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diazomethane to furnish the pentaester 6,!2

Prolonged heating of either PGI; methyl ester or the re-
gioisomer 3 afforded a small amount of nonpolar oily product,
It appeared to us that this component might be the internal
ketal 4 and ought to be accessible as a major product by a
carefully controlled reaction conditions, and an experimental
study was undertaken.

6-Keto-PGF |, (2, R = Mg, 0,95 g), upon treatment with
powdered molecular sieve 4A (4 g)'3 and kiesel gel (4 g)!4in
dry methylene chloride (50 mL) with vigorous stirring at 25
°C for 4 h followed by filtration and purification by column
chromatography, afforded the desired ketal 4 as a principal
product (40% yield), whose structure was apparent from 'H
NMR and double-resonance 'H NMR experiment as well as
IR analysis.!S Structure 4 was further confirmed by the fol-
lowing observations. (1) Hydrolysis of 4 with a mixture of
acetic acid-water-tetrahydrofuran gave 6-keto-PGF,, methyl
ester. (2) Exposure of 4 to AcOD-D,O-THF produced the
6-keto-PGF,, methyl ester with no deuterium incorporation.!!
(3) Treatment of 4 with excess p-nitrobenzoy! chloride-tri-
ethylamine afforded the monobenzoate of allylic alcohol. 16 (4)
Silylation of 4 with TMSDEA gave the monotrimethylsilyl
derivative by mass spectral assay. (5) The methoxy lactol § was
produced by methanolysis of 4. Apart from being of consid-
erable interest with regard to biological activity, the ketal 4
represents an internally protected form of 6-keto-PGF,
methyl ester which allows a variety of useful selective trans-
formations.

In the preliminary test, the endo-enol ether 3 shows the
higher potency to natural PGE, in inhibiting platelet aggre-
gation and the lower to PG1, methyl ester, while the internal
ketal 4 was almost inactive,!? Further study of the biological
activities of 3 and 4 are in progress and will be published in due
course.
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spectrumn (after trimethylsilylation): m/e 402 (M1), 371, 329, 297, 270, 242,
210, 200, 198, 182, 151, 143, 111,

(13) Freshly powdered and dried in vacuo at 160 °C for 2 h.

(14) Dried In vacuo at 160 °C for 2 h before use.

(15) 'HNMR (CDClg): § 1.90 (m, 2 H, C(7) H), 2.12 (m, 2 H, C(10) H), 2,80 (m,
1H, C(12) H), 2.87 (m, 1H, C(8) H), 4.00 (M, 1H, C(15) H), 4.33 (m, 1H, C(11)
H), 4.74 (m, 1H, C(9) H), 5.44 (m, 2 H, C(13, 14) H). IR (liquid film): 3400
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undergoing in our laboratories.
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(17) When compared with PGE,, 3 was 11.7 times more potent as an inhibitor
of platelet aggregation in ADP induced platelet rich plasma from rat.
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Conformational Equilibrium in the
Backbone of Cyclic Tripeptides!
Sir:

NMR measurements and x-ray studies of cyclic tripeptides
such cyclo[Pros],23 cyclo[Hyp-Pro;],? and cyclo[Sar;]* in-
dicate a C; symmetric backbone conformation (“crown”).’
We have now synthesized the N-benzylglycine (Bzl-Gly)

containing cyclic tripeptides of the general structure cyclo-
[Proy-Bzl:Glys—,] (1, x = 0; 2x = 1; 3, x = 2) with the aim
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Figure 1. Part of the 270-MHz 'H NMR spectrum of cyclo[Pro-Pro-
Bzl-Gly] in CDCl; (top) and Me;SO (inverted on bottom).
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Figure 2. Representation of the '3C NMR spectra of cyclotripeptides in CDCl; (& from MesSi): m, crown conformation; M, boat conformation of

cyclo[Pro!-Pro2-Bzl-Gly3] compared with cyclo[Bzl-Gly]s and cyclo[Pros].

of eventually obtaining cyclic tripeptides free of N substituents
by final removal of the NV-benzyl groups.6

Our NMR investigations surprisingly show that these
peptides and also cyclo[Pro,-Sar] (4)7 exhibit two equilibrating
conformations (M and m). We have proven, that the pre-
dominant conformation M of cyclo[Pro,-BzI-Gly] and of cy-
clo[Pro,-Sar] in CDClj is not the “crown” but a “boat” con-
formation (3, 90% M, 10% m; 4, 85% M, 15% m). The results

\ ol o
N\lfo @ g “ZN>:1R\¢N O
Sl S
M b’
m

of compound 3 are discussed more in detail. With increasing
solvent polarity (acetone, acetonitrile, Me,SO) the proportion
of the m conformation, which we assign to be the “crown’ one,
increases to >50%. The NMR spectra and the solvent-induced
shift of 3 are shown in Figure 1. NMR double-resonance ex-
periments in different solvents were performed to assign the
AB systems of the V-benzylglycyl residue and the « protons
of the prolyl residues, The exchange of the signals of the one
conformation with those in the other was proven by saturation
transfer at 85 °C in Me,SO and is indicated by the same letter
in Figure 1 (e.g.,A=a, P, =p).

The NMR spectra of m for 3 show the following charac-
teristics, (a) The resonances of the prolyl C# protons appear
as a doublet, as do those of cyclo[Pros], which has been shown
to be in the “crown” conformation.? This doublet indicates that
the coupling of the C proton to one of the C# protons is near
zero and, to the other, ~6,7 Hz. These couplings are consistent
with a Dreiding model of the “crown” conformation, in which
the dihedral angle between the prolyl C« proton and the pro-R
proton® on C# is 90°. (b) The proton chemical shift values of
the N-benzylglycyl residue are similar to those of 1, which
mainly prefers the “crown” conformation® (a, 4.06 vs, 4.22
ppm; b, 5.34 vs. 5.54 ppm; ¢, 3,65 vs. 3.74 ppm; d, 4,65 vs. 4.56
ppm; solvent CDCl3), (¢) The '3C chemical shift values of the
N-benzylglycyl residue are similar to those of 1 in CDCl3,6 and
those of the prolyl residues are similar to those of cyclo[Pros],
as can be seen in Figure 2.

Thus, we conclude that m represents the expected “crown”
conformation of cyclo[Pro,-Bzl-Gly] (3) with a cis confor-
mation in all peptide bonds. In the other conformation (M) the
13C chemical shift data of prolyl C# and C~ also support the
cis conformation of both prolyl peptide bonds,® whereas the
N-benzylglycyl residue might have a cis or trans peptide bond.
Considerations of appropriate models exclude the possibility

of a trans peptide bond in a cyclic peptide of this size, which
would cause considerable ring strain and strong transannular
interactions. Therefore we assume M to be the “boat” con-
formation, which also has all-cis peptide bonds and which
differs through an inversion of the N-benzylglycyl C* protons
from the “crown” one. This conclusion is supported by the
quartet structure of the prolyl C* proton signals, which show
strong coupling with both protons at Cf (dihedral angles
measured on Dreiding models: Pro! 8(H¢, pro-R Hf) = —130°,
8(H=, pro-S H®) = —10.0°; Pro? 8(H#, pro-R Hf) = ~10.0°,
8(He, pro-S HP) = +20°). The change of the y angle (N-
C2-C-N) of Pro? from +90° in the “crown” to about +30°
in the “boat” is accompanied by an extremely large downfield
shift of the signals of C2 (63.9 ppm) and C# (33.9 ppm) (Figure
2).

Signal coalescences between 100 and 170 °C in Me,SO
correspond to a barrier of ~20 kcal/mol for the process m =
M. Such a barrier was also observed for the ring inversion of
cyclo[Sar3]'9 and cyclo[Bzl-Gly;] (1).6 Hence, our experi-
ments give evidence for the assumption of Dale!®!! that the
process “crown” = “boat” is responsible for the highest barrier
in the complete ring inversion of cyclo[Sars] (§) (crown = boat
== boat’ = crown’). Such a complete ring inversion must al-
ways be observable when all amino acids are achiral (degen-
erated process). [n cyclotripeptides with chiral amino acids
steric hindrance of the inside orientated groups (related posi-
tions in M and m of 3: C, py, p,, d) determines the population
of the conformations. Those with chiral amino acids of dif-
ferent chirality should prefer the ‘“boat” conformation,
whereas, if they contain three amino acids of the same chirality,
such as cyclo[Pro;], the “crown” conformation is preferred.
For the same reason the observation of the process “‘crown”
= “boat” requires at least one achiral amino acid in the mol-
ecule,

We were able to detect two conformations not only in the
NMR spectra of 2, 3, and 4 but also in cyclo[Bzl-Glys] (1) and
cyclo[Sar;] (8).!2 The latter prefer the crown conformation
but, in solvents of low polarity (CDCl3), small amounts of the
flexible boat are populated ('H NMR (6 in parts per million):
1 (10%), singlets at 4.10 (Bzl-CH,) and 4.67 (C*H5); 5 (6%),
singlets at 4.20 (C*H;) and 3.11 (CH3)). The equivalence of
the « protons in these peptide conformations exhibit fast in-
terconversions between six possible boat conformations as
originally stated by Dale.!! The broadening (b,2 = 16 Hz)
of the C2Hj, singlet at 4.20 ppm of § at 75 °C in C,;D,Cl,
corresponds to AG¥s ~ 18.4 kcal/mol (AG® 295 = 1.6 keal/
mol). This proves a common barrier of the processes crown =
boat and complete ring inversion. 0
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Supplementary Material Available: 'H NMR spectra (270 MHz)
of cyclo[Pro-Bzl-Gly,], cyclo[Pro,Sar], and cyclo[Bzl-Gly]; (Figures
3-5) and interpretation of conformational behavior in cyclotripeptides
(Table 1) (6 pages). Ordering information is given on any current
masthead page.
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cyclo-Triphosphorus (-P3) as a Ligand in Cobalt
and Nickel Complexes with
1,1,1-Tris(diphenylphosphinomethyl)ethane.
Formation and Structures

Sir:

Compounds formed by the reaction of white phosphorus
with metal complexes are quite rate. Only recently some rather
unstable compounds of the types [RhCI(PRj3)2(P4)],!
[Fe(CO)4]3P4,2 and [Fe(CO)3P;],.2 which have been sug-
gested to contain P4 or P> molecular units, have been reported.
However definitive conclusions about their structures have not
been reached. The compound [CoPCp], has been found to
possess a cubane-like geometry with phosphorus and cobalt
atoms at the vertices of a distorted cube.?

We have been using over several years the tri(tertiary
phosphine), 1,1,1-tris(diphenylphosphinomethyl)ethane,
CH;C(CH,PPh3)3, L, as an efficient ligand to form metal
complexes with coligands of various types.4 By reacting white
phosphorus with cobalt(II) and nickel(I1) aquoions in presence
of L, the complexes [CoL(P3)] and [LNi(P;)NIiL]Y, (Y =
BF4, BPhy) containing the cyclo-triphosphorus 8-P; group as
a ligand were obtained. To our knowledge the existence of this
molecular unit either free or bound has not been ascertained
before.

Equimolecular quantities of Co(BF,)»-6H,0 in butanol and
L in THF were allowed toreact, at 50 °C and under inert gas
atmosphere, with an excess of white phosphorus. After ~10
min yellow-orange crystals of the [CoL(P;)] complex (1)
precipitated. They were filtered off and recrystallized from
methylene chloride-butanol. Anal. Calcd for C4;H3CoPg: C,
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Figure 1. Inner skeleton of [CoL(P3)]. The P-Co-P angles formed by the
L and P; ligands are 93.6 (1) and 55.5 (1)9, respectively.

63.41; H, 5.06; Co, 7.58; P, 23.93. Found: C, 63.56; H, 5.28;
Co, 7.30; P, 24.92.

The [LNi(P3)NiL](BF4), complex (2) was obtained by
reaction at room temperature and under nitrogen atmosphere
of Ni(BF4)2:6H,0 (1 mmol), L (1 mmol), and white phos-
phorus (excess), in THF-butanol solution. By concentration
of the resulting solution, red-brown crystals precipitated, Anal.
Calcd for Cg2H73B2FsNiyPg: C, 60.29; H, 4.81; Ni, 7,18; P,
17.06. Found: C, 60.00; H, 5.14; Ni, 6.95; P, 17.17, The solu-
tion of this complex in acetone was added to a solution of
NaBPh, in butanol and large crystals of the [LNi(P;)NiL]
(BPh4)»-2(CH3),CO complex (3) precipitated. Anal. Calcd
for C136H130B2Ni202P92 C, 73.76; H, 5.91; Nl, 5.30; P, 12.58.
Found: C,73.61; H, 6.57; Ni, 5.15; P, 12.92.

All complexes are air stable, also in solution of THF,
methylene chloride, nitroethane.

The cobalt derivative is diamagnetic and a nonelectrolyte
in methylene chloride solution. The complex 3 is 1:2 electrolyte
in nitroethane solution. The effective magnetic moments of the
compounds 3 and 2, respectively, are equal to 1,92 ug (at 293
K)and to 1.9 £ 0.1 up (from 85 to 293 K) for the dimeric units.
This is in agreement with the existence of one unpaired electron
in both dimers.

The structures of 1 and 3 were established by single-crystal
x-ray diffraction studies, Complex 1 crystallizes in space group
R3 with the following cell constants: @ = 10,57 (1) A, a =
109.5 (1)°, Z = 1. Compound 3 belongs to space group P1 with
a=17.53(1),b=1586(1),c=1388 (1) A;a =111.7 (1),
B=91.2(1),y=1154(1)%Z = 1.

Intensity data were collected on a Philips computer con-
trolled PW 1100 diffractomerter (Mo Ka monochromatized
radiation A = 0.7107 A) by the w-26 scan technique within 26
< 55° and 26 < 45° for complex 1 and 3, respectively. Both
structures were solved by the heavy-atom method and refined
at the present stage to R = 0.048 over 1340 observed reflections
(I=30(I))and R =0.11 over 4285 observed reflections (I =
30([I)) for complex 1 and 3, respectively. The rather high R
value for complex 3 is due to the quality of the data affected
by decomposition of the crystal and by the presence of disor-
dered acetone molecules in the lattice which have not been yet
included in the model. Refinement of both structures is still
in progress,

The inner coordination geometries of the two complexes are
shown in Figures 1 and 2. The metal atom in the cobalt com-
plex is coordinated by the three phosphorus atoms of L and by
the three phosphorus atoms of the P3 unit. The two ligands are
in a staggered position. The configuration of the nickel deriv-
ative is that of a triple-decker sandwich compound, with the
P5 unit bridging the two NiL moieties, The P-P distances in
the cyclo-triphosphorus units of the two complexes, ranging
from 2.13 10 2.16 A, are indicative of covalent P-P bonds.

The electronic configurations of the complexes may be ap-
proached as follows, The 3d and 4s metal orbitals, which span
the a; and e representations in C;, symmetry, have nonzero
overlap with the orbitals containing the lone pairs of the three
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