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saturated with sodium chloride at —70 to —40°, 
extraction with 1-butanol and the standard work-up 
procedure4 (except that the boronic ester solution 
was made neutral by washing with saturated 
aqueous sodium chloride, not sodium bicarbonate) 
yielded 52 g. (57%) of dibutyl acetyleneboronate, 
b.p. 30-32° (0.3 mm.), W26D 1.4180, C s C absorp­
tion at 2070 cm.-1, = C - H at 3230 cm."1 (in CCl4). 
Calcd. for Ci0Hi9BO2: C, 65.96; H, 10.52; B, 
5.94. Found6: C, 66.09; H, 10.73; B, 5.94. The 
acetylenic group is hydrolyzed from the boron 
atom with extreme ease by aqueous bases, even 
sodium bicarbonate being sufficient to cause rapid 
evolution of acetylene (confirmed with Ag+). 
The carbon-boron bond is not noticeably attacked 
by pure hydroxylic solvents or dilute acids. General 
applicability of the method of synthesis is indicated 
by the conversion of 1-hexynylmagnesium bromide 
to dibutyl 1-hexyne-l-boronate in 40% yield, b.p. 
85-90° (0.1 mm.), Qs=C absorption 2180 cm."1 

(in CCl4). Calcd. for Ci4H27BO2: C, 70.60; 
H, 11.43; B, 4.54. Pound: C, 70.40; H, 11.53; 
B, 4.76. 

Dibutyl acetyleneboronate is a moderately 
active dienophile. A solution of 1.82 g. of the 
boronic ester in 7.5 ml. of chlorobenzene refluxed 
(130°) vigorously with 3 ml. of cyclopentadiene 
for 15 hr. yielded 0.65 g. (25%)6 of dibutyl bicyclo-
[2.2.1]hepta-2,5-diene-2-boronate, b.p. 74-75 (0.1 

B(OC4H9)2 

mm.), twin C = C absorption bands at 1580 and 
1545 cm.-1 (in CCl4). Calcd. for C16H26BO2: 
C, 72.59; H, 10.15; B, 4.36. Found: C, 72.72; 
H, 10.12; B, 4.46. The compound was further 
characterized by treatment with hydrogen peroxide 
and 2,4-dinitrophenylhydrazine4 to yield 35% 
of the 2,4-dinitrophenylhydrazone of bicyclo-
[2.2.1]hept-5-ene-2-one, m.p. (one recrystalliza-
tion) 169-172°, reported,' 174-175° The acet­
ylenic boronic ester is a less active dienophile 
than dibutyl ethyleneboronate,4 which forms an 
adduct with cyclopentadiene in 54% yield in 3 hr. 
at 90-95°, b.p. 75-76°(0.1 mm.),8 to be reported 
in detail later. 

Dibutyl acetyleneboronate reacts at the triple 
bond with free radicals to form adducts of the ex­
pected types. With an equimolar quantity of 
1-hexanethiol and 5 g. of azobisisobutyronitrile 
per mole at 80-85° for 3 hr., a 72% yield of the 
1:1 adduct, C6Hi3SCH=CHB(OC4Hg)2,8 was ob­
tained, b.p. 120°(0.1 mm.), C = C absorption strong 
and broad, 1550 cm. - 1 (pure liquid). Degradation 
of the adduct with solid potassium hydroxide at 
140-160° yielded acetylene (70%). In the pres­
ence of ultraviolet light at —70° or if excess mer-

(4) D. S. Matteson, T H I S JOURNAL, 81, 5004 (1959); 82, 4228 
(1960). 

(5) Galbraith Laboratories, Knoxville, Tenn. 
(6) About 1.0 g. of dibutyl acetyleneboronate was recovered. 

The conversion increased to 49% in renuzing cumene (150°) but some 
decomposition occurred. 

(7) J. D. Roberts, E. R. Trumbull, Jr., W. Bennett and R. Arm­
strong, T H I S JOURNAL, 72, 3116 (1950). 

(8) Correct analytical values were obtained for ali elements (omit­
ting O). 

captan was present, two moles of mercaptan added 
to the triple bond, but the product decomposed 
during distillation at 150° (0.1 mm.). With 7.5 
ml. of bromotrichloromethane and 0.06 g. of azo­
bisisobutyronitrile, 1.8 g. of dibutyl acetyleneboro­
nate formed the adduct CCl3CH=CBrB(OC4-
H9)2

8 in 90% yield, b.p. 102° (0.1 mm.), C = C 
absorption 1635 cm. - 1 (pure liquid). Light (in­
candescent lamp) is required to initiate the addi­
tion of bromine to dibutyl acetyleneboronate in 
methylene chloride at 25-35°; the 1:1 adduct 
BrCH=CBrB(OC4H9)2

8 is formed in 88% yield, 
b.p. 73° (0.1 mm.), C = C absorption 1590 cm.-1. 
The acetylenic compound again is less reactive 
than dibutyl ethyleneboronate, which requires 
no apparent catalyst to form BrCH2CHBrB(OC4-
H9)2

8 very rapidly at —70° in methylene chloride, 
89% yield, b.p. 94-95°(0.1 mm.). 

The Diels-Alder reactions and the positions of 
the infrared bands described above provide further 
qualitative support for the magnitudes of the pa­
rameters chosen for boron in previous molecular 
orbital calculations.4 

(9) National Defense Education Act Fellow, 1959-. 
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THE SYNTHESIS OF A NONADECAPEPTIDE 
POSSESSING ADRENOCORTICOTROPIC AND 

MELANOTROPIC ACTIVITIES 
Sir: 

We wish to report herein the synthesis of a non-
adecapeptide, L - seryl - L -tyrosyl -L- seryl -L- methio-
nyl-L-glutamyl-L-histidyl-L-phenylalanyl-L-arginyl-
L- tryptophyl-glycyl-L-lysyl-L-prolyl-L-valyl - glycyl-
L-lysyl-L-lysyl-L-arginyl-L-arginyl-L-proline (V), 
which has an amino acid sequence identical with 
the first nineteen residues from the NH2-terminus 
of ovine,1 porcine,2 and bovine3 adrenocortico-
tropins (ACTH) and which possesses both adreno­
corticotropic and melanocyte-stimulating (MSH) 
activities. 

The protected tetrapeptide, carbobenzoxy-(Z)-
Ser-Tyr-Ser-Met-NHNH2 (I), was synthesized 
from Z-Ser-Tyr-NHNH2 and H-Ser-Met-OCH3 by 
the azide procedure; the resulting ester4 was con­
verted to the crystalline hydrazide, m.p. 244-245° 
(dec); [Qf]26D - 1 5 ° (c 1, acetic acid). 

Anal. Calcd.: C, 52.98; H, 6.03; N, 13.24; 
Found: C, 53.21; H, 6.22; N, 13.03. 

For the synthesis of the protected hexapeptide, 
OBzBz Tos Tos 
I I I I 

Z-Glu-His-Phe-Arg-Try-Gly-OH (II), Z-Arg-Try-
GIy-OCH3

6 was catalytically hydrogenated, and 
the product was condensed by the ^-nitrophenyl 

(1) C. H. Li, I. I. Geschwind, R. D. Cole, I. D. Raacke, J. I. Harris 
and J. S. Dixon, Nature, 176, 687 (1955). 

(2) K. S. Howard, R. O. Shephard, E. A. Eigner, D. S. Davis and 
P. H. Bell, T H I S JOURNAL, 77, 3419 (1955). 

(3) C. H. Li, J. S. Dixon and D. Chung, ibid., 80, 2587 (1958). 
(4) K. Hofmann, A. Johl, A. E. Furlenmeier and H. Kappeler, ibid., 

7S, 1636 (1957). 
(5) E. Schnabel and C. H. Li, ibid., 82, 4576 (1960). 
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Bz Bz 

ester method6 with Z-His-Phe-OH7 (Z-His-Phe-
OCSHANO2 : m.p. 152-155°, [« ] M D -19 .0° (c 
1, dimethylformamide)). The resulting protected 
pentapeptide was saponified, hydrogenated, and 

OBz 

then condensed with Z-GIu-OC8H4NO2 (m.p. 
114-115°; Ia]28D -32 .5° (c 1, methanol)). The 
product was purified by countercurrent distribu­
tion in the system CHCI3-CCl4-CH3OH-H2O (3 :1 : 
3:1 , by volume). The main fraction, K = 0.16, 
was crystallized from dimethylformamide and re-
crystallized from 90% aqueous dioxane, m.p. 193-
195°; La]88D - 1 9 ° (e l , dimethylformamide). 

Anal. Calcd.: C, 62.85; H, 5.74; N, 12.93; 
Found: C, 62.79; H, 5.87; N, 12.86. 

Tos 

The protected tetrapeptide, Z-Lys-Pro-Val-Gly-
OH, (III), was made as described: Z-Pro-Val-OH8 

was coupled with H-GIy-OCH3 by the dicyclo-
hexylcarbodiimide method.9 This tripeptide ester 
(m.p. 111-112°; [a]*D -90 .4° (c 1.6, methanol))9* 
was then hydrogenated and the product allowed to 

Tos 

react with Z-LJTS-OC6H4NO3 .1 0 After saponifica­
tion, the crystalline protected peptide I II had m.p. 
109-110°; La]26D - 7 3 ° (c 1, methanol). 

Anal. Calcd.: C, 57.6; H, 6.60; N, 10.2; 
S, 4.66; Found: C, 57.5; H, 6.59; N, 10.4; 
S, 4.60. 

Tos Tos Tos 
1 I I 

The protected pentapeptide, Z-Lys-Lys-Arg-
Tos 

Arg-Pro-OCHs (IV) was synthesized in a stepwise 
manner starting with the COOH-terminal amino 
acid ester, H-PrO-OCH3. This ester was coupled 

Tos 
I 

with Z-Arg-OH8 with the use of dicyclohexylcarbo-
diimide.9 The crystalline protected dipeptide 
(m.p. 152-153°, Ea]28D -39 .0 (c 1, methanol)) 
was then hydrogenated and the product was again 

Tos 

coupled with Z-Arg-OH by the same method.9 

The resulting protected tripeptide (m.p. 112-120°, 
La]26D -31 .0° (c 1, methanol)) was then hydro-

Tos 

genated and the product coupled with Z-Lys-
(6) M. Bodanszky, Nature, ITS, 685 (1955). 
(7) C. H. Li, E. Schnabel and D. Chung, THIS JOURNAL, 81, 2062 

(1960). 
(8) R. L. M. Synge, Biochem. J., 41, 99 (1948). 
(9) J. C. Sheehan and G. P. Hess, THIS JOURNAL, 77, 1067 (195S). 
(9a) K. Hofmann, E. Stutz, G. Spuhler, H. Yajlma and B. T. 

Schwartz, ibid., 81, 3727 (1960). 
(10) M. Bodanszky, J. Meienhofer and V. du Vigneaud, ibid., ( 1 , 

3195 (1960). 
(10a) D. F. Elliot and D. W. Russell, Biochem. / . . W, 49i> (1957). 

Tos Tos 
I I 

OC6H4NO2 for the next two steps (Z-Lys-Arg-
Tos 

Arg-Pro-OCH3: m.p. 110-115°, La]26D -30 .5 
(c 1, methanol)) by means of the ^-nitrophenyl 
ester method.' The amorphous peptide (IV) had 
m.p. 109-1120; La]25D - 2 9 ° (c 1, methanol). 

Anal. Calcd.: C, 54.7; H, 6.19; N, 12.6; S, 
8.85. Found: C, 54.5; H, 6.19; N, 12.7; S, 8.84. 
Countercurrent distribution in the solvent system 
C H C I 8 - C 6 H S C H 3 - C H 8 O H - H 2 O (5:5:8:2, by vol­
ume) showed IV to travel as one single peak with 
K = 0.45. 

The carbobenzoxy group of IV was removed by 
hydrogenation and the base then was allowed to 
react with the crystalline ^-nitrophenyl ester of I I I 
which was obtained by the dicyclohexylcarbodi-
imide method9'10* and had m.p. 152-153°, [a]S6D 
—40.5 (c 2, dimethylformamide). Countercur­
rent distribution in the toluene system described 
above indicated the resulting nonapeptide ester 
(Va) to be homogenous with K = 0.26; m.p. 
119-121°; La]26D -43 .2° (c 1, methanol); yield, 
96%. 

Anal. Calcd.: C, 55.1; H, 6.40; N, 12.7; S, 
8.08. Found: C, 54.9; H, 6.24; N, 12.7; S1 
8.08. 

Saponification of Va yielded the protected non­
apeptide acid (Vb) as an amorphous product with 
m.p. 135-137°; Ja]26D -37 .4° (c 1, methanol). 

Anal. Calcd.: C, 54.9; H, 6.34; N, 12.8. 
Found: C, 55.1; H, 6.41; N, 12.8, This material 
was homogenous according to the results of coun­
tercurrent distribution with K= 0.75 in the toluene 
system. 

Peptide Vb was next submitted to hydrogenation 
and the resulting base was coupled with II by the 
mixed anhydride procedure with isobutyl chloro-
carbonate,11 to give the protected pentadecapeptide 
(Vc). Peptide Vc was purified by countercurrent 
distribution in the toluene system and distributed 
with K = 0.34; m.p. 135-140°; [a]25D -25 .3° 
(c 0.5, dimethylformamide); yield, 35%. 

Anal. Calcd.: C, 57.58; H, 6.14; N, 13.48. 
Found: C, 57.39; H, 6.13; N, 13.49. 

Peptide I was converted to the azide and then 
condensed with the product obtained by the hydro­
genation of Vc. The resulting protected nonadeca-
peptide, Vd, was purified by repeated precipitation 
from dimethylformamide-ether and methanol-
ethyl acetate; m.p. 165-170°; [a]26D - 2 5 ° 
(c 0.5, dimethylformamide); yield, 56%. 

Anal. Calcd.: C, 54.91; H, 6.26; N, 13.96. 
Found: C, 54.50; H, 6.36; N, 13.71. 

The protecting groups of Vd were removed by 
treatment with sodium in liquid ammonia12 and 
the crude product was submitted to countercurrent 
distribution in the system 0.1% HOAc-I-butanol-
pyridine (11:5:3) for 1188 transfers. When the 

(11) J. R. Vaughan, Jr., and J. A. Eichler, TmS JOURNAL, 71, 5558 
(1953). 

(12) V. du Vigneaud and O. K. Behrens. / . Biol. Chem., 117, 27 
(1937). 
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material with K = 0.082 was isolated, it was found 
to be the desired nonadecapeptide V. Redistribu­
tion of V in 2-butanol/0.5% trichloroacetic acid 
for 214 transfers gave a band with K = 0.58. 

Quantitative amino acid analysis of the 24-hour 
hydrolysate of V by both the chromatographic 
procedure18 and the paper-fluorodinitrobenzene 
method1* gave this composition in molar ratios: 
Seri.8Tyri.oMeti.iGlui.oHisi.iPhei.iArg3.iTryi.oGlyj.o 
Lys2.»Pro2.2Vali.o. Tyrosine and tryptophan were 
determined by a spectrophotometric method.1* 
Digestion of V successively with trypsin, chymo-
trypsin and leucine aminopeptidase produced the 
expected constituent amino acids by quantitative 
analysis.14 NH2-terminal amino acid analysis by 
the fluorodinitrobenzene procedure141' disclosed 
serine as the NH2-terminal residue, with traces 
of glutamic acid and lysine. 

The synthetic nonadecapeptide,17 according to 
the results of bioassay by the in vitro adrenal 
method,18 had an ACTH activity of 31 U.S.P. 
units per mg. Estimation of ACTH activity by the 
usual adrenal ascorbic acid depletion procedure1* 
gave a potency20 of 29 U.S.P. units per mg. A 
single dose of 0.1 microgram of the peptide caused 
a change in melanophore index in hypophysecto-
mized Rana pipiens11 from 1 + to 3 + within one 
hour, an MSH potency comparable to that of the-
native adrenocorticotropins.22 

(13) D. H. Spackman, W. H. Stein and S. Moore, Anal. Chem., SO, 
1190 (1958). 

(14) A. L. Levy, Nature, 174, 126 (1954). 
(15) T. W. Goodwin and R. A. Morton, Biochem. J., 40, 628 (1946). 
(16) F . Sanger, ibid., 89, 507 (1945). 
(17) A glutaminyl analog of the nonadecapeptide also has been syn­

thesized by similar routes and its ACTH activity was found to be lower 
than that of the parent peptide. 

(18) M. Saffran and A. V. Schally, Endocrinology, 56, 523 (1955); 
C. Rerup, Acta Endocrin., 89, 83 (1958). 

(19) M. A. Sayers, G. Sayers and L. A. Woodbury, Endocrinology, 
42, 379 (1949). 

(20) We wish to thank Drs. M. Pabst and M. Speeter of the Upjohn 
Company for the assay data. 

(21) L. T. Hogben and D. Slome, Proc. Roy. Soc, B108, 10 (1931). 
(22) C. H. Li, Laboratory Investigation, 8, 574 (1959). 
(23) This work was supported in part by a grant (RG2907) from the 
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Health, and a grant from the Albert and Mary Lasker Foundation, 
New York. 
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CONDUCTANCES OF SOME LANTHANTDE 
COBALTICYANIDES IN DIOXANE-WATER: A 

RE-ASSESSMENT 
Sir: 

The conductances of four lanthanide cobalticy-
anides in water and in 10% and 20% dioxane-
water at 25° have been measured by Atkinson1 

and the corresponding A0 and K values evaluated 
by the method of Shedlovsky.2 For LaCo(CN)4 

(1) G. Atkinson, T H I S JOURNAL, 82, 818 (1960). 
(2) T. Shedlovsky, J. Franklin Inst., 235, 739 (1938). 

in water, the given answers are A8 = 168.36 and K 
= 3.835 X 10 - 4 but while the former is in excellent 
agreement with a previous estimate,* K is much 
higher than that which James and Monk' obtained 
by the method of Davies,4 which makes use of the 
limiting forms of the equations of Onsager and 
Debye and Hiickel 

A1 = Ao - 5(«A/Ai)V« (1) 
- log/i = AzW* (2) 

5 and A are numerical constants* under given 
physical conditions, Ai is the equivalent conduct­
ance for an equivalent ionic concentration a and 
/ is the ionic strength ( = 3ct here).** These equa­
tions are solved by applying successive approxi­
mations to (1) till Ai is constant, taking Ai = A0 
on the right-hand side for a start. Some of the 
data of Atkinson have been recalculated along these 
lines and are summarized by the table where c is 
in equivs./l.; the original A9 values were used. 

DISSOCIATION CONSTANTS DERIVED BY THE METHOD OP 
DAVIBS {K X 10') 

10«e'/« 0.50 1.0 1.5 2 .0 2 .5 3.0 
LaCo(CN). in water 1.26 1.64 1.73 1.75 1.67 1.72 
LaCo(CN)1 in 10% dioxane 0.43 0.6S 0.59 0.59 0.59 0.55 
LaCo(CN). In 20% dioxane 0.25 0.28 0.27 0.22 0.19 0.16 
NdCJJ(CN)I In water 0.36 0.53 0.61 0.64 0.71 0.70 

•^Considering firstly the figures for LaCo(CN)8 in 
water (with omission' of that at cV* = 0.005— 
it is a common feature of conductance that meas­
urements below cl/t = 0.01 are often too low, 
probably because of adsorption effects), the average 
of K = 1.70 X 1O-4 is in good accord with the result 
of James and Monk,' namely, 1.73 X 10~4. The 
most likely explanation why Atkinson's answer is 
so much higher is that Shedlovsky's method,2 

which was devised for 1:1 electrolytes, needs a 
slight modification when applied to higher valent 
symmetrical electrolytes since for 3:3 types 
J\. K = cffl/Zic - a) (3) 
^and the~~appropriate plot is l/AS'(z) against 
cfc/i8S'(z)/3Ao2i where S'(z) is a special function.2 

By dividing the original answer by the extra factor 
of 3, one does in fact find an answer reasonably 
close to the average of the Table. 

The value for 10% dioxane is also now of the 
same order as James' obtained for the very similar 
system of LaFe(CN)8 in 9.67% dioxane, namely, 
K = 0.76 X 10-4 (A0 = 138.0). On the other 
hand it is to be seen that consistent results cannot be 
obtained with A0 = 116.6 for LaCo(CN)8 in 20% 
dioxane although the average for cl/* = 0.01 and 
0.015 of 0.27 X 1O-4 is in general agreement with 
K = 0.26 X 10-4 obtained* for LaFe(CN)8 in 
18.1% dioxane. I t would be possible to remove the 
drift by increasing A0 but K would then be <0.15 
X 10-4. 

The position is much less satisfactory when the 
other results of Atkinson are analyzed by the pres­
ent method. This is illustrated by the results for 

(3) J. C. James and C. B. Monk, Trans. Faraday Soc., 46, 1041 
(1950). 

(4) B. C. Righellato and C. W. Davies, ibid., 26, 592 (1930); C W. 
Davies and J. C. James, Proc. Royal Soc., 19 5A, 116 (1948). 

(5) H. S. Harned and B. B. Owen, "The Physical Chemistry of Elec­
trolytic Solutions," Relnhold Publ. Corp., New York, N. Y., 1958. 

(6) J. C. James, J. Chem. Soc., 1094 (1950). 


