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ABSTRACT 

The  preparation of a 1111mber of polypeptides whose sequences are found in the actinomycin D 
molecule is described. The  4-methyl-3-hydroxyanthranoyl derivatives cf these peptides were 
also prepared as  possible substrates for an  enzyme that  forms the phenoxazinone system of the 
antibiotic. 

An enzyme that has been named phenoxazinone synthetase (1) catalyzes the oxidative 
condensation of 2 moles of 4-illethyl-3-hydroxyanthranilic acid to 1 mole of actinocin, 
the chroinophoric unit of the actinoii~ycins;~ this enzyme is believed to play an important 
role in actinon~ycin biosynthesis. In order to try to elucidate the steps in the biosynthesis 
of this family of antibiotics, a group of polypeptides \\,hose sequences appear in actino- 
mycin D has been attached to the 4-methyl-3-hydroxyanthranoyl unit for study as 
possible substrates for the oxidative the preparation of these compounds is the 
subject of this manuscript. 

Because we were interested in obtaining both the free polypeptides and the anthranoyl 
peptides, a stepwise addition of a N-carbobenzyloxyamino acid to a t-butyl aminoester 
was generally employed to give a blocked peptide that  could serve as a common inter- 
mediate. Catalytic hydrogenation of the blocked peptide prepared in this way yielded an 
aininoester suitable for coupling with 3-(benzy1oxy)-2-nitro-p-toluic acid (XXVIII) (3) 
to prepare the anthranoyl peptides, whereas a two-step process of hydrogenation and 
cleavage of the tertiary ester with trifluoroacetic acid yielded the free peptide, usually as 
a trifluoroacetic acid salt. 

The phosphoryl chloride coupling method (4, p. 1006), because of its convenience, was 
used mostly in preparing the peptides (see Reaction Schemes 1 and 2). The blocked tri- 
peptide (VII) was also prepared by the azide method (4, p. 1949), which is known to 
proceed without racemization, and by the carbodiimide technique (4, p. 1016); the 
products froin the three preparations had identical optical rotations. The blocked penta- 
peptide (XXIV) was more conveniently prepared by coupling of the azide derived from V 
with the tripeptide ester (XXI) ;  the alternative preparation of S X I V  by the stepwise 
route using phosphoryl chloride couplings, however, gave an essentially identical product. 

Hydrogenolysis of the blocked dipeptide (XI) proceeded normally, but the product, 
L-ProSarOt-Bu, cyclized to the diketopiperazine (XXVII) very readily a t  room tempera- 
ture; special reaction conditions were required to obtain useful yields of the blocked 
tripeptide (XII).  Ordinarily the t-butyl esters of dipeptides are quite stable to diketo- 
piperazine cyclization and are thus advantageous in synthetic work. For example, Ander- 
son ( 5 )  noted that t-butyl glycylphenylalaninate showed no evidence of diketopiperazine 
\\hen held at  room temperature for 23 days. The present work s h o w  that ,  a t  least in 

' T h i s  ~i 'ork was carried out under the azlspices of the Cancer Chenzotherapy National Service Center, National 
Cancer I7zstitzrte, National I?zstztz~tes of Health, U.S. Public Health Service, contract No. P H  43-64-500. The  
opiniolzs expressed are those of the authors and not necessarily those of the Cancer Clzen~otherapy National Service 
Center. 

2For pertinent reviews see ref. 2. 
3The e?z~ymatic studies will be reported separately b y  Dr. Kate and his co-workers. 
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VI I 

I I 
Z-L-Thr-n-Val-L-ProOBz H-L-Thr-D-Val-L-ProOt-Bu 

VIII 

I 
H-L-Thr-n-Val-L-ProOH 

I x 

certain cases, t-butyl esters of dipeptides are not stable to intramolecular cyclization. The 
ease of cyclization of L-ProSarOt-Bu inay be attributable to the presence of the proline 
moiety; recently, the enhanced tendency of proline dipeptides to undergo intrainolec~ilar 
cyclization has been noted in some mass spectral work (6). However, in our own work 
SarSarOt-Bu also cyclizes readily, and the presence of the sarcosine inoiety in the dipeptide 
ester derived froin XI  may be the doininant factor 

The nuclear magnetic resonance (n.m.r.) spectra of all the peptides containing sarcosine 
and N-methyl-L-valine showed the double resonances for the N-methyl protons that result - - 
fro111 ainide cis-trans isomerism. 

To prepare the anthranoyl peptides (XXXI) the respective t-butyl peptide esters were 
coupled with the acid (XXVIII) (3) by the phosphoryl chloride method (4, p. 1006) to 
for111 XXIX (Reaction Scheme 3). Reaction of XXIX with trifluoroacetic acid cleaved 
both the ester group and the aromatic 0-benzyl group (7) to give XXX. Catalytic hydro- 
genation of XXX yielded the anthranoyl peptides that were stable in the form of their 
11 ydrochlorides (XXXI) . 

EXPERIMENTAL" 

t-Bzttyl 1 V - ( ~ a r b o b e n z o ~ y ) - ~ - t 1 ~ ~ e o ? ~ y ~ - ~ - ~ a l y ~ - ~ - ~ o i a t e  ( V I I )  
Phosplroryl Chloride Method 
A solutioli of 1.319 g (4.76 ~nmoles) of t-butyl D-valyl-L-prolinate (VI) and 1.206 g (4.76 mmoles) of 

N-(carbobenzoxy)-L-threonine in  32 ml of dry, freshly distilled tetrahydrofuran was prepared and cooled 

.lBoiling points and ttlelting points are tr7rcorrected; the latter were obtained wi th  the Tho~llas-IIoooer apparatlls. 
I'aper chro~~zatography was  r u n  by the descending techniqz~e 071 bV1tat1nan No .  1 paper wi th  the soloent systerrl 
n-btrtanol - acetic acid - wafer  (5:B:Y); n i n h j ~ d r i n  was  zised for detection. i l kgnes i z~nr  sulfate was  zrsed to dry  
organic sollttions itnless otherwise noted. T h e  n.111.r. spectra zuere r t ~ n  ,in de1rte~iochlorofor1r1 o n  tlre V a r i a n  11-60 
spectro7rleter wi th  te tra~~~et lryls i lane as  tlre internal standaud unless other~aise noted. Thin- layer  chro1ilatogrclp11.y 
zoas carried 0211 011 Brinknran silica gel HF, 0.26 T I L T I Z  tlvick. Detection was  accoir~plished b y  zrltmaiolet and b y  
20% H&04 ( v / o )  spray. Silicic acid rrsed for chro~rratography was  a reagent grade, 00-200 n ~ e s h  tnatericrl. 
Optrcal rotations were 1.1111 i n  chlorofornr at tlre D l ine  irnless otherwise noted. Gas clrro~t~atograplry w a s  n r n  i n  
a 6 f t  X inch phenyldietIra?rola.tt~ine szrccinate C O ~ Z L ~ ~ L ~ ,  hel,i t~~tr being used a s  a carrier gas. 
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Z-SarOH El-K-ille-L-VaIOt-Ru 
I S V I  I 

I-I-I.-T~~-D-V~I-I~-P~OS~~OL-BII 
XV 
1 

E 1 - ~ - ' r h r - ~ - V a l - ~ - P r o S d H  
S V I  

Z - D - V ~ I - L - P ~ O S ~ ~ - ~ - ~ I ~ - L - V ~ L - B L I  
S S I I  

1 
H-~-Val-L-ProSar-~-i\ iIe-~-\~aIOL-h 

S S I  I  I  

1 
Z-L-T~~-D-V~I-L-P~OS~~-N-M~-L-V~~OL-B~ 

1 
H-L-Thr-D-Val-L-I'roSar-We-L-ValOl-Bu 

XXV 

to -15 to -20'. Phosphoryl chloride (0.436 ~ n l  (4.76 tnmoles)) was added rapidly follo\\led immediately by 
1.32 ml (9.52 mmoles) of triethylamine. The lnixture was stirred for 1 h a t  -15 to -20°, water (20 ml) was 
added, and then the tetrahydrofuran was evaporated in vacuo a t  room temperature. Water (20 ml) wasadded 
to the residue and the n~ixture was extracted with 25 ml of dichloromethane. The organic solution was washed 
with two 20 tnl portions of water, two 20 mI portions of saturated aqueous sodium bicarbonate solution, and 
finally 20 rnl of water; then the solution was dried and evaporated in vaczbo to give 1.808 g (75%) of an oil 
that showed a major single spot on thin-layer chromatography (t.l.c.), with a trace spot a t  the origin. 
The oil was chrornatographed on 60 g of silicic acid, and V I I  was obtained, by elution with ethyl acetate - 
chloroform (1:9), as all oil with [aIz3 -33.3 f 1.0" (c, 1.89). 

r\nal. Calcd. for C ~ ~ H ~ Q N ~ O ; :  N, 8.31. Found: N, 7.99. 
Ca rbodiinzide Atelhod 
.L\ mixture of 1.455 g (5.25 mn~oles) of V I ,  1.364 g (5.38 mmoles) of N-(carbobenzoxy)-L-threonine, and 

1.11 g (5.38 mmoles) of dicyclohexylcarbodiimide in 25 ml of dichlorornetha~le was prepared, stirred for IS  h 
a t  room temperature, and then cooled to OD. Glacial acetic acid (1 ml) was added, the mixture was filtered, 
and the filtrate was washed successively \vith 10 rnl portions of water, 2 N hydrochloric acid, water, saturated 
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B 
C-R-OH 

SXIX SSS S X S I  

a series, R = L-Thr-D-Val 
b series, R = L-Thr-D-Val-L-Pro 
c series, R = L-Thr-D-Val-L-ProSar 
d series, R = L-Thr-D-Val-L-ProSar-N-Me-L-Val 

REACTION SCHEXE 3. 

aqueous sodium bicarbonate, and water; then the filtrate was dried and evaporated. The residue, which 
contained some solid, was dissolved in 25 ml of cyclohexane, filtered through Celite, and evaporated i n  uacuo 
to give 2.26 g of an oil that showed several spots on t.1.c. The oil was chromatographed on 76 g of silicic acid 
to yield, by elution with chloroform and ethyl acetate - chloroform (1:0), 1.819 g (67%) of an oil that showed 
a single spot on t.1.c. and had. [a]" -33.1 f 0.9" (c, 1.91). 

Azide Method 
To a stirred solution a t  0' of 4.20 g (11.5 mmoles) of N-(carbobe11zoxy)-L-threonyl-D-valyl hydrazide (V) 

in a mixture of 42 ml of glacial acetic acid and 28 ml of 2 N hydrochloric acid was added 0.79 g (11.5 mmoles) 
of sodium nitrite dissolved in 4 ml of cold water. The mixture was diluted with 3 volumes of ice water and was 
extracted with 40 ml of cold ethyl acetate. The organic layer was washed with two 20 ml portions of ice water 
and two 20 ml portions of cold saturated aqueous sodium bicarbonate, dried over sodium sulfate, and de- 
canted into a solution of 2.07 g (12.1 mmoles) of t-butyl L-prolinate in 10 ml of cold ethyl acetate. 411 opera- 
tions were carried out rapidly in a cold room maintained a t  4'. The mixture was stirred a t  4' for 48 h ;  washed 
successively with 25 ml portions of water, saturated aqueous sodium bicarbonate, water, 2 N hydrochloric 
acid, and water; dried; and evaporated i n  uacuo to leave 4.44 g of a glass. This residue showed several spots on 
t.1.c. A portion of it, 3.218 g, was chromatographed on 76 g of silicic acid and the material that was eluted 
with ethyl acetate - chloroform (1:9) (1.971 g (4570 from V)) had [aIz3 -33.1 f 1.0' (c, 1.94) and showed 
a single spot on t.1.c. 

Anal. Calcd. for CzsTrIasNaOr: C, 61.8; II,7.77; N, 8.31. Found: C, 61.0; H, 7.51; N, 7.04. 
Benzyl N-(carbobenzoxy)-L-threonyl-D-ualinate ( I l )  was prepared by the carbodiimide route to give an SO% 

~ i e l d  of I1,in.p. 90.1-90.6' (from methanol-water), that had [aIU -19.3 f 0.4" (c, 4.63). 
Anal. Calcd. for CzsHaoNzOs: C, 65.2; H, 6.83; N, 6.33. Found: C, 65.1; H, 6.81; N, 6.53. 
L-TI~reonyl-D-ualine ( I )  was prepared by catalytic hydrogenolysis of I1 in 80% aqueous acetic acid over 5% 

palladium on carbon to give a 56% yield of I, m.p. 238.2-239.5' (from water-ethanol), that had [a122 

+47.1 f 1.0" (c, 2.20 in water). On paper chromatography the compound showed a single spot with Rr 0.62. 
Anal. Calcd. for C~H18N201: C, 49.5; H, 8.31; N, 12.8. Found: C, 49.6; H, 8.19; N, 12.6. 
Methyl N-(carbobenzoxy)-L-threonyl-D-ualinate ( I V )  was prepared by the carbodiimide route to give a 45% 

yield of IV, m.p. 121-122.5" (from benzene - petroleum ether (3G60°)), that had [aIz2 -33.7 0.5' (c, 
4.97). 

Anal. Calcd. for CI~HZGNZOP,: C, 59.0; H, 7.16; N, 7.84. Found: C, 59.3; H, 7.23; N, 7.84. 
N-(Carbobenzoxy)-L-threonyl-D-ualine hydrazide ( V )  was prepared conventionally in 60% yield from IV6 

and had m.p. 244.8-246.5' (decomp.) (from absolute ethanol). 
Anal. Calcd. for C ~ ~ H Z G N ~ O ~ :  C, 55.7; H, 7.16; N, 15.3. Found: C, 55.2; H, 7.22; N, 15.0. 

= A n  attempt to saponify I V  with dilute base i n  aqueous dioxane gave a low yield of a solid, n2.p. 265-626" 
(decomp.), whose elemental analysis and spectral data are compatible with the cyclic urethan i. A s  a referee has 
pointed out, these data do not eliminate the zsomeric hydantoin ii as a possible structure. 
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MARSH AND GOODMAN: PEPTIDE SYNTHESIS 803 

t-Butyl N-(carbobenzoxy)-L-threonyl-D-ualinate (111) was prepared by the carbodiimide method to give a 
68% yield of solid, m.p. 112.8-115.0" (from cyclohexane-hexane), that had -27.1 f 0.5' (c, 5.07). 

Anal. Calcd. for C21HS2N205: C, 61.8; H, 7.90; N, 6.86. Found: C, 61.8; H,  7.87; N, 6.95. 
t-Butyl D-valyl-L-prolinate ( V I )  was prepared by catalytic hydrogenation over 5% palladium on carbon in 

95y0 ethanol of crude t-butyl N-(carbobenzoxy)-D-valyl-L-prolinate that had been prepared as an oil in 77% 
yield by the phosphoryl chloride method. The dipeptide ester (VI) was an oil with [a123 -107 f 2' (6, 1.56). 

Anal. Calcd. for C13H~~N203: C, 60.7; H ,  9.79; N, 10.9. Found: C, 60.1; H, 9.67; N, 10.6. 
Benzyl N-(carbobenzoxy)-L-threonyl-D-ualyl-L-prolinate ( V I I I )  was prepared from V in 68% yield by the 

azide method to give an oil that was purified by silicic acid chromatography and which had [aIz3 -37.4 f 1.7" 
(c, 1.12). 

Anal. Calcd. for CzgHaiNs.01: C, 64.5; H ,  6.91; N, 7.79. Found: C, 63.4; H, 7.00; N, 7.60. 
L-Tlzreonyl-D-ualyl-L-proline ( I X )  was prepared by catalytic hydrogenolysis of VIII in 80% aqueous acetic 

acid over 5% palladium on charcoal. The tripeptide (IX) had m.p. 180.0-181.5° (decomp.) (from water- 
ethanol) and [aIz5 -2.8 f 0.7' (c, 1.48 in water). On paper chromatography the compound showed a single 
spot with Rf 0.64. 

Anal. Calcd. for C I ~ H ~ ~ N ~ O ~ . O . ~ H ? O :  C, 51.0; H, 8.13; N, 12.7. Found: C, 50.9; H, 8.01; N, 13.0. 
t-Butyl sarcosinate ( X )  was prepared by catalytic hydrogenolysis of crude t-butyl N-(carbobenzoxy)- 

sarcosinate (prepared from N-(carbobenzoxy)-sarcosine by Anderson's (5) procedure) in 95% ethanol over 
5% palladium on carbon. The hydrogenolysis product was purified by distillation to give material that had 
b.p. 76.5-78' a t  40 mm and which showed a single peak on vapor phase chromatography with a retention 
time of 1.80 min, a column temperature of 130" and a flow rate of 51 ml/min being used. The analytical sample 
had nnZ3 1.4148. 

Anal. Calcd. for CIHI~NO?:  C, 57.9; H,  10.4; N, 9.65. Found: C, 57.7; H,  10.4; N, 9.42. 
t-Butyl N-(carbobenzoxy)-L-prolylsarcosinate ( X I )  was prepared in 85% yield by the phosphoryl chloride 

procedure to give the blocked dipeptide as an oil that showed a trace impurity on t.1.c. and had [or]z2.6 
-52.1 f 0.9" (c, 2.85 in ethanol). 

Anal. Calcd. for C~OH~SNZOE,: C, 63.8; H ,  7.49; N, 7.44. Found: C, 63.8; H, 7.47; N, 7.39. 

2,6-Dioxo-l-rnethyl-S,4-trimethylenepiperazine ( X X  V I I )  
The blocked dipeptide (XI, 2.92 g) was dissolved in 30 n ~ l  of ethanol and was hydrogenated con- 

ventionally with 5y0 palladium on carbon. After evaporation there was an oil (1.80 g) whose n.m.r. spectrum 
indicated loss of the t-butyl group by the reduced integrated intensity of the t-butyl protons relative to the 
rest of the molecule. Distillation (short path) of the material gave 0.68 g (bath temperature 125' a t  0.008 mm) 
of a semisolid which was crystallized from ethyl acetate - cyclohexane to  give the hygroscopic product, m.p. 
46.2-47.5", [a122 -131.8 f 2.9' (6, 0.613 in ethanol). 

Anal. Calcd. for CsH12N202: C, 57.1; H, 7.20; N, 16.7. Found: C, 56.7;H,7.20; N, 16.3. 
t-Butyl N-(carbobenzoxy)-D-ualyl-L-prolylsarcosinate ( X I I )  was prepared in 71% yield by the phosphoryl 

chloride method from t-butyl L-prolylsarcosinate to give XI1 as an oil that showed two trace contaminants 
on t.1.c. The t-butyl dipeptide used in the condensation was prepared from X I  by hydrogenation a t  0°, 
rapid removal of the solvent a t  -10 to  0' in a high vacuum, and immediate use of the crude product in the 
coupling. 

Anal. Calcd. for C,sHarNaOs: C, 63.1; H, 7.84; N, 8.83. Found: C, 63.0; H, 7.91; N, 8.81. 
t-Butyl D-ualyl-L-prolylsarcosinate ( X I I I )  was obtained in 93% yield as  a solid with no definite melting 

point, by conventional hydrogenolysis in 95% ethanol. I t  had [aIz3 -103 f 1.3' (6, 1.55 in ethanol). 
Anal. Calcd. for C11H31N304: C, 59.8; I-I, 9.16; N, 12.3. Found: C, 59.3; Il,9.11; N, 12.3. 
t-Butyl N-(carbobenzoxy)-~-threonyl-~-valyl-~-prolylsarcosinate ( X I V )  was prepared in 67% yield by the 

phosphoryl chloride method to give the blocked tetrapeptide as a foam that showed a single spot on t.1.c. 
and had [@Iz3 -37.8 f 1.4" (c, 0.923 in ethanol). 

Anal. Calcd. for C29H44N408: C, 60.4; H,  7.69; N, 9.72. Found: C, 59.9; H, 7.80; N, 9.79. 
t-Butyl L-threonyl-D-ualyl-L-prolylsarcosinate ( X V )  was obtained in 92% yield as  a white solid with no 

definite melting point, by conventional catalytic hydrogenolysis of XIV. I t  had [a123 -28.1 f 5.0' (c, 0.354 
in ethanol). 

Anal. Calcd. for c21H8~N406.I-120: C, 54.8; H ,  8.75; N, 12.2. Found: C, 54.5; H, 8.40; N, 11.8. 

L-Threonyl-D-valyl-L-prolylsarcosine ( X  V I )  TrifEuoroacetate 
The tetrapeptide ester (XV, 0.700 g) was dissolved in 15 ml of trifluoroacetic acid, and the solution was 

allowed to stand a t  room temperature for 45 min and then was evaporated in vacuo. The residue was treated 
with 20 ml of benzene, the mixture evaporated in uacuo, and the treatment repeated. The residue was then 
dissolved in 10 ml of absolute ethanol, the solution filtered, and the filtrate treated with excess dry ether to 
precipitate the peptide salt. After a second ethanol-ether precipitation the product was isolated by centri- 
fugation to yield 0.415 g (55%) of the salt, m.p. 147-160' (decomp.), [a]23 +9,1 f 1.5' (c, 0.667 in ethanol). 
On paper chromatography the compound showed a single spot with Rf 0.67. 

Anal. Calcd. for C17H30N406.CF3C02H: C, 45.6; H ,  6.25; F, 11.4; N, 11.2. Found: C, 45.6; H, 6.65; F, 
11.7; N, 11.7. 

Amino acid analysis of the tetrapeptide showed a molar ratio for Thr:Val:Pro:Sar of 1.06:1.04:1.01:0.77. 
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t-Bzrtyl N-Methyl-L-valznate (X Vfl) 
Liquid isobutylene (25 n~ l )  was added to a solution of 2.9 g of N-methyl-L-valine (8) in 25 ml of dry dioxane 

containing 2.4 ml of concentrated sulfuric acid. The mixture, in a heavy-walled, tightly stoppered bottle, was 
stirred vigorously for 18 h a t  roo111 temperature; then the excess isobutylene was vented and the residue was 
poured into an ice-cold mixture of 100 ml of water and 200 ml of ether. The water layer was separated, 
adjusted to pH 10 with 1 N sodium hydroxide, and extracted with three 25 ml portions of ether. T h e  ether 
extract was dried and the ether removed by distillation through a short Vigreux colun~n. Finally some dioxane 
was removed by application of an aspirator vacuum a t  room temperature. The residual liquid (3.0 g) was 
distilled through a spinning-band column to  give 1.87 g (77y0) of distillate collected in two fractions, b.p. 
64-76" a t  16 mm and 7Ck73" a t  12 mm. The second fraction was used for analysis and had [a]20 +4.7 f 0.9" 
(6, 0.95). Vapor phase chromatography showed a single peak with a retention time of 1.55 ~nin,  a colun~n 
temperature of 139" and a flow rate of 143 ml/min being used. 

Anal. Calcd. for CloH?lNO?: C, 64.1; H, 11.3; N, 7.48. Found: C, 63.8; H,  11.5; N, 7.36. 
On a larger scale the removal of the diox,~ne was troublesome and caused difficulty in the isolation of XVI I. 

The conversion of N-benzyl-N-methyl-L-valine (8) into the t-butyl ester, isolated as  a crystalline hydro- 
chloride, was simpler, but no practical system for debenzylation of the ester could be found. 

t-Bzrtyl N-(carbobenzoxy)sarcosyl-N-7t7ethyl-~-valnate (X VIII) was prepared in 71y0 yield by the phosphoryl 
chloride method to give the product as an oil that showed several trace spots on t.1.c. and had [a]23 -78.0 
f 0.9' (c, 1.08 in ethanol). The integration of the n.m.r. spectrum of the product showed the proper ratios 
for structure XVIII. 

Anal. Calcd. for C.'IH~?N~O:: C, 64.3; 15,822; N, 7.14. Found: C, 63.9; H ,  7.95; N, 7.41. 
t-Bzrtyl sarcosyl-N-~netlzyl-L-valinate (XIX) was prepared by conventional hydrogenolysis of XVIII to  

give a 65yo yield of an oil that had [aIz2 -68.1 f 3.2' (c, 1.71 in ethanol) and which showed no signs of 
cyclization a t  room te~nperature. 

Anal. Calcd. for C I ~ H ? B N ? O ~ :  C, 60.4; H ,  10.1; N, 10.9. Found: C, 60.4; H,  10.2; N, 11.0. 
t-Bzrtyl N-(carbobeneo~y)-~-prolylsarcosyl-N-~nethyl-~-vali?zate (XX) was prepared by the phosphoryl chloride 

method to give a 75yo yield of an oil that was purified by silicic acid chromatography. The fraction eluted 
with chlorofor~n represented a 44y0 yield and had [a121 - 102.8 f 2.0" (c, 0.864 in ethanol). 

Anal. Calcd. for C26H3gN306: C, 63.8; H ,  8.03; N, 8.58. Found: C, 63.7; H ,  8.05; N, 8.79. 
t-Butyl L-prolylsarcosyl-N-?~zethyl-L-valinate (XXI) was prepared conventionally from X X  to give 95% 

of an oil that had [a123 - 141.2 f 0.6" (c, 0.91 in ethanol). 
Anal. Calcd. for ClsHo3NaOc: C, 60.8; H, 9.36; N, 11.8. Found: C, 60.7; H, 9.21; N, 11.9. 
t-Butyl N - ( c a r b o b e n z o x y ) - ~ - v a l y l - ~ - p r o l y l s a r ~ m e t h y l - ~ - a l i n a t e  (XXII)  was prepared by the phos- 

phoryl chloride procedure to give, after silicic acid chromatography, a 63% yield of an oil that had [aJ21 
-75.3 f 2.0" (c, 1.00 in ethanol). 

Anal. Calcd. for C31H18x(07: C, 63.2; H,  8.22; N, 9.53. Found: C, 63.0; H, 8.71; S ,  9.43. 
t-Butyl D-oolyl-L-prolylsnrcosyl-N-rnethyl-L-vnla (XXII I )  was prepared from S S I I  to give a 97% yield 

of a gum that had [a]25 -125.2 f 2.4" (c, 1.15 in methanol). 
Anal. Calcd. for C23H42;\ri405: C, 60.8; I5,9.31; N, 12.3. Found: C, 60.9; H ,  9.09; N, 12.4. 
t-Bzrtyl N - ( c a ~ ~ b o b e n z o x y ) - ~ - t A r e o ~ z y l - ~ - ~ a l y l - ~ - r o a r c o - N - z e t h y - ~ - a i z a e  (XXIV) was prepared 

both by the phosphoryl chloride procedure from X S I I I  and by the azide coupl in~ of XXI and the azide 
derived from V. The phosphoryl chloride procedure provided, after chron~atography on activated Florosil, 
57Yo of a gum that gave a single spot on t.1.c. and had [a]21 -78.3 f 1.0' (c, 0.548 in ethanol). 

Anal. Calcd. for C35HsijNsOg: C, 60.9; H,  8.04; N, 10.2. Found: C, 60.5; H,  8.16; N, 9.78. 
The product from the azide coupling reaction was obtained in 60% ~ i e l d  after chromatography on Florosil 

and showed t.1.c. behavior identical with that  of the phosphoryl chloride product; it had [al21 -74.4 f 1.7" 
(c, 1.10 in ethanol). 

t-Bzrtyl ~-tkreonyl-~-va~y~-~-~rolylsarcosyl-N-metkyl-~-va~inate (XXV) was prepared from XXIV to give 
92% of a foam that had [a]?I -75.4 f 1.8" (c, 0.966 in ethanol). 

Anal. Calcd. for C ? ~ H . I ~ N : O ~ :  C, 58.4; H,  8.89; N, 12.6. Found: C, 57.8; I-I, 8.72; N, 12.3. 
~-Threonyl-~-valyl-~-prolylsarcosyl-N-methyl-~-valine (XXVI)  trij'lzroroacetate was prepared from XXV by  

the procedure described for XVI to give an Slyo yield of a white foam that had [aI2"42.4 f 1.6" (c, 1.05 
in ethanol). 011 paper chromatography the compound showed a single spot with Rr0.69. 

Anal. Calcd. for C ? ~ H ~ I N ~ O ~ . C F ~ C O ? H :  C, 48.9; H ,  6.90; F ,  9.29; N, 11.4. Found: C, 48.7; H, 7.05; 
F, 9.66; N, 11.9. 

t-Blrtyl N - [ S - ( b e n z y 1 o x y ) - 2 - n i t r o - p - t o l z r o y l ~ a t e  (XXIXa) was prepared by the phosphoryl 
chloride coupling of XXVIII and t-butyl L-threonyl-D-valinate to give a 60% yield of a crystalline solid 
having an undefined melting point after crystallization from cyclohexane. 

Anal. Calcd. for C?sH37N308: C, 61.9; H,  6.86; N, 7.73. Found: C, 61.8; H, 6.75; N, 7.53. 

N-(2-Nitro-S,4-cresotoyl)-~-threonyl-~-valine (XXXa) 
A solution of 3.578 g of XXIXa in 25 ml of trifluoroacetic acid was allowed to stand a t  room temperature 

for 1.5 h, and then was evaporated i ~ z  vaczio. The residue was freed of acid by the successive addition and 
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MARSH AND GOODMAN: PEPTIDE SYNTHESIS 805 

evaporation of three 25 ml portions of benzene. The residue was partitioned between 25 ml each of chloro- 
form and saturated aqueous sodium bicarbonate. The aqueous extract was acidified to pH 1 with 3 N hydro- 
chloric acid and was extracted with 25 ml of chloroform. The organic extract was dried and evaporated 
in uacuo to leave 2.59 g of a yellow solid. Recrystallization from benzene yielded three crops of crystalline 
solid, 1.63 g (62%). A sample that was recrystallized for analysis had m.p. 101.2-104.0'. 

Anal. Calcd. for C17H23N308: C, 51.4; H, 5.83; N, 10.6. Found: C, 51.6; H, 6.31; N, 10.3. 

N-(2-Amino-S,4-cresotoyl)-~-th~eonyl-~-ualine Hydrochloride (XXXIa) 
A stirred mixture of 1.467 g of XXXa, 25 ml of absolute ethanol that contained 5 drops of glacial acetic 

acid, and 350 mg of 5% palladium on carbon was maintained under a hydrogen atmosphere for 18 h, during 
which time 343 ml (corrected for catalyst absorption) of hydrogen was absorbed. The mixture was filtered 
through Celite and the filtrate was treated with 10 ml of hydrogen chloride saturated ether. Dry hydrogen 
chloride was bubbled through the chilled solution for about 15 min, and then the solution was evaporated 
in uacuo. The residue was dissolved in the minimum amount of absolute ethanol, and the product was 
precipitated with excess dry ether. The precipitate (1.135 g (76%)) was collected by centrifugation to give a 
solid that showed no definite melting behavior and had [aIz3 f 13.8 f 0.4" (c, 3.82 in 1 N hydrochloric acid), 
Xg:; 221 mp ( (e 27 400) and 285 mp ((e 6 450). 

Anal. Calcd. for C I ~ H ~ ~ C I N ~ O ~ :  C, 50.6; H, 6.49; C1, 8.78; N, 10.4. Found: C, 50.8; H, 6.65; C1, 8.66; N, 
10.4. 

t-Butyl N-[3-(benzyloxy)-2-nitro-p-toluoyl]-~-threonyl-~-uay-~-prolinate (XXIXb) was a foam that was 
chromatographed on silicic acid to give a low yield of an amorphous material that gave a single spot on t.1.c. 
and whose n.m.r. spectrum was in good agreement with that of the postulated structure. 

N-(2-Nitro-3,4-cresotoyl)-~-threonyl-~-ualyl-~-proline (XXXb) was prepared from crude XXIXb with 
trifluoroacetic acid to give a 61% yield of solid after crystallization from ethyl acetate - cyclohexane. The 
material did not have a definite melting point; it had [mI28 - 19.6 f O.g0 (c, 1.87 in ethanol). 

Anal. Calcd. for C Z Z H ~ O N ~ O ~ :  C, 53.4; H, 6.14; N, 11.33. Found: C, 53.5; H, 6.73; N, 11.2. 
Crystallization of the compound from carbon tetrachloride gave a solvate. 
Anal. Calcd. for C22H30N409.0.4CC14: C, 48.4; H, 5.44; C1, 10.2; N, 10.1. Found: C, 48.6; H, 5.77; C1, 9.90; 

N, 10.2. 
N-(2-Amino-3,4-cresotoyl)-~-threonyl-~-ualyl-~-proline hydrochloride (XXXIb) was an amorphous powder 

that was prepared in 66% yield from XXXb and which had [a]23 -16.9 f 0.6" (c, 2.28 in 1 N hydrochloric 
acid). 

Anal. Calcd. for C22H33C1N407: C, 52.8; H,  6.64; C1, 7.08; N, 11.2. Found: C, 52.6; H, 6.77; C1, 6.68; 
N, 10.6. 

t-Butyl N-[S-(benzyloxy)-d-nitro-p-toluoyl]-~-threonyl-~-ualyl-~-prolylsarcosinate (XXIXc) was obtained a s  
a chromatographically homogeneous foam in 35% yield after chromatography on Florosil. I t  had [aI23 
-20.9 f 1.2" (c, 0.94 in ethanol). 

Anal. Calcd. for C36H49N501~: C, 60.8; H, 6.94; N, 9.84. Found: C, 60.9; H, 6.90; N, 9.17. 
N - ( ~ - N i t ~ o - 3 , 4 - c r e s o t o y l ) - ~ - t h r e o n y l - ~ - ~ r o y s a r c o s i n e  (XXXc) was obtained from XXIXc as a n  

an~orphous solid after the usual trifluoroacetic acid treatment and a final precipitation from ethyl acetate 
with hexane. The material gave poor analytical results. 

N-(2-Anaino-3,4-cresotoyl)-~-threonyl-~-uay-~-prolysarcosine hydrochloride (XXXIc) was obtained as an 
ethanol solvate from hydrogenation of XXXc. I t  had [alZ4 -30.3 f 1.2' (c, 0.99 in 1 N hydrochloric acid) 
and 216 mp ((E 31 200), 222 mp (shoulder, e 28 900), and 330 mp ( (e 2 205). 

Anal. Calcd. for C25H38CIN508.C2H,0H: C, 52.4; H,  7.17; C1, 5.74; N, 11.3. Found: C, 52.1; H, 6.85; 
C1, 5.71; N, 11.3. 

The presence of ethanol was confirmed by mass spectrometry. 
t-Butyl N-[3-(benzyloxy)-d-nitro-p-toluoyl]-~-threonyl-~-ualyl-~-prolylsarcosyl-N-methy-~-ualinate (XXIXd) 

was obtained in 58% yield as a chromatographically homogeneous foam after chromatography on activated 
Florosil. 

Anal. Calcd. for C ~ ? H ~ Q ~ \ ~ ~ O I I :  C, 61.1; H,  7.33; N, 10.2. Found: C, 61.0; H, 7.65; N, 9.45. 
N-(d-Nitro-3,4-cresotoyl)-~-threonyl-~-ualyl-~-prolysarcosyl-N-methy-~-uane (XXXd) was obtained in 

851'33~ yield from XXIXd as a yellow powder that showed a single spot on t.1.c. 
Anal. Calcd. for C3tHacNeOll: C, 54.9; H, 6.84; N, 12.4. Found: C, 55.3; H, 7.00; N, 12.3. 
N-(d-Anzino-3,4-cresotoyl)-~-tl~reonyl-~-ualyl-~-prolylsarcosyl-N-nzethyl-~-ualine hydrochloride (XXXId) was 

obtained conventionally in 76% yield as an amorphous powder that had [a]22 -84.0 f 2.1" (c, 0.61 in ethanol). 
Anal. Calcd. for C31HagCINGOg: C, 54.3; H, 7.21; C1, 5.17; N, 12.3. Found: C, 54.1; H, 7.31; C1, 4.86; 

N, 12.0. 
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