
but the exo/endo ratio is still only about 30. This low 
ratio stands in striking contrast to the one observed for 
solvolyses,8 which is ~105 at 25°, and it is concluded 
that neighboring group assistance is energetically less 
favored in the gas phase than in solution. Two reasons 
probably do account for this: firstly, neighboring 
group migration is usually associated with some loss of 
rotational entropy for the reactant on ring closure to 
the transition state.9 This entropy loss, which impedes 
reactivity, will inevitably be more pronounced in the 
gas phase than in solution. Secondly, since neighboring 
group assistance depends, among other factors, criti
cally upon the charge development at the migrating 
center, the driving force for migration in the gas phase is 
reduced. 

For the solvolysis of the 2-norbornyl chlorides, the 
exojendo ratio is about 102-103,8a'10 i.e., smaller than 
for I and II, and it is therefore not surprising that 
exo-norbornyl chloride eliminates at a rate even closer 
to sec-butyl chloride in the gas phase. 

Finally, it should be noted that the small exo/endo 
ratios of these norbornyl derivatives in the gas phase 
and the high ratios in solution provide more evidence 
for a "nonclassical" transition state in the solvolysis of 
the exo isomers, as has been suggested some time 
ago,8b"d|11 and, in the light of some recent doubts, re
affirmed.83'10 

(8) (a) P. Beltrame, C. A. Bunton, A. Dunlop, and D. Whittaker, J. 
Chem. Soc, 658 (1964); (b) F. Brown, E. D. Hughes, C. K. Ingold, and 
J. F. Smith, Nature, 168, 65 (1951); (c) C. K. Ingold, "Structure and 
Mechanism in Organic Chemistry," Bell & Sons, Ltd., London, 1953, 
Chapter IX; (d) S. Winstein, E. Grunwald, et ah, J. Am. Chem. Soc, 
74, 1127(1952). 

(9) B. Capon, Quart. Rev. (London), 18, 45 (1964). 
(10) S. Winstein, E. Clippinger, R. Howe, and E. Vogelfanger, / . Am. 

Chem. Soc, 87, 337 (1965). 
(11) C. K. Ingold, private communication to H. B. Watson, in Ann. 

Rept. Progr. Chem. (Chem. Soc. London), 36, 197 (1939). 
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The Synthesis of D-Oxytocin, the Enantiomer of 
the Posterior Pituitary Hormone, Oxytocin1 

Sir: 
The synthesis of the optical antipode of the posterior 

pituitary hormone oxytocin (Figure 1) has now been 
completed as part of a general study of the relation
ship of the stereochemistry of the hormone to its 
biological activity. 

The desired protected nonapeptide amide, N-car-
bobenzoxy-S-benzyl-D- cysteinyl - D - tyrosyl - D - isoleucyl-
D-glutaminyl-D-asparaginyl-S-benzyl-D-cysteinyl-D-prol-
yl-D-leucylglycinamide, was prepared by the stepwise 
nitrophenyl ester method,2 as employed for the synthesis 
of oxytocin,3 starting from the protected tripeptide 
amide, N-carbobenzoxy-D-prolyl-D-leucylglycinamide. 
Preparation of the latter compound was accomplished 

(1) This work was supported in part by Grant HE-01675 from the 
National Heart Institute, U. S. Public Health Service. 

(2) M. Bodansky, Nature, 175, 685 (1955). 
(3) M. Bodansky and V. du Vigneaud, J. Am. Chem. Soc, 81, 5688 

(1959). 
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Figure 1. Structure of oxytocin. 
by ammonolysis of ethyl N-carbobenzoxy-D-prolyl-D-
leucylglycinate, made by the method used by Cash4 

for the synthesis of the L- isomer.6 

The protected nonapeptide amide possessed m.p. 
250-252° and H19D +51.2° (c 1, dimethylformamide) 
{Anal. Calcd. for C66H86Ni2O14S2: C, 59.0; H, 6.55; 
N, 12.7. Found: C, 59.0; H, 6.61; N, 12.6); 
lit.3 (L- isomer) m.p. 245-248°, [a]20D -50.5° (c 1, di
methylformamide) . 

The protected nonapeptide amide was treated with 
sodium in liquid ammonia, as employed in the original 
synthesis of oxytocin,6 and the resulting disulfhydryl 
compound was oxidized in dilute aqueous solution with 
potassium ferricyanide.7 After removal of ferro-
cyanide and ferricyanide ions with the ion-exchange 
resin AG3X4, in the chloride form, the solution gave 
a negative reaction to nitroprusside and to Ellman's 
reagent.8 This solution of the crude material, on 
bioassay, did not appear to possess any avian-vaso
depressor9 or oxytocic10 activity. The solution was 
concentrated to a small volume and subjected to 
countercurrent distribution in the system 1-butanol-
l-propanol-0.5% aqueous acetic acid containing 0.1% 
pyridine (6:l:8).n The distribution pattern, as de
tected by determination of the Folin-Lowry color 
values,12 was identical with that obtained for oxytocin 
in the same system. The material obtained from the 
main peak (K = 0.48) by lyophilization was a white 
fluffy powder, Ia]20D +22.2° (c 0.5, 1 N acetic acid) 
Anal. Calcd. for C43H66Ni2O12S2-C2H4O2: C, 50.6; 
H, 6.61; N, 15.8. Found: C, 50.2; H, 6.52; N, 

(4) W. D. Cash, / . Org. Chem., 26, 2136 (1961). 
(5) C. Ressler and V. du Vigneaud, J. Am. Chem. Soc, 76, 3107 

(1954). 
(6) V. du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts, P. G. 

Katsoyannis, and S. Gordon, ibid., 75, 4879 (1953); V. du Vigneaud, 
C. Ressler, J. M. Swan, C. W. Roberts, and P. G. Katsoyannis, ibid., 76, 
3115(1954). 

(7) V. du Vigneaud, G. Winestock, V. V. S. Murti, D. B. Hope, and 
R. D. Kimbrough, Jr., / . Biol. Chem., 235, PC 64 (1960); D. B. Hope, 
V. V. S. Murti, and V. du Vigneaud, ibid., 237, 1563 (1962). 

(8) G. L. Ellman, Arch. Biochem. Biophys., 82, 70 (1959). 
(9) R. A. Munsick, W. H. Sawyer, and H. B. van Dyke, Endocrinology, 

66, 860 (1960). 
(10) P. Holton, Brit. J. Pharmacol., 3, 328 (1948); R. A. Munsick, 

Endocrinology, 66, 451 (1960). 
(11) D. Jarvis, B. M. Ferrier, and V. du Vigneaud, / . Biol. Chem., in 

press. 
(12) O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall, 

ibid., 193, 265 (1951). 
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16.1. Oxytocin possesses H 2 2 5 D -23 .1° (c 0.51, 1 
N acetic acid).13 

A sample was hydrolyzed with 6 N HCl at 120° 
for 20 hr. and analyzed with a Beckman-Spinco amino 
acid analyzer according to the procedure of Spackman, 
Stein, and Moore.1'1 The following molar ratios were 
obtained, glycine being taken as 1.0: aspartic acid 1.0, 
glutamic acid 1.0, proline 1.1, glycine 1.0, leucine 1.0, 
tyrosine 0.9, cystine 1.0, isoleucine 0.95, alloisoleucine 
0.05, ammonia 3.0. 

Paper electrophoresis, with pyridine acetate buffer pH 
5.6 for 20 hr., showed D-oxytocin to have a mobility 
identical with that of oxytocin and to travel as a single 
spot. A similar finding was made when the compound 
was subjected to paper chromatography in two dif
ferent solvent systems, 1-butanol-acetic acid-water 
(4:1:5) and pyridine-acetic acid-water (10:7:3). 

No avian-vasodepressor9 or oxytocic activity10 was 
detected upon bioassay of D-oxytocin, whereas oxy
tocin possesses approximately 500 units/mg. of each 
of these activities. No indication of an inhibitory 
effect of D-oxytocin on these activities of oxytocin could 
be detected. 

Recently Yajima and Kubo16 synthesized D-histidyl-
D-phenylalanyl-D-arginyl-D-tryptophylglycine, the en-
antiomer of which corresponds to positions 6 to 
10 of a-melanocyte-stimulating hormone. The L-
pentapeptide was found to possess a slight degree of 
melanocyte-stimulating activity, whereas the D-penta-
peptide was found to antagonize the action of its 
enantiomer as well as that of a-MSH.15'16 Schroder, 
et al.,17 have synthesized the D-heptapeptide, glycyl-D-
alanyl-D-phenylalanyl-D-valyl-glycyl - D - leucyl - D - methi-
oninamide, the enantiomer of which corresponds to an 
analog of the heptapeptide sequence of positions 5 
to 11 of eledoisin with glycine in place of aspartic 
acid and valine in place of isoleucine. The D-hepta
peptide was reported to have V2500 of the activity of the 
L- isomer in lowering the blood pressure of the rabbit. 
More recently, Stewart and Woolley18 have syn
thesized D-bradykinin and found that amounts of this 
D-nonapeptide up to 50,000 times the standard challenge 
of bradykinin showed neither any inhibition of the 
response to bradykinin nor any bradykinin-like effects 
on the isolated rat uterus, duodenum, and stomach. 
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Trigonal Prismatic Coordination. 
The Molecular Structure of 
TrisCcw-ljl-diphenylethene-l^-dithiolato^henium1 

Sir: 

Since their initial preparation,2-4 tris complexes of 
bidentate sulfur ligands have been under intensive 
study.4-7 As with the square-planar bis compounds, 
these systems appear to undergo electron-transfer 
reactions during which the coordination remains un
changed. In interpretations of the physical prop
erties of these systems, the complexes were assumed to 
have D3 symmetry with a distorted octahedral coordina
tion about the central metal.3'6'8 Because of the 
activity in this field and the need for a structure de
termination on which to base the interpretations of 
other physical measurements, we undertook the 
structure determination of what is probably a repre
sentative example of these compounds, the neutral 
complex tris(cw-1,2-diphenylethene-1,2-dithiolato)rhen-
ium.9 This communication reports the results of that 
investigation. 

R e i J! 
^ S - C \ C 6 H 6 y / 

I 

Green crystals of I, kindly supplied by G. N. Schrauzer, 
were examined by precession techniques and found to be 
triclinic. A Delaunay reduction failed to suggest a 
higher crystal system. The compound crystallizes in a 
cell with dimensions a = 19.73 ± 0.04, b = 11.94 ± 
0.03, c = 9.87 ± 0.03 A., a = 120.1 ± 0.1, /3 = 73.6 
± 0.1, y = 102.5 ± 0.1°. The assumption of a center 
of symmetry (space group PT) appears justified by the 
satisfactory agreement ultimately obtained between 
observed and calculated structure factors. An experi
mental density of 1.53 ± 0.05 g./cm.3, determined by 
flotation in zinc chloride solutions, agrees well with a 
calculated value of 1.572 g./cm.3 for two molecules in 
the unit cell. Thus, all atoms are in general positions 
and no crystallographic symmetry conditions need be 
imposed on the molecule. 

Intensity data were collected at room temperature 
from a single crystal with the G.E. XRD-5 goniostat. 

(1) Research performed under the auspices of the U. S. Atomic 
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