allows interaction between X and the DKP ring without
interference between X and Y. For the cyclo-(Y-Z)
case where Y and Z are both L or D and are not aromatic,
one can at lease predict some kind of boat subject to
Y-Z steric effects.
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Abstract:

The crystal and molecular structure of copper(Il) o,3,v,6-tetra-#-propylporphine has been determined

by X-ray crystallographic methods. The compound crystallizes in the space group P2;/c with two molecules per

unit cell of dimensions @ = 5.010 (7), b = 11.55 (4), ¢

= 22.50 (9) A, B = 99.1 2)°.

The metallo structure is

isomorphous with the free base and it was solved from a sharpened, three-dimensional Patterson function. The

structure was refined by full-matrix, least-squares procedures with the final R factor being 0.059 (R = Z||F,| —
|F.l|/Z|FJ]). The molecule is centrosymmetric with half of a molecule per asymmetric unit. The two independent
pyrrole rings have very similar bond distances and bond angles and have the geometry of the azapyrrole of the free
base structure. This gives the macrocycle a symmetry closely approaching Dy. The Cu(II)ion substitution causes a
general “squaring-up” and overall contraction of the central core region of the free base macrocycle. This is ac-
complished by the movement of the pyrrole rings. The individual pyrrole rings are planar to =0.004 A whereas

the porphine macrocycle is only planar to +=0.05
respect to each other (3.7°).

mong other derivatives in our continuing study of
the structures of porphyrin molecules, we have
been interested in determining the effect of a metallo
substitution upon the porphine macrocycle when the
substitution was expected intrinsically to lead only to
minor perturbations of the original system. With
the recent advent of a precise description of the geometry
of the free base macrocycle,! such a plan became fea-
sible. Therefore, to this end, we have focused our
attention upon the Cu(Il) state. The ionic radius
of Cu(Il) was expected to be nearly optimal for undis-
torted accommodation within the central porphine
core;? moreover, the ion favors square planar coordina-
tion and this should minimize geometrical perturba-
tions on the macrocyclic system with substitution. In
this way, we hoped to isolate the effect of chemical
bond formation from other extraneous factors and to
establish a base from which more complicated metallo
substitutions might be better understood (different
ionic radii, different electronic spin states, more com-
plicated coordination geometries).?
(1) P. W, Codding and A. Tulinsky, J. Amer. Chem. Soc., 94, 4151

(1972),
(2) J.L.Hoard, Science, 174, 1295 (1971).

In the case of the latter, the pyrroles are tilted slightly with

Experimental Section

Twinned crystals of copper «,B8,v,6-tetra-n-propylporphine
(CuTPrP)4 in the form of purple needles were prepared by allowing
methanol to diffuse into a saturated solution of the compound in
toluene. Various other solvents and other conditions also gave
twinned crystals in the form of hexagonal prisms. However, some
of these crystals could be cleaved into two nontwinned crystal
fragments. A suitable nontwinned crystal fragment with approx-
imate dimensions 0.05 X 0.075 X 0.5 mm was used for the X-ray
studies,

Preliminary X-ray diffraction measurements showed the crystal
system to be monoclinic and systematic absences of reflections
showed the space group to be P2j/c. The lattice parameters were
obtained from diffractometer measurements by the least-squares
fit of the angular coordinates of 12 reflections in the range 45°
<20 <80°[a=5010(7),b=11.55),c = 22.50(9) A and 8
= 99.1 (2)°]. The calculated density of the crystal on the basis
of two molecules per unit cell is 1.396 g cm™2 and the observed
density measured by flotation in aqueous silver nitrate solution is
1.39 gem™3.

The intensity data collection was carried out with Cu Ke radia-
tion using a Picker four-circle diffractometer controlled by a Digi-
tal Equipment Corp. (DEC) 4K PDP-8 computer (FACS-I system)

(3) E.g., square pyramidal chloromanganese tetraphenylporphine;
B. M. L. Chen, Ph,D, Thesis, Michigan State University, 1970.

(4) We would like to thank Dr. Alan D. Adler of the New England
Institute, for kindly supplying us with a sample of CuTPrP,
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coupled to a DEC 32K disc file and an Ampex TMZ 7-track tape
transport. Intensities of reflections were measured by a wander-
ing w-step-scan procedure using balanced Ni/Co filters.® The
step-scan was performed in 0.03° increments of the w angle and
extended +=0.075° on either side of the calculated peak position.
Each step was measured for a duration of 4 sec and the four
largest measurements were summed to give the intensity of the
reflection.® When the observed peak position did not coincide
with the calculated w value, one or two additional steps were taken
to assure centering of the scan in the detector window. The
background was measured with a Co filter at the w value of the
maximum intensity for a time interval of 4 sec and this count was
multiplied by four to give the total background intensity. Finally,
since the step-scan procedure is essentially a stationary crystal-
stationary counter measurement, in order to avoid Ke splitting
effects, the intensity data collection was confined within the range
20 < 115°,

During the intensity data collection the alignment of the crystal
was monitored by measuring the intensities of three standard re-
flections. These standard reflections were the (200) at x = 90°
and two ¢ values approximately 90° apart and the (064) reflection.
The program which controlled the intensity data collection also
had the capability of ‘“realigning” the crystal automatically.®
The need for realignment is based on the intensities of the standard
reflections but since the deviations of the standards were all within
the counting statistics, no realignment occurred during the data
collection. Before the onset of intensity data collection, the mosaic
spreads of two reflections were measured to ensure the crystal
quality and to help select the best quadrant to be used for the in-
tensity data collection. A quadrant including the —b* axis was
selected where the peak widths were generally smaller (<0.3°)
and the absorption by the crystal was less.

The intensities of the reflections were corrected for absorption
using a semiempirical method based on the variation of the rela-
tive transmission (77) with the aximuthal angle ¢?. The T(yp) curves
were constructed by measuring the variation of the absorption of
reflections at x = 90°, Since the —a* axis occurred at ¢ = 90°,
the (h00) reflections were used to correct general reflections for
absorption in terms of ¢, 26, and reciprocal lattice level (4 index).
The absorptions measured were of the reflections: (100), (200)
and (300) with 26 = 17.9, 36.3, and 55.7°, respectively. The
maxima of the absorption ratios of these reflections occurred at the
+p* directions. The intensities of a total of 1885 independent
reflections were measured of which 591 were taken to be accidentally
absent. The observable limit was fixed by the average value of the
measured intensity of the systematically absent (#0/) reflections
(~1 count/sec) (1294 observable reflections or 699,). The inten-
sities were then converted to relative structure amplitudes by ap-
plication of the Lorentz and polarization factors.

Structure Analysis

The structure amplitudes were converted to nor-
malized values using an approximate scale and an
average isotropic temperature factore (3.0 A?) deter-
mined by Wilson’s method.® Since the crystal density
shows that there are two molecules per unit cell and the
space group requires four equivalent positions, two
related by centers of symmetry, the molecules must be
centrosymmetrical with the Cu(ll) ions located at the
centers of symmetry. A sharpened, origin removed,
three-dimensional Patterson (|E? — 1|) map showed
the image of the molecule clearly centered around
the origin.

The coordinates of the nonhydrogen atoms were
measured from the Patterson map and were used to
start the refinement process. The initial coordinates
and an average isotropic thermal parameter gave R =
024, R = Z||F,| — |F.||/Z|F,|, where |F,| and |F,|

(5) R. L. Vandlen and A, Tulinsky, Acta. Crystallogr., Sect, B, 27,
437 (1971).

(6) H. W. Wyckoff, M, Doscher, D. Tsernoglou, T. Inagami, L. N,
Johnson, K. D. Hardman, N. M. Allewell, D, M. Kelly, and F. M.
Richards, J. Mol. Biol., 27, 563 (1967).

(7) A.C. T. North, D. C. Phillips, and F, S. Mathews, Acta Crystal-

logr., Sect, A, 24, 351 (1968).
(8) A.J.C. Wilson, Nature (London), 150, 151 (1942).

are the observed and calculated structure amplitudes,
respectively.

The structure was refined using full-matrix, least-
squares methods with unit weights applied to the struc-
ture amplitudes. Three cycles of refinement, one
varying the positional parameters of the atoms, another
varying isotropic temperature factors, and the last
varying the positional parameters again along with the
scale of the observed amplitudes, lowered R to 0.102.
At this stage, a difference electron density map was
calculated and it revealed the positions of all the hy-
drogen atoms. The hydrogen atoms were assigned
isotropic temperature factors which were 1.25 greater
than the isotropic temperature factors of the carbon
atoms to which they were bonded and the resulting
structure factor calculation had an R of 0.086. Aniso-
tropic thermal parameters were introduced at this
stage and the course of the remainder of the refinement
is summarized in Table I. In Table I, k is the absolute

Table I. Summary of the Refinement with Anisotropic
Thermal Parameters

Cycle k (xyz); Bi; (xy2)g R
1 0.086
2 X 0.072
3 X 0.068
4 X 0.065
5 X 0.064
6 X X 0.062
7 X 0.062
Second difference map, new (xyz)g 0.063
8 X 0.062
9 X X 0.062

Introduced Cu atomic scattering factor dispersion
correction increasing R to 0.104

10 B:; of Cu only 0.067
11 X X 0.065
12 X 0.063

Introduced 28 dependence in absorption (two absorption
curves), increasing R to 0.065

13 X X 0.061
14 X 0.060
15 X X 0.059
Third difference map, new (xyz)a 0.059
16 X 0.059
17 X 0.059
18 X 0.059

scale factor of the observed structure amplitudes,
(xyz); represents the atomic coordinates of the non-
hydrogen atoms, 3,; represents the anisotropic thermal
parameters of these atoms, and (xyz)m corresponds to
the hydrogen atom coordinates. An X in Table I
denotes the parameters which were varied during a
particular least-squares cycle.

Results?

The final atomic parameters of the nonhydrogen
atoms are listed in Table II and Table III lists the
equivalents of the principal mean-square displace-
ments of the atoms. The atom notation is according
to Figure 1. The hydrogen atomic coordinates and
isotropic temperature factors are listed in Table IV.
The interatomic bond distances and bond angles of

(9) See paragraph at end of paper regarding supplementary material.
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Peak

height,
Atom x y z But B Bss Bz Bis Bas e A-?
Cu 0 0 0 0.0344 0.0068 0.0014 0.0005 0.0007 0.00009 48.0
N(A) 0.2255(9) 0.0193(4) —0.0648(2) 0.0387 0.0068 0.0015 0.0004 0.0008 —0.00012 7.2
C(AD) 0.2552(12) 0.1177(6) —0.0975(3) 0.0380 0.0082 0.0016 —0.0015 0.0005 0.00026 5.9
C{A2) 0.4409 (13) 0.0961(6) —0.1394(3) 0.0503 0.0090 0.0020 —0.0021 0.0032 —0.00026 5.4
C(A3) 0.5253(12) —0.0141(6) —0.1313(3) 0.0447 0.0108 0.0017 —0.0020 0.0027 —0.00073 5.6
C(A4) 0.3910(12) —0.0631(5) —0.0847(3) 0.0381 0.0077 0.0016 0.0000 0.0006 —0.00049 6.2
C(M5) 0.4238 (12) —0.1773(6) —0.0654(3) 0.0335 0.0083 0.0017 0.0004 0.0006 —0.00081 5.8
C(P51) 0.6088 (12) —0.2554(6) —0.0945(3) 0.0383 0.0090 0.0019 0.0034 0.0008 —0.00056 5.4
C(P52) 0.4613(13) —0.3151(6) —0.1515(3) 0.0490 0.0090 0.0022 0.0002 0.0014 —0.00119 5.5
C(P53) 0.6549 (16) —0.3903(7) —0.1811(3) 0.0724 0.0050 0.0030 0.0021 0.0044 —0.00118 4.7
N(B) 0.1155(10) —0.1659 (4) 0.0098 (2) 0.0386 0.0074 0.0014 0.0020 0.0004 0.00017 7.3
C(B1) 0.2887(12) —0.2237(6) —0.0213(3) 0.0361 0.0078 0.0018 0.0010 —-0.0001 —0.00033 5.7
C(B2) 0.3086(14) —0.3438(6) —0.0029(3) 0.0526 0.0086 0.0020 0.0039 0.0020 0.00015 5.7
C(B3) 0.1540(15) —0.3568 (6) 0.0403 (3) 0.0602 0.0070 0.0024 0.0043 0.0008 0.00056 5.3
C(B4) 0.0323(12) —0.2457 (6) 0.0495(3) 0.0427 0.0076 0.0017 0.0006 —0.0005 0.00001 6.0
C(M6) —0.1347 (12) —0.2243(6) 0.0916 (3) 0.0401 0.0077 0.0017 —0.0010 0.0008 0.00047 6.3
C(P61) —0.1848 (14) —0.3191 (6) 0.1346 (3) 0.0504 0.0083 0.0020 —0.0027 0.0015 0.00041 5.8
C(P62) —0.0004 (14) —0.3120(6) 0.1950(3) 0.0534 0.0092 0.0018 —0.0023 0.0008 0.00071 5.6
C(P63) —0.0843(15) —0.3937(7) 0.2415(3) 0.0642 0.0107 0.0025 —0.0012 0.0026 0.00159 4.8
o X 108 93-158 42-66 19-34 50-463 10-77 2-21 24-155 8-78 5-32

@ Anisotropic temperature factor = exp[—(Buh“ + 5921{2 + 53312 + Zﬂlzhk + 2513/1[ + 26231([)]

parentheses.

CA3——CA2

CA4\ /cm\c

ol

Figure 1. Numbering system of CuTPrP.

5
\ 5')952
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Table III.  Principal Mean-Square Displacements (A?) in
“Isotropic B’ Notation

87‘-21112 8,,.2;‘22 81,-2}-‘32
Cu 2.76 3.38 3.72
N(A) 2.98 3.57 3.92
C(Al1) 2.98 3.64 4.66
C(A2) 3.42 4.47 5.56
C(A3) 2.96 4.28 6.14
C(Ad) 2.86 3.80 4.38
C(M5) 2.83 3.32 4.94
C(P51) 3.27 3.52 5.52
C(P52) 3.40 4.79 5.93
C(P53) 3.62 6.43 7.48
N(B) 2.63 3.59 4.37
C(B1) 3.00 3.76 4.64
C(B2) 3.91 4.00 5.80
C(B3) 3.13 4.95 6.40
C(B4) 2.92 4.25 4,86
C(M§6) 3.06 3.78 4.54
C(P61) 3.56 4.30 5.46
C(P62) 3.24 4.61 5.98
C(P63) 3.55 6.30 7.09

CuTPrP are shown in Figure 2.
Figure 3 shows the interatomic distances and angles
of TPrP. The standard deviations of the nonhydrogen

For comparison,

Figure 2,
CuTPrP.

\108
3
\

)

°

Interatomic distances (A) and bond angles (deg) of

Table IV, Final Hydrogen Atom Parameters

Standard deviations of coordinates in

Iso- Peak

tropic height,
Atom x y z B,Ar ¢ A3
HCA2 0.4951 0.1510 —-0.1711 4.8 0.39
HCA3 0.6849 —0.0528 —0.1496 5.3 0.45
H1P51 0.7793 —0.2070 —0.1063 4.6 0.46
H2P51 0.6908 —0.3057 —0.0663 4.6 0.53
H1P52 0.3754 —0.2544 —0.1865 5.0 0.40
H2P52 0.3160 —0.3610 —0.1464 5.0 0.41
H1P53 0.7855 —0.3392 —0.1903 5.8 0.37
H2P53 0.7196 —0.4451 —0.1564 5.8 0.38
H3P53 0.5429 —0.4335 —0.2249 5.8 0.37
HCB2 0.4403 —0.4007 —0.0142 4.9 0.47
HCB3 0.1355 —0.4249 0.0650 5.1 0.38
H1P61 —0.3487 —0.3180 0.1412 4.8 0.40
H2P61 —0.1623 —0.39%6 0.1188 4.8 0.49
H1P62 0.0083 —0.2379 0.2078 4.8 0.45
H2P62 0.1749 —0.3215 0.1880 4.8 0.42
H1P63 0.0382 —0.3896 0.2810 5.9 0.49
H2P63 —0.0777 —0.4624 0.2288 5.9 0.34
H3P63 —0.2763 —0.3756 0.2429 5.9 0.27
o X 10¢ 133-154 60-68 29-34

bond distances and
0.55°, respectively.

angles are about =0.008 A and

These are based on the standard
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Figure 3, Average interatomic distances (A) and bond angles
(deg) of independent pyrroles of TPrP.

Figure 4. Average interatomic distances (A) and bond angles
(deg) of independent pyrroles of CuTPrP.

deviations of the atomic coordinates of the final cycle
of least-squares refinement (shown in parentheses in
Table II). The errors in the hydrogen atom coordi-
nates are about ten times greater than those of the atom
to which they are bonded.

A least-squares plane was calculated for the atoms
of the porphine skeleton. The deviations of the atoms
from the least-squares plane are listed in Table V.

Table V. Deviations of the Atoms of the Porphine Skeleton
from the Best Least-Squares Plane

Atom 5, A Atom 5, A

N(A) —0.02 N(B) 0.01
C(Al) —0.04 C(B1) 0.02
C(A2) —0.02 C(B2) —0.04
C(A3) 0.03 C(B3) —0.05
C(Ad) 0.03 C(B4) 0.00
C(MS) 0.04 C(M6) 0.05

o= =£=0.03A

Best least-squares planes were also computed for the
atoms of each pyrrole ring separately. The pyrroles
are planar within =0.004 A (Table VI) but the por-

Table VI. Deviations of the Atoms of the Pyrroles from
Best Least-Squares Planes
Pyrrole A Pyrrole B
Atom 8 A Atom 8
N(A) —0.004 N(B) —0.013
C(Al) 0.004 C(B1) 0.011
C(A2) —0.003 C(B2) —0.005
C(A3) 0.000 C(B3) —0.003
C(A%) 0.003 | C(B4) 0.010
o= =x=0.002A o= =x0.005A

phine macrocycle is only planar to within =0.05 A;
in the latter, the pyrroles are tilted with respect to each
other by an angle of 3.7°.

Figure 5. Comparison of central core region of TPrP (top) and
CuTPrP (bottom).

Discussion

Since the porphine macrocycle of CuTPrP is essen-
tially planar and since the geometry of the independent
pyrroles is practically identical (Figure 2), the por-
phine skeleton closely approximates Dg symmetry.
Furthermore, from a comparison of the bond distances
and especially from the bond angles of CuTPrP and
its free base counterpart (Figures 2 and 3), it can be
seen that the reduced pyrrole of the free base assumes
the geometry of the azapyrrole upon the loss of hydrogen
atoms and concomitant coordination and bond forma-
tion with the Cu(Il) ion. Although the D, symmetry
was expected, the same is not necessarily so concern-
ing the manner in which the symmetry was achieved,
since there are a number of likely a priori ways to estab-
lish the D, symmetry. The average bond distances
and bond angles of CuTPrP corresponding to D,
symmetry are shown in Figure 4.

The foregoing results agree well with the triclinic
structure determinations of octaethylporphine (OEP)!
and NiOEP.}' The OEP macrocycle is similar to the
average free base structure of the porphine macrocycle!
except in the vicinity of the ethyl group substitutions.
A similar phenomenon was noted in the vicinity of the
propyl and phenyl substitutions of TPrP and tetra-
phenylporphine.! The NIiOEP structure closely ap-
proximates Dy, symmetry and the pyrroles assume the
geometry of the azapyrrole of the free base of OEP,
similarly to that just described for CuTPrP and TPrP.

The distances between the methine carbon atoms,
which possess good square symmetry in TPrP, do not
change much with the Cu(Il) substitution (~0.02 A).
However, the bond angles involving the methine
carbon atoms decrease by about 2.2° from the move-
ment of the pyrroles toward the Cu(Il) ion giving rise

(10) J. W. Lauher and J. A. Ibers, Abstracts, Winter Meeting of the
American Crystallographic Association, Gainesville, Fla,, January
19(7131’)15‘]32: L. Cullen and E. F. Meyer, Jr., Abstracts, Winter Meeting

of the American Crystallographic Association, Gainesville, Fla., Janu-
ary 1973, Al.
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to an overall contraction of the central core region.
This can be seen from Figure 5 which compares the
geometry of the central core region of TPrP and CuTPrP.
From Figure 5, it can be seen that in CuTPrP the ar-
rangement of the pyrrolic nitrogen atoms ‘‘square-
up” with an accompanying overall contraction (aver-
age ~0.12 A). Since the central core radius of 2.01 A
corresponds to the minimization of radial strain in
the porphine macrocycle of a metalloporphme 2 the
observed value of 2.000 = 0.005 A in CuTPtP would
seem to suggest that the Cu(Il) ion is accommodated
with a minimal perturbation to the system. A sim-
ilar but more pronounced contraction of the central
core region is observed with NiOEP. 12

The bond distances of the propyl groups are not
affected by the Cu(Il) substitution. As in TPrP, the
distances tend to be smaller than expected (second and
third atoms of the side chains). In fact, the distribu-

(12) D. L, Cullen and E, F, Meyer, Jr,, private communication.

Studies on Polypeptides.
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tions of the bond distances in the propyl groups of
TPrP and CuTPrP are remarkaly similar. Since the
structures are isomorphous, this reproducibility would
seem to suggest that the shortening in some of these
distances might be related to packing effects noted in
the TPrP structure (close intermolecular contacts).?
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Abstract:
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Syntheses are described of a cysteine protected tetracosapeptide amide which corresponds to positions
81-104 of the proposed primary sequence of the enzyme ribonuclease T;.
the protected hydrazide approach and was shown to be sequentially homogeneous.

The peptide amide was constructed by
The low solubility of the tetra-

cosapeptide and several subfragments used in its synthesis created problems as concerns purification and these are
discussed. Some racemization may have occurred during formation of the phenylalanyl-valine bond, but its

level was below that detectable by enzymatic digestion.

We have reported syntheses of two protected
peptide hydrazides corresponding to positions
1-47 (fragment ABCD)! and 48-80 (fragment EF)*
of the proposed amino acid sequence of the enzyme

(1) See H. T. Storey, J. Beacham, S. F. Cernosek, F. M, Finn, C.
Yanaihara, and K. Hofmann, J. Amer. Chem. Soc., 94, 6170 (1972), for
paper LI in this series. A preliminary communication of some of the
results presented in this paper has appeared: N, Yanaihara, C. Yanai-
hara, G. Dupuis, J. Beacham, R, Camble, and K. Hofmann, ibid., 91,
2184 (1969).

(2) Supported by grants from the U. S. Public Health Service, the
National Science Foundation, and the Hoffmann-La Roche Founda-
tion,

(3) The amino acid residues except glycine are of the L configuration,
The following abbreviations are used: AP-M = aminopeptidase M
[G. Pfleiderer, P. G, Celliers, M. Stanulovic, E. D, Wachsmuth, H,
Determann, and G. Braunitzer, Biochem. Z., 340, 552 (1964)]; Boc =
tert-butoxycarbonyl; DCC = N,N'-dicyclohexylcarbodiimide;
DCU = N,N'-dicyclohexylurea; DMSO = dimethyl sulfoxide;
DMF = dimethylformamide; EC = ethylcarbamoyl; EtOH =
ethanol; F = formyl; HOSU = N-hydroxysuccinimide; MeOH =
methanol; OCP = 2,4,5-trichlorophenyl ester; ONHS = N-hydroxy-
succinimido ester; O-t-Bu = rert-butyl ester; TEA = triethylamine;
TFA = trifluoroacetic acid; THF = tetrahydrofuran; tlc = thin-layer
chromatography; X = tert-butoxycarbonylhydrazide; Z = benzyl-
oxycarbonyl. See ref 1 for nomenclature of complex peptide deriva-
tives.

(4) R. Camble, G. Dupuis, K, Kawasaki, H. Romovacek, N. Yanai-
hara, and K. Hofmann, J. 4dmer, Chem. Soc., 94, 2091 (1972).

ribonuclease T, (ribonucleate guanine nucleotido-2'-
transferase (cyclizing) 2.7.7.26).> Our fundamental stud-
ies on fragment condensation have been continued
and the present communication describes experimental
details for the preparation of a cysteine protected tetra-
cosapeptide amide (fragment G) corresponding to
positions 81-104 of the enzyme’s peptide chain. The
synthesis of three large fragments spanning the entire
peptide chain of the T, enzyme (Figure 1) has now
been completed.

The overall scheme of the present synthesis is based
on the protected hydrazide approach® and involved
the synthesis of five subfragments (G,-G;) and their
assembly by the azide procedure” to form the tetracosa-
peptide amide G. Three subfragment combinations,
z‘.e., G1G2 —+ Ga, G, —+ G:), and G1 —+ G2G3 (Scheme I),
were explored.
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