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atoms (Table 2) are generally larger than the previously
determined values in well refined, ordered silicate struc-
tures (Burnham, 1965). Again, this may be partly be-
cause of the disordering of the crystal and partly be-
cause of the inherent internal strain which induces the
distortion of the ideal structure (Vousden, 1954; Lin,
1971). In order to confirm that atoms originally located
on the mirror plane in the ideal structure (74/m) do
migrate away from the mirror plane when refined ac-
cording to P4,/n, a vertical electron-density section
was prepared and this shows a round (Na, Ca, K) peak
with the centre clearly located away from the mirror
plane.

In this marialitic scapolite, nearly one fourth of the
central cavities are occupied by a carbonate group.
This is shown in both the Fourier synthesis and the dif-
ference synthesis in which four peaks elongated paral-
lel to the ¢ axis and symmetrical around the origin
(000) and with a density maximum on the (001) plane
are present (Fig. 6). This has been previously described
and explained by Papike & Stephenson (1966). How-
ever, some of the COj; groups are believed to be tilted
from the (001) plane, asevidenced by theelongated peaks
present on the vertical electron-density maps and the
large temperature factors. In conclusion, the crystal
structure of this sodium and chlorine-rich scapolite
has successfully been refined in the newly determined
space group P4,/n. The overall structure is shown to
be pseudo body-centred, contrary to previous reports.

The authors are grateful to the National Research
Council of Canada and the Geological Survey of Ca-
nada for grants which made the prosecution of this
research possible. We are indebted to Drs C. Calvo,
H. D. Grundy and I. D. Brown for their helpful sug-
gestions and discussions. Dr D. M. Shaw kindly do-
nated the scapolite crystal.
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The Crystal and Molecular Structure of the Dimethyl Ester of meso-Tartaric Acid

By J.KrooN AND J. A. KANTERS
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Crystals of the dimethyl ester of meso-tartaric acid are triclinic, space group PT, with a=8:117, b=
9:619, c=5606 A, =968, $=103-0 and y=73-9° (Z=2). Intensity data were measured on an auto-
matic diffractometer. The structure was solved by direct methods and refined to an R of 0-096. The
molecular conformation is identical with the dissymmetric conformation found in meso-tartaric acid and
its derivatives. The hydrogen atoms of the methyl groups show a disordering over a staggered and
eclipsed position with respect to the C-O bond of the ester group. The hydrogen-bond scheme is the
same as in racemic acid dihydrate and two modifications of meso-tartaric acid.

Introduction

In meso-tartaric acid and its salts the meso-tartaric
acid molecule has a dissymmetric conformation (Boots-

ma & Schoone 1967; Kroon & Kanters 1972; Kroon,
Peerdeman & Bijvoet 1965) and both conformational
antipodes are present in the unit cell, thus constituting
a racemate. In order to acquire knowledge of the effect
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of esterification of the carboxyl group on the molecular
conformation the structure analysis of the dimethyl
ester of meso-tartaric acid was undertaken.

Experimental

meso-Tartaric dimethyl ester crystals were obtained by
sublimation in high vacuum. The crystals are tri-
clinic, a=8-117, b=9-619, ¢=5-606 A, =968, f=
103-0, y="73-9°. The Delaunay reduced cell may be ob-
tained under the transformation matrix (001/010/10T)
with cell constants @’ =5-606, b'=9:619, ¢’ =8-762 A,
o' =100-4, B'=115-5 and y'=96-8°. The density cal-
culated is 1-46 g cm~3 (Z=2).

From a crystal of dimensions 0-6x0-4x0-2 mm
sealed in a thin-walled capillary 1207 non-zero inten-
sities (65 % of the copper Ko sphere) were collected with
a CAD-3 Nonius diffractometer (Ac, .= 15418 A)
according to the w-scan technique. No absorption
correction was applied. The reduced intensities were
put on an absolute scale with Wilson’s (1942) method.

O0C(10)

HO(®)
Fig. 1. Newman projection along C(8)-C(9).

anti

syn

Fig.2. Anti and syn positions of the methyl groups in the ester
groups,
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The ratio test of Ramachandran & Srinivasan (1959)
yields a value of 0-78 and indicates the space group
PI.

Structure determination

A symbolic procedure (Spek, 1970) was applied to
2295 origin invariants EyyEy,Ey 4y, that were gener-
ated from 343 E values such that two E values were
larger than 1-20 and the third one larger than 0-75.
Four sets of signs for all 343 structure factors were ob-
tained. The structure could easily be deduced from the
Fourier synthesis of one of these sets. The further
course of the structure analysis is summarized in Table
1.

Table 1. Least-squares refinement of the dimethyl
ester of meso-tartaric acid
R

Parameters refined value

(a) Non-hydrogen atoms: coordinates and an-

isotropic thermal parameters. 0-121

(b) As (a), and coordinates of non-methyl hy-
drogen atoms.
Methyl hydrogen atoms fixed at anti posi-
tions. Isotropic B values for the hydrogen
atoms kept fixed at values corresponding to
peak heights in the difference electron den-

sity map. 0-100

(c) As (a), and coordinates of non-methyl hy-
drogen atoms.
Methyl hydrogen atoms fixed at ansi and
syn positions with a 50:50 occupancy.
Thermal parameters for the hydrogen atoms
as in (b).

(d) As (c¢), and coordinates of all hydrogen
atoms.

0-096
0-094

Inspection of the difference electron density synthesis
calculated at an R value of 0-121 revealed maxima at
the expected positions of the non-methyl hydrogen
atoms. As for the hydrogen atoms of the methyl groups
the synthesis points to a disordering. The positions of
the maxima do not deviate much from those calculated
for the anti and syn positions of the CHj;-hydrogen
atoms. The peak heights indicate a 50:50 occupancy
for both methyl groups (Table 2). Refinement of the
disordered model gives only a slight lowering of the
R value (Table 1), but results in an unreasonable geom-
etry, which is not surprising for a refinement of
hardly separated hydrogen atoms with half scattering
power, Table 3 gives final positional and thermal par-
ameters and Table 4 the observed and calculated struc-
ture factors (R=0-096).

Discussion

The conformation of the molecule (synclical) is the
same as that found in the meso-tartaric acids (Bootsma
& Schoone, 1967), potassium meso-tartrate dihydrate
(Kroon, Peerdeman & Bijvoet, 1965) and potassium
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Table 2. Electron-density maxima in the difference angles regarding the conformation around bonds are
Fourier synthesis with all terms F,—F, summarized in Table 5. A Newman projection along
(non-hydrogen atoms) the central C-C bond is given in Fig. 1.
Bonded Maximum The hydrogen atoms of the methyl groups are distrib-
Atom to (e A3 uted in approximately equal weights over the anti and
H(13) C(8) 07 syn conformation (Fig. 2). At first sight the occurrence
H14) Cc9) 0-7
H(15) O(5) 06
H(16) 0(6) 0-4 }; (16)
H(17) 0-4 o6 4
H(18) anti can 0-3 (6) O (4)
H(19) 04 \
H(23) 0-4 C(9Q) == C(10)
H(24) syn cai) 03 \ AN
H(25) 0-3 H(14) 0(3) c12)
H(20) 0-3 0(5)=——C(8)
H(21) anti Cc(12) 03 ni%) TSH(13)
H(22) 04
H(26) 0-3
H(27) syn c(12) 03 £(7)
H(28) 05 o)
o(2)
hydrogen meso-tartrate (Kroon & Kanters, 1972). In
the unit cell both conformational antipodes are present. can
The non-hydrogen atoms of both the glycoll§c acid Fig.3. Numbering of the atoms in the molecule of the dimethyl
ester parts of the molecule are coplanar. The dihedral ester of meso-tartaric acid.

Table 3. Final positional (x 10%) and thermal parameters with e.s.d’s in parentheses

The anisotropic temperature factor is of the form exp (—107*3 3 #,h,8.)).
rJ

X y z B B2 B3 2p12 2B 2fu
o) 3300 (5) 6134 (4) 6534 (8) 165 119 413 —69 164 -31
0(2) 728 (7) 6642 (6) 3887 (10) 203 235 544 -213 248 —201
0@3) 6224 (5) 8082 (5) 6930 (7) 102 162 282 —55 98 68
O4) 5002 (5) 8318 (5) 10229 (7) 134 159 242 —-67 167 43
o(5) 1555 (5) 8834 (5) 2169 (7) 106 198 220 19 185 69
0O(6) 1776 (5) 9490 (4) 7563 (7) 122 128 253 23 131 90
C(7) 2119 (7) 6868 (7) 4730 (10) 132 139 283 —-62 68 -3
C(8) 2784 (7) 8067 (6) 4086 (9) 101 123 234 —11 99 70
C(9) 3192 (7) 9090 (6) 6317 (10) 111 104 260 -14 105 102
C(10) 4897 (7) 8451 (6) 8098 (9) 115 103 255 —78 125 0
cn 2775 (10) 5044 (8) 7550 (15) 233 127 579 -91 199 36
C(12) 7940 (8) 7490 (8) 8397 (13) 98 182 446 —26 156 37
Bonded Confor-
x y z B (AY» to mation

H(13) 0-390 (8) 0-760 (6) 0:346 (11) 2 C(8)

H(14) 0-322 (8) 1-002 (6) 0-571 (10) 2 C(9)

H(15) 0-058 (8) 0-924 (7) 0262 (12) 3 o(5)

H(16) 0-178 (8) 0-897 (7) 0-835 (12) 3 0(6)

H(17) 0-248 0-429 0-621 4

H(18) 0-374 0:454 0-887 4 c@11 anti

H19) 0-170 0-550 0-826 4

H(20) 0-823 0-822 0976 4

H(Q21) 0-796 0658 0914 4 C(12) anti

H(22) 0-884 0-725 0-736 4

H(23) 0-154 0-502 0670 4

H(24) 0-358 0-406 0-731 4 C(1n syn

H(25) 0-280 0-527 0-935 4

H(26) 0-784 0-746 1-015 4

H(Q27) 0-874 0-812 0-836 4 C(12) syn

H(28) 0-846 0-649 0775 4
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of an eclipsed conformation is surprising, and leads one  being 2-:21 and 2:23 A in the respective ester groups. It
to speculate on the possible influence of an interaction would be worth while to have evidence of similar con-
between a carbonyl oxygen atom and a hydrogen atom figurations in other organic acid methyl esters.

in the methyl group in the syn position, their distances Bond lengths and angles are given in Table 6 (the

Table 4. Observed and calculated structure factors
The columns are A, k, [, [10F,|, 10F,.
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Table 5. Conformations in the molecule of the
dimethyl ester of meso-tartaric acid

Dihe-
dral
Plane through angle

0(3)0(4)C(NC(10)  O(6)C(9)C(10) 0°

Plane through

O(HOR)C()C(8) O(5)YC(NC(8) 2

o(MC(NHC((11) O(NC(7)O(2) 3
0(3)C(10)C(12) 0(3)C(10)0(4) 1
O(5)C(8)C(9) C(®)YC(9HC(10) 19

Table 6. Bond lengths and angles

C(H—O(1) 1341 ®) A  O(1)—C(7)—O(2)
C(1)—O0(2)  1-190 (8) O(1)—C(7)—C(8)
C(11)-0(1)  1-450 (9) C(11)-0(1)—C(7)
C(10)-0(3) 1329 (7) 0(2)—C(71)—C(8)
C(10)-0(4)  1-198 (7) 0(3)—C(10)-0(4)
C(12)-0(3)  1-448 (8) 0(3)—C(10)~C(9)
C(8)—O(5)  1-411 (1) O(4)—C(10)—C(9)
C(9)—O0(6) 1-418 (7) C(12)-0(3)—C(10)
C(7)—C(8)  1-511 (8) 0(5)—C(8)—C(7)
C(8)—C(9) 1:531 (8) 0(5)—C(8)—C(9)
C(9)—C(10) 1-530 (8) 0(6)—C(9)—C(8)
C(8)—H(13) 1-01 (6) 0(6)—C(9)—C(10)
C(9—H(14) 0-99 (6) C(7)—C(8)—C(9)
O(5)—H(15) 0-86 (7) C(8)—C(9)—C(10)
0(6)—H(16) 0-70 (7) C(8)—O(5)—H(15)

C-H (methy!) 1-00*

C(9)—O(6)—H(16)
C(7)—C(8)—H(13)
C(9)—C(8)—H(13)
O(5)—C(8)—H(13)
C(8)—C(9)—H(14)
C(10)-C(9)—H(14)
0(6)—C(9)—H(14)

H-C-H

Conforma-
tion
about
C(9)-C(10)

C(7)-C(8)
Oo(H-C(7)
O(3)-C(10)
C(8)-C(9)

THE DIMETHYL ESTER OF meso-TARTARIC ACID

numbering in the molecule is shown in Fig. 3). It is of
interest to note the geometry in the ester group. The
carboxyl group C-O and C =0 distances are 1-:34 and
1-19 A respectively, which is different from values in
carboxylic acids: 1-31 and 1-23 A (Kanters, Kroon,
Peerdeman & Schoone, 1967). The bond angles C-C-O
(110°) and C-C =0 (125°) also differ from those in car-
boxylic acids: 113 and 123° (Kanters ez a/., 1967). These
bond angles as well as the bond lengths reflect a sharper
distinction between single and double bonds of the

124-2 (6)°

109-5 (5)
1163 (5)
1262 (6)
125-7 (5)
109-9 (4)
1244 (5)
1163 (4)
109-8 (5)
111-0 (4)
109-6 (4)
109-9 (4)
111-8 (4)

113:5 (4)
111 (4)
114 (5)
108 (3)
109 (3)
108 (3)
108 (3)
111 (3)
104 (3)

O-C-H (methyl)} Tetrahedral

* Assumed

Table 7. Geometry in several ester groups

angle*

ke,

Q

o]
(]
0]
([ ]

molecule at

x
x
X,
x

Fig.4. Hydrogen bonding in the crystal structure of dimethy!
meso-tartrate.

005

! /
—-C(1)-C(2)
I

04 —~C3)
Bond lengths (A) Bond angles (°) Refer-
Compound C(2)-0(4) C(2)-0(5) C(1)C(2)0(4) C(1)C(2)O(5) ence
I. Dimethyl oxalate 1:31 (2) 1-19 (2) 109 (2) 125 (2) (1)
2. Methyl stearate 1-36 (2) 1-21 (2) 113 (2) 131 (2) 2)
3. Ethyl carbamate* (room temperature) 1:333 (4) 1223 (3) 114:2 (5) 122-4 (5) 3)
4. 2,5-Diphenyl-1,3a,4,6a-tetra-azapentalene- 1:34 (2) 1-22 (2) 114 (1) 125 (1) 4)
3,6-dicarboxylic acid dimethyl ester 132 (2 1-:20 (2) 112 (1) 124 (1)
5. Ethyl p-azoxybenzoate 1-:318 (7) 1-191 (7) 1119 (5) 122-8 (5) (5
) 1-:324 (7) 1196 (7) 112:6 (5) 123-2 (5)
6. Propargyl 2-bromo-3-nitrobenzoate 1-32 (1) 1-18 (1) 1100 (9) 126-0 (10)  (6)
7. L-5-Methoxycarbonyl-7-formyl-1,2,5,6-
tetrahydro-3 H-pyrrolo[1,2alazepin-3-one 1-348 (10) 1-164 (10) 1087 (6) 126-6 (6) @)
8. p-Nitrophenyl acetate 1-359 (14) 1-183 (15) 1110 (8) 126-3 (9) (8)
1-359 (16) 1-193 (16) 1099 (10) 125-8 (10)
9. Ethyl-3,5-dinitrobenzoate 1-:305 (4) 1-186 (4) 111-3 (3) 123-4 (3) 9)
Title compound 1:341 (8) 1-190 (8) 109-5 (5) 126-2 (5)
1-:329 (7) 1-198 (7) 109-9 (4) 124-4 (5)

References
(1) Dougill & Jeffrey (1953)

* Here C(1) is replaced by N.

(2) MacGillavry & Wolthuis-Spuy (1970)

(3) Bracher & Small (1967)

(4) Brufani, Casini, Fedeli, Mazza & Vaciago (1971)

(5) Kriegbaum & Barber (1971)

(6) Calabrese, McPhail & Sim (1966)
(7) Karle, Karle & Estlin (1967)

(8) Guttormson & Robertson (1972)
(9 Hughes & Trotter (1971)
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Table 8. Geometry in the hydrogen bonds

Donor (D)-H Acceptor (A4)
O(5)-H(15) 0(6) -x 2—y 1-=z
0O(6)-H(16) 0o(5) x y 14z

carboxyl group moiety in the ester when compared
with free acids in general. These findings are corrobo-
rated by other analyses of esters as Table 7 shows.

The hydrogen-bonding system in the meso-tartaric
acid ester is very similar to that found in the racemic
acid dihydrate (Parry, 1951) and the triclinic modifica-
tions of meso-tartaric acid (Bootsma & Schoone, 1967).
Each hydroxyl group takes part in two hydrogen bonds,
as shown in Fig. 4. One hydroxyl group is connected
to a hydroxyl group of an antipode molecule [O(5)-
H(15)---0’(6)] and the other one with a hydroxyl
group of a molecule of the same configuration shifted
one period along the ¢ axis [O(6)-H(16)---O"(5)]
(Table 8).
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The Crystal and Molecular Structure of Diiodobis(triphenylphosphine)palladium(1I)
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The compound crystallizes in the form of monoclinic yellow needles; a=11-922, b=20-432, ¢c=835 A,
B=95-18°, space group P2;/c. The palladium atom is on an inversion centre which is the centre of an
octahedron formed by the atoms of iodine, phosphorus and the hydrogen on a f carbon of a phenyl ring.

Introduction

Schmid & Weber (1971) have pointed out the interest
of the X-ray structure analysis of a compound for
which the chemical analysis of carbon, iodine and
hydrogen had suggested the formula [(C¢H;),PPdl],, in
which # was unknown but greater than 2, and probably
equal to 3 or 4, where the molecules were linked to-
gether by metal-metal bonds. The structures were sup-
posed to be of the form:
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Usually, palladium(1I) with a d® configuration forms
quadratic complexes with 4 ligands. This is the case



