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CARBA ANALOGS OF NEUROHYPOPHYSIAL 'lOR ,lONES

Michd Lebl

Pioneering syntheses' uf the neurohypophysialhormones oxytoCin uud vasopressincarried
out in the 19505 led to the possibility of their study by synthesis ofsUilabij modifiedanalogs.
About 600 have been prepared so far. The preparation of analogs with a modified disulfide
hridge (for examples see References 2 to 4 and references given in Table 2; for Ii survey
sec Reference 5) which is one of the very important atru .tural features of these compounds,
led both to a modification of the views on the mcchanisni or action or neurohypophysial
tionnoncs:" and to the attainment of compounds with distinctly lncreo ! biological activ
ltieso{,,7 For the purification of synthetic compounds we used a number of methods (gels,
ron-exchange and partition chromatography, free-flow electrophoresis, £lild counter-current
distributioru. \Ve have recently substituted reversed-phase high performance liquid chrc
iuntography (RP-HPLCJ for these methods. Special stress is laidon the so-called lyophiJizuble
mobile phase (0.1 % trifluoroacetic acid (TFAJ, 0.1 M triethylammoniuID tritfubroacctate at
pH 4 to 5, 0.05 M ammonium acetate at pH 6 to 7.5, 0.05 M tricthylarnmoniul1l carbonate
at pH 7 to R.5J. when nonvolatile buffer components are used, the eluates from preparative
chromatography should he desalted" on Scp_Pak'ii' Cw cartridges. (Note: their capacity for
ueHminouxytocin is at least 3 mg per curtridge.)

~~llh5litution of sulfur by a methylene group increases the lipophilic chnmctcr" of the
cumpuund and when chiomatographcd on a reversed phase column should exhibit a cor
responding Increase in the capacity factor value in comparison with the nonmoilificd sub
stance. However, in the case of cnrbtt-annlogs of oxytocin we observed the opposite effect. If;

which was consistent with the behavior of some cyclic dipcptides'" which differed in sulfur
content, When comparing simple compounds, such Us protected methionine and norlcucfuc,
it may be observed. however, that they behave us expected (Table 0. i.c., the norleucine
derivative has a longer retention time, Therefore, we compared the behavior ofsornc protected
and fret: peptide:; which were intermediary products of the synthesis of carba-analogs of
oxytocin. differing in the content imd position of the sulfur atom. A protected h:trapepl,de
(Ilk) - in agrecment with the assumption of the increased lipophilicity of compounds \\ ith
a CH~ group replacing the sulfur atom - was eluted Iarei' than the peptide3- containing
sulfur. In the case of pctltapeptides (lVu-t.:] the differences in retention times arc already
minimal or zero. In free heptapeptides (Vu-e) the compound without sulfur was eluted
hctwccn the two substances containing sulfur. while in the case of protected octapeptidt,;s
(VIlH;) the order Vias mwlogoliS. On passing to cyclic peptides the situation changes dra
matically: compounds containing a CH2 group instead of sulfur (X-XI) are eluted sooner
('-iCC Table 2) and the retention times of the analogs with different positions for sulfur differ
considerably. The same is true of the analogs containing an a-amino group (VII. VIII). a
contracted cyclic structure (XIIl, XIV>. or a modified amino acid in posiHon .2 (XLIII.
XLIV). In auatogs of vasopressin'(XlX-XXIII) a distinct dependence of the k value on the
pH of.rlie mobile phase is evident (see Figure I). This dependence is of greater difference
in the carba~6-unalog (XXI} thun in the carba~l-allulog (XX) which is similar to a compound
with u preserved disulfide bridge (XIX). In contrast to this the carba-u-analog containing
c-argininc (XXIIO displays a pH-depcpdence similar to that of the disulfide anal11g (XXIl).

A complete omission of the dlsulflcc bridge, connected with the elimination of the cyclic
structure!' rin compound XVII) leads led it.decrease of the retention time, while tIte subsiitution
of cystine by two S-methyIcysteines (XVIII) leads to an increased retention: both these facts
may be predicted by estimating the dpophilicity change in the analog fanned.

The position of the substitution for sulfur in the disulfide bridge can alter the effect of
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Table I
REVERSED.PHASE CWWMATOGRAPHIC K' VALUES OF

INTERMEmATES OF SOME CARIlA·ANALOGS

('qmpl1Und

la
Ib

Il:i
lIb
mj
Hlh
Ilk
IVa
lVh

lV'"
Va
Vb
Ve

Via

Structure-

Bo<:-lilel-OH
Boc-Nle-OH
BOl>Cy~(CJI"COm.h )-OH
Bnl'-11cy(C!H,COO~+ f-OH
Z-Cys(CJI,,~'()OMeJ-i'rtJ~Lell.Gly-NH,

Z-]-]cytC)-l:,C()OMClcl'w.Lcu·U:y-NH.:
1,-:\slll0l\tcFPm-Lcll-Gly-NH)
Nps-As l1-Cys\C.;I-l"Cq OMe )-l'n ' tCll-Cily-NlI;
Nps-Asn-Hcy(C;I'LCOOl\lct-Pro -Lcu-Gl y-NH:
NpH\Slh\sll(Oi\lel~Prn,:Lell_GI)-Nl-lj

H.JJe-GIIl,:A~n·Cy~«(\H,,(,OOH)-Pm-Leu-Gly-NH~

l-l-lh>Gln-A~t1-j.1ey(CiHl:C)OH)~pro-Lel1,:GIY,:NH,

l'I~llc,Gln,A~n~I\<;u-prn-Leu.QIY,Nlii

Boc-Tyr(Bll'Hle~Glrl·Asn.Cy~(CH"COOHJ-Pro- LCll,Gly-Nf J,
Bnc-T:TIBHtklle-GJll-ASn·l·ky(CiH,Cl10H)-Hro-J~eu-GJY~NH;

Ihlc-TyrfBu')-lle-Ciln-Asll-Astl-ProcLeuc(Jly-NH,'

I
3.16
1.12 .11

.09
,lJl
.67

2,22'

\.iW ·1

e-aminusubcrlc ncid. Hey, hcmocystctnc, Nlc,'norlclICmC.
I"Qr511lfidc'form.
rnr',t'rlITC~p(Jntling ~lIlrpxide.

SlcC~IIU25/, 0>\ em}, O.n5~rTFA-lllel!WlloJ 1.10:70L
J:> for J hilt fSO')P].

substitution on retention timc.iS bsrlrutionof sulfur ill position I has a substantially lower
effect on the retention (.iftictcri ics thun the samesubstitution ill positi{)Iltit~ceTable
This again ,.conrlrm~·lhe nonequi.ulencc of the t\V0 sulfur atomswhich luid previouslybeen
established with tl1~Biologict\IIlctivities of carbll~anl1logs7.12.aml fromthe.study of their CD
spectra. 11

Opthei?~?i? of thqsespcctra "In inter~ction of the.sulfur atomin position 6 ,vith
theilromatic ring?ftyrosine (i.c., '•• in,', carba~l~ulltdor,s)wasQemon5tplte{I,. and, therefore. it
may he <lSSlltl1Cq th,lF this sulfuratom '. is lcss uccessil.lc for other intcrq<;tiplls; Ontrycpther
hand, .. LilceIlminution oj'.thdinteruction between sulrur <ll1y)hc aromatic r111g bya ~llrpu

substiruionpfthis atom maylead to an increase ill the fr~~~PIllor movc01cntpf the tYrosine
side..·...c:;ain,/'.Vhifll •.·... is.··. one of the ... most if11PprlAnt 5IrllctlJr!lltleITIents •..r~sp(}nsible •...ror...• the
interacliqllf)f th9 p~ptidewitp.!pe stationary phase. Thusthi~sHbstitHti()[191m.· lead to <l mere
dranlaticcll~ngcjp .•. retentionthan the substitution c.rsulfur ill position •. Ic.which is-oriented
tothe "nt1l9l'siq~"i of' the.ITIoleculc <tnd)~Jfssl;Kcly to-interacrwith.the hydrophobic
station.:ry· pha;.;e!Th~ ( -iginalassumpttonl°)llfltthc. shielding of sulfurat.puaitjon 1.inside
thclTluleculqh'lW.7hovltobe[ll!se by :1 kinetic study of theoxidntion ofcarba-unalogs."
where rhc Qeajninq~()-(:,rb,tpy.ytocin eX.·.·). wasoxidizedsubstantially rporcfilpidly.tpulF the
l-carba-unalop ()(J- InspectipI1 0 f a modci.I5,Hi··(considcringiHn irlteraFtiprt·uf thc nrumatic
ring~Yith ....the.slllfllf.in.the. 6-pqsition) also. shows that ucc.es!i·.torth;~l<ltively .small.and
rYclr~)philic molecules' of the oxidant.to the sulfur atom is.easier in position I; The slow
pltcof oxi~~tionpfsulfllratposition ocould be due to the sulfur-arolllatic ring interaction
or to the 5t~ric hi~drance to tb! access of the oxidant by the side chainof the amillo.riciq
ill P?sition.2,.·. Westudied ·the!;inetics of the oxidation ofanalogs containing the srerically
demanding tl!rt~lellc:illein p{)Siti'.l·· 2. Again a more rapid.oxidation. of .the compound.con
laining;sulfur irtp(lsition 1\V~1!i observed, 17.even though the observed difference wtl&slightly
sfflfiller than for.substances containing tyrosine." Thus, it. may be said that rhe sluelding
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F1yUHL: 2_ Oxidation oj' a mixture uf] K·ilrgininc!tle.1rl1il1l)·I-cmba·\'iliinpn:,;~ill(2) ilnJ<IL'.lminn-1 ;cilrha;o\YlOt:ill
(c\J.IO \.\JfT,;~pqlldilJgstlllo\.ldc~. (2- I . .+ -r-. 3), by sodium periodute. Comlittoas: Separnn S:[~C~,18!15 CIA
cml',n,l f;) Tf't\ ,c.,methanol 155:45)" flow 1,5 1I1l.illlin. tAl humcdiatcly nfwr pcripdalc addition: (B)al\cr
(('Ianer 20 min: iDlalh::rJ2 tnln: (EI i1f!tlr 43 min.

land~,The separation of.diasrercoisomeric sulfoxidcs could not be achieved with an acidic
or [jcll.tn11,rnobilc phase unless an amine had been added .•'TricthylamllllmiulntrifllIOWilrct<lIC
buITcl',tltpI-l,4to 4.5 WAR the best mobile phase. A phosphate buffer \Vitllwsi111ilgf prl 1111ly

also .• 11f yscll.1}piastereoislUTICIIC .sulfoxidcs of carbu-vasopressins .~vere.st:parL\ted .•• with. a
blifler of. pIt 6..4, Howcvcr.nn .11oncofthenlObile phases testedwereweable wachicyc
thCSYp<l!'iJtipp(lfsulfoxides Qf6-carb,\~analogs of oxytocin..·Theexplanutionis·.. ug,tin based
QlltllGpSSllmptiql1 that interaction of c sulfu atom in position c with thc aromatic ring is
prcVFrt~HbX8~i(lation and the cnnfifTution of the sulfoxide leads to a diffcrcnroricntetion
of thetYrpsinFsiclc chain. (We tried ;j<use this fact -c-undcr. assumption of the validity or
thcpxytociflIllllc1f' cOl1sidcrcdl!i.l"-~f()rthcpredictionof the ..-absolure configuration of
Individual st~fc(li~(llTIers. of Slilfoxides;l},ul) I3Y. contrast •.. the nxidatipnpfsulfurippnsition
t.does notsignifiSl1rym'intluctlce the conformationoffhe tyrosinc. However. similarbehavior
is not Ii l1lil~d l()HHtIIOgs containing anaromatic ring ·in ·.position 2,The .uIl,I1Qgsconlaining
a terr-lcl'~in~iipthispo~ili?r(XXV I XXXIII) differ only slightly in.tlieir capacityfactors:"

:~~~~t:~~e~:~~~~':_~~::I~;~~~~~~:I(lrdson oxidationa separablemixtureof diastcrcoisomcrs.

Using pr~PRrativq.HPL.Fweseparatedthe .. diastcreoiscmers of sulfoxides ·and de-
terminel! thejrpiplQgicNHPtivity;J~l,JH Th~ 'diastereniscmers.of mostly differ
in a~tivitybt. a~.Il111chHs?Fyernl orders of magnitude.'>"

TIl the case qfqealTIiIlq~l-carpa~oxytocilll tllO activity of
that of the sulfone (XV!) rather than of the other diastereoisomer.
amilogs the activity is qCH91l!icq relatively little in comparison
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he~xpl~ii1edbytheftlc~that thcstcric arrangement. of the.elements Important .!(T elicit illt
f~cept()rresp{)~s~(~ni~llflreI9thetyrosinc,and usparugirie..side chains) .is.. potsignificantlX
disturbe~;Trlhetfl~e9fcn~ba-analogsof vasopressin it may be seen':' again that the oxidation
of a l-carba-uriulog leads to a much greater decrease in activity and that the difference of
k \',-I1u~s?ctJ~eelldiastereoisolllers is also larger. . .. . ...• ....• .. .......• •..• .• i, . . .. .. . . .

Weyl:?i~v~stigat~d the degradation rate of [e,.t~butYI-sulfoni.u~:saltsofdeumlno-t-cirhu
<lnJ0-~~W~~(1~ytocill,20 The. salt.derived from 6-carl1ll-oxytoci~i~Illuchmorestable \vhitl)
auain•• tihgwslhat thcmoJel1b consi~cring the interaction of .thcsici~fh~in ofrfic amino acid
r&sidu9i~position.·2wilhthe.sulfur atom in position 6 iscorr~7ttsince the.model would
predi?tt11cdestabili~ationof the sulfonium .salt of the .1-carbwa~~log.

Ifa~ingle. structural feature (i.e. .•substituent) is changedin ... thcy;ro1e Illolesule.then. the
cbrolIllltographic beb~yior.of the substance .formed> should bep~(lictable,?rthebasis of a
~'hHn¥~it1lip?philicity,21 unless n change in theco~formatio~{)fthe\vhOl~,molepule takes
plac~.}~V"epreparsd!3a.. rumber of analogs ofd~amiHo~6-carba-o~ytOSlt1idH;r~dllg ..merely
by.substitution of the para posit inn pf the aromatic nucletISpfthPiIllllil!qllCj9iQPosition .•.. 2
tXXXIY-XLlI11. Retentionchuracteristics of these sllbstanccsVJerc\vcI1SPtr~lated2,j.. with
the1Ty~1~es .. ?f~ol1·e~p()nding .substitu~nts and •. thus .• it is.pn)bl~tJl~ithatithc;e~~alogs .. do not
di fferiI1~?nf()r111ati()nev~n though they differ substantially ••. inth~ir biologi~IlI llctiviti~$:2}

SubstiWtion (Jfthe~romatic nucleus of tyrosine by two iodin.e:ut0I11S in positions 3 and
5 led t~JIl VCfY pro~llul1cedincrcase in the elutiontime of thclln~llJg(X,XXX. and XXpC
XXXII" Using HPLCwe observed that. \',Ihen the Iodhiutloriwas .. carried out inulkalinc
mediuTl1~25b(JthJl)I'~eal1lino-.1-carba-oxytocin (X) and for theuralog. iXXX),oxidatiop.uf
sulfur did nul take place. The sultoxidcs formed by oxidation with pcrlodate were easily

separable Into indi~vid~al dlastereoisomers. . . i, . .. .. . ., i
Wc~Iso used.HPL~ tn follow the enzymatic cleavage of the carba-anulogs,.The effect

of lhcpost-proline .cleavlng· cnzyme .. (EC .. 3.4;2l.26) .WHS.bettet'.observed.. with deamino-l
carbu-oxytocin. than\Vith oxytocin as this analog did not inactivate the enzyme; (oxytocin
evidclltlYiblocks.its frcc.SH group.j The action orchyrnotrypslnon unafogswlncbdid not
('ontaina~ uromaiic umino acid in the position 2. gave analogs without glycine anildc at the
Cacrmtnus of the molecule. These analogs urc interesting for their uctlvities in utlccting the
CNS,pOr}\preparative purification of these compounds it is advantugcous touse.votari!c
buffersutricurralpll -:At this pH.thc peptide. with a free carboxyl group is eluted earlier
thanthestarti!lgan~ltJg (when using an acid mobile phase it is eluted later).

Using RP-HPLqscparation of diastcrcoisomcric peptidcs maybe achieved."." \Ve made
usc otihis fuct in th~srllthesis of carba-analogscontainingunnatural amino acids in.position
1, InFig~reJa~e'Htion pmtlfc-" is shown forthe preparative chromatogruphy cf the crude
renet!0n IpixIlIl·9aftsrcv: Iizntion or [2-D,L-p-c hI0rephe11yIa!anine1deaIII ino-fi-carba-nxytoc ~

in,.AsimI!arpronle\llII~ nlso nbscrvcd in the preparation of th~ analog containing a disulfide
bridge; (Jr unaminogr()~lp, Of some other modification in position 1. When thc.anulog XLV
containing D-tyrosi~~inposiliol1·2 was prepared. it wasvsscnualto eliminate any traces of
the .sUbstancccont~ini~gthis amino acid of -t-ccnflguratlon (XII. On comparison with .•• a
standard.lt wus tonnd.Jtcwevcr. that both analogs differ l"romoneanothertJ!lly very slightly
(u'f1.Q,5J,whileWcirsulfoxides give an 0: = 1.47; The analog was therefore purified
by t()~versi9ntot~~7~Iroxid~ which. was purified by preparative chromatography. reduced
andreslmmultographed. The whole operation was carried out on a IO~1l1g scale within one
working day.
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FIGURE 3. Preparative ehroruutography of the crude mixture after cyclizntinn of carba-unulog. j2-L-/N'hh1[()
pJll'nyJaJallinelde;unin(1"6-cal'blH)xyto~'in {I}. ib ~ulfo"'·'; (II. [2.n-p,chlnrophcnyJala[jine!dealTlino·(j-Clll'b,I-(HY·
tocin (4) and lh sulfovidc !Jj~ Conditions: Partisil- QDS·2 (SOx fl.9 em), n,ClS'+TFA,... methanol (45:551. rlpw
SmUlllin. loud 28 Ill-!,
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