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N-Acyl-a-amino acid hydrazides or N-acylpeptide- 
hydrazides are of use for the formation of peptide 
bonds either via the azides2 or through oxidative 
coupling.3~4 Temporary masking of the hydrazide 
function to give carboxylic-protected amino acids 
or peptides has been carried out by conversion to 
suitably substituted hydrazides such as benzyloxy- 
ca rb~ny l - ,~  t-butyloxycarbonyl-,6 or tritylhydrazides.' 
Regeneration of the hydrazide group is accomplished 
by hydrogenolysis in the case of the former, and by 
acid treatment in the cases of the latter two (eq. 1). 

Y -CONHNHCOOCHzPh 

-CONHNHC (CHa)a A 
In  an a-amino acid hydrazide I, the hydrazide func- 

tion is a considerably weaker base than the a-amino, 
the respective pKa' being 2.8 f 0.4 and 7.4 f 0.3 
(in the cases of glycylhydrazides and L-tyrosylhy- 
drazides). We reasoned that in the presence of 1 
mole of an N-protected amino acid active ester (or its 
equivalent) 11, there would be preferential attack of 
the a-amino function of I on the "activated" carbonyl 
of 11, with formation of a peptide bond. The expected 
product, an N-protected peptide hydrazide I11 (eq. 2), 
could be used directly for further extension of the pep- 
tide chain. 

RNHCHR'COX + NHzCHR"CONHNH2 + 
11 I 

RNHCHR'CONHCHR"CONHNH1 (2) 
I11 

We have found that in the case of glycylhydrazide, 
and using the isoxazolium salt method,1° the course of 
reaction envisioned did take place. Thus reaction 
of benzyloxycarbonylglycine (IV) with glycylhydrazide 
(V) yielded benzyloxycarbonylglycylglycylhydrazide 
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ZNHCH2CONHNHCOCHpNHz 

4 + x  
ZNHCHzCOOH + NHzCHzCONHNHz 

IV 
(3) ZNHCHzCONHCHzCOOH L VI1 

ZNHCHzCONHCHzCONHNH2 
VI 

ZNHCHzCOOH (4) 
f 

NH~CHZCOOCZH~ -tZNHCHzCONHCHzCOOCzHs 
HOAc 

acyl-NHCHRCONHNHz V acyl-NHNHCOCHRNHn 
IX (5) H'or pH 8 

(VI) as the sole isolated product (eq. 3). The identity 
of the product was established by unambiguous syn- 
thesis (eq. 4) and by smooth conversion to the cor- 
responding carboxylic acid VI1 (see below). Brenner, 
et al.," and Kurtz and Niemanng have recently de- 
scribed the interconversion of acyl-a-amino acid hy- 
drazides VI11 and N-acyl-N'-a-aminoacylhydrazines 
IX under acidic or basic conditions a t  elevated tem- 
peratures (eq. 5 ) .  We believe that, under the condi- 
tions we employed for the coupling reaction (eq. 3) 
(see Experimental), it is unlikely that the peptide 
hydrazide VI isolated was the result of such a re- 
arrangement. Hence little, if any, of the diacyl- 
hydrazine X was produced in the reaction. 

Potential use of the method in extension of peptide 
chains was illustrated by hydrogenation of benzyloxy- 
carbonylglycylglycylhydrazide (VI) to glycylglycyl- 
hydrazide (XI) which then yielded benzyloxycarbonyl- 
L-alanylglycylglycylhydrazide (XII) on being coupled 
with benzyloxycarbonyl-L-alanine (eq. 6) .  Chain ex- 
tension a t  the carboxyl end may be carried out by 
oxidative or via the azide2 or the carboxylic 
acid (e.g., by the isoxazoliumI0 or carbodiimide 
methods12). The carboxylic acid may be easily 
obtained from the hydrazide by oxidation with N- 
bromosuccinimide or iodine,3r4v13 a condition under which 
acid-labile (e.g., t-butyloxycarbonyl, 0-t-butyl) and 
hydrogenatable groups (e.g., benzyloxycarbonyl) will 
remain intact. 

VI11 

HI L-ZNHCH(CHI)COOH 
VI + NHzCH~CONHCH~CONHNH~ * 

XI 
L-ZNHCH(CH~)CONHCHZCONHCHZCONHNHZ (6) 

XI1 

Experimental 
Melting points were taken on an electrically heated block (Mel- 

Temp) and were corrected. 
Benzyloxycarbonylglycylglycylhydrazide (VI). A .-Benzyl- 

oxycarbonylglycylglycine ethyl ester (prepared from benzyloxy- 
carbonylglycine and ethyl glycinate hydrochloride by the carbo- 
diimide method's) in ,ethanol was treated with 2 moles of hydra- 
zine hydrate at room temperature overnight. On filtration and 
recrystallization from methanol, benzyloxycarbonylglycylglycyl- 
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hydrazide (VI) was obtained as plates in 79% yield, m.p. 166- 
167' (lit.lb m.D. 165-167"). 

B.-To 10.4 g. of benzyloxycarbonylglycine (0.05 mole) and 
12.7 g. of N-ethyl-5-phenylisoxazolium-3'-sulfonate~0 (0.05 mole) 
suspended in 200 ml. acetonitrile was added 7.0 ml. of triethyl- 
amine (0.05 mole). After being stirred a t  room temperature 
for 30 min. the solution became homogeneous, and 4.6 g. of gly- 
cylhydrazide14 (prepared by treatment of ethyl glycinate hydro- 
chloride with hydrazine or by hydrogenation of benzyloxycar- 
bonylglycylhydrazide) was added in one portion. Precipitation 
of the product occurred after 15 min., and the suspension was 
stirred at  room temperature overnight. On filtration and 
crystallization from methanol, benzyloxycarbonylglycylglycyl- 
hydrazide (VI) was obtained as plates (8.6 g., 62%), m.p. 166- 
167", identical (mixture melting point and infrared spectra) 
with an authentic sample (see above). The mother liquors on 
working up did not yield any more VI.  

Anal. Calcd. for C12H16N404: C, 51.4; H, 5.75; N, 20.0. 
Found: C, 51.3; H,  5.8; N, 20.2. 

Oxidation of Benzyloxycarbonylglycylglycylhydrazide (VI) .- 
The hydrazide (97 mg.) was added during 10 min. to a solution 
of 123 mg. of N-bromosuccinimide (2 molar equiv.) in water. 
Benzyloxycarbonylglycylglycine (VII) (68 mg., 74%) was ob- 
tained on cooling and filtration. Recrystallized from methanol, 
it had m.p. 181-181.5 (lit." m.p. 178-179'). 

Oxidation of Benzyloxycarbonylglycylhydrazide.-This reac- 
tion was carried out under two conditions. 

A,-When carried out as in the previously described reaction, 
benzyloxycarbonylglycine was obtained as the sole product. 

B .-To 890 mg. of benzyloxycarbonylglycylhydrazide in 150 
ml. of water was added, in small portions with vigorous stirring, 
N-bromosuccinimide during 15 min. until a yellow color was 
generated. The weight of N-bromosuccinimide required was 
1 .ll g. (1.56 molar equiv.). The solid precipitated during the re- 
action was filtered and crystallized from ethanol to give small 
needles of 1,2-bis(benzyloxycarbonylglycyl)hydrazine (180 mg.) , 
m.p. 217-219' (litS4 m.p. 211-212'). 

Anal. Calcd. for CZ&IZN&: C, 57.95; H, 5.35. Found: 
C, 57.85; H,  5.6. 

Concentration of the filtrate gave needles of benzyloxycarbonyl- 
glycine (180 mg.). 

Benzyloxy carbonyl- L-alanylglycylglycylhydrazide (XI) .-To 
2 g. of benzyloxycarbonyl-L-alanine and 12.7 g. N-ethyld- 
phenylisoxazolium-3'-sulfonate10 suspended in 100 ml. of aceto- 
nitrile was added with cooling 7.0 ml. of triethylamine. When 
the solution became homogeneous a solution of glycylglycylhy- 
drazide (XI)  (prepared by hydrogenation of 14.5 g. of benzyl- 
oxycarbonylglycylglycylhydrazide in methanol over palladium- 
charcoal) in 20 ml. of absolute ethanol was added with cooling and 
stirring. Precipitation of the product occurred at  once. Aceto- 
nitrile (70 ml.) was added, and the solution was stirred at room 
temperature overnight. On filtration and crystallization of the 
solid from ethanol there was obtained 11.0 g. (63%) of small 
prisms of benzyloxy carbonyl- L-alanylglycylglycylhydrazide (XII) 
m.p. 200-202", [ a l Z 4 ~  -8" ( c  0.24, methanol). 

Anal. Calcd. for Cl&1~505: C, 51.3; H,  6.0; N, 19.9. 
Found: C, 51.0; H,  6.1; N,20.1. 
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Several methods for the preparation of equilenin and 
some of its derivatives have been described.2 The 

(1) To whom communications concerning this paper should be addressed. 

selenium dioxide dehydrogenation of 6-dehydroestrone 
derivatives described by Djerassi and his co-workers,2a'b 
when used by us, has not given the anticipated yield of 
equilenin derivatives relatively free of selenium. A 
modification of their procedures has overcome these ob- 
jections. 6-Dehydroestrone 3-benzyl ether was de- 
hydrogenated with selenium dioxide in acetic acid, zinc 
dust was added, and the mixture was heated at  90-100' 
for 1 hr. Equilenin 3-benzyl ether was isolated from 
this mixture and was readily purified. Hydrogenolysis 
removed the benzyl group to yield equilenin. 

Experimental 

The authors are indebted to Dr. R. T. Dillon and his staff of the 
analytical division for the analytical data in this paper. Rota- 
tions were taken in chloroform at  about 1% concentrations at  25 
=k 2" unless otherwise stated, and the ultraviolet spectra were 
observed in methyl alcohol. The n.m.r. spectrum was determined 
at 60 Mc, in deuteriodimethyl sulfoxide as the solvent and the 
value reported was in cycles per second as shifts downfield from 
tetramethylsilane as an internal standard. 

6-Dehydroestrone 3-Benzyl Ether.-A mixture of 10 g. (0.037 
mole) of 6-dehydroe~trone,~" 27.5 g. (0.219 mole) of benzyl chlo- 
ride, 25 g. (0.252 mole) of anhydrous potassium carbonate, and 550 
ml. of ethyl alcohol (2B anhydrous) was stirred a t  reflux for 1.5 hr. 
The mixture was cooled, diluted with 1 1. of water, and extracted 
with 1.5 1. of methylene chloride. The extract was washed with 
400 ml. of 10% aqueous sodium hydroxide solution, dried over an- 
hydrous sodium sulfate, and filtered; the solvent was removed. 
Trituration with methyl alcohol (500 ml.) followed by filtration 
and washing of the solid with methyl alcohol yielded 9.8 g. of 
crude product, m.p. 135-145', and 9.3 g. of 6-dehydroestrone 3- 
benzyl ether (crystallized from methylene chloride-methyl alco- 
hol): m.p. 124-145", [aI2'n -104O, A,.,262 mp (e8600) and 272 
m r  ( e  7900), A::? 5.75 p (C=O).  

Anal. Calcd. for Cz6H260~: C, 83.76; H,  7.31. Found: C, 
83.77; H,  7.40. 

Equilenin 3-Benzyl Ether.-To a stirred solution of 49 g. (0.136 
mole) of 6-dehydroestrone 3-benzyl ether in 950 ml. of hot (90') 
acetic acid was added 8.8 g. (0.067 mole) of selenous acid. The 
mixture was stirred rapidly and heated to 100-110' for 70 min., 
and cooled to 80'; 65 g. (1 .O mole) of zinc dust was added The 
mixture was stirred and heated to 90-100' for 1 hr., and filtered 
hot; the filter cake was wrtshed with 200 ml. of hot acetic acid. The 
filtrate was cooled overnight a t  room temperature and filtered, the 
orange leaf crystals were washed with methyl alcohol, and the 
product was air dried to yield 29 g. of crude equilenin 3-benzyl 
ether, m.p. 168-177'. Crystallization from methylene chloride- 
methyl alcohol gave 19 g.: m.p. 178-180';  ala^ f53'; A,, 
233 mp(e61,200), 267 (5700), 278 (5300), 289(3300),321(1600), 
and 336 (2050); A::: 5.72 (C=O), 6.15 ( C d ) ,  and 6.23 r (C=C). 

Anal. Calcd. for C26H2402: C, 84.24; H ,  6.79. Found: C ,  
84.06; H, 6.74. 

A second crop 6.5 g., m.p. 165-178' (85% punty from ultra- 
violet absorption data), was isolated from the mother liquor. 

Equilenin.-Equilenin 3-benzyl ether (10 g., 0.028 mole) in 500 
ml. of tetrahydrofuran was hydrogenated8 at  room temperature 
and 1-atm. pressure for 6.5 hr. in the presence of 1.0 g. of 
Pd-C (5y0). The catalyst was removed by filtration, the filtrate 
was evaporated to dryness in vacuo, and the residue was crystal- 
lized from 400 ml. of methyl alcohol to yield 6.0 g. (in 2 crops): 
m.p. 254-256"; [ c Y ] ~ ~ D  +90.5" ( c  1.009, dioxane); Amax 229 mp 
( e  62,400), 2G9 (4550), 280 (5250), 291 (3700), 326 (2000), and 
340 (2400); n.m.r. 40 c.p.8. (CHI); A",: 3.05 (OH), 5.82 
( C d ) ,  and 6.17 and 6.25 p (C=C). 

Anal. Calcd. for ClBHleOz: C, 81.17; H, 6.81. Found: C, 
81.22; H, 6.91. 

The compound was identical with a sample prepared according 
to the method of Djerassi and co-workers. 
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