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The Conformation of the Cyclic Tetrapeptide
L-Ser(O-t-Bu)-p-Ala-Gly-L-f-Asp(OMe)
Containing a 14-Membered Ring
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The title compound, C;;H,sN,O,, is a synthetic crystalline cyclic tetrapeptide containing alternate
a-amino peptide groups and f-amino peptide groups similar to the naturally occurring depsipeptide
serratamolide. The tetrapeptide represents a preliminary step in the proposed synthesis of a cylindrical
polypeptide. The 14-membered ‘ring’ consists of four planar segments with each segment in the trans
conformation. The corner atoms are C*(1), C#(2), C*(3) and C?(4). Two carbonyl oxygens are directed
above the average plane of the ring and the other two below. If the side chains are disregarded, two of the
peptide groups are related to the other two by an approximate center of symmetry. In the crystal the
molecules are stacked over each other by translation in the a direction. Between each pair of molecules
in the stack there are two NH- - -O bonds at 2-86 A. The remaining two NH moieties do not participate
in hydrogen bonding. The space group is P2, with a=5-624 (4), b=10-298 (7), c=17-859 (13) A and
B=99-07 (5)°. The structure was solved by the symbolic addition procedure.

A proposal for the synthesis of cylindrical peptides
through the linkage of individual cyclic 14-membered
oligotetrapeptides by covalent and hydrogen bonds as
shown in Fig. | has been put forward in an earlier com-
munication (Hassall, 1972). In order to explore this
concept further, the conformation of an individual 14-
membered ring peptide, cyclic-L-Ser(O-t-Bu)-f-Ala-
Gly-L-B-Asp(OMe), has been determined by a crystal
structure analysis. This synthetic peptide is unusual in
that it contains two fS-amino residues and thus intro-
duces two additional CH, groups into the ring; how-
ever, the antibiotic serratamolide (Wasserman, Keggi
& McKeon, 1961) a natural depsipeptide, has an anal-
ogous ring system.

Experimental

The cyclic oligopeptide (I) has been prepared in 55%
yield by the cyclization of the linear p-nitrophenyl
ester (II). Derivative (II) has been synthesized by
standard procedures for peptide synthesis and fully
characterized. Recrystallization of (I) from methanol
produced fine monoclinic needles with the needle axis
along the a direction.

The crystal data are: space group P2,; Z=2; a=
5624 (4); b=10-298 (7); ¢=17-859 (13) A and f=
99-07 (5)°; ¥'=1021-4 A3; C;;H,sN,O,; M.W. 400-44;
D.,;,.=1302 g cm~3; size 1-0x0:12x0:05 mm; u=
8:70 cm™!, Cell parameters and standard deviations
were obtained from a least-squares fit to the 0, w, ¥ and
@ values of 12 reflections individually centered on a
four-circle diffractometer. 1765 data with 26,,,,= 126°
were measured with Cu radiation (A1=1-54178 A), Ni
filter, on an automatic diffractometer with the 0-20
scan mode, a scan of 2-0° and a scan rate of 2° min~!.
The background was counted for 10 s at either end of
the scan. Three reflections were monitored at intervals
of 50 measurements and their intensities remained
constant throughout the data collection. Lorentz and
polarization corrections were applied to the data but
no absorption correction was made.

Phases were determined directly from the normalized
structure factors |E,| by means of the symbolic addi-
tion procedure for space group P2, (see e.g. Karle &
Karle, 1968). The origin was specified by assigning a
phase value of 0 to reflections 100, 605 and 111. Symbols
a, b, p and g were assigned to reflections 506, 1,0,15,
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537 and 373. The values for a and b are restricted to 0
or 7 and were determined in the course of the phase
determination. The enantiomorph would have to be
specified by symbols p or g. If g were assigned a value
of +m/2, then it appeared that p= —n/4 or —3rn/4.
The former value of p yielded an E map which showed
most of the atoms in the molecule. Using the phase
information from the partial structure in a recycling
procedure (Karle, 1968), the remainder of the atoms
were located in the following E map. Once the structure
was known, a different origin was chosen for a more
convenient placement of the molecule in the cell. In
addition, all the y coordinates were replaced by 1 —y so
that the absolute configuration of the molecule would
correspond to the known chemical configuration.
Therefore, the values of the phases associated with the
coordinates as presented in Table 1 do not correspond
to those chosen for the phase determination.

The function minimized for the least-squares refine-
ment was Swg(F,— F,)? where wp=1/c%. Values for o}
were obtained in the manner described by Gilardi
(1973). Scattering factors were taken from International
Tables for X-ray Crystallography (1962). A difference
map computed after a full-matrix anisotropic refine-
ment on the 28 heavy atoms, R=9-7%, contained all
the hydrogen atom positions except some of those as-
sociated with the terminal CH; groups. It was possible
to assign reasonable coordinates to the missing hydro-
gen atoms since the conformations of the CH; groups
in the t-butyl moiety were fixed by several hydrogen
atoms known from the difference map. For C(42), it
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was assumed that one hydrogen atom was trans to the
carbonyl carbon and the other two hydrogen atoms
straddled the carbonyl oxygen. The calculated coor-
dinates are marked by an asterisk in Table 2. Inclusion
of the coordinates for the 28 hydrogen atoms as fixed
quantities with B=5-5 in additional cycles of aniso-
tropic refinement resulted in an R value of 5-7% for all
1765 reflections or an R value of 51 % for 1691 reflec-
tions with |F| values greater than 1o.*

Results and discussion

Conformation of the molecule

The conformation of the cyclic tetrapeptide is il-
lustrated in the stereodiagram in Fig. 2. Each of the
four amide groups of the amino acid residues (both «
and fB) assumes the trans conformation. This result is
in contrast to that found for a cyclic tetradepsipeptide
containing 12 atoms in the ring in which two peptide
groups were in the cis conformation (Konnert & Karle,
1969). The two additional CH, groups in the ring of
the present compound allow the more usual trans form.
The 14-membered ring contains four nearly planar seg-
ments. Each planar segment is approximately perpendic-
ular to the average plane through the ring. The corner
atoms are C*(1), C*(2), C*(3) and C?(4). Carbonyl

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 30714 (9 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 1NZ, England.

Table 1. Fractional coordinates and thermal parameters with standard deviations

The thermal parameters are of the form T=exp [—3(Bi1/2a*2 + Byokb* + By3l2c*? + 2By hka*b* + 2B shia*c* + 2Bysklb*c*)].
The standard deviations are those calculated by the least-squares program.

X y z By,
N(1) 0-5445 (6) 0-7965 (0) 0-8062 (2) 2:95 (15)
(1) 0-3472 (7) 0-8543 (5) 0-8379 (2) 3-33(17)
c(1) 0-1691 (7) 0-9273 (5) 0-7807 (2) 3-29 (19)
o(1) —0:0359 (5) 0-9490 (4) 0-7949 (2) 2-88 (13)
C(11) 0-4480 (8) 0:9473 (5) 0-9016 (2) 4-74 (22)
o1 0-5828 (6) 0-8738 (4) 0-9596 (2) 5-81 (16)
C(12) 0-6931 (8) 0-9415 (6) 1-0262 (2) 3-91 (19)
C(13) 0-8506 (11) 0-8426 (7) 1-0705 (3) 8:65 (37)
C(14) 0-5035 (10) 09918 (7) 1-:0702 (3) 5-44 (26)
C(15) 0-8403 (10) 1-0579 (7) 1-0063 (3) 4-91 (27)
N(2) 0-2467 (6) 0-9695 (4) 0:7186 (2) 2:96 (15)
CA(2) 0:0962 (8) 1-0291 (5) 0-6536 (2) 397 (22)
C*(2) 0:0449 (7) 0-9330 (5) 0-5884 (2) 2:53 (17
CQ) 02701 (7)  0-8817(5)  0-5640 (2) 2:50 (18)
02) 0:4719 (5) 0-9280 (4) 0-5873 (2) 2-58 (12)
N@3) 0-2401 (6) 0-7805 (4) 0-5157 2) 2:96 (15)
C*(3) 0-4464 (7) 0-7227 (5) 04892 (2) 3-40 (21)
C'(3) 0-6144 (8) 0-6500 (5) 0-5482 (2) 3-89 (21)
0@3) 0-8283 (5) 06341 (4 0-5408 (2) 3-03 (13)
N(4) 0-5244 (6) 0-6011 (5) 0-6074 (2) 3-76 (17)
Ch(4) 0-6735 (8) 0-5399 (5) 0-6706 (2) 4-39 (22)
C*4) 0:7329 (7) 0-6342 (5) 0-7374 (2) 2-80 (18)
C'® 0-5114 (7) 0-6880 (5) 0-7631 (2) 3-16 (18)
(01C)] 0-3124 (5) 0-6375 (4) 0-7464 (2) 2-80 (12)
C@41) 0-5505 (9) 0-4159 (5) 0-6907 (2) 5-99 (25)
0@41) 0-3703 (7) 0-3704 (5) 0:6558 (2) 6-95 (21)
0(42) 0:6806 (7) 0-3624 (4) 0-7523 (2) 8-03 (21)
C(42) 0-6018 (13) 0-2362 (6) 0-7731 (4) 11-84 (44)

B, By By, By By
2:99 (14) 337 (14) —0-23 (12) 1:09 (11) —042(13)
3-20 (18) 3-14 (16) —0-28 (15) 1-27 (14) —-0-36 (15)
2:84 (17) 393 (17) —0-66 (16) 1-17 (15) —0-57 (15)
5-00 (16) 561 (15) —0-19 (13) 1-80 (11) 0:04 (14)
3-80 (20) 362 (17) 0-14 (18) 0-88(16) —0-39(17)
4-10 (15) 362 (12) 0-10 (14) 026 (12) —0-80 (12)
5-13 (25) 4-00 (19) —0-22 (19) 0-27 (15) —1-38 (20)
689 (36)  655(30) 179 (32) —1-60 (29) —0-83 (28)

10-60 (43) 4-28 (22) —0-18 (28) 1-:07 (20) —2-60 (26)
7-62 (38) 7-68 (31) —1-45(27) 069 (24) —1-21 (30)
3-99 (17) 3-86 (15) 0-28 (13) 1-19 (12) 0-28 (14)
4-20 (22) 4-39 (20) 0-91 (18) 1-10 (17) 0-87 (18)
4-70 (22) 425 (19) 0-21 (17) 1-03 (14) 0-29 (17)
407 (20) 356 (17) 0:08(16) 075 (14) 0-80 (17)
447 (15) 466 (14) —0-55(12) 066 (10) —0-30 (12)
4-53 (19) 3-46 (15) —0-35 (149 098 (12) —0-36 (15)
4-88 (24) 356 (20) —0-31(18) 1-42 (16) 0-05 (17
3-33 (18) 319 (16) —0-64 (17) 1-27 (15) —0-64 (15)
4-72 (15) 4-20 (12) —0-01 (12) 1-76 (11) 0-04 (12)
4-26 (18) 3-68 (15) —0-02 (15) 1-52 (13) 062 (14)
3-36 (20) 3-81 (19) 0-14 (17) 1-70 (16) 0-14 (17)
3-56 (20) 4-85 (20) 0-31 (16) 1-06 (15) —0-55(17)
298 (17) 2:87 (15) —0-34 (15) 1°01 (13) —0-16 (15)
427(14) 483 (18) —079(12) 118 (11) —1-38 (12)
3-12 (20) 399 (20) —0-13 (18) 2:-11(18) —0-63 (17)
4-60 (17) 522 (16) —2-07 (17) 1-:34 (16) —0-99 (15)
3-70 (16) 542 (17) —0-84 (15) 0-89 (15) 1-31 (14)
3-86 (23) 828 (35) —1-14 (28) 1-66 (31) 2:05 (25)
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oxygens O(1) and O(4) are on one side of the average Table 2. Approximate coordinates for the hydrogen

plane of the ring and O(2) and O(3) are on the other atoms as determined from a difference map
side. Ifthes_lde groups are disregarded, thering possesses  Assumed coordinates were used for the atoms labelled with
an approximate center of symmetry. The ring in the an asterisk.
tetrapeptide has a conformation similar tothat proposed
for a 14- membered cycloalkane on the basis that the He (D 0 _’,‘17 0 ;’62 0 204
ring be strain-free (Dale, 1966). H—ce(i) 0260 0784 0-866
H(D-CA11) 0-310 0-994 0-920
‘ H(2)-C(11) 0-515 1015 0-880
\ / *H(1)-C(13) 0-736 0-766 1-080
\ . H(2)-C(13) 0-961 0-806 1-037
J A H(3)-C(13) 0:930 0-875 1-117
\ g /. \ *H(1)-C(14) 0-400 1-054 1-040
CH,~——¢C / \ *H(2)-C(14) 0-414 0-918 1-087
% / *H(3)-C(14) 0-592 1-038 1-118
C " CH \ *H(1)-C(15) 0-969 1-031 0-976
/ / " *H(2)-C(15) 0731 11122 0973
N /C”x » " o, L EG)—S(IS) 0-918 1-107 1-053
M " —N(2) 0-385 0-936 0-707
| oA / c *H(1)-C*(2) 0-927 0-873 0-606
\ \ / 3 H(2)—C;(2) —0-058 0-977 0-545
H(1)-C/(2) —0-083 1-051 0-668
\ / g m— ¥, H(2)-CA(2) 0168 1-100 0631
NH ! ° \ H—N@3) 0-060 0-733 0-521
\ l / / \ H(1)-C*(3) 0-379 0-655 0-449
\ ° | H(2)-C*(3) 0-530 0-781 0-465
5 / \ H—N(4) 0367 0-613 0-599
o H(1)-C%(4) 0-860 0717 0-727
v / oV H(2)-C*(4) 0-892 0-599 0780
T ‘w H—C/®@4) 0-840 0-505 0-647
/ M N \N *H(1)-C(42) 0-420 0-243 0-783
" " < L/ *H(2)-C(42) 0-589 0172 0-729
" / " ¢ *H(3)-C(42) 0693 0199 0818
V] :
\ / = cH, .
\ / 5 \ The accepted nomenclature for conformational
\ p /° \ angles in peptides (IUPAC-IUB Commission on Bio-
\ o | HM chemical Nomenclature, 1970) has to be modified in
n 4_____cl p \ order to accommodate S-peptide groups. Accordingly,
Yo \ the following labels are used in the text and in Table 3:
l t ,./ cn | o
/ CH, "l / “\ 1 AL Cfl
N N CH, N > )
\7 ! yd Yl—l
H " C ’
| e / b N—Pc
\\ \ / C—Acn, N
¥ \ . v, -0
\ l / \ Cl _L' C[
! \ @y
Fig. 1. Projected hydrogen bonding in a proposed cylindrical Pr41
peptide consisting of 14-membered ring units. Ny Clst

Fig. 2. Stereodiagram of cyclic L-Ser(O-tBu)-$-Ala-Gly-L-§-Asp(OMe).
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Although each segment between the corner atoms is
nearly planar, the deviations from planarity indicate a
convex bowing. The degree of nonplanarity is indicated
by the conformational angles w;, w; and w; which
would have a value of 180° for planar trans conforma-
tions. The deviations of individual atoms from the
best least-squares plane for each C*CONC* °F 8 group,
listed in Table 4, illustrate the bowing effect. The
distances between parallel planes in the peptide ring
are 3-2 and 5-0 A for the two pairs of parallel segments.

Table 3. Conformational angles*

L-Ser (O-tBu)  p-Ala  Gly L-B-Asp (OMe)
i 1 2 3 4
o1 —-1752 —1034 693 987
wi(wy) —228 1691 255 —162:3
wilw)) 1731 —1793 —174-3 —-176'7
H —576 57-0
x —64-2 60

—176:3

e —179-3 —1731
—171-5
1 684
—51-4

* The angles are defined in the text.

Table 4. Least-squares planes and deviations of individual
atoms from the planes of the four peptide groups

The equations for the least-squares plane of each C*CONC? °r 8
group are:

) 135579 x +8-99885 y+6:76770 z= 13-8588
(2) 0-04792 x +6:52956 y —13-6605 z= —1-9399
3) 0-90135 x+8-91293 y4-7-91829 z= 10-6912
(4) —0-30355 x+5-93900 y —14-2240 z= — 69291

where the x, y and z values are the fractional coordinates as
listed in Table 1, and the numbers (1)-(4) are the subscript /
for the C* atom.

Deviations from least-squares planes in A

i=(1) 2 3 4
Ct —0-264 +0-393
H —0-029 —0-004 +0-026 —0-016
C; —0-002 +0-006 —-0-003 +0:006
O, +0-012 —0-001 —-0-010 +0-004
N+, +0-063 +0-003 —0-051 +0-027
Ciyé —0-044 —0-003 +0-038 —0-021

THE CONFORMATION OF L-Ser(O-t-Bu)-8-Ala-Gly-L-8-Asp(OMe)

Bond lengths and angles are shown in Table 5 for the
peptide ring and in Table 6 for the side chains. There
are no apparent differences in bond lengths between
comparable atoms in the a- and the S-peptide groups.
Comparable angles in the «- and S-peptide groups,
however, differ by about 2° at N;, C% ** 4 and C;.

Table 5. Bond lengths and angles in the peptide groups*

i=1 2 3 4 Average
N~-Ci 1-451 1-448 1 1449
N,-Cf 1-458 1-440 |
Ci-C} 1-521 1-534 1-528
C%-C; 1-514 1-499 1-500 1-500 1-503
Ci-0, 1-239 1-241 1-241 1-228 1-237
Ci—N;4, 1-327 1-346 1-340 1-352 1-341
C;_iN,C} 1211 1201 120-6
C;-iN,C# 125-2 122:5 123-8
N;Cict 1106 111-2 1109
CICiC, 112-7 112-5 112-6
N,;C5C; 113-9 1151 1145
CiCiN; 4 117-2 1156 1179 1156 116:6
C5C,0, 119-3 122-4 120-3 1226 121-1
N;.,Ci0; 123-4 121-9 121-9 121-8 122:2

* The e.s.d.’s are 0-006 A for the individual bond lengths
and 0-35° for the bond angles.

Table 6. Bond lengths (A) and angles (°) in the side

chains*
C*(1)—C1) 1-525 N()C*()C(11) 1094
C(1N-0(11)  1-405 C'(HCx(1)C11) 1087
o>11N-C12) 1:433 CH(1)C 1O 107-8
C(12)-C(13)  1-491 C(11O11)C(12) 1176
C(12)-C(14) 1-512 o1 1)C(12)C(13) 104-5
C(12)-C(15) 1-530 O(11)C(12)C(14) 110-5
O 1)C(12)C(15) 111-5
C(13)C(12)C(14) 111-5
C(13)C(12)C(15)  111-1
C(14)C(12)C(15) 1077
CP4)—C(41) 1-522 N(4)CP(4)C(41) 108-8
C(41)-0(41) 1-198 C*(4)CP(4)C(41) 1135
C(41)-0(42)  1-341 CP(4)C(41)0(41) 125-8
0(42)-C(42) 1:440 C#(4)C(41)0(42) 109-2
041)C(41)O42) 1249
C(41)0(42)C(42) 1156

* The e.s.d.’s range from 0-006 to 0-009 A for the bond
lengths and from 0-35 to 0-50° for the angles.

Fig. 3. Stereodiagram of the packing viewed along the a axis. The axial directions are b | and ¢ —-.
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Packing

The molecular packing in the crystal, viewed down
the a direction is shown in the stereodiagram in Fig. 3.
The tertiary butyl groups from neighboring molecules
are interleaved parallel to the b direction at the edge
of the cell. Near the middle of the cell, with z~ 1, the
carbonyl group in the ester side group and the carbonyl
groups with i=2 and 3 in adjacent molecules align
themselves both in a parallel and antiparallel fashion.
The nearest intermolecular approach is between the
antiparallel pair C'(2)=0(2), C'(3)=0(3) with O(2)
. C'(3)=3-31 A, C'(2)---C'(3)=3-53 A and C'(2)- - -
O(3)=3-54 A. There are no hydrogen bonds between
molecules in the b and ¢ directions.

Intermolecular hydrogen bonding occurs only be-
tween molecules stacked by translation along the a
direction. A stack of three molecules is displayed in
the stereodiagram in Fig. 4. Only two hydrogen bonds
are formed between each pair of molecules, joining
O(1) to HN(1) and O(3) to HN(3) with separations of
2868 and 2:857 A, respectively. The O to H distances
in these bonds are of the order of 1-7 A.

This hydrogen-bonding scheme leaves two NH
moieties, with i=2 and 4, which do not participate in
hydrogen bonding. These two nitrogen atoms have
several close intra-ring N---O approaches; i.e.
N(2)---0(2)=2-866 A with atoms C#(2), C%2) and
C’(2) between N(2) and O(2), N(4)---O(4)=2-942 A
with a similar geometry and N(4)---O(41)=2-717 A.
In the latter case, the ester carbonyl is very nearly cis to
N(4) (the torsional angle x4 is only 6°); hence O(41) is
at nearly a minimum distance to N(4). Even though the
N(2)---0(2), N(4)---O(4) and N(4)---0O(41) separa-
tions are in the range for hydrogen-bond formation,
the orientation of the N-H bonds, roughly parallel to
the C=0 bonds, is not favorable. The O- - -H separa-
tions range from 2-3 to 2:7 A.

Between each pair of stacked molecules there is a
cavity into which the oxygen atoms of the four amide
groups protrude. The separations between these oxygen
atoms are: O(l)---O(2)=427A, OQ2)---03) =
3774, O@B)---04)=415A, and O®4)---O(1)=
393 A (where the primed atoms come from the upper
molecule along the a axis). The oxygen atoms roughly
outline a square which is large enough to accommodate

Fig. 4. Stereodiagram of molecules stacked in the a direction.
The four nitrogen atoms are numbered and the oxygen atoms
are designated by X. Two NH---O bonds are formed be-
tween each pair of molecules.

AC3IB-15
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a metal ion like K* with K-O ligands of 2:7-2-8 A.
Although the monomer studied here does not appear
to form complexes with metal ions, a molecule con-
taining a pair of small cyclic peptides covalently linked
by a disulfide bridge does form complexes with K*
(Schwyzer, Tun-Kyi, Caviezel & Moser, 1970).

Discussion

The conformation of the 14-membered ring peptide in
the crystal has many similarities to that postulated in
Fig. 1 for the cylindrical peptide. Furthermore in the
crystal the individual rings are stacked over each other
and the columns are stabilized by hydrogen bonds
resembling the scheme postulated in Fig. 1. However,
in the crystal of the monomeric unit there are only two
hydrogen bonds between pairs of rings instead of four.
Moreover, the NH-.-O bonds are formed between
different N and O atoms from those postulated in Fig.
1, e.g. N(I)H.--O(1) instead of N(1)H---0(4). The
average plane of the ring is tilted with respect to the
stacking axis by 52° in such a manner that N(1) and
O(3) of one molecule are placed over O(1) and N(3)
of the adjacent molecule in the column. The difference
between the stacking observed in the monomer and the
postulated stacking in the polymeric cylindrical peptide
may possibly be attributed to the covalent inter-ring
bonding in the proposed cylindrical peptide system.

It is interesting to note that the antibiotic serratamo-
lide (Wasserman, Keggi & McKeon, 1961), a natural
product, is a tetradepsipeptide that contains a 14-
membered ring and has a number of similarities with
the molecule under study:

CH,O0H
. |~ D
¢, Co - Nu~cLH-co~o~cF'n- (CHy) (CH, SERRATAMOLIDE
5 L (natural
. L0 - COBH-NH.CO . Z depsipeptid
CHy (CHy ) -CH - 0 - CO-CH-NH-CO+C psipeptide)
CH, OH
CH,0C (CHy) 5
(0]
c®H, €O NH-CH - 00 NH-cPH, (synthetic
! peptide)

[ a
CH40,C-C H - NH-CO-CH, -NH-CO-C"H,

N.m.r. spectra of serratamolide in solution suggest a
different conformation with twofold rotation sym-
metry (Hassall, Moschidis & Thomas, 1971). However,
if the conformation of crystalline serratamolide
resembled that reported in this study, then the hydro-
gen-bonding schemes would be compatible in the two
substances, since the two NH moieties in the tetra-
peptide which do not participate in hydrogen bonding
are replaced by O atoms in the serratamolide.

One of the objectives for synthesizing cylindrical
peptides is to investigate the possibility of complexa-
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tion with metal ions and the transport of these ions
across biological membranes. Such a model system
designed to simulate various biological functions ap-
pears to be feasible. The structural results for the
monomer of a cyclic peptide indicate that the proposed
conformation for a cylindrical peptide can be largely
achieved and that the cavities created by the stacked
rings are large enough to accommodate metal ions.

This project was supported in part by the Office of
Naval Research under Project Order No. P04-0095 and
in part by the NIAMD of the National Institutes of
Health.
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The crystal structures of the synthetic feldspars SrGa,Si,Oz and BaGa,Si,Og have been found from X-ray
intensities, measured on a diffractometer, and refined by Fourier and least-squares methods. Both struc-
tures are similar to that of celsian, with space group 72/¢ and 8 formula units per cell. There is complete
Ga/Si order in SrGa,Si,0s ({Si-0)=1-614, (Ga-O)=1-821 A) and probably also in BaGa,Si,Os, even
though here the mean tetrahedral distances would at first sight suggest some disorder ({Si-O )= 1634,
(Ga-0)=1-805 A). The divalent cations can be considered seven-coordinated. The deviations of T-O
bonds from the expected single-bond values are examined.

Introduction

Compounds of the general formula

(Sr, Ba)[(Al, Ga),(Si, Ge),0Oq) are characterized by two
principal structure types. The first is monoclinic, body-
centred, and has the topology of a feldspar (Megaw,
1974a). The second is pseudo-orthorhombic, primitive,
and is similar to paracelsian (Smith, 1953; Bakakin &
Belov, 1961). The isopolymorphic relationships, and
the Al-Ga and Si—Ge substitution in the aluminosili-
cates of Sr and Ba, are discussed elsewhere (Gazzoni,
1973; Calleri & Gazzoni, in preparation). The present
paper describes the structures of the feldspar modifi-
cation of the Sr and Ba gallosilicates, leaving the
paracelsian form of SrGa,Si,Og to a later paper.

Structure determination

Experimental results

For the X-ray analysis use was made of crystals
synthesized by Gazzoni (1973) by crystallization from
the melt. The crystal class and space group were
determined from Weissenberg and precession photo-
graphs: both compounds were assigned to space group
I2/c, assuming the presence of the centre of symmetry
at (000) on the analogy with other 14 A feldspars
(¢f- Newnham & Megaw, 1960). The spots on long-
exposure single-crystal photographs of the crystals
used for the present investigation did not present any
kind of splitting or diffusion.

The unit-cell parameters were refined by a least-



