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D:A synthesis is described for t}.xe protected N-terminal decapeptide (Ai~Aj,) fragment of rubredoxin, methyl
N%tert-butyloxycarbonyl-L-methionyl-L-glutaminyl-N*-tert-butyloxycarbonyl-r-lysyl-L-phenylalanyl - y - tert-bu-
tyl-L-glutamyl-S-p-methoxybenzyl-L-cysteinyl-r-threonyl-L-leucyl-S-p-methoxybenzyl-L-cysteinylglycinate.

The simplest of the nonheme iron proteins that are
80 important in numerous biological electron-trans-
port reactions are the rubredoxins.2:* The rubredoxin
from Micrococcus aerogenes possesses a linear array
of 53 amino acid residues and contains one iron that is
bound to the four cysteines in the molecule (Figure 1).*
The chelate structure of this protein has been investi-
gated by various methods, but the results are not
definitive.*~® A proposed archetype correlation be-
tween the rubredoxins and the ferredoxins is of great
interest,® particularly in view of the fundamental,
evolutionary nature of the ferredoxins.®® Thus, a
synthesis of the “active-site” of rubredoxin, and,
ultimately, of the complete protein would be of general
value.

Rubredoxin contains glyeyl residues at positions 10,
19, 27, 42, and 44; therefore, it was decided to prepare
smaller fragments that could be united in these loca-
tions without fear of racemization. Alternatively,
prolyl residues at positions 13, 20, 23, and 39 would
provide a similar protective feature. Sinee two of the
four cysteines occur before position 10, it is necessary
to develop protecting groups on these particular resi-
dues that are compatible with the remainder of the mole-
cule. In view of these considerations, the synthesis of
the protected N-terminal decapeptide (A;-Ay) of
rubredoxin is now described at this time (Chart I).

Beginning at the C-carboxyl end, N*benzyloxy-
carbonyl-S-p-methoxybenzyl-L-cysteine (I)!%12 and
methyl glycinate hydrochloride (II)1* were coupled
with N,N’-dicyclohexylearbodiimide (DCCI)* to yield
methyl  N*-benzyloxycarbonyl-S-p-methoxybenzyl-L-
cysteinyiglycinate (IT1). Treatment of the dipeptide
IIT with hydrogen bromide in acetic acid cleaved the
Ne-protecting group and furnished the corresponding

(1) For the previous paper in this series, see A, Ali, J. H. R, Faesel, D.
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search,”’ 8. Lande, Ed., Gordon and Beach, New York, N. Y., 1971 p 37-1.
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Proc. Nat. Acad. Sci. U. S., b7, 122 (1967).
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(1968).

(7) T. V. Long and T. M, Loehr, J. Admer. Chem. Soc., 92, 6384 (1570).

(8) E. A. Eaton and W. Lovenberg, ibid., 92, 7195 (1970).

(9) B. Weinstein, Biochem. Biophys. Res. Commun., 38, 109 (1969).

(10) H. Matsubara, T. H. Jukes, and C. R. Cantor, “Structure, Functién,
and Evolution in Proteins,” Brookhaven Symposia in Biology, No. 21,
Brookhaven National Laboratory, Upton, N. Y., 1968, p 201.

(11) 8. Akabori, 8. S8akakibara, Y. Shimonishi, and Y. Nobuhara, Bull.
Chem., Soc. Jap., 87, 433 (1964).

(12) 8. Sakakibara, Y. Nobuhara, Y. Shimonishi, and R. Kiyoi, ibid., 38,
120 (1965).
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Chem., 88, 1261 (1968).
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hydrobromide salt IV. Next, a DCCI condensation
between N%benzyloxycarbonyl-i-threonine (V)¥ and
methyl L-leucinate hydrochloride (VI)!® afforded methyl
Ne-benzyloxycarbonyl-L-threonyl-L-leucinate (VII),
Removal of the N* group of dipeptide VII through
catalytic hydrogenation produced oily methyl -
threonyl-i-leucinate (VIII). The second cysteinyl
subunit was now introduced in the form of N#-tert-
butyloxycarbonyl-S-p-methoxybenzyl-L-cysteine (IX),
purified as the corresponding dicyclohexylammonium
salt X. This particular derivative is new and should
have many applications in the peptide field. The acid
IX and the amine VIII were joined by DCCI to give
methyl Netert-butyloxyecarbonyl-S-p-methoxybenzyl-
L-cysteinyl-L-threonyl-L-leucinate (XI). Mild base hy-
drolysis of the tripeptide XI then formed the corre-
sponding acid XII. A mixed anhydride reaction?
between XII and IV supplied methyl N*-tert-butyloxy-
carbonyl-S-p-methoxybenzyl-1~cysteinyl- L- threonyl- 1~
leueyl-S-p-methoxybenzyl-L-cysteinylglycinate (XIII).
Addition of trifluoroacetic acid to the pentapeptide
XIII eliminated the N® group and generated the
corresponding trifluoroacetate salt XIV.

Turning to the next major subunit, methyl y-tert-
butyl-r-glutamate hydrochloride (XV)® and N*-
benzyloxycarbonyl-L-phenylalanine (XVI)!® were cou-
pled by DCCI to obtain methyl N*-benzyloxycarbonyl-
L-phenylalanyl-y-tert-butyl-L-glutamate (XVII). Hy-
drogenolysis of the Ne%protecting group led to the
corresponding amine XVIII. N%-Benzyloxycarbonyl-
Nt-tert-butyloxycarbonyl-i-lysine (XIX),2:2t prepared
by a different procedure and purified as the dicyelo-
hexylammonium salt XX, was incorporated into
XVIII with the aid of DCCI to yield methyl N*-ben-
zyloxyearbonyl- N-tert- butyloxycarbonyl - L~ lysyl - L-
phenylalanyl-y-tert-butyl-L-glutamate (XXI). Hydro-
genolysis of the N group furnished the corresponding
amine XXII, which on addition of p-nitrophenyl N*-
benzyloxycarbonyl-L-glutaminate (XXIII)?? afforded
methyl N*-benzyloxyecarbonyl-L-glutaminyl-N*-tert-
butyloxyecarbonyl-t-lysyl-L-phenylalanyl-y-tert-butyl-L-
glutamate (XXIV). Removal of the N* group by
hydrogenation produced the tetrapeptide amine XXV.
A mixed anhydride reaction!” between compound XXV

(15) R. B. Merrifield, J. Biol. Chem., 282, 43 (1958).

(16) H. ¥. Schott, J. B. Larkin, L. B. Rockland, and M. 8. Dunn, J. Org.
Chem., 12, 490 (1947).

(17) G. W. Anderson, J. E, Zimmerman, and F. M. Callahan, J. Amer.
Chem. Soc., 89, 5012 (1967).

(18) E. Klieger and H. Gibian, Justus Liebigs Ann. Chem., 666, 195 (1962).

(19) W. Grassmann and E. Winsch, Chem. Ber., 91, 462 {1958).

(20) W. Broadbent, J. 8. Morley, and B. E, Stone, J. Chem..Soc. C, 2632
(1967).

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

(22) M. Bodanszky and V. du Vigneaud, J. Amer. Chem. Soc., 81, 5688
(1959),



J. Org. Chem., Vol. 86, No. 20, 1971 3023

AmINO Acips AND PEPTIDES

“Kuagdontu-d ‘NO-d ‘opizeipAq “HNHN
$10999 [AQyoUr ‘o) {19959 TAINq-19y ‘ngO-Map (TAzueqAxoyow-d ‘ZIN {9380 B0IONPLYY VT, {OpLIOYO0IPAY ‘IDH ‘epruoiqoipdy ‘IgH {[AucqiedAxo[dzuaq 7 {[AuoqresLxo[fing-7.o7 9og »

(XXX)
THNHN oog
29N 4N ngo-war” | 20g]
(XIXX)
SINO so0¢
ZdIN 124N ngO-1407 sog
(ATX) (IITAXX)
VAL-PWO o HO o0q
ZdW 24N ngO-#01 sog
(I11X) (IIAXX)
SN0 o0g SINO 209
ZdN 29N ngO-147 sog
(AD (1IIx%) (AXX)
I H -9NO- H HO oog SN0 H HO—90g
24N ZdIN ngQ-14a7 pleeg
(11D (x (ATXX)
SN0 VA SO 204 ANO VA
24N ZdIN ngQ-14a1 sog
(II1A) (IIXX)
DH-9NO—H moN-N SO H H0O Nk,sm SN0 H NO4——17
ZdIN 29N N7 vogf
(11A) A (IXX)
SINO VA OO VA
ngQ-i407 20g
{ITIAX)
DH-°NO0—H HO+Z N0 H mowlx
g0t (IIAX) ood
SN0 A
NgQO~1407
SN0 Nlm HO—7Z
SMHO|§8
ASS) s&D nery Iy, s£&D nn ayq s&ry un PP
o1 6 ] 2 9 G ¥ g 4 1

SNIXOQAUENTY 40 (X'XX) TAZVEAAY TALITIVOos(J THL ANV (XTXX) FAILdTdvVOu(] Y-y QdIodloud HL 40 SISUHINAG YHL 40 WVEDVI(] OILVHIHOY

I LuVHD



3024 J. Org. Chem., Vol. 36, No. 20, 1971

Figure 1.—The amino acid sequence of the rubredoxin from
Micrococcus aerogenes.

and Ne-tert-butyloxyearbonyl-L-methionine (XXVTI),2.23
gave methyl N%fert-butyloxycarbonyl-L-methionyl-1-
glutaminyl-N"-tert-butyloxycarbonyl-L-lysyl-L- phenyl-
alanyl-y-tert-butyl-r-glutamate (XXVII). Mild base
hydrolysis of the pentapeptide XXVII then formed
the corresponding acid XXVIII,

Finally, a DCCI condensation between XXVIII and
XIV in the presence of N-hydroxysueccinimide?* sup-
plied the desired decapeptide, methyl N*-tert-butyloxy-
carbonyl-L-methionyl-L-glutaminyl-N°*-tert-butyloxy-
carbonyl-1L-lysyl-L-phenylalanyl-y-tert - butyl - .- glu-
tamyl-S-p-methoxybenzyl-L-cysteinyl-L-threonyl-1-leu-
cyl-S-p-methoxybenzyl-L-cysteinylglycinate (XXIX).
Addition of hydrazine to the methyl ester XXIX re-
sulted in the formation of the corresponding hydrazide
XXX. Further work in this series is in progress and
will be discussed at a future date.

Experimental Section?

Methyl N*-Benzyloxycarbonyl-S-p-methoxybenzyl-L-cysteinyl-
glycinate (III).—N%-Benzyloxycarbonyl-S-p-methoxybenzyl-L-
cysteine (3.75 g, 0.01 mol) and methyl glycinate hydrochloride
(1.25 g, 0.01 mol) in dichloromethane (60 ml) was treated with
triethylamine (1.01 g, 0.01 mol) and the solution was cooled to
—10°. N,N'’-Dicyclohexylcarbodiimide (2.06 g, 0.01 mol) was
added and the resulting mixture was stirred vigorously overnight,
while slowly warming to room temperature. The solvent was
evaporated and the residue dissolved in ethyl acetate (200 ml).
After filtration of the N,N’-dicyclohexylurea the solution was
washed with dilute hydrochloric acid (1 N, two 60-ml portions),
water (one 60-ml portion), saturated sodium bicarbonate solution
(two 60-ml portions), and water (two 60-ml portions), and then
dried and evaporated. The residue was crystallized from ethyl
acetate—petroleum ether and recrystallized from carbon tetra-
chloride (4.02 g, 909,): mp 104-105°; [a]®9D —57.9° (¢ 1.00,
N,N-dimethylformamide).

Anal. Caled for CoHyeNoSOs (446.53): C, 59.19; H, 5.87;
N, 6.27; 8, 7.17. Found: C, 59.88; H, 5.98; N, 6.24; S, 7.17.

Methyl S-p-Methoxybenzyl-L-cysteinylglycinate Hydrobro-
mide (IV).—A solution of methyl N%-benzyloxycarbonyl-S-p-
methoxybenzyl-v-cysteinylglycinate (5.36 g, 0.012 mol) in acetic
acid (15 ml) was mixed with 329, hydrogen bromide in acetic

(28) K. Hofmann, W. Haas, M, J, Smithers, and G. Zanetti, J. Admer.
Chem, Soc., 87, 631 (1965).

(24) J. E. Zimmerman and G. W, Anderson, tbid., 89, 7151 (1967).

(25) All melting points were determined on a Reichert “Thermopan”
unit and are uncorrected. Evaporations were performed under reduced
pressure (water pump) with a rotatory apparatus at minimum temperature,
while high-boiling solvents were removed at vacuum pressure (0.2~0.5
mm). Magnesium sulfate was used for drying purposes, Acetonitrile and
N,N-dimethylformamide were spectroscopic quality; other solvents were
reagent grade and petroleum ether had bp 30-60°. Microanalyses were
furnished by Galbraith Laboratories, Knoxville, Tenn.
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acid (15 ml). After 1 hr ether (300 ml) was added with swirling
and the precipitated salt was collected and dried over sodium
hydroxide in a vacuum desiceator for 12 hr.

Methyl N*-Benzyloxycarbonyl-L-threonyl-L-leucinate (VII).—
N%Benzyloxycarbonyl-L-threonine (5.07 g, 0.02 mol) and
methyl r-leucinate hydrochloride (3.63 g, 0.02 mol) in dichloro-
methane (100 ml) was treated with triethylamine (2.02 g, 0.02
mol) and the solution was cooled to —10°. N,N’-Dicyclo-
hexylearbodiimide (4.12 g, 0.02 mol) was added and the resulting
mixture was stirred vigorously overnight, while slowly warming
to room temperature. The reaction was worked up in the usual
fashion to obtain an cil, which solidified on standing (7.00 g,
929,): mp 48-53°; [a]®0p —36.2° (¢ 1.23, chloroform).

Anal. Caled for CisHpN,Op (380.45): C, 59.98; H, 7.42;
N, 7.36. Found: C, 60.14; H, 7.44; N, 7.22.

Methyl 1-Threonyl-r-leucinate (VIII).—Oily methyl N
benzyloxyecarbonyl-1-threonyl-r-leucinate (8.36 g, 0.022 mol) in
methanol (300 ml) containing 109, palladium-on-charcoal cata-
lyst (0.80 g) was hydrogenated for 5 hr. The catalyst was re-
moved by filtration and evaporation of the solvent gave an oil
(5.20 g, 969%):  R: 0.24 [acetic acid-butanol-water (1:4:1);
ninhydrin positive].

N%-tert-Butyloxycarbonyl-S-p-methoxybenzyl-v-cysteine (IX).
—tert-Butyl azidoformate (21.45 g, 0.15 mol) was added dropwise
over a 30-min period to a stirred suspension of S-p-methoxy-
benzyl-L-cysteine (24.10 g, 0.10 mol) in N,N’-dimethylformamide
(350 ml) and 1,1,3,3-tetramethylguanidine (23.0 g). A clear
solution was obtained on the addition of a few drops of dilute
sodium hydroxide (1 ). After 4 days at room temperature, the
solvent was evaporated and the residue was worked up in the
usual fashion to obtain an oil (30.7 g, 909%).

N%tert-Butyloxycarbonyl-S-p-methoxybenzyl-1-cysteine Di-
cyclohexylammonium Salt (X).—A solution of N%-tert-butyloxy-
carbonyl-S-p-methoxybenzyl-L-cysteine in ether on treatment
with dicyclohexylamine yielded the corresponding dicyclohexyl-
ammonium salt. Crystallization from ethyl acetate-petroleum
ether afforded white needles: mp 132°; [&]%% —14.6° (¢ 1.00,
chloroform).

Anal. Caled for CosHisN:SOs (522.75): C, 64.34; H, 8.87;
N, 5.36; 8, 6.74. Found: C, 63.90; H, 8.30; N, 5.39; 8,
6.58.

Methyl N%-teri-Butyloxycarbonyl-S-p-methoxybenzyl-r-cys-
teinyl-i-threonyl-L-leucinate (XI).—A solution of N-terf-butyl-
oxycarbonyl-S-p-methoxybenzyl-L-cysteine (7.17 g, 0,021 mol)
and freshly prepared methyl vr-threonyl-r-leucinate (5.17 g,
0.021 mol) in dichloromethane (150 ml) was cooled to —10° and
N,N’-dicyclohexylearbodiimide (4.33 g, 0.021 mol) was added
and the resulting mixture was vigorously stirred overnight, while
slowly warming to room temperature. The reaction was worked
up in the usual fashion to obtain a residue, which was purified
by silica gel column chromatography employing chloroform-
methanol (97:3) as the developer. The resulting foam could not
be crystallized (9.10 g, 76%): mp 38-42°; [a] % —40.5° (¢
1.00, chloroform).

Anal. Caled for CpHisN3sSOs (569.73): C, 56.91; H, 7.61;
N, 7.38; 8,5.63. Found: C,57.17; H,7.67; N, 7.40; 8, 5.33.

N%tert-Butyloxycarbonyl-S-p-methoxybenzyl-L-cysteinyl-L-
threonyl-L-leucine (XII).—The aforementioned tripeptide (6.84 g,
0.012 mol) was treated with a solution of sodium hydroxide (1 N,
15 ml) in methanol (50 ml) for 30 min, and then water (40 ml)
was added and the bulk of the methanol was removed by evapora-
tion. After washing with ether (two 30-ml portions), acidification
of the aqueous phase with citric acid solution precipitated an
oily product. This material was taken into ethyl acetate (three
75-ml portions) and the combined organic phases was washed
with water (two 75-ml portions) and dried. Evaporation gave a
white solid (56.82 g, 87%). .

Methyl N%iert-Butyloxycarbonyl-S-p-methoxybenzyl-L-cys-
teinyl-r-threonyl-v-leucinyl-S-p-methoxybenzyl- L- cysteinylglyci-
nate (XIII).—A solution of N-teri-butyloxycarbonyl-S-p-me-
thoxybenzyl-L-cysteinyl-L-threonyl-L-leucine (5.56 g, 0.01 mol)
in tetrahydrofuran (30 ml) was cooled to —20° and treated in
turn with N-methylmorpholine (1.01 g, 0.01 mol) and isobutyl
chloroformate (1.37 g, 0.01 mol). After 4 min, a solution of
methyl S-p-methoxybenzyl-L-cysteinylglycinate in tetrahydro-
furan (40 m!) and water (5 ml), freshly prepared by dissolving the
corresponding hydrobromide IV in tetrahydrofuran (20 ml) and
trimethylamine (3 ml) and evaporating to dryness, was added
and stirred for 30 min at —20°, followed by allowing the reaction
to warm to room temperature over 2 hr. The solvent was evapo-
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rated and the residue was dissolved in ethyl acetate (300 ml) and
worked up in the usual fashion. The product was purified by
silica gel column chromatography employing chloroform-
methanol (97:3) as the developer. The resulting foam could not
be crystallized (6.63 g, 78%): mp 112-115°; [a]®D —55.1°
(¢ 1.00, chloroform).

Anal. Caled for CuHioN5S:01 (850.08): C, 56.52; H, 7.00;
N, 8.24; 8, 7.54. Found: C, 56.59; H, 7.30; N, 8.14; 8, 7.96.

Methyl S-p-Methoxybenzyl-L-cysteinyl-1-threonyl-r-leucinyl-
S-p-methoxybenzyl-L-cysteinylglycinate Trifluoroacetate (XIV).
—Methyl N%-tert-butyloxycarbonyl-S-p-methoxybenzyl - L.- cys-
teinyl-L-threonyl-L-leucyl-S-p-methoxybenzyl-L-cysteineglucinate
(1.36 g, 0.0016 mol) was dissolved in trifluoroacetic acid (10 ml).
After 30 min at room temperature, the solution was evaporated
and the residue was dried in a vacuum desiceator over sodium
hydroxide for 5 hr.

Methyl N%-Benzyloxycarbonyl-vr-phenylalanyl-y-tert-butyl-L-
glutamate (XVII).—A solution of N®%benzyloxycarbonyl-r-
phenylalanine (2.99 g, 0.01 mol) and methyl ~v-tert-butyl-r-
glutamate hydrochloride (2.54 g, 0.01 mol) in dichloromethane
(75 ml) was treated with triethylamine (1.01 g, 0.01 mol) and
cooled to —10°. N,N’-Dicyclohexylearbodiimide (2.06 g, 0.01
mol) was added and the resulting mixture was stirred vigorously
overnight, while slowly warming to room temperature. The
reaction was worked up in the usual fashion to obtain an oil,
which solidified on standing (4.88 g, 989,): mp 67-68°; [a]*.%p
+10.0° (¢ 2.00, chloroform).

Anal. Caled for CyyHauN,O; (498.59): C, 65.06; H, 6.87;
N, 5.62. Found: C, 65.86; H, 7.11; N, 5.80.

Methyl 1-Phenylalanyl-y-teri-butyl-vL-glutamate (XVIII).—A
solution of methyl N%-benzyloxycarbonyl-t-phenylalanyl-v-tert-
butyl-L-glutamate (5.98 g, 0.012 mol) in methanol (250 ml) con-
taining 109, palladium-on-charcoal catalyst (0.80 g) was hydro-
genated for 2 hr. The catalyst was removed by filtration and
evaporation of the solvent gave a thick oil (3.71 g, 85%): R:
0.57 [chloroform-methanol (95:5); ninhydrin positive].

N®-Benzyloxycarbonyl-N*-tert-butyloxycarbonyl-L-lysine (XIX).
—A mixture of N*-benzyloxycarbonyl-v-lysine (28.03 g, 0.10
mol) in N,N’-dimethylformamide (220 ml) was warmed to 40°
and then cooled to room temperature, and 1,1,3,3-tetramethyl-
guanidine (23.0 g) was added, followed by tert-butyl azidoformate
(21.45 g, 0.15 mol) dropwise over 30 min. The clear solution
stood for 4 days at room temperature, after which the solvent was
evaporated and the residue was partitioned between ethyl acetate
(300 m!) and citric acid solution (100 ml). The aqueous layer
was extracted with ethyl acetate (100 ml) and the combined
organic phases were washed with water (three 100-ml portions),
dried, and evaporated to give a thick oil (35.0 g, 92%,).

N*.Benzyloxycarbonyl-N°tert-butyloxycarbonyl-L-lysine Di-
cyclohexylammonium Salt (XX).—A sample of the aforemen-
tioned compound was treated with dieyclohexylamine in the
usual fashion to obtain the corresponding salt, which was crys-
tallized from 2-propanol: mp 154-155°,

Methyl N*-Benzyloxycarbonyl-N*-tert-butyloxycarbonyl-L-lysyl-
L-phenylalanyl-y-teri-butyl-L-glutamate (XXI).—A solution of
methyl r-phenylalanyl-y-tert-butyl-L-glutamate (3.64 g, 0.01
mol) and Ne-benzyloxycarbonyl-N-tert-butyloxycarbonyl-r-ly-
sine (3.80 g, 0.01 mol) in dichloromethane (150 ml) was cooled
to —10°. N,N’-Dicyclohexylearbodiimide (2.06 g, 0.01 mol)
was added and the resulting mixture was stirred vigorously over-
night, while slowly warming to room temperature. The reaction
was worked up in the usual fashion and the product was crystal.
lized from ethyl acetate-ether (5.96 g, 86%): mp 126-127°;
[o] B> —25.6° (¢ 1.00, chloroform).

Anal. Caled for CisH;N,Oyp (726.88): C, 62.79; H, 7.49; N,
7.71. Found: C, 63.21; H, 7.55; N, 7.22.

Methyl N°-tert-Butyloxycarbonyl-L-lysyl-1-phenylalanyl-y-tert-
butyl-L-glutamate (XXII).—A solution of methyl N*-benzyloxy-
carbonyl- N*-tert -butyloxycarbonyl - L-lysy! - L.- phenylalanyl - v -
tert-butyl-L-glutamate (7.27 g, 0.01 mol) in methanol (200 ml)
containing 10% palladium-on-charcoal catalyst (0.70 g) was hy-
drogenated for 15 hr. The catalyst was removed by filtration
and evaporation of the solvent left a residue (5.39 g, 919%): R
0.57 [acetic acid-butanol-water (1:4:1); ninhydrin positive].

Methyl N*-Benzyloxycarbonyl-L-glutaminyl-N°-tert-butyloxy-
carbonyl-1-lysyl-v-phenylalanyl-v-teri-butyl-1-glutamate (XXIV).
—A solution of p-nitrophenyl N%-benzyloxycarbonyl-1-glutamine
(4.42 g, 0.011 mol) and methyl N°tert-butyloxycarbonyl-r-
lysyl-L-phenylalanyl-v-tert-butyl-L-glutamate (5.33 g, 0.009 mol)
in N,N'-dimethylformamide (60 ml) was allowed to stand for 4
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days at room temperature. The solvent was evaporated and the
residue was crystallized from methanol (5.85 g, 76%): mp 219-
221°; [a]®9% —26.1° (¢ 2.00, N,N'-dimethylformamide).

Anal. Caled for C43H62N5012'1/2H20 (86403)2 C, 5975, H,
7.35; N, 9.73. Found: C, 59.75; H, 7.00; N, 9.30. .

Methyl 1-Glutaminyl-N°-fert-butyloxycarbonyl-r-lysyl-L-phe-
nylalanyl-y-teri-butyl-1-glutamate (XXV).—A solution of methyl
N%-benzyloxycarbonyl-L-glutaminyl-N*teré- butyloxycarbonyl-L-
lysyl-v-phenylalanyl-y-tert-butyl-r-glutamate (5.9 g, 0.007
mol) in methanol (350 ml) containing 109, palladium on charcoal
(0.80 g) was hydrogenated for 24 hr. The catalyst was removed
by filtration and evaporation of the solvent left a residue (4.64 g,
929%): R: 0.53 [acetic acid-butanol-water (1:4:1); ninhydrin
positive].

N%tert-Butyloxycarbonyl-r-methionine (XXVI),—r-Methionine
(44.70 g, 0.30 mol) was converted into N%-tert-butyloxycarbonyl-
r-methionine, following the procedure described for XIX, to
afford a syrup (75.00 g, 1009%,).

Methyl N*-tert-Butyloxycarbonyl-L-methionyl-L-glutaminyl- N°-
tert-butyloxycarbonyl-r-lysyl-r-phenylalanyl-v-tert- butyl - L-gluta-
mate (XXVII).—A solution of N%-ert-butyloxycarbonyl-L-
methionine (1.60 g, 0.0064 mol) in tetrahydrofuran (30 ml) was
cooled to —20° and treated with N-methylmorpholine (0.65 g,
0.0064 mol), followed by isobutyl chloroformate (0.87 g, 0.0064
mol). After4 min, a solution of methyl N-tert-butyloxycarbonyl-
t-lysyl-L-phenylalanyl-y-tert-butyl-1-glutamate (4.61 g, 0.0064
mol) in N,N'-dimethylformamide (40 ml) was added and the re-
action was stirred for 30 min at —20°, then allowed to slowly
warm to room temperature, and stirred for another 2 hr. The
solvent was evaporated and the residue was crystallized from
methanol (5.12 g, 849,): mp 223-225°; [a] %D —22.5° (¢ 1.00,
N,N'-dimethylformamide).

Anal. Caled for CoH NSO (952.20): C, 56.76; H, 7.73;
N, 10.30; S, 3.37. Found: C, 57.43; H, 7.82; N, 10.30; S,
3.01.

N*-tert-Butyloxycarbonyl-L-methionyl-L-glutaminyl-N*-tert-
butyloxycarbonyl-L-lysyl-L-phenylalanyl-v- tert - butyl - L- glutamic
Acid (XXVIII).—A solution of methyl N%-tert-butyloxycarbonyl-
L-methionyl-L-glutaminyl- N¢- tert -butyloxyearbonyl - L. -lysyl - L~
phenylalanyl-y-tert-butyl-L-glutamate (1.90 g, 0.002 mol) in
methanol (30 ml) and sodium hydroxide (1 N, 2 ml) was stirred
for 2 hr. After dilution with water (30 ml) the methanol was
evaporated, and the mixture was acidified with citric acid solu-
tion. The precipitated product was filtered, washed, and purified
from methanol-water (1.61 g, 869%): mp 212-215; [«]%%D
~20.6° (¢ 1.00, N,N'-dimethylformamide).

Anal. Caled for CuHuN:SOw, (638.17): C, 56.33; H, 7.63;
N, 10.45; S, 3.42. Found: C, 55.94; H, 7.69; N, 10.35; S,
3.40.

Methyl N®-tert-Butyloxycarbonyl-rL-methionyl-r-glutaminyl-
Nt-tert-butyloxycarbonyl-r-lysyl - L- phenylalanyl- v - fert - butyl - L-
glutamyl-S-p-methoxybenzyl-r-cysteinyl-r-threonyl-L-leucyl-S-p-
methoxybenzyl-v-cysteinylglycinate (XXIX).—The trifluoroace-
tate salt XIV was dissolved in tetrahydrofuran (15 ml), treated
with trimethylamine (2.0 ml), and evaporated to dryness.
Pentapeptide acid XX VIIT (1.50 g, 0.0016 mol) and N-hydroxy-
succinimide (0.28 g, 0.0024 mol) were dissolved in N ,N’-di-
methylformamide (20 ml), cooled to —10°, and treated with
N,N'-dicyclohexylearbodiimide (0.33 g, 0.0016 mol), followed
by the above residue in N,N’-dimethylformamide (10 ml).
After stirring for 1 hr at —10°, the reaction was allowed to slowly
warm to room temperature followed by stirring for 4 days.
The solvent was evaporated and the residue was triturated under
water and washed with a saturated solution of sodium bicarbon-
ate. Purification from methanol gave a solid (1.72 g, 64%):
mp 244-246° dec; [a]®% ~-31.1° (¢ 1.00, N,N’'-dimethyl-
formamide).

Anal. Calcd for C']gHmonSaOz[ (1670.12) C, 5682, H,
7.24; N, 10.07; 8, 5.76. Found: C, 56.52; H, 7.25; N, 9.84;
S, 5.90. N

N%.tert-Butyloxycarbonyl-r-methionyl-L-glutaminyl-N*-tert-
butyloxycarbonyl-L-lysyl-L-phenylalanyl- v - terl -butyl-L-glutamyl-
S8-p-methoxybenzyl-L-cysteinyl-L-threonyl-1-leucyl-S-p-methoxy-
benzyl-r-cysteinylglycinate Hydrazide (XXX).—The aforemen-
tioned decapeptide XXIX (0.251 g, 0.00015 mol) was dissolved
in methanol (150 ml) and N,N’-dimethylformamide (1.5 ml) and
treated with hydrazine hydrate (909, 3 ml). The reaction was
stirred for 1.5 hr and then the solvent was evaporated, and the
product was precipitated with water. Crystallization from
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methanol gave a solid (0.228 g, 919,): mp 248° (slow decomposi-
tion); [a]®9 —30.6° (¢ 0.50, N,N'-dimethylformamide).
Anal. Caled for CrsHiaoN18:05 (1670.13): C, 56.01; H,
g.24; N, 11.74; 8, 5.76. Found: C, 56.02; H, 7.19; N, 11.79;
, 5.52.
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Contrary to an earlier report, (2-thiouracil);Hg (I) can be obtained from 2-thiouracil and HgCl,.

The com-

pound I on treatment with 2,3,5-tri-O-benzoyl-p-ribofuranosyl chloride formed one disubstituted (II) and two

monosubstituted products (IIT and IV).

The compounds III and IV on debenzoylation with sodium methoxide

formed 2-thiouridine (V) and 2-thioisouridine (VI), respectively. Compounds V and VI were converted into uri-

dine and isouridine, respectively, by cyanogen bromide.

The facile formation and cleavage of disulfide
bonds involving 2-thio- and 4-thiopyrimidines in tRNA
has been invoked on several occasions to explain bio-
chemical mechanisms.?—® Although 2-thiouracil’ and
4-thiouridine®® form disulfides readily after iodine
treatment, a similar oxidation of 2-thiouridine deriva-
tives was not observed by at least two groups of work-
ers.’011 It is possible that such oxidation may take
place easily when 2-thiouridine moieties are parts of a
macromolecule. In order to study the properties of
2-thiouridines, particularly the formation of a disul-
fide on oxidation, the chemical synthesis of the com-
pound was undertaken. Of the five different methods
of synthesis of 2-thiouridine,'?—16 the one reported by Lee
and Wigler® based on mercuri condensation was reinves-
tigated. Several discrepancies were observed, and the
characterization and properties of the intermediate
blocked nucleosides and the final products are reported.

Lee and Wigler!® were unable to prepare (2-thioura~
cil);Hg (I) from 2-thiouracil and HgCl, in aqueous solu-
tion by the method of Fox, ef ¢l.'7 In my hands, how-
ever, 2-thiouracil did form with mercuric chloride the

(1) This research was sponsored by the U. 8. Atomic Energy Commission
under contraet with the Union Carbide Corp.

(2) This work was presented at the 160th National Meeting of the Ameri-
can Chemical Society, Chicago, Ill., Sept 13-18, 1970, Abstracts, BIOL-25.

(3) J. A, Carbon, L, Hung, and D. 8. Jones, Proc. Nat. Acad. Set. U. 8.,
63, 979 (1965).

(4) N. Sueoka and T. Kano-Sueoka, Prog. Nucl. Acid Res. Mol. Biol.,
10, 23 (1970): Proc. Nat. Acad. Sci. U. 8., 52, 1535 (1964).

(5) B.Goehler and R, H. Doi, ibid., 56, 1047 (1966).

(6) J. Carbon and H. David, Biochemistry, T, 3851 (1968).
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Soc., 87, 2201 (1945).
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(9) M. N. Lipsett and B, P, Doctor, J. Biol. Chem., 242, 4072 (1967).

(10) W, V,Ruyleand T. Y. 8hen, J. Med. Chem., 10 (3), 331 (1967).

(11) R. W. Chambers and V. Kurkov, J. Amer. Chem. Soc., 85, 2160
(1963).

(12) D. B. Strominger and M. Friedkin, J. Biol. Chem., 208, 663 (1954).

(13) D, M. Brown, D. B. Parihar, A, Todd, and 8. Varadarajan, J. Chem.
Soc., 3028 (1958).

(14) G. Shaw, R. N, Warrener, M. H. Maguire, and R. K. Ralph, ibid.,
2294 (1958).

(15) Y. Ueda, Y. Iida, K. Ikeda, and Y. Mizuno, Chem. Pharm. Bull.,
14 (B), 666 (19686).

(16) H-J. Lee and P, W. Wigler, Biochemisiry, T, 1427 (1968).

@17 J. J. Fox, N. Yung, J. Davoll, and G. B. Brown, J. 4dmer. Chem.
Soc., 78, 2117 (1956).

The pK.'s of both V and VI are 8.1,

desired (2-thiouracil);Hg in 2:1 stoichiometry and in a
quantitative yield. It is noteworthy that (2-methyl-
thiouracil),Hg was previously obtained in high yield
directly from 2-methylthiouracil by Scannell and Al-
len."® However, Lee and Wigler’® claim to have pre-
pared I in 839, yield by prior acetylation of 2-thiouracil
followed by mercuric chloride treatment: mp 282-286°
dec, Apax (ethanol) 2904 nm. On the other hand, I have
been unable to prepare 2-thiouracil-HgCl salt using
equimolar amounts of 2-thiouracil and HgCls; elemental
analysis of the product indicated the formation of mix-
tures. The addition of mercuric bromide in this mer-
curi condensation reaction was not essential and did not
improve the yield of 2-thiouridine.

The treatment of I with 2,3,5-tri-O-benzoyl-p-ribo-
furanosyl chloride yielded a mixture of blocked nucleo-
sides II, III, and IV separable by chromatography on
silicic acid (SchemeI). On debenzoylation with sodium
methoxide in methanol, IV gave 2-thioisouridine (VI),
identified by the similarities of its uv absorption spectra
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(18) J.P.Scannell and F. W. Allen, J. Org. Chem., 26, 2143 (1960).



