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M—u{z-"cundummvdbymmmwdeﬁﬂw-'w
mmwnuMymm followed by acid hydrolysis. N-Boc-dL{2-'’C]Leucine

was prepared and incorporated into [8-0u{2-"*CJleucineloxytocin by totsl symthesis. The ""C-labeled hormone
derivative [842- thmmm:wd!mm&mdnmbymm
graphy. The specifically '’C-labeled peptide hormone diastereoisomeric analog [3-0L-{2-'’Cleucineoxytocin also
was prepared by solid phase peptide synthesis. No suitable solveat system for partition chromatography scparation
of the latter diastereoisomeric peptide mixture could be found. However an excelleat preparative separation of the
diastercoisomers could be obtained by reverse phase high pressure liquid chromatography on a partisil 10 M9 ODS
columa using the solveat system 0.05 M ammonium acctate (pH 4.0), acetonitrile (81:19. v/v) to give pure
(342-’CPeucinejoxytocin and (3-0{2-""Cleucimejoxytocin. Aa excelient separation of (8-{2-'’CJeucinejoxytocia

and the corresponding 8-D-leucine diastereoisomer denivative could also be accomplished by high pressure liquid
chromatograph

y.

The potential use of specific *C-enriched amino acids,
peptides, and proteins for a variety of biological and
chemical-physical studies®>® of their structure, dynamics,
metabolism, etc. has been recognized recently. However,
at present only a limited number of studies bave been
done owing to the limited availability and high cost of
these compounds. Some of the common amino acids can
be obtained from hydrolysis of proteins obtained from
micro-organisms which are grown on "’C-eariched car-
bonate or other '’C-enriched sources.®'® However, a
number of common amino acids are not obtained or are
obmnedonlymmllmtnmbyttuemetbods In

zcareundocmlyhbded often at ow
levels(<70%)o( enrichment. While this is accept-
able for some applications, it is often necessary or
desirable to have available specifically labeled amino
acids. One of the major methods for identifying the
labeled compound and for using the '’C labeled amino
nddsandpepﬁdesfarhr;ul—cbemcalmmsn “C
NMR spectroscopy.>*'*"* Uniformly labeled amino
acids give complicated ’C NMR spectra with each
resonance line of greatly reduced intensity relative to the
single line of an isolated '’C atom in a specifically
labeled compound. For these and other reasons, includ-
ing the need for a wide variety of natural and non-natural
“C labeled amino acids and peptides, it is desirable to
have available specific ’C-labeled derivatives of these
compounds at a high level of '’C-enrichment. For these
purposes, simpie syothetic methods in which the highly
enriched "’C label is introduced only where desired, are
needed. In addition, it is desirable to introduce the

munmauwm

labeled amino acid derivatives into peptides in the most
efficient manner possible so that a maximum of useful
physical, chemical, and biological data can be obtained.
We needed diastereoisomers of the peptide hormone
oxytocin

" (H-Cys-Tyr-lie-Gin-Asn-Cys-Pro-Leu-Gly-NH,)

1 23 4 5 6 7 8 9

with [2-"’Clleucine at positions 3 and 8 of the hormone to
study the interactions of the hormone at these positions
with its natural carrier proteins, the neurophysing by
NMR.§ In this paper we report a simpic, lnghy\eld
synthesis of DL{2-"’Clleucine (90% '"’C-enriched), its
incorporation by total synthesis into the peptide hor-
mone, and the separation and purification of these dias-
Most syntheses of amino acids give at least partially
racemic products, and require resolution before incor-
poration into the peptide. The alternative approach is to
incorporate the raceméc amino acid into the peptide and
then separate the diastereoisomeric peptides. In view of
the fact that D-amino acid-containing diastercoisomers
often have interesting biological,'*'® physical and chem-
ical properties, the latter approach seemed to be more
attractive because it not only affords the
diastercoisomers simuitaneously, but also etiminates the
necessity of going through the extra steps involved in the
resolution of the racemic amino acids. Moreover, the
resolution of some amino acids (particularly
radiolabeled) can be difficult and expensive. Wehave
been successfully utilizing this approsch™® in
scparating various disstercoisomeric hormone peptides
by partition chromatograph

The synthesis of m.{(z-'z(,’)]leucine (3) with 90% '>C
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enrichment was accomplished in about 56% overall yield
according to the literature procedure,’ except that the
condensation of the sodium salt of ethyl acetamido [2-
Clcyanoscetate (1) with isobutylbromide was done in
anhydrous hexamethyiphosphoroustriamide (HMPT) to
give the product 2 in 70% yield. The condensation in
anhydrous ethanoi*' gave 2 in only 50% yield in our
hands. The product was readily converted to 3 in
refluxing 6 N HCI (Experimental). Several other syn-
theses of leucine were examined, but none were
superior. A synthesis similar to that outlined above, but
utilizing dicthyl scctamidomalonate, gave a slightly
ht;huoverﬂlynld(abwt“%)bmtbemdm
ing or buying 2-"’C-labeled diethy! acetamidomalonate is
considerably greater than that of 1 per mmole (~ 30%).

DL-{2-’ClLeucine was readily coaverted to the t-buty-
loxycarbony! (Boc) derivative by pH stat titration™ to
give Boc-DL-{2-CReucine 4 in 87% isolated yield.

mmsynthuuofthepuﬁany"c-hbehd oxy-
tocin derivatives were accomplished using the solid
plmewhod.”umilmdmwhbamy”"‘m
umorcxeepoontothacpmcedmummthcm
of Boc-DL-{2-'’CPeucine (4) to the growing peptide
chain. To insure maximal utilization of the valuable
iabeled amino acid 4, O.Seqmvﬂeauddmco?ledto
1.0 equivalent of glycybeazhydrylamine resin
dicyclobexylcarbodiimide (DCC, 0.8 eqmvalent) a8
coupling reagent. After 3hr, the coupling was nearly
quantitative, The unreacted resin amino uwpu were
then acylated with N-acetyhrmdnmle and the syn-
thesis was continned to give the protec-
ted peptide resin precursor to [8-DL-{2-"*Clieucineloxy-
tocin (7) (Experimental). lntheprqnm:onofthem-
peptide resin precursor to [3-Du{2-"*Clieucine)oxytocin
(8), Boc-DL{2-""Clleucine (4) was incorporated into the
growing peptide chain osing about 1.2 equivalents of 4
and of DCC, and two additional couplings using about
0.2 equivalents of 4 and DCC (Experimental).

At the conclusion of the synthesis the N-terminal
t-butyloxycarbony! group was removed. The disulfhydryl
nonapeptide was clcaved from the resin in its C-terminal
carboxamide form by trutment with anhydrous HF
containing 109% anisole at 0°," nndmtheaoxxhndm
aqueous solution under nitrogen™ with 001N
K3Fe{CN). > [8-L{2-"*C]Leucinejoxytocin (7a) and [8-D-
{2-"Clieucine]oxytocin (7b) were readily separated from
one another and from synthetic i ities by partition

y on Sephadex G-25" using the soivent
system 1-butanol-3.5% aqueous acetic acid in 1.5% pyri-
dine (1:1) (Fig. 1). The peptide hormone oxytocin con-
tains a Jeucine residue at position 8, and hence 7a is 2
PC-labeled oxytocin, while Th is the 8-position diss-
terecisomer. The former compound was indistinguish-
able from suthentic oxytocin in all respects except its
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1-botancl-3.5% aqueons acetic acid costaining 1.5% pyridioe
(11

(Experimental).

Separation of MW[}MZ-
CHeucineloxytocin (8) could not be accomptished by
partition chromatography on Sephadex G-25 using the
solveat system 1-butanol-3.5% aqueous acetic ackl con-
mnmlj%pyndme(l 1) (Fig. 3). Evaluation of several
other solvent systems™ provided no system which gave a
distinguishable separation of the two diastereotsomers.
In addition, separation of the disstereoisomers was not
obtained on tic oo silica gel in several different solveat
systems. it therefore was decided to examine the poten-
mlofmunvcmphucwmhqmd

to have considerable potential in the analysis of small
pem"“wnhnmﬁymwnmbe

parative separation of diasterecisomeric peptides we
decided to examine the potential of hpic for this purpose.
A successful development of this procedure would also
be vseful in numerous other physical, chemical, and

biological applications. . .
For the purpose of obtaining a preparative separation

Oayioch [8-0-Leu] Oxytocin
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Fig. 2. Composite reverse phase high pressure kiquid chromatograpby of purified [8-04{2-

Joxytocia

UCPeucine
{right), [8-12-*Cleucincloxytocin (left) (ce. 4 amol ea) on 2uBoudspak C,s columas 0.39 x 30 cm, 0.05 M NHOH
pH 4.O/CH\CON (82: 18 viv), 20 mi/min, 0.005 AFS st 284am.



[32-"Clleucimeloxytocin (8e)
Cheucinejoxytocin (8b) was achieved using reverse
phase high pressre liquid chromatography (hpic)
employing 2 4 BondmcC.cohm(O.”xl)cm).

10 M9 ODS cotumn (0.94 x 50.0 cm). Due to the isherent
differences of the preparative and amalytical columns,
shight adjustments in chromsatographic conditions were

and $%, using 19% acetonitrile, 81% 0.05 M NHOAc, pH
4.0 as cluent solvent. By cutting out a small intermediate
fraction (Fig. 4), a complete separation of the DL dias-
tercosiomers was obtained. This is illstrated in Fig. §
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2pBondapak C,y columns
M NHOAc pH 4.0/CH,CN (32 18, viv),
Mdlﬁ.mmu&mlolo'hmem
tion ilustrated i Fig. 4.

bpic of the isolated hpic-purified
md..‘lhtl-ismllythc[}!.-
was shown by an independent
wnthuuoftheunhbdeddll.oxymanmm[}
leucineoxytocin by standard procedures (Experimeatal),
and comparison of its hpic with the labeled compound.
anvmcplmehpk we have been able to
dcvelopthes sepanation, mdpmﬂunonof

amalogs. The general procedure, with appropriate solvent
tyuem.cotnmp.ckm.or.othamodlﬁanomsbould

E

prove very in prepanng

tives (**C, ’H 4, '], etc.) of peptide hormone without
the need to resolve precious labeled enanteomeric amino
gowing chain. We are currently examining the ap-
plianonoﬂhuemuvepmcedmutootbuboolo-
y active peptides and to other peptide analogs and
derivatives in our laboratory.

i

Capillary m.ps were deterxined oa & Thomas-Hoover meiting
poist apparats and are eacorrected. Tic was performed om silica
#el G pistes using the {olowing solveats systems: (A) 1-BeOH-
AcOH-water (4:1:5, wpper phese oaly); (B) 1-BuOH-AcOH-
pyridiso-water (15:3:10:12); (C) 1-peatasol-pyridine-water
0:7:6)1\eh.ddumuuudthechm’n

a Bruker WH-50 FT spectrometer. Amino acid soalyses were
obtained by the method of Spackmaa o al”’ oo a Beckman 120C
amino acid analyzer after hydrolysis ia 6N HCl for 2-24 hr.



Isotopes, Cambridgs, Massachusstts) ia 13ml hoxamethyl-
(HMPT) was stirred for | be. To the cloar

solution 1.4 ml of iscbutylbromide was added dropwise and the
stirred at room tomp. for 3br and thes at §5-90° for

cooled and dileted with 75 ml of ico-water. The ppt was fhered
off to give 1.99g (%) of 2, m.p. 113-115° (LY m.p. ualsbeled
120" NMR (CDCl,) & 1.33 (t, 3H), 1.9-2.2 (m, IH), 2.05 (s, 3H),
4.28 (g, 2H), 1.2 (24, 6H), 7.50 (0d, 1H).

DLA{2-""C] Leucine (3). A sampie of 1.5g of the above nitrile 3
was hydrolysed with 12ml 6N HCl at 120° for 16 br. The sols
was filtcred and the filtrate was cvaporated 10 drysces in secso
st 30°. The residuc was dissolved in §$ ml wator aad the pH was

:
!
E
i

other 10 give 1.01 g (§7%) of product; m.p. 104-106° (i.” m.p. for
Boc-L-lsucins-H,0 78-81%; tic is solveat systoms A, B aad C
gave single spots ideatical in R, t0 sutheatic Boc-L-leucinc; NMR
(CDCly) 8 0.97 (d, 6H), 1.4-2.0 (m, JH), 1.44 (s, 5H), 4.16 (m, IH),
$.97 (m, 1H) and 10.57 (s, 1H). Cyo"CHuNO, requires: C, 57.32;
B, 945; N, 6.03. Found: C, 57.16; H, 9.06, N, 6.09%.
Bec-oL{2- mh(;).A”"uﬁud
1 and
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“Choucise and aa oquivanest moler quaatity of dicyclohexyl-
carbodiimide (DCC) for 3 br. After appropriate washes, the wa-
reacted amiso groups were treated with 0.35g (3.2 mmol) of
N-acetykimidazole in methylene chloride for 3 br to give 3.2g of 8.
At the coaclusion, a ninhydrin test was segative. Using modiled®
mw“u.mmwaws—w;m
Solid phase syathesis of Cys{DMB)-Tyr-Be-Gin-Asn-
Cys(DMB)-Pro-o1-2-"C] Len-Gly-NH-Resin (6). The solid
phase systhesis was carried out on & Vega series 95 astomated
syathesizer, 3 mackine sismilar to thet deecribed by Hreby o ol ®
using S as starting material aad standard procedures described
sbove. Afer the last coupling, the peptide-resin was filtered and
dried in cecwo and was found to have incressed in weight by

095¢g

(8-oL{2-’C]Lencine)oxytocin (T) and ssparation of dias-
tereoisomers Ta end Th. A portion of the sbove resia (1 g) was
cleaved with 20 mil ankyd HF ia the prossace of 2 ml of asisole at
0° for 1 be. After the removal of HF wader reduced pressure, the
resia was washed with fowr 25-ml portioas BtOAc. The peptide
material was extracted isto five 25-sl portioas of 1 N HOAc. The
resio was washed with 200 ml delonired water, and the total
volume was brought 10 600 ml with deionizod water. The sola
was adjusted 10 & pH of 8.5 with 3N NH,OH aad the compowad
was oxidized with 60ml 0.01 N K,Re(CN)s for ¥ min. The pH
was adjuested to $ with 20% HOAc and Rexyn 203 (C1™ form) was

pooled lyophilized.
of wpper phase and 2mi of lower phase of the solveat systom
1-BwOH-3.5% aqueows HOAC containing 1.5% pyridias (1:1) aad
# 10 pertitioa chromatography oa a 2.8 X 60 ca colema

peak ot R, 0.7, a peak at R, 0.36 roprescating the D-7, and 2

solveat systems A, B sad
C. The mik ojocting activity™ was sbout 250 wnits/mg. There
was also obtained ¥ mg of Ta; [«]B, 207 (c 057%, IN
HOAc). Amino acid ssslysis gave the foowiag molar ratios:
Asp, 1.03; Gin, 1.05; Gly, 1.42; Half Cys, 1.88; Pro, 0.95; De,
1.04; Low, 1.04; Tyr, 0.90. The compound showed single usiform
spots oa tic in the solveats system A, B aad C idestical 1o
asthentic oxytocia. The milk-¢cjecting activity™ was fouad to be
sbhout 500 waits/mg.
. Solid phese synthesis of Cys(DMB)-Tyr<{oL{2-"ClLen-



Synthesis of pL-{2-*Cleucine

HOAc coutaicing 1.9% pyridine (1:1) as clusat solveat gave two
fractions correspoadiag 10 8 by-product, R, ~0.7, and 139 ag of
mmu,-mwmqn

Preparative scparation of [3-0L{2-VCliencine)oxytocin (8)

20mi of the hpic solvent system and injocting 100 u) (15-20 mg)
samples of the dinstercoisomeric mixture per rea. Three (3)
fractions were coliected as showa in Fig. 4. Afver 147 mg of the
mixture Ss bad beca chromatographed, the pooled fractions were
lyophilized and thea desalted by gol fitration chromatography oo
Sephadex G-25 using 0.2 N AcOH as clueat solveat. Thore was

using
solveat systeons A, B aad C. The compound Sa also gave a single
peak on amalytical hpic as shown in Fig. § with
reteation time (0 autheatic [3-loucine
Amino acid analysis gave the following molar ratios: Asp, 1.00;
G, 1.07; Pro, 1.04; Gly, 1.04; Half-Cys, 1.81; Leu, 1.98; Tyr,
0.57. In addition 14 mg of the mixture § was obtained from the
intermediate fractions of Fig. 4.

stitution level of 0.40 mmol/s. The systhetic procedures were
similar to those used previously (Tabie 1).*> At the ond of the
synthesis the N-terminal Boc protecting gromp was removed in
the usual manser to give 3.4 g of the title compound.

from Na) for 3 days. The peptide was extracted with DMF and
precipitated with water. A portion of the
(320 mg) was treated with Na im liquid NH, and
K3Fe(CN); in the usual manner. Purification of the crede product
by partition chromatography oa Sepbadex G-25 wsing 1-BaOH-
3.5% aqueous HOAC containing 1.9% pyridise (1:1) gave the tithe
wmu&-mmwumw

|
:

E
g
i
E.
§
8
F
7
8

EE

4!

i

T

B

E?

e¥ ‘”E
Higl

protecting growps, aad peptides ss recommended by the
TUPAC-ITUB Commissioa oa Biochemical Nomeacisture [J.
Biol Chem. 347, 977 (1972)] aro weed. Other sbbreviations
inciade: NMR; HMPT, hexamethyiphosphoromstriamide; hpic,

DMB, 34-dimcthyearyl; HOBT, I-hydroxybsazotriazole:
DMF, dimethy{ormamide; HOAc, acetic acid.
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