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Crystal and Molecular Structure of 2,3,6-Triphenylarsenin

By F. Sanz and J. J. Daly,” Monsanto Research S.A., Eggbtihlstrasse 36, CH-8050, Ziirich, Switzerland

Crystals of the title co_mpound are monoclinic, space group C2/c, with @ = 31-768, b = 10-456, ¢ = 10-543 A,
B8 = 94-58°, Z = 8. Diffractometer data. for 1648 planes were used to solve the structure by Patterson methods
and were refined by least squares to a final R of 0-085. The arsenin ring shows no significant departures from

mm2 (C,,) symmetry and exhibits only two different bond lengths :

It has been shown 3 that the compounds described as

phenarsazin (I)% and arsanthrene (II)3 are in fact
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dimeric, (III) and (IV), and do not contain a hetero-
cyclic aromatic ring. Successful syntheses of such rings
have now finally been accomplished. Arsenin (V),% the

1 H. Vermeer and F. Bickelhaupt, Tetrahedron Letters, 1970,
1007.

2 C. Jongsma and H. van der Meer, Tetrahedron Letters, 1970,
1323.

3 H. Vermeer, R. Lourens, and F. Bickelhaupt, Tetrahedron
Letters, 1970, 3266, ref. 10.

4 H. Weiland and W. Rheinheimer, Aznnalen, 1921, 423, 1.

As—C 1-872(14) and C—C 1-405(20) A.

arsenic analogue of pyridine, 10-phenyl-9-arsa-anthra-
cene (VI),” and aromatically substituted arsenins (VII) 8
have all been prepared recently. Their spectral proper-
ties (u.v., n.m.r., and i.r.) are consistent with the presence
of an aromatic ring system, but the exact nature of the
bonding, such as the possible involvement of the arsenic
d orbitals and the existence of ring current, remains
unclear. To establish the geometric features of the
novel heterocyclic ring we have determined the structure
of 2,3,6-triphenylarsenin [(VII); R = Ar = Ph]; a brief
report has appeared.®

EXPERIMENTAL

Crystal Data.—C,H,,As, M = 368-3, Monoclinic, a =
31-768(22), b = 10-456(4), ¢ = 10-543(7) A, B = 94-58(8)°,
U = 3490-8 A3, D, — 1386, Z =8, D, = 1401. Space
group C,/c. Mo-K, radiation, A = 0-71069 A; puMo-K,) =
2050 m™1,

Cell dimensions were obtained by a least-squares process
from (40!} and (0k!) precession photographs and the standard
deviations quoted contain no allowance for systematic error.

The systematic extinctions, (k&) for 2 + & = 2n 4 1 and
(hOl) for I = 2» + 1, are consistent with the space groups
Cc and C2/c. An N(z) test showed somewhat better agree-
ment with the centrosymmetric case and the distribution
of the As--- As and As- - C vectors in the three-dimen-
sional Patterson function was consistent with the C2/c
space group which was accordingly adopted and used
throughout the analysis.

5 L. Kalb, Annalen, 1921, 423, 39.

8 A. J. Ashe, J. Amer. Chem. Soc., 1971, 98, 3294.

7 H. Vermeer and F. Bxckelha.upt Tetrahedron Letters, 1970,
3255.

8 G. Markl, H. Hauptmann, and J. Advena, Angew. Chem.,
1972, 84, 440.

® T, Sanz and J. J. Daly, Angew. Chem., 1972, 84, 679.
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instrument. Samples were prepared as KBr discs. pH
Measurements on solutions of the p-amido-p-selenato-
complexes were made using Radiometer glass (type G202B)
and calomel electrodes (type I< 401). These were immersed
directly in the solution of the complex and the pH measured
on a Radiometer pH-meter 4. The latter was calibrated
using a buffer of pH 6.5 f 0-02 (20 "C).
Water which had been triply distilled froin alkaline
potassium permanganate and acidic potassium dichromate
solutions was used to make up all solutions. Spectro-
photometer cells were washed with triply distilled water
and dried over silica gel in a desiccator. Sodium per-
chlorate, perchloric acid, and sodium selenate were of
AnalaR grade purity. Selenic acid, used in some of the
runs, was of laboratory grade purity; check runs using
sodium selenate were in good agreement. The p-amido-p-
selenato-complex has a maximum a t 542 nm (c = 306
1 mol-l cm-l) . Absorption coefficients for the p-amido-p-
hydroxo-complex a t this wavelength increase from 137 to
140 1 mol-l cm-l on increasing [Hc] from 0 to 24x1 at
I = 2 . 0 ~ ; a larger increase from 137 to 148 1 rno1-l cm-1
was observed on increasing [SeO,a-l~ from 0 to O - ~ M , the
concentration range employed for the kinetic studies.
Appropriate corrections were made for these observations.
We wish to acknowledge the award of a University of
Leeds Scholarship (to S. W. F.).
[2/1964 Received, 17th August, 19721
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Intensity measurements were carried out on a Hilger and
Watts linear diffractometer equipped with a graphite mono-
chromator. The crystal used was needle-shaped with
cross-section ca. 0-05 X 0-1 mm? and the data were col-
lected about ¢, the needle axis. A total of 1648 reflections
with intensities >1:5¢ were used for the analysis. The
effects of absorption were ignored.

The positions of all non-hydrogen atoms were found from
a three-dimensional ‘Patterson function and this trial struc-
ture was refined by a block-diagonal 3 X 3 and 1 X 1 or
6 x 6 least-squares procedure first with isotropic and then
with anisotropic temperature factors till R was reduced to
0-095. At this stage a difference-Fourier synthesis was
calculated and from it the hydrogen atom positions were
found. Further least-squares refinement of the atomic
positional parameters converged with R 0-085 and R’
(= ZwA?/ZwF,?) 0-:0166. A modified Cruickshank 19
weighting scheme was used with w,™ = 273 (24:5 + |F,| +
0-081|F,2|) for |F,| > 24-5 and w,? = w1 (24:5/|F,l)? for
|Fo| < 24:5. The hydrogen atoms were all given a fixed
isotropic temperature factor of U 0-06 A2,

RESULTS AND DISCUSSION
Final observed and calculated structure factors are
listed in Supplementary Publication No. SUP 20582
(11 pp., 1 microfiche).* Tables 1—3 give the co-
ordinates, the thermal parameters of the heavy atoms,
and the more important bond lengths and angles.
Table 4 lists some important planes in the molecule. The
Figure shows the molecule projected on the least-squares
plane of the arsenin ring and the labelling of the atoms.
The most interesting part of the molecule is the
arsenin ring which shows no significant deviations from
mm2 (C,,) symmetry. Although this symmetry allows
two different carbon-carbon bond lengths in the ring,
all four of these bonds are equal to the mean length
within experimental error. The ring is then planar with
As—C 1872 and C-C 1-405 A just as would be expected
in a delocalised 6r-electron system. The As—C bond
length is less than the sum of the single-bond radii *
(1-98A) and the standard!® single-bond length

* For details see Notice to Authors No. 7in J. Ckem. Soc. (4),
1970, Issue No. 20.

10 D. W, J. Cruickshank, D. E. Pilling, A. Bujosa, F. M.
Lovell, and M. R. Truter, ‘ Computing Methods and the Phase
Problem in X-Ray Crystal Analysis,’ Pergamon Press, Oxford,
1961, p. 32.

11 L. Pauling, ' The Nature of the Chemical Bond,’ 2nd edn.,
Cornell University Press, Ithaca, New York, 1940.

12 Chem. Soc. Special Publ., No. 18, 1965.

12 N. Camerman and J. Trotter, J. Chem. Soc., 1964, 219;
M. R. Smith, R. A. Zingaro, and E. A. Meyers, J. Organometallic
Chem., 1969, 20, 105; E. O. Schlemper and D. Britton, Acla
Cryst., 1966, 20, 777; D. Sartain and M. R. Truter, J. Chem.
Soc., 1963, 4414; J. Trotter, j. Chem. Soc., 1962, 2567; IK.
Hedberg, E. W. Hughes, and J. Waser, Acta Cryst., 1961, 14,
369; J. Trotter, ibid., 1963, 16, 1187; R. Bally, +bid., 1967, 23,
295; D. W, Allen, J. C. Coppola, O. Kennard, F. G. Mann,
W. D. S. Motherwell, and D. G. Watson, J. Ckem. Soc. (C), 1970,
810; O. Kennard, F. G. Mann, D. G. Watson, J. K. Fawcett,
and K. A. Kerr, Ckem. Comm., 1968, 269.

1 K. Emerson and D. Britton, Acta Cryst., 1963, 16, 113;
E. Collins, D. J. Sutor, and F. G. Mann, J. Chem. Soc., 1963,
4051; D. Mootz and W. Look, Z. anorg. Chem., 1968, 358, 244 ;
J. Drummond and J. S. Wood, J. Chem. Soc. (4), 1970, 226;
G. Ferguson and E. W. Macaulay, Chem. Comm., 1968, 1288;
J. Chem. Soc. (A), 1969, 1; A. Camerman and J. Trotter, J.
Chem. Soc., 1965, 730.
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(1-96 A). More recent measurements 213 of bonds from
arsenic to carbon give values of caz. 1-95 A, but a few
shorter distances have been reported.!* The C—C bond

TABLE 1
Final co-ordinates (A) with standard deviations
X Y z
As 5-6893(15) 0-4817(14) 2-6684(17)
c(1) 6-821(13) —0-886(14) 3-394(15)
C(2) 6-543(16) —2-257(15) 3-078(15)
C(3) 5-467(15) —2-664(14) 2-283(14)
C(4) 4-406(13) —1-956(12) 1-615(14)
C(5) 4-385(14) —0-517(13) 1-688(15)
C(6) 7-994(14) —0-440(15) 4-268(15)
c(7) 7-914(16) 0-627(14) 5-128(16)
C(8) 9-087(19) 0-988(20) 5-930(18)
C(9) 10-267(17) 0-286(17) 5876(17)
C(10) 10-375(17) —0-758(16) 5:097(18)
c(11) 9.186(14) —1-116(16) 4-223(17
C(12) 3-380(13) —2-731(12) 0-794(17
C(13) 2:993(14) —2-384(15) —0-535(16
C(14) 2-153(16) —3-177(16) —1-343(17)
C(15) 1-624(16) —4-354(15) —0-794(18)
C(16) 1-923(16) —4-690(15) 0-490(19)
c(17) 2.835(17) —3-889(16) 1-279(19)
C(18) 3.237(13) 0-299(11) 1-100(14)
C(19) 3-453(17) 1-254(12) 0-132(17)
C(20) 2.443(18) 2-069(14) —0-392(19)
c(21) 1-1565(17) 1-923(15) 0-026(17)
C(22) 0-899(15) 0-981(16) 0-991(17)
C(23) 1-936(16) 0-137(14) 1-514(17)
H(2) 7-02(19) —3-24(19) 3-47(20)
H(3) 5-36(18) —3-91(20) 2-21(19)
H(7) 6-79(19) 1-20(20) 5-03(20)
H(8) 8-94(18) 1-76(20) 6-63(20)
H(9) 11-10(19) 0-56(19) 6-74(20)
HEIO) 11-21(18) —1-66(20) 4-95(20)
H({11) 9-38(18) —1-90(19) 3-70(19)
H(13) 3-21(19) —1-68(20) —0-94(20)
H(14) 1-71(18) —2-95(19) —2-20(20)
H(15) 0-98(19) —4-83(19) —1-45(20)
H(16) 1-48(19) —5-87(19) 1-09(20)
H(17) 2-89(18) —4-11(20) 2-11(20)
H(19) 4-39(19) 1-31(20) —0-17(19)
H(20) 2-58(18) 2.69(19) —0-98(19)
H(21) 0-49(18) 2-54(19) —0-45(19)
H(22) —~0-04(19) 0-93(20) 1-18(20)
H(23) 1-78(19) —0-54(19) 2-20(20)
TARLE 2
Thermal parameters (A% x 104 for As, x 10? for C) *
Ull U22 U:IS 2U12 2U23 2Ul3
As 436(8) 275(7) b593(10) —26(14) —38(15) —8(13)
C(1) 35(7) 37(7)  44(8) 13(11) 34(13) 16(12)
C(2) 70(10) 44(9) 30(9) —22(15) 18(14) —2(14)
C(3) 57(9) 40(8) 34(9) 34(14) 50(13) 8(13)
C(4) 47(7) 22(6) 37(8) —11(11) 20(11) 15(12)
C(5) 52(8) 29(7) 43(9) 7(14) —0(13) 14(12)
C(6) 44(8) 51(9) 45(9) —39(15) 7(15) 29(13)
C(7) 62(9) 30(7) 45(9) 4(13) —7(13 —3(13)
C(8) 78(12) 83(13) 43(11) —65(21) —3(19) 4(16)
C(9) 72(11) 52(10) 46(10) —34(17) —12(16) 23(15)
C(10) 67(10) 41(9) 68(12) 15(15) 55(16) 22(17)
C(11)  41(8) 48(9) 59(10) —24(14) 10(16) 9(14)
C(12)  40(7) -10(6) 74(11) —10(10) —19(13) 11(13)
C(13) 39(8) 40(8) 53(10) 28(12) 1(14) —26(13)
C(14) 52(9) 55(10) 56(10) 28(16) —15(16) —38(14)
C(l5) 53(9) 34(7) 170(12) —11(13) —45(15) —12(15)
C(16) 49(9) 38(8) 86(13) 2(15) —47(18) 1(16)
C(17)  60(10) 39(9) 80(13) 10(15) —18(17) 50(17)
C(18) 36(7) 12(6) 52(9) 8(10) —4(11) —15(11)
C(19)  82(11) 7(6)  71(11) —18(13) —24(13) 22(17)
C(20) 83(12) 20(7) 72(11) 11(15) 12(15) 11(18)
C(21) 71(11) 37(8) 55(11) 9(16) —33(15) —17(16)
C(22) 44(8) 49(9) 81(11) 4(14) —43(16)  10(14)
C(23) 51(9) 30(7) 69(12) 4(13) —6(14)  24(15)
* In form: exp[ — 2n%(h%a*3U,; + k2*2U,, 4 12%2U,; +

2hka*b* Uy, + 2RICHH* U,y -+ 2hia*c*U,y)).
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TABLE 3
Bond lengths (A) and angles (°) with standard deviations
() Arsenin ring

(i) Bond lengths (ii) Bond angles

As—C(1) 1-884(14)  C(1)—As—C(5) 100-8(6)
As—C(5) 1-859(14)  As—C(1)—C(2) 120-8(10)
C(1)-C(2) 1-430(21)  As—C(5)—C(4) 123-4(10)
C(2)-C(3) 1-349(21)  C(2)—C(3)—C(4) 131-9(14)
C(3)-C(4) 1.400(20) C(1)—C(2)—C(3) 123-4(14)
C(4)—C(b) 1-442(19)  C(3)—C(4)~C(b) 119-6(12)
Mean C-H 1-21(20) Mean 120-0
Mean C-C—H 116(13)
(b) Ph-Arsenin ring
(i) Bond lengths CE4)—8(53—8(18) 122-8(12)
. g C(3)—-C(4)-C(12) 117-8(12)
Cip-twy  Taie Se-Cechy  lmedy
Ca8—=Cw) 1-461(19) C(1)-C(8)-C(11) 118-9(13)
Mean 1-482 C(4)-C(12)-C(13)  121-6(13)
. C(4-C(12)-C(17)  121:2(13)
{ii) Angles C(5)—C(18)—C(19) 119-6(12)
As—C(1)—C(8) 115-7(10)  C(5)-C(18)-C(23) 121-5(12)
C(1)-C(2)-C(6) 123-5(13) Mean 120-0
As—C(5)—C(18) 113-5(10)
(c) Phenyl groups
(i) Bond lengths (ii) Angles
C(6)-C(7) 1-378(21)  C(8)—C(7)—C(8) 117-7(15)
C(7)-C(8) 1-414(25)  C(7)—C(8)—C(9) 121:5(17)
C(8)-C(9) 1-377(268)  C(8)—C(9)—C(10) 122-7(17)
C(9)—C(10) 1-313(24) C(9)—C(10)-C(11)  116-6(16)
C(10)—C(11) 1-463(23)  C(10)—C(11)—C(6) 121-7(14)
C(11)-C(6) 1-374(22) C(11)—C(6)—C(7) 119-7(14)
C(12)—-C(13) 1-399(20) C(12)—C(13)-C(14) 121-8(14)
C(13)—C(14) 1-371(22) C(13)—C(14)-C(15)  118-8(15)
C(14)—C(15) 1-419(23) C(14)-C(15)—C(16)  121-2(15)
C(15)—C(16) 1-338(23) C(15)-C(16)~C(17) 118-8(16)
C(16)—C(17) 1-408(24) C(16)~C(17)—C(12) 122-3(15)
C(17)-C(12) 1-384(22) C(17)-C(12)—C(13) 117-0(14)
C(18)—C(19) 1-389(20)  C(18)~C(19)-C(20)  121-7(14)
C(19)-C(20) 1-370(23)  C(19)—C(20)—C(21)  119-5(15)
C(20)—C(21) 1-394(24)  C(20)—C(21)—C(22)  120-5(15)
C(21)-C(22) 1-386(23) C(21)—C(22)-C(23) 119-7(15)
C(22)—C(23) 1-405(23)  C(22)—C(23)—C(18)  119-5(14)
C(23)~C(18) 1-406(20) C(23)—-C(18)-C(19)  118-9(13)
Mean C—C  1-388 Mean C-C—C  120-0
Mean C-H 1-10(20) Mean C-C—H 120(12)

TABLE 4

Equations of some important least-squares (w = atomic no.)
planesin the moleculein theform: IX’ + mY’ + nZ’ =
pwhere X' =X + Zcos B, Y = Y,and Z' = Zsin §.
Deviations (A) of constituent atoms from the planes
are given in square brackets

! m n I4
0-5953  0-0581 —0-8014 1-1540
{As 0-002, C(1) —0-017, C(2) 0-005, C(3) 0-013, C(4) —0-011,
C(56) —0-003]
—0-3323 —0-6129 0-7169 0-7762
[C(6) 0-000, C(7) 0-010, C(8) —0-007, C(9) —0-008, C(10) 0-019,
C(11) —0-014]
0-8007 —0-5260 —0-2869 3-8517
[C(12) 0-008, C(13) —0-019, C(14) 0-009, C(15) 0-012, C(16)
—0-022, C(17) 0-012]
0-1618 0-6678 0-7265 1-4956
[C(18) 0-011, C(19) —0-005, C(20) 0-002, C(21) —0-005, C(22)
0-011, C(23) —0-013]

s 1. C. J. Bart and J. J. Daly, Angew. Chem., 1968, 80, 843;
J. Chem. Soc. (4), 1970, 567.
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lengths in this ring are slightly, but not significantly,
longer than those found in benzene,'? pyridine,'? and
2,4-dimethyl-4-phenylphosphorin.}5

The ring angles show large deviations from 120° but,
for a ring of mm2 symmetry, they are subject to geo-
metrical constraints and if two are known the other two
may be calculated if the sides of the hexagon are also
known. Table 5 shows how the ring angles are related
when the angles at C(1) and C(2) are allowed to vary

Ht21
The molecule projected on the least-squares plane (w = atomic
number) of the arsenin ring, and the labelling of the atoms

TABLE 5
Calculated values of the angles at As(d,s) and C(3) (¢,) in a
C;As ring of mm?2 symmetry with As—C 1-872 A and
C-C 1-405 A. The angles at C(1) (¢,) and C(3) (¢,) are
given the values 100, 110, 120, 130, and 140°. Ob-
served angles ¢, 100-8, ¢, 122-1, ¢, 121:5, and ¢, 131-9°

¢Aa
$
s 100 110 120 130 140
100 133-8 121-4 109-5 98-0 86-7
110 133-4 120-3 107-8 95-8 84-0
120 131-1 117-7 104-9 92-5 80-4
130 127-6 113-9 100-9 88-4 76-1
140 123-0 109-3 96-3 83-6 71-2
#s
N
b2 100 110 120 130 140
100 186-2 178-6 170-56 162-0 163-3
110 166-6 159-7 152-2 144-2 136-0
120 148-9 142-3 135-1 127-5 119:6
130 132-5 126-1 119-1 111-6 103-9
140 117-1 110-7 103-7 96-4 88:8

from 100 to 140°. A comparison with the corresponding
Table for a phosphorin ring % is illuminating. The in-
creased length of As—C as opposed to P-C decreases the
ring angle at As by about 2-4—4-3° and increases the
C(3) ring angle of the arsenin ring by about the same
amount. This difference is observed experimentally, at
least qualitatively, but the C(3) angle in the arsenin
ring is larger than predicted from the two Tables. This
increase is compensated for by a decrease in the ring
angle at C(2). Two particular hypothetical C;As rings
are of special interest, the first has essentially the carbon
skeleton found in benzene with C-C 1-405 A and C-C-C
120° and if As-C is 1-872 A, interpolation in Table 6
gives C-As—C 81-1 and As—C—C 139-5°. The second case
has C-As—C 120°, As—C 1-872, and C-C 1405 A; here the
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remaining angles are not fixed but they are restricted to
a few values. The angle at C(1) is close to 110° while
that at C(2) may be 110 or ca. 140°; the resulting angles
for C(3) are then 160 or ca. 110°. Thus even with some
physically acceptable angles in the ring, geometrical
constraints can give very unfavourable values for the
other ring angles.

The phenyl groups have their usual geometry with C-C
1-388 A and C-C—C 120° as mean values. The bonds
joining these rings to the arsenin ring have a mean

J.C.S. Dalton

of 1-482 A. The phenyl rings are all twisted in the
same sense about their bonds to the heterocyclic ring,
the interplanar angles being 36-1, 47-5, and 63-4° for the
rings containing C(6), C(12), and C(18).

Non-bonded intramolecular and the van der Waals’
contacts exhibit no unusual features.

We thank Professor G. Markl for the sample of crystals
used.
[2/1955 Received, 1Tth August, 1972]
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Carbene Complexes. Part 1. Electron-rich Olefins as a Source of
Carbene Complexes of Platinum(ii) and Palladium(ii) ; and Some Experi-
ments with (CF3),CN2
By D. J. Cardin, B. Cetinkaya, Engin Cetinkaya, and M. F. Lappert,' School of Molecular Sciences, University
of Sussex, Brighton BN1 9QJ
The reactions of electron-rich olefins with di-p-chloro-dichlorobis(phosphine)diplatinum( 1 1 ) (and bromo-. arsine-,
and Pd" analogues) have been investigated. In general, the product i s the trans-Pt'I or Pd" carbene complex,
or the cis-isomer. or a mixture of these compounds, depending on the reagents, solvent, and reaction conditions.
The compounds are stable, crystalline, and monomeric. Bis(trif1uoromethyl)diazomefhane reacts with (i) di-p-
chloro-dichlorobis(triethylphosphine)diplatinum(li) to give the product of insertion only into the terminal Pt-C1
bonds, and (ii) tris(triphenylphosphine)platinum(O) to furnish the adduct Pt[(CF3)2CN2*(CF,)2C] ( PPhJ2.
Structures and mechanisms are discussed.
CARBENE complexes, L1LI-CYZ (I) have an extensive
chemistry and are involved as intermediates in many
transition metal-promoted organic reactions.2 Various
synthetic methods are available: most of these are based
on reactions of co-ordinated carbonyls or of pseudo-iso-
electronic compounds such as metal isonitriles, acyls,
imidoyls, or acetylenes ; additionally, some metal
carbene complexes are derived from others by sub-
stitution or addition reactions. The only organic pre-
cursors which had previously been used as a source
of co-ordinated carbene were the gent-dichloride
PhCCC1,CPh [with Na,Cr(CO), * or Pd 5] or imidazolium
salts (11) [equations (la) 5 9 6 and (lb) '1.
I -___
I - f (0CLM-CNRCH:CHNR
( n ) (a) X = [HM(CO),]-, R = Me
(M = Cr and n = 5.4 or
M = Fe and n = 4 8 )
X = C10, and R = Ph + HgC1, (b)
An objective of our work was to explore the possibility
of (i) trapping free carbenes as metal complexes, and
Cf. D. J. Cardin, B. Cetinkaya, and M. F. Lappert, Chem.
Cj. D. J. Cardin, B. Cetinkaya. M. J. Doyle, and M. I;.
3 Cf. E. 0. Fischer and A. Maasbol, Angew. Chem. Internat.
Rev., 1972, 72, 545.
Lappert, Chem. SOC. Rev., 1973, in the press.
Edn., 1964, 8, 580, and later papers.
(ii) finding organic starting materials which might
provide rather more general syntheses than those
currently available. In this paper, which is confined to
Pdrl and PtII complexes, we report on the following
classes of compound : electron-rich olefins, including
(111) and (IV); the imidazolidine (V); and the diazo-
methane (VI). The metal substrates which were used
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