DZO and iq
pyrj.dine—d5 wefe taken at.the Stanford Magnetic Resonance Laboratory.

TLC was done on ‘silica gél 60 (EM Reagents) with fhe.followiné solvent
systems: A (BuOH/HOAc/Hzo; 4/1/5, upper'pﬁasé);: B:(benzeﬁe/acetone, 2/1);
.Cv(benéene/EtéO,'l/l)j D (benzene/acétone, 1/1). HPLC was done using a
. Spectra ?hySics 8000 instrument equipped with a Schoeffel 770 variable
‘.waveleﬁgth.detéCtor. _The,fblloWing colﬁmn ana condition'systems were

used: A [10 u’Sphérisorb'oDS (3:x250 mm) , isocratic (60/40, CH3CN/H20);
Flow raté (F) 0.5 m/min]; B [10 p Spherisorb ODS (3 X250 mm), isocratic
(25/75, CH, CN/0.0lM KH,?0,, pH 2.1), F.0.5 mt/min]; C [10 u LiChrosorb
"RP 18 (10 ><250 mm) , gradient (t=0: 0. OlM KH 04; pH 2.l,Vto 15 min; 25/75,
CH CN/O 01M KH, P04, pH 2.1, remalnlng isocratic to 30 mln), F 2.0 m&/min];
D [10 i LiChrosorb RP 18 (9 x 500 mm, all glass system), . same eluent as.C,
“F O 8 mf/min]. Absorptlon spectra were taken on a~Cary 118 Spectrometer-
and'afe baseline correctéd, Ch spectra'weré.taken on‘a homemade spectrom-
eter.38- Elemental énalyses,were performed by,thé Analytical Laboratory,
Dep;ftment of Chemistry, UniVersity of California; Berkeley. ‘Amino acid

analyses were performed on a Beckman 120C Ahalyzer.
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Materials

.The following‘solvencsuwere,routinely distilled.immediately prior
to use: THF.and dioxane from sodium benZOpHenone»ketyl and dimethyl—
acetamide fron Llnde 4Abmolecular sievesvat'rednced pressure.A HPLC'grade
solvents-from Burdick and Jackson LaBoratories and.warer purified with a
MillivaSystem [Mlllipore Corp.] were used for HPLC. Amino acid deriva- -
tives of L;alanine~and Leaspartic:acid were'purchased from Sigma Chemical

Company.

360 MHz,lﬂ NMR Sample Preparation

vAfter HPLC purification (systems C and D),'the.peptide solntions
were'concentrated to ~3 mR and desalted with_Sephaden ClO-(lSIXSOO mn),
eluting wirh 25% HCAc. 'Following lyophilization, the'peptidevresidues'
were dissolved in 0.01M TFA—d 4in 99. 8/ D O and lyophllized again. The
_solutions for NMR ana1y31s were prepared in 99 996/ D O or 99 96/
pyrld1ne- 5 [Aldrich Chemlcal Co.]_1n a dry_box [Vacuum_Atmosphere_Corp;]

under argon.

B, Phycocyanob1hheptapept1de (2). Pure Synechococcus sp. 6301

—phycocyanln was prepared as prev1ously described 20 The protein
preparation was dialyzed exhaustlvely agalnst de10n1zed glass—d1st111ed
'water and 1yoph111zed Lyophlllzed phycocyanin (450 mg, ~12 umoles) was
.dissolved in 14;5 ﬁz of water, formic acid (98—1004 34.5 ml) was slowly
Iadded to this solution w1th constant swirllng, and then cyanogen bromide
(600 mg, 5.7 mmol) was added and tne ‘mixture sw1r1ed for several minutes
to dissolve it. Reaction'was allowed to proceed_in'fhe dark, under

nitrogen, for 18 hrs at room temperature. The reaction mixture was then

(5]
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“applied dirECtiy to a column of Sephadex G50 (Fine, 5 %53 cm), equili-
brated and &evelopedIWith a 30% v/v aqaeous.acetic acid. The apprepriate
blue fractions were_pooied,_cOneentrated and purified by HPLC (system D,
Fig. 14). The.bilin—carrying heptapeptide 2 was obtained_in a yield;of
6Q%‘ as determlned from the absorbance at 650 nm (EM = 32,000 Mfl cm_l, .

‘Fig. 20); H NMR (D 0 and pyridine- d5, Flgs 15 and 16), amino acid

analysis and sequence ana1y31s as in Ref. 20.

a-L-amino-y-butyrolactone(L-homoserine lactone) (5). L-Homoserine
was quantitatively converted to the lactone salt within 24 hrs at room

temperature in anhydrous TFA. Evaporation of the solvent afforded a

25.

white solid: mp 122-125°C; '[a]D -33.9° (c '1.31, TFA). Anal.

(c H8N04F3) C,.H, N.

Peptide Synthesis = General Procedure

N-tert—ButoxyCarboﬁy]?OB-EeﬁzyT-L4a$party1-L-homdserihé_1actonev(§).
N—tert—Butoxycarbeny1—08—benzyl—L~aspartic aeid (3.23 g, 10 mmol) and
| N—methjiﬁbrpholine (1. Oi g, 10 mmol) were dissolved in 50 ml THF'39
>After cooling to —15 C, isobutyl chloroformate (1.37 g, 10 mmol) was.
rapldly introduced, and one minute later a solutlon of L—homoserlne
lactone tr1f1uoroacetic ac1d salt (2 15 8» 10 mmo]) ‘and triethylamine
. (1.01 g, 10 mql);ln 25 ml THF was addede The cooling bath was then
removed and the mixture was.stirredvfer an additienal 1.5 hrs, filtered
and1evaporafed.b The‘fesidue was disedlved in 100 ml-ethyi aeetate, washed -
'.with H; 0 (3 x50 ml), sat. NaHCO (3 x50 m1), 0.3 N HCi (3>¢50 ml), eat |
NaCl (1 x50 'ml), drled and evaporated to glve the dlpeptlde 6 as an oil

weighing 3.87 g (95%): TLC (B) R, 0.55; HPLCV(A), RT 4.1 min; H MR
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' (see'?upplementary'Materials). “Anal. (C20 26 9 7) Cc, H, N.

| Na~tert-Butoxycarbony1-NG;p¥methqubenzenesu1fOnyl-Lsarginy]-OB-
benzy1-L-asparty]-L—homoserine 1actone'(z). Dipeptide_g'(3.63 g, 9.0
:mmoi) was diséolved in 40 ml anhydrous TFA containing 0;5 ml anisole at .
0°C.v Aftervohe—half hour, the solvent was evahorateduand the oily
residue was crystalliaed'by triturating with Et,0, affordihg 3-62'3’.-
96% yield of the TFA salt, mp 138—140°C._ Following the synthetic procedure
,outlined above, the TFA sait (2.88 g, 6.9 mmol) andvNa—tert-butoxycarbony14
fNG—o—methoxybenzenesulfony1—L—arginine (3.05 g; 6.9 mmol)4o_werevcondeneed.
| After chromatography (B, 450 g SiOz, 4 X74 cm), pure tripeptide‘7 (2.79 g,
~ 55%) was obtained: mp 78-81°C; HPLC (A), 'RT 4.0 min;. 1H NMR (see

Supplementary Materials). Ahal (033 44 6 118) c, H N, S,

“N-tert- Butoxycarbony] -L- 1eucy1 NG -p- methoxybenzenesu]fony] L-
| 'arg1ny1 -08. benzy1 -L-aspartyl-L- homoser1ne lactone (8). Removal of the
t- Boc protecting group from trlpeptide 7 was accomplished with TFA/anisole
at 0°C. Condensation of . the trlpeptide salt (2 42 g, 2.8 mmol) with
N—tert butoxycarbonyl L—leuclne (0 684 g, 2 96 mmol) as descrlbed
,vaboye, afforded tetrapeptlde 8 as a glass welghlng 2.35 ¢ (99%):' uﬁh

1 v

98°C; HPLC (A), RT 4.7 miﬁ_; TLC .(D), R, 0.4; 'H MMR (see Supplementary

Materials). Anal. (039 55 7 1ZS) c, H, Nr.

- N-tert- Butoxycarbony] S- ethy]mercapto -L- cyste1ny1 -L- 1eucy1 NG-p-
methoxybenzenesu]fony1 L- arg1ny1 OB benzyl L- asparty] -L- homoser1ne
lactone (2). Deblocking of the tetrapeptlde 8 with TFA/anlsole afforded

bthe.crystalline TFA salt after trituratlon with Et20. ‘ThiS’salt (2.2 g,

1.9 mmol) was condensed with N-tert-butoxycarbonyl-S-ethylmercapto-L-

w
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41,42 to give g;es a glass weighing 1.89 g

cysteine (0.57 g, 2.0 mmol)
(97%): ymp 108°C; HPLC (A), RT 6.3'min; TLD (D), R, 0.43; L mm

(see Supplementary Matetials). ‘Anal.v(C44 64 g0 13 3) c; H, N, S.

N-tert-ButoxyCarbony]—L-a1any1—S-ethy]mercapto-L-cysteiny]-L-]eucy1f
_'NG—p-methoxybEnzeneSU1fony]-L-argihy]eOB-benzyl-LQaSparty1-L-hombserine
lactone (10). The pentapeptide 9 (1.78 g, 1.8 mmol)'ﬁas Aissolved in

a pfeﬁixed selution of 7 ml 4N HC1 invdiokene and 2.5 ml ethyl mercaptan.
Aftertjo minutes, 40 ml Et,0 wae added and the resulting solid was filtered
and triturated w1th ethyl acetate A solution of the dihydrochloride salt
.(l 45 g, 1.5 mmol) thus obtained and trlethylamlne (O 30 g, 3.0 mmol)

in 7.5 ml dimethylacetamide was added tova-mixture of the preformed mixed :
anhydride of N4tert—bﬁtoxyéerbonyi—ﬁ—a1anine (0.29 g, 1.6 ﬁmol) at -15°C
as before. After pﬁrification, thelhexapeptide 10 (1.5 g,. 94%) was
obtained: -mp 131-145°C; HPLC.(A), RT'7;2]min;  TLC (D) Rf 0.36; lH NMR
(in aéetdnefd6; See Supplementary.Matefials)., Anal, (C47 69 9! 145 )

C".‘ .Hi N.

N-tert-Butoxycarbony1-L-a]any1-L~a]ahyT-S-ethy1mercapto;L-cysteiny]-
_L-]edcyl-NG-p-methoxybenzenesulfbny];L-arginy1106-beﬁzy1-L-asparty14L-
_homosékine’]actdne (4). Removal of ‘the t—Bbc gfoep of 1b'with HCl/&iox—
ane/EtSH Was aCcombliéhed és'aboveb' The heptapeptlde 4 was prepared in
98% yleld (l 26 g) from the hexapeptlde d1hydrochlor1de salt (1 31 g,
1.2 mmol).' Recrystall;zatlon of the crude product from acetone gave
- ~analytically pﬁte material: ump 167°C;>'H?LC a), RT 7.8 min. Amino.

t acid analyeis:‘.[l] 6N.HC1_110°C/16 hrs: amino ecid, experimentel Value

(calcuiated:numﬁer of residnes)-4-aia 2.00 (2), 1/2 cys 0;57 (0.50),
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leu 0.98 (1), arg 1.01 (1), asp 1.01 (1), hse/hsl 0.95 (1); [2] HCO.H/
0°C/4 hrs followed by 6N HC1/110°C/16 hrs: ala 2.00 (2), cys-acid 1.00 (1),
leu 0.90 (1), arg 0.92 (1), asp 0.93 (1), hsé/hsl 0.88 (1). Anal.

(C5oHz4N101585)¢ C» Hs N, S

HF Debldckiﬁgj— General Procedure

L- A]anyl -L-alanyl-S-ethyImercapto-L- cyste1ny1 -L- 1eucy1 -L- arg1ny1-
L-aspartyl-L-homoserine lactone (3) The blocked heptapeptide 4 (27.0 g,b
23. mmol) and ethyl mercaptan (300 ug, 4.0 mmol) were ‘dissolved in 1.5 ml

" anhydrous hydrogen fluoride freshly distilled from COE3. After one—half
hour stirring at 045°C the HF was removed in vacuo. The residue was
dlssolved in 2 ml HZO washed with ‘EtOAc (3 x2 ml) and lyophlllzed
Following HPLC purifleatlon.(system B, Flg.‘13)_and desalting with
'sephedex G10, the heptapeptide g_wae obtained as the di-TFA salt in 30%

ield: wump 173°C; HPLC (B), RT 20,9 ming 1H,NMR (D0, see Fig. 15).
y: , | | 2

L-Leucyl- L-arg1ny1 -L- asparty] -L- homoser1ne 1actone (11) The tetra-

' peptide 8 (11.3 mg, 13.3 umol) was deblocked in an analogous manner. The

crystalllne tetrapeptlde salt (10 mg, 100/) of 11 thus obtalned was chromo-

tographlcally and spectroscopically pure: ump 114_C, HPLC (B), RT 11.2

min; TLC ), Rf~0.17; 1H NMR (D20, see Supplementary Materials).

S—Ethy1mercapto-L-cysteinyl-L—]eucyTeL-arginyl;L—aspartyl-L- :
'homoserineilactone (12). The deblocking of the.pentapeptide_g (33 mg,
34 mbl)vweebaceompiished‘as desdribed ureviouély and the crude.uruduct
~ (15.6 mg, 537) was purified by HPLC: HPLC (B), RT 18. 5 mln, mp 123°C;

1H NMR (D O, see Supplementary Materlals)

K3

i®



-119-

References and Notes for Part II

10.

11,

12.

13.

A.N.Glazer, Photochem. Photobiol. Rev. 1, 71 (1976).

(a) A.N.Glazer and G.Cohen-Bazire, Proc. Nat. Acad.’ Sci. (USA) 68,

1398 (1971); (b) A.Bennett and L.Bogorad, Biocﬁem,_lg, 3625 (1971);
() P.0'Carra and S.D.Killilea;,BiQéhemf Biophys. Res. ébmm. 45,
1192 (1971).

A.N.Glazer and S.Fang, J. Biol. Chem. 248, 659 (1973).
(a):R.Lemberg, Justus Liebigs Ann.'Chem. ﬁ113,195 (1930);

(b) R.Lémbergband G.Bader, Justus Liebigs Ann. Chem. 505, 151 (1933).

P.0'Carra and C.O‘Eocha,» Chemistry and Biochemistry of Plant

Pigments, Vol. 2,_T.W.G00dwin,-édit6r (Académic Press, New York,

- 1976), pp.328.

D.J.Chapman, The Biology of Blue-Green Algae, N.G.Carr and

B:A.Whitton; editors (ﬁniv. of California Press; Berkeley, . 1973),

pp.173.
C.0'Eocha, Biochem. 2, 375 (1963). .

Y.Fujita and A.Hattori, J. Biochem. (Tokyo) 51, 89 (1962).

'W.J.Cble,»ﬁ.J.Chapman,'and H.W.Siegelman, J. Am. Chem. Soc. 89,

3643 (1967).

H.L;Crespi, L.J.Bouchér,,c.D.Normaﬁ,»JfJ.Katz?~an& R.G;bougherty,
J. Am. Chem. Soc. 89, 3642 (1967).

3.L7Schram and H.H.Kfoes, Eur. J. Biochem;_lg, 581 (1971).
HfW.Siegelman, D.J;éhabman;'and W.J.Cole, Ar¢h.‘Biochem, Biophys.

122, 261 (1967).

" R.J.Beuhler, R;C.Pierce,-LfFriédman; and H.W.Siegelman, J. Biol.

Chem. 251, 2405 (1976).



14 .

16."

17.

18.

19.

20,

21.
22.

23.

24,

25. .

26.

27.

H.L.Crespi and U.H.Smith, Phytochem. 9, 205 (1970).

R.B.Merrifield, J. Am. Chem. Soc. 85, 2149 (1963).

-120-"

W.Rudiger and P.0'Carra, Eur. J. Biochem. 7, 509 (1969).

'A.Gossauer and W.Hirsch, Justus Liebigs Ann. Chem., 1496 (1974).

H.L.Crespi, U.Smith, and J.J.Katz, BiOGhem.'z,b2232'(1968).

e

P.G.H.Byfield and H.Zuber, FEBS Lett. 28, 36 (1972).

R.wallip, R.Selset, and K.Sletteﬁ; Biéchem. Biophys. Res. Comm.
81, 1319 (1978). - |
V.P.Williams and ‘A.N.Glazer, J. Biol. Chem. 322; 202 (1978).

A.S.Browne and R.F.Troxler, FEBS Lett. 82, 206 (1977).

C,Klein and W.Rudiger, Justus Liebigs_Ann. Chem. , 267 (1978).

_The'chromopeptidé_g obtained. by CNBr cleavage of C-phycocyanin

‘ and the subject of this report.corresponds to the peptide CNBr-2

of Ref. 20.
We have used.the following abbreviations for structural simplicity:

SSEt to represent the S-ethylmercapto protecting group for the

'cysteipe SH; MBs to represent the p-methoxybenzenesulfonyl

protecting group for the arginyl guanidine moiety; Bn for benzyl;
Hse and Hsl to represent L-homoserine and its 1acton¢§ TFA‘for
trifluofoﬁcetic acid. |

(a) G.ﬁ,Anderson, J.E.Zimmerman, and-F.M.Callahan;'J.'Am; Chem.
Soc.‘§2,>5012 (1967); (b) A.von Zon‘and'H.C.Beyerman, Helv. Chem.
Acta 56, 1729 (1973). -

- . ' . D U
Ring opening of homoserine lactone was found to be quite difficult

-even in aqueous  bicarbondte solutions. The lH NMR study of

deblocked peptides 4, 11 and 12 in neutral and acidic D,0 showed

no evidence for the free hydroxy acid even after 4 hrs at- 40°C. -



»

28.

29.

30.

31,

32.

[G.Knobloch,'Doctdral TheSis, Techﬁical Univer-

sity, Braunschweig, (1972)]. By comparison

-121-

' G.Losse,'M.Mauck; and H.Stange, Tetrahedron gé, 1813 (1977).

D.Yamashiro, J.Blake, and C.H.Li, J. Am. Chem. Soc. 94, 2855 (1972).

S.Sdhoch, G.Klein, U.Linsenmeier, and W.Rudiger, Justus Liebigs

© Ann. Chem., 549 (1976).

The,assignment of R stereochemistry for C-2 made in Ref. 22 has
been based on the isoiatién 6f opticaily active E-2-ethylidene-3-
methylsueciniﬁide (i)‘ffom fhe chromip'acid,degradatién of
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o
H .
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‘one of the propionic acid side chains of ihe Blephycbcyaﬁobilin
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phycocyanobilin has been proposed (Ref. 22). Thebcoupling constant

of 4.3 Hz, which we observe for 3J2H—3H of 2, closely agrees with

». .
Ce

the cis coupling constant being somewhat'1arger-(Refs.:22.and 30).

‘However, only when the abpropriate bilitriene models with cis- and o ff

traﬁs-dihydro ring A are compared;'can‘bé vélidiéy of thé Stefeo- ‘
chemicallassignment be ascértainedf

In_Refs. 22 and 30 a concerﬁed traﬁs—periplanér‘élimination
mechanism is demonsﬁrated for model succinimides. The éuthOrs

argue that the obtention of only E-2-ethylidene-3-methyl-succinimide

from chromic acid-treated C-phycocyanin, contaminated with none of.

.thé z isdmer, suggestsvthat the same mechanism must be-occurring
with the biliprotein. JThis requires the relative stereochemistry
of C-3 and C—3'vbe.RR or SS.

In a preliminary study bf C4phycocyanin; we_ have observed that in

addition to the blue pigment_l, other pigments are obtained from

the methanol-treated biliprotein.

The slight upfield shifts of the N-terminal alanine residue of 2

has been;interpreted to'fepresent iﬁternal salt formation_with

chromophor—in,pyridine—ds. The difference in'thefchemical shifts

. of the homologous,C—S and C-12 metﬁylenes of 2 (Table 9) support ' [

- this hypothesis.

The 270 MHz spectrometet'was designed and constructed by Willy cC.

Shih of the Laboratory of Chémical-Biodynamics; U.C.Berkeley.
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When a brilliantly blue solution of chromopeptide 2 was passed

through a stainless steel Millipore filter, a multi-hued solution

' emerged. Thus an all—glass'and teflon system was devised to avoid ”

the presumed metal—catalyzed decomposition of the chromopeptide 2.
J.C.Sutherland, L.E.Vickery, and M.P.Klein, Rev. Sci. Instrum. 45,

1089 (1974). .

" For the syntheses of the penta-, hexa- and heptapeptides @, 10

and 4, respectively), N,N—dimethylacetamidé was used instead of

' THF because of its better solvent properties.

0.Nishimura and M.Fujino, Chem. Pharm. Bull. 24, 1568 (1976).

E.Schnabel, Justus Liebigs Ann. Chem. 702, 188 (1967).

U.Weber, Hoppe-Seyler's Z. Physiol.. Chem. §§g; 1421 (1969). -



- Appendix to Part II: Elemental analyses.

Moleculér — Célculatgd Found
ICompoixgd : formula c - N S ¢ R N S
5 | CHgNO, Fy 33.50  3.75 §.51’ - 33.22  3.95 646 -
,é;_f . C20H26ﬁ207 ‘ '.:59.10 6.45 6.89: - 58.84 _6.42 , 6.73 -
'z_ .C3$H44N;07S :  54;08. 6.05 _11.4? 4,38 ;55.7§ 6.01 -11.20" 3.99
§_' . Q3?H55N7Oizé 5537 . 6.55 11.59 - 54.97  6.49 i 11,49 -
9 Cuufosg01sSs 52.36 6.39 11.10  9.53 52.54  6.27 11.07 .9.96
10 .CA7H6§N9°14$§ "52.25 :6.44 11.67 - 52.19' 6.29 11.60 -
4 "Csoﬁ74N16°1553 52.16  6.48 12.17 8.36 51.86 q.sz,v112,o4 .8.99:
2 e . »

iw

-n2l-
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