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The N-terminal Al-AI sequence of the hyperglycemic 
hormone glucagon2 has been prepared in the form of 
blocked derivatives by several groups in the last few 
years. The original scheme utilized the dipeptides 
N"- benzyloxycarbonyl-L- histidyl-L-serine hydrazide, 
N"-benz yloxycarbonyl -Nim - benzyl- L - histidyl - L -serine 
hydrazide, and Sa-benzyloxycarbonyl-L-glutaminyl 
glycine for the const,ruction of larger units.3 Later, 
the dipeptide N"-t-butyloxycarbonyl-L-histidyl-0-t-bu- 
tyl-L-serine hydrazide was employed for a related syn- 
t h e ~ i s . ~  The tetrapeptide N"-benzyloxycarbonyl-Nim- 
benzyl-L-histidyl-L-seryl-L-glutaminylglycine has been 
made by two procedures and used in a succeeding con- 
densation reaction.5 Finally, another variant of the 
tetrapeptide exists in t'he form of N"-t-butyloxycar- 
bonyl-L-his tidyl-L-seryl-L-glutaminylglycine.6 

In  concluding our work on small glucagon frag- 
ment~,'- '~ there are described here several new ap- 
proaches to the Al--hr sequence involving various 
protecting groups. For example, P-benzyloxycar- 
bonyl-L-glutamine (I)68l3-l7 and glycine methyl ester 
hydrochloride (11) l2,I8 mere coupled by 2-ethyl-5- 
phenyloxa~olium-3'-sulfonate~~~~~ to yield N"-benzyl- 
oxycarbonyl-L-glutaminylglycine methyl ester (111). 
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Dipeptide I11 was formed in similar amount by the 
combination of N"- benzyloxycarbonyl- L-glutamine 
2,4,6trichlorophenyl ester (IV)21 or N"-benzyloxy- 
carbonyl-L-glutamine p-nitrophenyl ester (V) 22 with 
the glycine ester 11. Removal of the N"-benzyloxy- 
carbonyl group of dipeptide I11 by hydrogenolysis in 
the presence of dilute acid gave L-glutaminylglycine 
methyl ester hydrochloride (VI). Treatment of 
L-serine (VII) with acetyl chloridez3 afforded O-acetyl- 
L-serine hydrochloride (VIII) , 2 4 t 2 5  which was con- 
verted into N"-benzyloxycarbonyl-0-acetyl-L-serine 
(IX) .26 Reaction with p-nitrophenol and X,N'-dicy- 
clohexylcarbodiimide2~ produced the corresponding 
p-nitrophenyl ester (X).2*-a Similarly, acid I X  was 
joined with 2,4,5-trichlorophenol to  yield Sa-benzyl- 
oxycarbonyl- 0 - acetyl-L - serine 2,4,.5 - trichlorophenyl 
ester (XI). 

A reaction between amine VI and the activated ester 
X furnished N"-benzyloxycarbonyl-0-acetyl-L-seryl- 
L-glutaminylglycine methyl ester (XII) . The benzyl- 
oxycarbonyl moiety in tripeptide XI1 was cleaved with 
hydrogen bromide-acetic acid to yield 0-acetyl-L-seryl- 
L-glutaminylglycine methyl ester hydrobromide (XIII). 
Alternatively, hydrogenolysis of XI1 formed O-acetyl- 
L-seryl-L-glutaminylglycine methyl ester (XIV) . At 
this point, N"-benzyloxycarbonyl-N'm-benzyl-~-histi- 
dine (XV) 31 was combined with 2,4,5-t'richloro- 
phenol to form iYa-benzyloxycarbonyl-Nim-benzyl- 
L-histidine 2,4,5-trichlorophenyl ester (XVI) , 3 2  and 
neutralization of the salt XI11 followed by addit,ion of 
the activated ester XVI gave the desired N"-benzyloxy- 
carbonyl- Nim- benzyl -I,- hist,idyl-O - acetyl-L - serine-L- 
glutaminylglycine methyl ester (XVII). 

A second synthesis of the tetrapeptide sequence was 
achieved in the following manner. The trichlorophenyl 
ester XVI and L-serine methyl ester afforded N"-ben- 
zyloxycarbonyl-Nim-benzyl-L-histidyl-L-serine methyl 
ester (XVIII),5 which was hydrolyzed to the cor- 
responding acid (XIX) .5 Addition of hydrazine t'o 
the ester XVIII produced N"-benzyloxycarbonyl- 
Nim-benzyl-L-histidyl-L-serine hydrazide (XX) . An 
azide coupling between XX and the amine VI furnished 
an amorphous N"-benzyloxycarbonyl-Sim- benzyl- 
L- histidyl-L- seryl-L - glutaminylglycine methyl ester 
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(XXI). Alternatively, VI and Nu-benzyloxycar- 
bonyl-L-serine (XXII) were joined by N,N'-dicyclo- 
hexylcarbodiimidea3 to yield N"-benzyloxycarbonyI- 
L-seryl-L-glutaminylglycine methyl ester (XXIII) . 
Hydrogenolysis formed L-seryl-L-glutaminylglycine 
methyl ester (XXIV), which on reaction with the 
trichlorophenyl ester XVI gave crystalline tetrapeptide 
XXI . 

In a third approach, L-histidine hydrochloride 
monohydrate (XXV) was treated with methanol- 
sulfuric acid-hydrogen chloride to afford L-histidine 
methyl ester dihydrochloride (XXVI). 34 The older 
methanol-hydrogen chloride route is more trouble- 

Neutralization of salt XXVI, followed by addition 
of t-butyloxycarbonyl a~idoformate,~~ furnished Nu-& 
butyloxycarbonyl-L-histidine methyl ester (XXVII). 
Nu,N"-di-t-butyloxycarbonyl-L-histidine methyl ester 
(XXVIII) was also isolated from this reac- 
tion; though it slowly decomposes to the mono-t- 
butyloxycarbonyl-substituted product XXVII, i t  too 
may be used in peptide synthesis. Routine hydrolysis 
of the ester XXVII yielded Nu-t-butyloxycarbonyl-L- 
histidine (XXIX). 

The last scheme for the preparation of the 
tetrapeptide utilized N""-benzyl-L-histidine (XXX),37 
which on blocking with t-butyloxycarbonyl azidoform- 
ate, gave N"-t-butyloxycarbonyl-Nim-benzyl-L-histidine 
(XXXI). It is noted here that this particular com- 
pound has been sought without success by others. The 
intermediate XXXI promises to be a valuable addition 
to the small list of histidine derivatives now employed 
in the general technique of stepwise synthesis. 38,39 
Combination with 2,4,5-trichloropheno1 then afforded 
N"-t-butyloxycarbonyl-Nim-benzyl-L-histidine 2,4,5-tri- 
chlorophenyl ester (XXXII). Addition of XXXII 
to the amine XXIV produced crystalline Nu-t-butyl- 
oxycarbonyl - N""-benzyl-L- histidyl-L-sery l-r, - glutamin- 
ylglycine methyl ester (XXXIII), whereas an attempt 
to  prepare XXXIII by coupling the acid XXXI and the 
amine XXIV with N,N'-dicyclohexylcarbodiimide fur- 
nished only an oil. 

The synthesis, isolation, and characterization of the 
various tetrapeptides completed the efforts directed 
toward the preparation of seven distinct glucagon 
fragments. Future reports in this series will deal with 
the combination of these blocked units to form larger 
and possibly physiologically active peptides. 

Experimental Section4o 

Na-Benzyloxycarbonyl-L-glutarninylglycine Methyl Ester 
(HI).-Nu-Benzyloxycarbonyl-L-glutamine (13.31 g, 0.05 mol) 

(33) J. C .  Sheehan and 0. P. Hess, J .  Amer. Chem. SOC., 79, 1067 (1955). 
(34) N. C. Davis, J .  Bid.  Chem., 498,935 (1956). 
(35) E. Fischer and L. H. Cone, Ann., 868, 107 (1808). 
(36) L. A. Carpino, B. A. Carpino, P. J. Crowley, C. A. Giza, and P. H. 

(37) V. du Vigneaud and 0. K.  Behrens, J .  Bioi. Chem., 117, 27 (1937). 
(38) J. E. Shields and H. Renner, J .  Arne?. Chem. Soc., 88, 2304 (1966). 
(39) F. Weygand, W. Steglich, and P. Pietla, Ber., 100, 3841 (1967). 
(40 )  Melting points are uncorrected. 

Terry, Ore. Svn., 44, 15 (1964). 

Microanalyses were provided by 
Messrs. Erich H. Meier and J. Consul, Microanalytical Laboratory, Stan- 
ford University. The optical rotation, infrared (potassium bromide) and 
ultraviolet (95% ethanol) measurements were obtained by Mmes. Dalia 
Aguilar and Linda D. Carroll. Thin layer chromatography employed silica 
eel G (freshly activated) as the support, methanol-chloroform (1:Q) as the 
developer, and iodine for detection, unleas otherwise stated. Evaporations 
were performed under reduced pressure (water pump) in a rotatory evaporator 

{mp 134-136.5'; [ a ] 2 6 8 ~  -6.9" (e 2.00, ethanol); [ ~ I ~ . o D  
-3.7" (c 2.00, glacial acetic acid)} {lit.6p13-17 mp 138-139.5", 
135", 133-137"; [ U ] D  -7.1", $5.8" (ethanol), and -1.7", 
f7.6" (glacial acetic acid)) was dissolved in acetonitrile (250 
ml) containing triethylamine (6.95 ml, 0.05 mol), and the solu- 
tion was cooled to 5'. 2-Ethyl-5-phenyloxazolium-3'-sulfonate 
(12.63 g, 0.05 mol) was added with stirring, and the reaction 
mixture was allowed to warm to room temperature with com- 
plete solution occurring within 40 min. Finely powdered gly- 
cine methyl ester hydrochloride (6.27 g, 0.05 mol) was dissolved 
in hot N,N-dimethylformamide (250 ml), and triethylamine 
(6.95 ml, 0.05 mol) was added with rapid cooling (Dry Ice- 
isopropanol bath) to 0'. The resulting suspension was then 
added to the acetonitrile solution containing the "Woodward" 
intermediate. After 48 hr, the solution was evaporated almost 
to dryness and the residue dissolved in chloroform (1 1.) and 
washed rapidly with water (two 250-ml portions). Any delay 
after the first water wash may cause the chloroform phase to set to 
a gelatinous mass. Ethanol (200 ml) was added to the chloro- 
form solution, and the mixture was evaporated to dryness. A 
solution of the residue in methanol (50 ml) deposited a hard, 
white, microcrystalline mass [mp 166-172"; 9.77 g (567,)]. 
Recrystallization form methanol-water (4: 1) gave fine, white 
needles of Nu-benzyloxycarbonyl-L-glutaminylglycine methyl 
ester: mp 174-175'; [ a ] 2 8 , 3 ~  -6.6" (c 1.00, N,N-dimethyl- 
formamide); Rt 0.64 (methanol); vmax 3400 (NH), 2950 (CH), 
1740 and 1700 (C=O), 1685 (urethan), 1655 (amide I ) ,  1530 
(amide 11), 1240 and 1210 (CO), and 697 (Ph) cm-l; Amax 242, 
247, 252, 257, 262, 264, and 268 mp (e 109, 132, 170, 210, 158, 
172, and 113). 

Anal. Calcd for C16H~1N3O6 (351.4): c ,  54.69; H,  6.02; 
N, 11.96. Found: C, 54.84; H, 6.02; N,  11.98. 

The dipeptide was alternatively prepared in a like manner, 
but using acetonitrile (250 ml) in place of N,N-dimethylform- 
amide as the solvent for glycine methyl ester hydrochloride. 
In  this event, crude dipeptide (467,) separated in solid form from 
the reaction solution. Other coupling reactions included 
Nu-benzyloxycarbonyl-L-glutamine 2,4,5-trichlorophenyI ester 
with glycine methyl ester hydrochloride (51 7,) and Nu-benzyl- 
oxycarbonyl-L-glutamine p-nitrophenyl ester with glycine 
methyl ester hydrochloride (57%). 

L-Glutaminylglycine Methyl Ester Hydrochloride (VI) .-Nu- 
Benzyloxycarbonyl-L-glutaminylglycine methyl ester (3.514 g, 
0.01 mol) was dissolved in warm methanol (50 ml) and hydro- 
genolyzed in the presence of 10% palladium-on-carbon catalyst 
(0.100 g) and hydrochloric acid (1 N, 10 ml) during 2 hr. Usu- 
ally, it was necessary a t  the beginning of the hydrogenation to 
keep the solution warm with an infrared lamp to prevent separa- 
tion of the starting material. Removal of the catalyst and 
evaporation of the methanol and water furnished oily L-gluta- 
minylglycine methyl ester hydrochloride [2.173 g, 1007,; Rr 
0.10 (ninhydrin positive)]. 

0-Acetyl-L-serine Hydrochloride (VILI).-A mixture of L- 
serine (1.000 g, 0.01 mol) and glacial acetic acid-acetyl chloride 
(1: 1, 30 ml) was allowed to stand a t  room temperature for 20 
min, then ether was added to precipitate 0-acetyl-L-serine hy- 
drochloride (1.30 g, 76%): mp 160-161" dec; [ a ] 2 6 0 ~  $18.3' (c 
2.0, ethanol) mp 160'dec; [aI2'D -7.4" (c2.2, ethanol)}. 

Nu-Benzyloxycarbonyl-0-acetyl-L-serine (IX).-Carboben- 
zyloxy chloride was added to a solution of 0-acetyl-bserine 
hydrochloride (4.800 g, 0.026 mol) in saturated sodium bicar- 
bonate (150 ml) a t  room temperature. After 3.5 hr, the solu- 
tion was washed with ether, acidified, and extracted with ethyl 
acetate. Washing, drying, and evaporation of the organic solu- 
tion gave an oil (2.400 g, 33%) [lit.26 oil]. 

Nu-Benzyloxycarbonyl-0-acetyl-L-serine p-Nitrophenyl Ester 
(X).-Oily Nu-benzyloxycarbonyl-0-acetyl-L-serine (7.110 g, 
0.025 mol) was condensed with p-nitrophenol (4.173 g, 0.030 
mol) using N,N'-dicyclohexylcarbodiimide (5.178 g, 0.025 mol) 
in ethyl acetate (50 ml) a t  0". After 3 hr, the N,N'-dicyclo- 
hexylurea was removed, and the ethyl acetate solution was 
washed with sodium bicarbonate (5%) and brine and dried. 
Evaporation gave a solid that was crystallized from ethanol 
(2.251 g, 237,): mp 98-99" 94-96, 90-91, 74-76'). 

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 
3C-60". 
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Na-Benzyloxycarbonyl-O-acetyl-cserine 2,4,5-Trichlorophenyl 
Ester (XI).-Oily Na-benzyloxycarbonyl-O-acetyl-L-serine (3.821 
g, 0.014 mol) was condensed with 2,4,5-trichlorophenol (3.160 
g, 0.016 mol) using N,N'-dicyclohexylcarbodiimide (3.294 g, 
0.014 mol) in ethyl acetate (50 ml) a t  -5'. The product was 
isolated as described in the previous procedure. Crystalliza- 
tion from benzene gave NQ-benzyloxycarbonyl-O-acetyl-b 
serine 2,4,5-trichlorophenyl ester (2.900 g, 46%): mp 88-89'; 
vmax 3330 (NH), 2930 (CH), 1765 (C=O), 1720 broad ( C = O  
and uret,han), 1225 (CO), and 698 (Ph) cm-'; Amax 267 mp 
(e8100). 

Anal. Calcd for C:1&&laN06 (460.7); c, 50.51; H ,  
3.45; C1, 23.0h, N,  3.03. Found: C, 50.80; H, 3.54; C1, 
21.85; N, 3.30. 

Na-Benzyloxycarbonyl-O-acetyl-L-seryl-L-glutaminye 
Methyl Ester (XII).-L-Glutaminylglycine methyl ester [freshly 
prepared from Na - benzyloxycarbonyl - L - glutaminylglycine 
methyl ester (1.054 g, 0.0030 mol) and 10% palladium-on-carbon 
catalyst (0.100 g) in methanol (50 ml)] and Na-benzyloxycar- 
bonyl-0-acetyl-&serine p-nitrophenyl ester (1.330 g, 0.0033 
mol) in N,N-dimethylformamide (25 ml) was stirred for 2 days. 
After dilution with ether (100 ml), the gelatinous precipitate was 
filtered, washed with sodium bicarbonate (5%) and water, and 
dried. Crystallization from water gave Na-benzyloxycarbonyl- 
O-acetyl-L-seryl-L-glutaminylglycine methyl ester (0.805 g, 
52%): mp 210-212"; [ ( Y ] % . O D  -6.8" (c 1.76, N,N-dimethyl- 
formamide); Rr 0.35; vmax 3290 (OH), 2950 (CH), 1735 (C=O), 
1655 broad (C=O and urethan), 1220 (CO), and 697 (Ph) cm-'; 
Amax 247, 252, 282, 264, 267, and 312 m r  (e 282, 286, 313, 274, 
285, 234, and 196). 

Anal. Calcd for CWH,,N,OQ (480.5): C. 52.49: H ,  5.87; _ _  ._ - . ~ . .  
X, 11.66. Found: C, 52.68; H,  5.94;"N, i1.40. 

O-Acetyl-L-seryl-L-glutaminylglycine Methyl Ester Hydro- 
bromide (XIII).-Na-Benzyloxycarbonyl-O-acetyl-~seryl-~-glu- 
taminylglycine methyl ester (0.200 g, 0.00042 mol) was added to 
a mixture of hydrogen bromide-acetic acid (30%, 1 ml) and 
glacial acetic acid (1 ml). After stirring for 1 hr, the solution 
was diluted with ether (IO ml), and the precipitated solid was 
collected, washed with ether, and stored in DOCUO. Owing to its 
hygrosoopic nature, no physical data were obtained for this 
product. 

O-Acetyl-L-seryl-bglutaminylglycine Methyl Ester (XIV).-A 
suspension of Ne- benzyloxycarbonyl-O-acetyl-~-seryl-~-glu- 
taminylglycine methyl ester (0.120 g, 0.00025 mol) in methanol 
(20 ml) containing lay0 palladium-on-carbon catalyst (0.030 g) 
was hydrogenated for 2 hr. The catalyst was removed by filtra- 
tion and evaporation of the solvent gave O-acet,yl-L-seryl-L- 
glutaminylglycine methyl ester as a white solid (0.087 g, IOOOj,): 
Rf 0.10 (ninhydrin positive). 

Na-Benzyloxycarbonyl-Nim-benzyl-L-histidine (XV).-This 
compound was obtained from Nim-benzyl-&histidine (6.100 g, 
0.025 mol) and carbobenzoxy chloride (5 ml) in lithium hy- 
droxide (1 N ,  25 ml) and dioxane (15 ml) in the usual manner 
(7.450 g, 79%): mp 214-215" dec; [ C Y ] ~ ~ . O D  f6.4" (c 5, glacial 
acetic acid) {lit.,i1 mp 210-213"; [ c Y ] ~ ~ D  +5.2" (c 5, glacial 
acetic acid)]. 
N~-Benzyloxycarbonyl-Nim-benzyl-L-histidine 2,4,5-Trichloro- 

phenyl Ester (XVI).-This compound was obtained from Ne- 
benzyloxycarbonyl-Ntm-benzyl-L-histidine (3.794 g, 0.01 mol), 
2,4,5-trichlorophenol (2.369 g, 0.012 mol), and N,N'-dicyclo- 
hexylcarbodiimide (2.063 g, 0.01 mol) in N,N-dimethylform- 
amide (25 ml) in the usual manner (4.099 g, 73%): mp 108- 
109' (lit.32 mp 107-108"). 

Na-Benzyloxycarbonyl-Nt m-benzyl-L-histidyl-O-acetyl-L-seryl- 
L-glutaminylglycine Methyl Ester (XVII).-The aforementioned 
O-acetyl-L-seryl-L-glutaminylglycine methyl ester hydrobromide 
in N,N-dimethylformamide (3 ml) was treated in turn with tri- 
n-butylamine (0.077 g, 0.00042 mol) and Na-benzyloxycarbonyl- 
Nim-benzyl-L-histidine 2,4,5-trichlorophenyl ester (0.235 g, 
0.0024 mol) and stirred overnight a t  room temperature. Addi- 
tion of ether gave a solid, which was collected, washed with am- 
monium hydroxide (1 N ) ,  hydrochloric acid (1 N ) ,  and water, 
anddried. Crystallization from N,N-dimethylformamide and then 
ethanol gave Na-benzyloxycarbonyl-Nim-benzyl-L-histidyl-O- 
acetyl-L-seryl-Lglijtaminylglycine methyl ester (0.087 g, 21 70): 
mp 197-199'. 

Anal. Calcd for C3aH11N7010 (707.7): C, 57.70; H,  5.84; 
N,  13.86. Found: C, 57.37; H, 6.10; N, 13.90. 

Na-Benzyloxycarbonyl-Nim-benzyl-L-histidyl-L-serine Methyl 
Ester (XVIII).--Na-Benzyloxycarbonyl-N'm-benzyl-L-histidine 

2,4,5-trichlorophenyl ester (1.118 g, 0.002 mol) was added to a 
mixture of L-serine methyl ester hydrochloride (0.312 g, 0.002 
mol) and triethylamine (0.30 ml, 0.002 mol) in  methylene di- 
chloride (20 ml). After 8 hr, the organic phase was washed 
with sodium bicarbonate (2%) and water, dried, and evaporated 
to dryness. Crystallization from methanol-ethyl acetate (1 : 3) 
gave white needles of Na-benzyloxycarbonyl-Nim-benzyl-L- 
histidyl-&serine methyl ester (0.801 g, 83%): mp 173.5-175' 
(lit.& mp 173-174'). 

Na-Benzyloxycarbonyl-N~m"-benzyl-L-histidyl-L-serine (XIX).- 
This compound was obtained by treating Nu-benzyloxycarbonyl- 
Nim-benzyl-thistidyl-L-serine methyl ester (0.240 g, 0.0005 
mol) with sodium hydroxide (1 N )  in dioxane (0.4 ml) in the 
usual manner (0.138 g, 59%): mp 181-182' ( M 6  mp 182'). 

Na-Benzyloxycarbonyl-Nim-benzyl-L-histidyl-L-serine Hydra- 
zide (XX).-Hydrazine (0.6 ml, 95%) was added to a solut.ion 
of Na-benzyloxycarbonyl-N"m-benzyl-L-histidyl-L-serine methyl 
ester (1.100 g, 0.023 mol) in ethanol (20 ml) a t  - 10". After 10 
hr, the mixture was allowed to stand a t  room temperature for 48 
hr. The precipitate was filtered, washed with cold ethanol, and 
dried. Crystallization from N,N-dimethylformamide-water 
(1 : 1) gave Na-benzyloxycarbonyl-Nim-benzyl-L-histidyl-L-serine 
hydrazide (0.939 g, 85%): mp 147.5-149.0'. 

Anal. Calcd for C24Hz8N605 (480.5): C, 59.99; H, 5.87; 
N, 17.49. Found: C, 59.89; H,5.94; N, 17.41. 

NP-Benzyloxycarbonyl-Ni~-benzyl-~-histidyl-~-seryl-~glutam- 
inylglycine Methyl Ester (XXI). A. By Use of Nu-Benzyl- 
oxycarbonyl-Nim-benzyl-L-histidyl-L-serine Hydrazide.-A solu- 
tion of Na-benzyloxycarbonyl-L-histidyl-L-serine hydrazide 
(0.192 g, 0.0004 mol) in hydrochloric acid (1 M, 2 ml) was cooled 
to 0" and treated with sodium nitrite (0.028 g, 0.0004 mol). 
After standing for 10 min, the solution was neutralized with 
potassium carbonate (5%), and the precipitated azide was col- 
lected and washed with cold water, then dissolved in N,N-di- 
methylformamide (1 ml), and added to a solution of L-glutaminyl- 
glycine methyl ester in N,N-dimethylformamide (3 ml), previ- 
ously prepared by neutralization of the corresponding hydro- 
chloride salt (0.087 g, 0.0004 mol). The reaction stood for 24 hr a t  
0", then at  room temperature for 48 hr. Afterward, the solution 
was evaporated, and the residue was extracted with ethyl acetate 
(30 ml). The organic phase was washed with water, sodium bi- 
carbonate (tiyo), hydrochloricacid (5%), and brine, and dried. The 
addition of ether to the ethyl acetate solution formed a gum. 
Reprecipitation in turn from methanol-ethyl acetate and N,N- 
dimethylformamide-ether gave amorphous Na-benzyloxycar- 
bonyl-N~*-benzyl-~-histidyl-~-seryl-cglutaminylglycine methyl 
ester (0.040 g, 15'%): mp 247-250' dec. 

B . By Use of Na-Benzyloxycarbonyl-Nm-benzyl-L-histidine 
2,4,5-Trichlorophenyl Ester .-A solution of L-seryl-L-glutaminyl- 
glycine methyl ester (0.576 g, 0.00020 mol) and NOL-benzyl- 
oxycarbonyl-Ni"-benzyl-L-histidine 2,4,5-trichlorophenyl ester 
(0.124 g, 0.00022 mol) in N,N-dimethylformamide (3 ml) was 
stirred for 2 days. Sodium bicarbonate (5%, 15 ml) was added 
to the reaction mixture, stirring was continued for 30 min, 
then the solid was filtered and washed with wat,er. Crystalliza- 
tion from N,N-dimethylformamide-water gave tiny, white 
needles of Na-benzyloxycarbonyl-N"m-benzyl-L-histidyl-Lseryl- 
L-glutaminylglycine methyl ester (0.036 g, 307,): mp 246- 
248" dec; Rr 0.50; umax 3290 (OH), 2945 (CH), 1725 (C=O), 
1660 very broad (C=O and urethan), 1160 (CO), and 692 
(Ph) cm-1. 

Anal. Calcd for CazHasH70s (665.7): C, 57.73; H, 5.91; 
N ,  14.73. Found: C, 57.85; H,  6.02; N ,  14.70. 

Na-Benzyloxycarbonyl-L-Seryl-L-glutaminylglycine Methyl 
Ester (XXIII) .-The aforementioned L-glutaminylglycine methyl 
ester hydrochloride (0.01 mol) and Na-benzyloxycarbony1-L- 
serine (2.392 g, 0.01 mol) were dissolved in N,N-dimethylform- 
amide (50 ml). The reactants were first cooled t80 -40"; then 
triethylamine (1.39 ml, 0.01 mol) and N,N'-dicyclohexylcarbodi- 
imide (2.166 g, 0.0105 mol) were added to the chilled solution. 
After 1 hr at  -40", 3 hr at -20°, and 48 hr in the cold room, the 
mixture was taken almost to dryness, and the residue was shaken 
with water. The N,N'-dicyclohexylurea was removed, the 
filtrate was evaporated to dryness, and the solid was crystallized 
from a minimum volume of hot methanol. Recrystallization 
from hot methanol-water (1 : 1) deposited colorless needles 
of Na-benzyloxycarbonyl-L-seryl-cglutaminylglycine methyl 
ester (2.622 g, 60%): mp 200.5-202.0°; [ ( Y ] ~ ~ J D  -2.0" (c 1.0, 
N,N-dimethylformamide); Rr 0.60 (butanol-acetic acid-water), 
0.63 (methanol); umax 3300 broad (OH), 2950 (CH), 1720 broad 
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(C=O), 1665 broad (C=O and urethan), 1220 ( G O )  and 
698 (Ph) cm-'; Amax 252, 257, 264, and 268 mp ( E  223,263, 220, 
and 170). 

A M .  Calcd for ClsHzsNaOs (438.4): C, 52.05; H, 5.98; 
N, 12.78. Found: C, 52.06; H, 5.79; N, 13.00. 

If the coupling reaction was initiated at 0' and then allowed 
to attain room temperature, there resulted lower yields (29 and 
25%) of the tripeptide. The tripeptide was alternatively pre- 
pared by use of 2-ethyl-5-phenyloxazolium-3'-sulfonate, but only 
an oily product was obtained in spite of many crystallization 
attempts. 

LSeryl-L-glutaminylglycine Methyl Ester (XXIV).-A solu- 
tion of N" - benzyloxycarbonyl - L-seryl- L - glutaminylglycine 
methyl ester (0.078 g, 0.00018 mol) in methanol (30 ml) was 
hydrogenolyzed in the presence of 10% palladium-on-carbon 
catalyst (0.021g) for 1 hr. Filtration of the catalystand evapora- 
tion of the solvent gave oily L-seryl-cglutaminylglycine methyl 
ester (0.053 g, 100%): 

LHistidine Methyl Ester Dihydrochloride (XXVI).-This 
compound was obtained by refluxing for 1 hr a solution of 
L-histidine hydrochloride (37.5 g, 0.196 mol) in methanol (350 
ml) containing sulfuric acid (10 ml), then saturating with hydro- 
gen chloride gas for 2 hr. After standing in the cold room over- 
night, the product was filtered and dried in vacuo (41 .O g, 87%): 
mp 205-206' dec (lit.34 mp 200-201'); [OL]*'.~D +11.0' (c 1.17, 
water). 
N"-t-Butyloxycarbonyl-L-histidine Methyl Ester (XXVII).- 

A suspension of L-histidine methyl ester dihydrochloride 
g, 0.100 mol) in chloroform (100 ml) at 0" was treated with 
ammonia gas for 10 min. After filtration of the precipitated 
ammonium chloride, the chloroform was evaporated, and the 
oily residue was dissolved in pyridine (25 ml) and treated with 
t-butyloxycarbonyl azidoformate (15.730 g, 0.11 mol). After 
standing for 72 hr a t  room temperature, the solvent was removed, 
and the oily residue was dissolved in ethyl acetate, washed with 
water to remove traces of histidine, and exhaustively extracted 
with citric acid (0.5 M ) .  The combined acid phases were covered 
with an equal volume of fresh ethyl acetate, and solid sodium 
hydrogen carbonate was added portionwise with vigorous 
stirring until the aqueous solution was basic (pH 8.5). The 
organic layer was washed with brine, dried, and on concentration 
furnished colorless needles of Na-t-butyloxycarbonyl-thistidine 
methyl ester: nip 125.5-126.0'; [ ~ Y ] ~ O D  -11.7' (c  1.0, meth- 
anol); [aiz7 3~ -13.0" (c 2.0, pyridine) (lit.6 mp 124-125"; 
[ C X ] ~ D  -13.6' (c  2.0, pyridine)]; Ri 0.27; urnax 3462 (NH), 
2972 (CH), 1750, and 1705 ( C d ) ,  1685 (urethan), 1390 and 
1365 (t-butyl), and 1160 broad (CO) cm-'; Xmax 270 very broad 
mF ( E  107). 

Anal. Calcd for CI2Hl9N3O4 (269.3): C, 53.52; H, 7.11; 
N, 15.60. Found: C, 53.39; H,  6.95; N, 15.63. 

Na,Nam-Di-t-butyloxycarbonyl-L-histidine Methyl Ester 
(XXVIII).-The original ethyl acetate solution from the aforemen- 
tionedpreparation was washedltwice morewith citric acid, saturated 
hydrogen carbonate solution, and brine, dried, and taken to 
dryness. The residual oil was dissolved as rapidly as possible 
in the minimum quantity of warm diisopropyl ether. The tepid 
solution was seeded with a sample of N-t-butyloxycarbonyl-L- 
histidine methyl ester and allowed to stand for several hours a t  
room temperature, whereupon the deposited crystals were dis- 
carded. The decanted liquor was kept a t  0' and slowly de- 
posited clusters of colorless needles, recrystallization of which 
under the same conditions gave Na,Ntm-di-t-butyloxycarbonyl- 
Lhistidine methyl ester. mp ca. 90"; Rr 0.73; vmax 3380 (NH), 
2975 (CH), 1750 and 1710 ( C d ) ,  1685 (urethan), 1387 and 
1330 (t-butyl), and 1160 broad (CO) cm-l; Amax 236 mp (E 
291 0). 

Anal. Calcd for C1~Hz7N3O6 (369.4): C, 55.27; H, 7.37; 
N, 11.37. Found: C, 55.41; H, 7.38; N, 11.27. 

This compound decomposes slowly at  room temperature and 
more rapidly in solution. 
N"-t-Butyloxycarbonyl-L-histidine (XXIX).-Sodium hydroxide 

(1 N, 10 ml) was added with stirring to a solution of N"-t- 
butyloxycarbonyl-L-histidine methyl ester (2.693 g, 0.01 mol) 
in dioxane (10 ml). After 30 min the solution was evaporated 
to a small volume, diluted with water, washed with ethyl acetate, 
and stirred with a strong cation-exchange resin (Bio Rad AG5OW- 
X2, 200-400 mesh, exchange capacity 0.7 mequiv/ml of resin 
bed, analytical grade, 14.3 ml, 0.01 equiv) for 5 min. The resin 
was removed, and the water solution was evaporated to yield an 
oil, which was dissolved in the minimum volume of cold methanol, 

Rr 0.25 (ninhydrin positive)* 

and acetonitrile added to opalescence a t  room temperature. 
A few drops of methanol restored a clear solution, which de- 
posited glistening parallelepipeds of N"-t-butyloxycarbonyl-r,- 
histidine (1.818 g, 71%): mp 191.0-191.5'; [a ]z7 ,6~  -10.6' 
(c 1 .O, N,N-dimethylformamide); urnax 3400 (OH), 2975 (CH), 
1705 (C=O), 1390 and 1367 (t-butyl), and 1168 (C-0); Amax 
214 mF (e 5850). 

Anal. Calcd for CllH17N304 (255.3): C, 51.76; H,  6.71; 
N, 16.46. Found: C, 51.75; H,  6.92; N,  16.38. 

This compound becomes pale yellow and finally pale pink a t  
room temperature. 

Nim-Benzyl-Lhistidine (XXX).-Benzyl chloride was added 
to a sodium-liquid ammonia solution of L-histidine hydrochloride 
monohydrate (41.92 g, 0.20 mol) according to the original 
literature procedure (22.055 g, 45%): mp 200-201" dec; [ a l Z s J ~  
$19.1' (c  1.0, 2 N hydrochloric acid) ( lk36  mp 248-249"; 
[ c Y ] ~ ~ D  +20.5' (c  2, water containing 1 equiv of hydrochloric 
acid)); Rr 0.16 (butanol-acetic acid-water), 0.17 (methanol). 
Other preparations had mp 243-246 dec. 
Na-t-ButyloxycarbonyI-N~m-benzyl-L-histidine (=I).-t-Bu- 

tyloxycarbonyl azidoformate (5.36 ml, 0.0375 mol) in methanol 
(25 ml) was added to a solution of Nim-benzyl-L-histidine (6.133 
g, 0.025 mol) in lithium hydroxide (1 iV, 25 ml). The reaction 
mixture was stirred a t  ca. 40" for 72 hr, then taken to dryness, 
and the residue was triturated with cold water (50 ml) and 
chloroform (20 ml). The suspension was filtered; the aqueous 
filtrate was washed again with chloroform, neutralized a t  0' 
with dilute sulfuric acid (1 N ,  25.0 ml), and evaporated to dryness. 
The solid was thoroughly extracted with cold acetone, and the 
combined organic phases were filtered and concentrated to a 
small volume. On standing a t  room temperature there were 
deposited colorless needles of Na-t-butyloxycarbonyl-Ni*-benzyl- 
L-histidine (3.510 g, 41%): mp 189-190'; [ a ] z 8 . 3 ~  +23.2' ( c  
1.0, methanol); Rf 0.38 (butanol-acetic acid-water); neut 
equiv 352; vmsx 3400 (NH), 3030 (OH), 2970 (CH), 1695 very 
broad (C=O and urethan), 1387 and 1362 (t-butyl), 1245 
(CO), 1170 (OH), and 710 (Ph) cm-'; hmax 246, 252, 257, 261, 
264, and 267 mp ( E  150, 164, 202, 171, 162, and 123). 

Anal. Calcd for CI8Hz3N304 (345.4): C, 62.59; H, 6.71; 
N,  12.17. Found: C, 62.46; H, 6.78; N,  12.09. 
Na-t-Butyloxycarbonyl-Ni~-benzyl-L-histidine 2,4,5-Trichloro- 

phenyl Ester (XXXII).-To a solution of NOL-t-butyloxycarbonyl- 
N"-benzyl-L-histidine (0.691 g, 0.002 mol) in methylene 
chloride (20 ml) at -20" was added 2,4,5-trichlorophenol (0.395 
g, 0.002 mole) and N,N'-dicyclohexylcarbodiimide (0.412 g, 
0.002 mol). After stirring for 4 hr a t  -20" and 48 hr a t  O " ,  the 
reaction mixture was taken almost to dryness, and the residue 
was suspended in chilled ethyl acetate. The N,N'-dicyclo- 
hexylurea was removed, and the organic solution was washed 
with cold, saturated sodium bicarbonate solution and brine and 
dried. Rapid concentration of the ethyl acetate solution a t  
lo", then addition of chilled diisopropyl ether to the opalescence 
point, followed by sufficient ethyl acetate to give a clear solution 
a t  lo", and prolonged storage in a cold room furnished the 
product as white needles. Recrystallizat,ion using the above 
conditions led to Na-t-butyloxycarbonyl-Nim-benzyl-L-histidine 
2,4,5-trichlorophenyl ester (0.615 g, 5Yoc): mp 123.5-124.5'; 
[ a ] 2 5 . 7 ~  -9.9" (c  1.0, chloroform); Ri 0.76; vmax 3420 (NH), 
2975 (CH), 1777 (C=O),  1710 (uret,han), 1395 and 1368 
(t-butyl), 1120 (CO), and 697 (Ph); Ama, 289 and 300 (sh) mr  
( E  208 and 179). 

Anal. Calcd for C24Hz4ClaN30a (524.8); C, 54.92; H,  4.61; 
C1, 20.27; N, 8.01. Found: C, 43.72; H, 4.70; C1, 20.09, 
N,  7.94. 

Na-t-ButyloxycarbonyI-Nim-benzyl-L-histidyl-L-se~l-L-glutam- 
inylglycine Methyl Ester (XXXIII).-NOL-Benzyloxycarbonyl-L- 
seryl-cglutaminylglycine methyl ester (0.438 g, 0.001 mol) in 
N,N-dimethylformamide (10 ml) was hydrogenated in the 
presence of 10% palladium-on-charcoal catalyst (0.025 g) and 
acetic acid (0.06 ml, 0.001 mol). On removal of the catalyst, 
the solution was cooled to - 20' and Na-t-butyloxycarbonyl-Nim- 
benzyl-L-histidine 2,4,5-trichlorophenyl ester (0.525 g, 0.001 
mol) was added with stirring. After 1 hr, the reaction was 
maintained at  0' for 5 days. The solvent was evaporated to 
leave an oil which was dissolved in a small quant,ity of methanol. 
The addition of ethyl acetate precipitated a white solid, which 
was collected and washed immediately with ether. Reprecipi- 
tation in the same fashion gave Na-t-butyloxycarbonyl-Nim- 
benzyl-chistidyl-cseryl-L-glutaminylglycine methyl ester as 
a white powder (0.321 g, 51%): mp 188-190" dec; [ a ] z s , 3 ~  
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-14.1’ (c 1.0, methanol); Rf 0.60 (methanol); V- 3300 broad 
(OH), 2900 (CH), 1740 (C=O), 1670 very broad (0 and 
urethan), 1393 and 1669 (t-butyl), 1165 (CO), and 695 (Ph) 
em-’: A,, 247,252,258,261,264, and 267 mfi (e 162,160, 180, . .  
143, 145,and 100). 

6.66: N. 15.09. Found: C. 53.88: H. 6.46; N,  15.62. 
Anal. Calcd for CzgHa,N709.HzO (649.7): C, 53.61; H, 

The tetrapeptide was alternatively prepared by use of N,N‘- 
dicyclohexylcarbodiimide, but only an oily product was obtained 
in spite of many crystallization attempts. 
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This Note reports the direct angular methylationof 
4-methyl-A4(10)-l-octalone (1 ---t 2), a synthetic step 
previously suggested2 for A4(10)-1-~~talone~ in general 
but unrealized3 in one attempt to methylate A4(lo)-l- 
octalone itself. In  conjunction with a synthesis of 
A4(10)-l-octalones via 1,4 cycloaddition to l-vinyl- 
cyclohexenes4 the present work forms the basis of a 
useful synthetic approach to germacrane and elemane 
 sesquiterpene^.^ 
4-1\lethyl-A4(10)-l-octalone (1) is rapidly and com- 

pletely isomerized by ethanolic sodium hydroxide to its 
corresponding conjugated double-bond isomer (7).6 
The dire consequences of this isomerization were an- 
ticipated, but their establishment proved to be useful.’ 
Addition of methyl iodide to the enolate mixture formed 
by stirring equimolar amounts of 7 and sodium hydride 
in dimethoxyethane for 36 hr to ensure partial, if not 
complete, equilibration of enolate ions gave a multi- 
component distillate in 85% yield from which the pre- 
dominant component (47% by glpc) was isolated and 
shown to be 4,9-dimethyl-As~10~-l-octalone, a product 
of angular methylation but with undesirable double- 

(1) This investigation was supported by Public Health Service Research 
Grant GM 09759 and GM 14133 from the Division of General Medical Sci- 
ences, U. S. Public Health Service. Acknowledgment is also made of Na- 
tional Science Foundation Grant G 19108 which contributed to the purchase 
of the nmr spectrometer used in this research. 

(2) A. J. Birch, J. A. K. Quartey, and H. Smith, J .  Chem. Soc., 1768 (1952). 
(3) J. A. K. Quartey, J .  Ind. Chem. Soc., 57, 731 (1960). 
(4) P. 5. Wharton and B. T. Aw, J .  Org. Chem., 81, 3787 (1966); B. T. Aw 

and C .  E. Sundin, Ph.D. Theses, University of Wisconsin, 1966-1967. 
(5) The continuation is most simply envisaged via the fragmentation 

sequence!developed by J. A. hlarshall and G. L. Bundy [Chem. Commun., 
854 (196711. 

(6) The Cmethyl group does not stabilize the @,-punsaturated isomer 
sufl ciently to produce a detectable amount at equilibrium. Cf. K. G .  Lewis 
and G .  J. William, Tetrahedwn Lett., 4573 (1965). 

(7) For a general discussion of the alkylation of a,punsaturated ketones, 
%e J. M. Conia, Rec. Chem. Prow.,  P4, 43 (1963). 

bond isomerization. Thus, of the five interconvertible 
enolates in this system, the most stable is the A1(9)*6(10)- 
hexalin, in accord with the relative stabilities of the 
unsubstituted hexalins and other related systems.* 

Methylation of 7 under conditions favoring kinetic 
control of enolate formatione yielded no trace of 2. 
Treatment of 7 in dimethoxyethane at  room tempera- 
ture with an excess of both sodium hydride and methyl 
iodide gave in high yield 2,2,4-trimethyl-Ag-1-octalone 
(9) via the glpc detectable intermediates, cis- and 
trans-2,4-dimethyl-A9-1-octalones (8, see the lower half 
of Scheme I). This result is consistent with exemplary 
data indicating that a‘ protons of a,@-unsaturated ke- 
tones can be more acidic than y protons in the kinetic, 
if not thermodynamic, sense.1° 

In relation to the angular methylation of 1, the 
foregoing results emphasized the need for a procedure 
involving kinetic control of enolate formation from 
the ply-unsaturated ketone. Treatment of 1 in di- 
methoxyethane at room temperature with 1 equiv of 
sodium hydride and excess methyl iodide afforded a 
multicomponent distillate in 83% yield, from which 
was obtained, by repetitive preparative glpc, a sample 
of the desired ketone 2. Determination of the efficacy 
of this chosen“ procedure was effected by analyzing the 
reaction of 1 with an excess of both sodium hydride and 
methyl iodide. Analysis and separation were sim- 
plified by treating each aliquot removed from the re- 
action vessel with base to  ensure complete isomeriza- 
tion of Ply-unsaturated ketones 5 and 6 to a,@-un- 
saturated ketones 8 and 9. Results of the glpc analy- 
sis are shown in Table I and Figure 1. A seven-com- 

TABLE I 
“KINETIC” METHYLATION OF la 

Time c % 
min 4 tranC8 a ciC 8 trans” 8 7 cisb 8 

0 100 
18 3 .3  96.7 
33 18.4 81.0 0 . 6  
42 0 . 8  41.1 1.7 1.2 48.2 6 . 8  
49 2.1 57.0 5 .7  2 . 1  24.5 8 . 4  
60 1.1 7 . 5  66.6 12.7 0 . 4  0 . 7  10.6 
82 10.0 27.7 18.4 41.4 0 . 6  0 . 3  1 . 4  

159 55.5 18.5 26.0 
258 76.3 10.7 13.0 
645 88.9 9 . 9  1 .2  

1530 99.4 0 . 3  0 . 3  
2055 99.6 0 . 1  0 . 3  
0 Compounde are listed in order of increasing glpc retention 

Other detectable peaks never amounted to more than 
b Arbitrary isomer assignments based on a rationalization 

time. 
0.8%. 
of steric interference with adsorption. 

ponent mixture developed and converged to a single 
final product which was isolated and character- 

(8) R. B. Bates, R. €?. Carnighan, and C. E. Staples. J .  Amer. Chem. Soc., 
86, 3030 (1963), and references therein; M. S. Newman, V. DeVries, and 
R. Darlak, J .  07.0. Chem., 81, 2171 (1966). 

(9) For a general discussion of enolate anions, their formation, and alkyla- 
tion, see H. 0. House, Rec. Cbm. Prow., 48, 98 (1907). 

(10) A. J. Birch, J .  Chem. Soc., 2325 (1950); H. J. Ringold and A. Turner, 
Chem. Ind. (London), 211 (1962). 

(11) (a) Trityl and amide ions have been used extensively as bases to 
obtain enolatea from ketones. We did not investigate these and other pro- 
cedures. (b) See ref 9 and H. 0. House, “Modern Synthetic Resctions,” 
W. A. Benjamin, Inc., New York, N.  Y., 1965, Chapter 7. 


