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Stereochemistry of Some Organic Derivatives of Group VB Elements. 
Part VILf Crystal and Molecular Structure of Triphenyl-(Z-acetyI-3,4,5- 
triphenylcyclopenta-2,4-dienyl)arsonium Perchlorate 
By Frank C. March and George Ferguson,. Chemistry Department, University of Guelph, Guelph, Ontario, 

Douglas Lloyd, Departmentof Chemistry, Purdie Building, University of St. Andrews,St. Andrews, Fife, Scotland 

The crystal structure of the title compound has  been determined by three-dimensional X-ray methods. It is formed 
by protonation of the parent arsonium cyclopentadienylide at the 1 -position of the cyclopentadienyl ring. There 
is thus no delocalisation between the arsoniurn moiety and the cyclopentadiene system. The environment at 
arsenic is slightly distorted tetrahedral [As+ O(Ac) 3.1 OO(11) /3] ; As+-C(sp3) is 1.963 f 0.01 3 A. and 
mean As+rC(Ph) 1-908 Ifr 0-007 8. 

The perchlorate ion is held in the crystal by a C-H * 0 hydrogen bond (H - * 0 2.2 8)  between a perchlorate 
oxygen and the acidic five-membered ring proton. Crystals are rnonoclinic, space group PZ,/c with Z = 4 in a 
cell of dimensions a = 11-939(1), b = 18+337(2), c = 17.570(2) 8, p = 105-85(2)". The structure was solved 
from diffractometer data by the heavy-atom method and refined by least-squares calculations to R 0.066 for 1558 
observed reflexions. 
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RECENTLY there has been considerable interest in the 
elect rophilic substitution react ions of t riphenyl-phospho- 
nium and -arsonium cyclopentadienides 2-5, (I), which 
also readily form perchlorate  salt^.^?^ We report here 
the structure of triphenyl-(2-acetyl-3,4,5-triphenylcyclo- 
penta-2,4-dienyl)arsonium perchlorate, ( 11),6 which was 
investigated in order to establish the site of protonation 
of the parent ylide (I; R1= Ac ; R2 = R3 = R4 = Ph),' 
and to provide details of the bonding pattern in the pro- 
tonated system. 
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EXPERIMENTAL 

Crystal Datu.-C,,H,,AsC10,, 11.1 = 741- 1, Monoclinic, 
a = 11.939(1),  b = 18.337(2),  c = 17.570(2) A, p = 
104*85(2)O, U = 3718 A3, Dm not measured, 2 = 4,  
D, = 1.32, F(000) = 1528. Space group P2, / c  (C&, 
No. 14) from systematic absences: hO1 1 odd, and OkO K odd. 
Cu-K, X-radiation, A = 1.5418 A ;  p(Cu-K,) = 23.7 cm-l. 

Crystallogyuphic Measurements.-Preliminary space-group 
data were obtained from precession and Weissenberg photo- 
graphs. Accurate cell dimensions were obtained from least- 
squares refinement of diffractometer setting angles of 12 
refiexions. The crystal chosen for the data collection was a 
prism bounded by the planes {110} ,  (lie}, (001)  and with 
dimensions ca. 0-08 :< 0.07 x 0.19 nim. Intensity data 
were collected to a OmX. 45' on a Hilger and Watts Y 290 
computer-controlled diffractometer. The 8-28 scan tech- 
nique was used with a symmetric scan of 0.8", consisting 
of 80 steps of O - O l O  of 0.75 s. Stationary-crystal-stationary- 
counter background counts of 15 s were measured a t  each 
end of the integrated scan. The maximum variation 
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in intensity of 3 standard reflexions (ca. 3000 counts s-') 
monitored regularly throughout data collection was < 1.5%. 
Each intensity was corrected for background. Of 2656 
independent reflexions 1558 had I > 3o(I )  (where o(1) = 
[scan + 4 x (sum of background counts) + (0.05 inten- 
sity)2]1/2) and were considered observed. Data were 
corrected for Lorentz and polarization factors, but not for 
absorption or extinction. 

Structure Solution and Refinement.---The co-ordinates of 
the As atom were obtained from a three-dimensional 
Patterson distribution. One cycle of refinement of F [with 
o(F)  = 0.50(F2)/q,  in which the scale factor was varied, 
yielded R 0.47 and the weighted factor, R' 0-55  (R' = 
[Cw(F, - Fc)2/XwFo2]1'2]. Atomic scattering factors for 
carbon, oxygen, chlorine, and arsenic were taken from ref. 8. 
Only observed reflexions were included in the least-squares 
calculations and the function minimized was R' (above). 
Absolute weights [based on o(F,)] were used throughout 
refinement. An initial electron-density distribution based 
on phases derived from the As atom yielded the positions 
of the C1 and 17 light atoms. Successive difference maps 
yielded chemically sensible positions for all non-hydrogen 
atoms. The structure was then refined by full-matrix 
least-squares calculations, with the phenyl groups included 
as rigid bodies [C-C (aromatic) 1.397 k ;  C-C-C 120'1, and 
with isotropic thermal parameters for all atoms, to R 0.082. 
Refinement continued with the non-group atoms permitted 
to vibrate anisotropically, and with the group atoms given 
individual isotropic thermal parameters. Refinement con- 
verged at R 0,066 and R' 0.072. On the last cycles the maxi- 
mum shift in any positional parameter was <0.50. Final 
positional parameters are listed in Table 1 .  

A difference map calculated using the Fc values from the 
parameters listed in Table 1 contained a number of small 
peaks, the highest being 0.4  eAk-3. Many of these peaks 
appeared in positions corresponding to phenyl hydrogen 
atoms, however no attempt was made to include these in 
any calculations. One of the highest peaks appeared in a 
chemically reasonable position for the hydrogen atom bound 
to C(l )  and is shown in Figure 2 in the position found from 
the difference map. 
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The final error in an observation of unit weight, calculated 

over all observed data, was 2.19 and ranged from 1.8 to 2.6 
over 10 ranges of intensity in a non-systematic way, indicat- 
ing that while the relative weighting of the data is adequate, 
the absolute weighting scheme is not as good as one might 

TABLE 1 
Final atomic parameters 

(a) Fractional co-ordinates of non-group atoms 
Atom X l a  

As 0.14522( 15) 
c1 0.3057 (5) 
C(l) 0*2382(13) 
C(2) 0-2017(15) 
C(3) 0*2878(16) 
C(4) 0*3911(13) 

0.3638( 13) 
0-0856(17) 

C(7) 0*0457(14) 
0-0 1 7 3 (9) 
0.3237(10) 

O(3) 0*2257(14) 
O(4) 0*4086(12) 
O(5) 0*2594(10) 
H(C1) 0.2448 
(b) Group atoms 

C(11) 0-2903(8) 
Atom %la 

0-3469( 11) 
0.3478(20) 
0*2922(23) :[::! 0.2356(15) 
0*2347( 8) :[;;I 0-5026(7) 

C(22) 0*6023(10) 
0.7095 (9) ;[::/ 0-7170(8) 
0.6 173 (9) 
0-5102(7) 
0+4442( 7) 
0*5257(12) 
0*6004( 22) 
0.5936(26) 
0.5 120( 19) E[ix] 0.4373(9) 

C(41) 0-0450(8) 
C(42) -0.0749(8) 
C(43) -0*1491(6) 

- 0*1035( 8) 
0-0164(9) 
0-0906 (6) :[%;I 0.2402( 7) 

C(52) 0.2638(16) 
0.342 (5 )  :[::! 0.396(7) 
0-373 (5 )  

0*0522( 7) 
0-2946(21) 

Elfis81 0-0139(10) 
C(63) - 0*0540( 12) 
C( 64) - 0*0837( 11) 

- 0.0454( 8) 
0.0226(8) 

Y lb 
0.13401 (8) 
0.353 2 (3) 
0*2205( 7) 
0.2858 (8) 
0.3087( 8) 
0.2 6 2 8 ( 9) 
0.2 1 18( 8) 
0.3 179( 10) 
0*3920( 8) 
0-2 7 96 ( 6) 
0.3 95 0 ( 6) 
0.3903(7) 
0.34 14 (8) 
0.283 8 (6) 
0-2238 

Y lb 
0-3746 (5)  
0.4375 (7) 
0*5000(6) 
0-4995(5) 
0*4366(5) 
0.374114) 
0-2 7 6 1 (5 )  
0-2904( 9) 
0-2969( 19) 
0-2890( 23) 
0.2747( 15) 
0-26 8 3 (6) 
0.1598 (4) 
0- 1 2 1 6 (8) 
0*0722( 15) 
0+0609( 17) 
0*0992( 11) 
0.1 48 6 ( 5)  
0=1542( 5 )  
0-1494(6) 
0.1641 ( 10) 
0-1837(10) 
0.1 885( 6) 
0- 1738 (5) 
0.051 7( 4) 
0*0340( 9) 

- 0*022(3) 
- 0*060(4) 
-0*043(3) 

0.0135(12) 
0.1037 (6) 
0.03 14( 5)  
0.0074(5) 
0*0556( 7) 
0*1278(6) 
0.151 9 (4) 

zlc 
0*09085( 10) 
0.292 7 (3) 
0.13 18( 8) 
0*0793( 9) 
0*0483(8) 
0.0792 (9) 
0.1 274( 8) 
0-0726( 9) 
0*0390( 10) 
0*0999(6) 
0*3625( 7) 
0.2327 (8) 
0.2721 (7) 
0*3053(6) 
0.1930 

Z l G  
- 0.0002(5) 

- 0*0107(6) 
-0*0910(5) 
-0*1269(3) 
- 0*0805(6) 

0,0347 (4) 

0*0602( 6) 
0- 1 2 02 (4) 
0.1026 (6) 
0*0249( 7) 

- 0.036 1 (4) 
- 0*0174(6) 

0.1 787 (6) 
0.149 7 (4) 
0.1981 (8) 
0.2755( 8) 
0*3044( 6) 
0*2560(6) 

- 0*0100(4) 
-0*0210(5) 
- 0.0949 (6) 
- 0.1577 (5 )  
- 0.1467 (5 )  
-0*0728(6) 

0.0841 (6) 
0.0 1 24 (5) 
0.0089 (9) 
0.07 72 ( 1 3) 
0.1 48 8 ( 1 0) 
0.1523(5) 
0*1689(5) 
0.1546(5) 

0*2569(6) 
0.2 6 1 1 (5 )  
0-2 122( 6) 

0*2036(7) 

Bim 
4.4(3) 

9.7(5) 

7.464) 

4*7(3) 

8*2(5) 

7.6(4) 

6*1(4) 

6*7(4) 
7*1(4) 
6-7(4) 
6-7(4) 
6*3(4) 
4-3(3) 
4*9(3) 
6.2(4) 
6*4(4) 
6*5(4) 
5*0(3) 
4*6(3) 

6*7(4) 
6*9(4) 
6-1(4) 

4*6(3) 
5.8(4) 
6+6(4) 
6*5(4) 
6-0(4) 
6*2(4) 

5.8(4) 

7-0(4) 

6-1(4) 

5*4(4) 

4.9(3) 

4.7(3) 

7.314) 

7.3(4) 

hope. One reason for this relatively high value is the in- 
complete refinement. A lower R could no doubt be ob- 
tained if the phenyl group atoms were refined individually 
(as evidenced for instance, by the rather large G values for 
some parameters of some of the group atoms listed in Table 
l), however, the greatly increased computing effort involved 
did not seem warranted. Final values for the structure 
amplitudes, thermal parameters, and details of planes are 
listed in Supplementary Publication No. 21307 (8 pp., 

* See Notice to Authors No. 7 in J.C.S. Dalton, 1974, Index 
issue. 

2 microfiche).* 
are R 0.119 and R' 0.086. 

Final agreement factors for all 2656 data 

RESULTS AND DISCUSSION 

Previous work 2-4 on electrophilic substitution of 
phosphonium and arsonium cyclopentadienides has 
shown that substitution takes place, if possible, preferen- 
tially at the 2- or 5-positions of the cyclopentadienyl ring, 
or otherwise at  the 3- or 4-positions [see (111) and (IV) for 
arbitrary numbering]. This has been rationalized in 
terms of the structures of the transition states for these 
substitution reactions, which were assumed to be closely 
related to the o complexes (111) and (IV) involved in the 
reaction paths; (111) should have greater stability than 
(IV) since the former involves a linear conjugated system 

+ 
MPh3 

R&: 

R 3  R2 

+ 
M Ph3 

and (IV) a cross-conjugated system. The protonation 
of cyclopentadienides has usually followed a similar 
 att tern,^,^ and no previous example is known of electro- 
philic attack at  the 1-position, excepting of course Wittig- 
type reactions of the ylides. However in the case of (I), 
R1 = Ac, R2 = R3 = R4 = Ph, our results establish that 
protonation has occurred a t  the l-position to yield the 
cation (11). 

The crystal structure consists of discrete cations and 
perchlorate anions (Figure 1). The structure of the pro- 
tonated cation is shown in Figure 2 and details of the 
molecular geometry in Table 2. The cyclopentadiene 
ring is planar and C-C distances around the ring are as 
expected for sp3-sp2 bonds [C(l)-C(5) and C( 1)-C(2)], 
sp2-sp2 single bonds [C(3)-C(4) and all ring-side-chain 
distances], and double bonds [C(3)-C(2), C(4)-C(5)]. 
Conjugation can thus occur between the double bonds 
C(4)=C(5), C(2)=C(3), and C(6)=0(1). Ideally, for such 
conjugation to occur the plane of the acetyl group should 
be coplanar with that of the ring. The angle found is 
13.8", however, which is unlikely to decrease the potential 
for overlap between orbitals of atoms C(6) and C(2) 
significantly. In the parent ylide, where considerable 
conjugation between the acetyl group and the cyclopen- 
tadienyl ring is known to occur, the angle between the 
corresponding planes is 5.3". Configuration (V), which 
would result from substitution at  the %position, does 
not allow conjugation between the ring and the acetyl 
side-chain. Configuration (VI), which would permit 
conjugation, apparently is less energetically favourable 
than (TI), possibly because the site of the arsonium group 
in the case of (VI) results in a measure of cross-conjuga- 
tion, which is absent in (11). The phenyl groups at the 
3-, 4-, and 5-positions do not appear to be involved in 
conjugation with the cyclopentadiene ring to any great 
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extent since the angles between the phenyl ring planes 
and the five-membered ring vary from 40.3 to 118.6". 

The exocyclic angles around the five-membered ring 

equal, the double bonds at  C(2)=C(3) and C(4)=C(5) would 
have resulted in extremely unfavourable short contacts 
between C(7) - . C(11) and C(21) - - C(31). 

w 
FIGURE 1 The crystal structure as viewed along the @-axis. 

vary from 1194 to 12943" so as to minimize the C(7) * 

C(11) (3.12 A), C(11) - C(21) (3.07 A), and C(21) - - 

6 q J - 9 6 3  

6 4  
FIGURE 2 The protonated cation showing the crystallographic 

numbering scheme (atoms with numbers only are carbon); 
thermal ellipsoids are drawn a t  60% probability 

C(31) (3-18 A) interactions. Thus the angles C(2)= 
C(3)-C(ll), C(3)=C(2)-C(6), C(4)=C(5)-C(31), and C(5)= 
C(4)-C(21) (Figure 1) are 5-7" greater than angles 
C(3)-C(4)-C(21) and C(4)-C(3)-C(ll). If this had not 
been the case, and the exocyclic angles had been all 

Origin of cell is at  bottom left, with b horizontal, and c vertical 

Co-ordination about arsenic is a slightly distorted 
tetrahedron (see Table 2) with C-As-C angles 105---112". 
The co-ordination environment about arsenic in the 
parent ylide 7 is intermediate between that of a regular 
tetrahedron and trigonal bipyramid because of a close 
contact between the oxygen atom of the acetyl group and 
the arsenic atom [2.770(3) A]. This interaction was 
attributed to a large contribution to the ground electronic 
state from a canonical form which placed a formal 
negative charge on the oxygen atom. Such a canonical 

form is not possible with the protonated species but the 
corresponding As+ + 0 distance [3.100(11) A] is signifi- 
cantly less than the normal van der Waals contact dis- 
tance (3.4 A).s The As+-C(Ph) distances [mean 1.908(9) 
if] are as expected and the orientations of the phenyl rings 
bound to arsenic appear to be determined by intramole- 
cular packing effects. As+-C(l) [1.963(13) A] Is not sig- 
nificantly different from the sums of the relevant single- 
bond covalent radii (1-98 A),9 and contrasts with 

9 L. Pauling, ' The Nature of the Chemical Bond,' Cornell 
University Press, Ithaca, New York, 1948. 
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1*881(4) A in the parent ylide. The structure of the 
perchlorate anion is close to a regular tetrahedron with 

TABLE 2 
Interatomic distances (A) and angles (") 

(a) In  the cation 

C( 1)-C( 2) 1-507 C( 4)-C( 2 1) 1.474 
C( l)-C(5) 1.530 C(5)-C( 3 1) 1.483 
C( l)-As 1.963 C(6)-C(7) 1.509 

1.261 
1.904 C(2)-C(6) 1.483 C(41)-As 

(i) Distances (a C-C 0.018, C-0 0.016, As-C 0.013 -4) 

C( 2)-C (3) 1.348 C(6)-0 (1) 

CC ( 3)-C( 4) 1.478 C( 51)-As 1.910 
*C(3)-C( 11) 1.483 C(61)-As 1.909 
*C(4)-C(5) 1.355 

(ii) Angles (mean a C-As-C 0.4, As-C-C 0.8, C-C-C 1.1') 
As-C(41)-C(46) 120.3 
As-C( 4 l ) -C(  42) 1 19- 7 
A~-C(51)-C(66) 119.8 
As-C(61)-C(52) 120.0 
As-C(61)-C( 66) 121.5 
As-C( 61)-C( 62) 118.5 
As-C( l)-C( 2) 11 1 * 7 
,4s-C( 1)-C(5) 11 1.5 
.C( l)-As-C( 4 1) 1 1 0-2 
C(l)-As-C(51) 111.8 
C( l)-As-C(61) 111.7 
C( 4 l)-As-C(5 1) 109.8 
C(41)-A~-C(61) 108.1 
C( 51)-As-C( 61) 105.0 
C(3)-C( 1 1)-C( 16) 120.1 
*C( 3)-C( 1 l)-C( 12) 1 19.9 
€ (4)-C (2 1 )-C (2 6) 1 1 9.6 
nC( 4)-C( 2 1)-C (22) 1 20.3 
.(b) Perchlorate anion 

*Cl-0(2) 1.414 
43-0 (3) 1.404 

0(2)<1-0(3) 108.2 
0(2)-C1-0(4) 111.3 
Q( 2)-Cl-0 (6) 109- 1 

(i) Distances (mean ct 0.014 A) 

(ii) Angles (mean (T 0.8') 

C( 5)-C (3 1)-C (3 6) 
C(5)-C( 3 1)-C( 32) 
C(5)-C( 1)-C(2) 
C( 1)-C( 2)-C( 3) 
C( l)-C(2)-C(6) 
C( 3)-C( 2)-C( 6) 
C(Z)-C(S)-C(ll) 

C(ll)-C(3)-C(4) 
C(2)-C(3)-C(4) 

C(3)-C(4)-C(5) 
c (3)-C( 4)-c (2 1) 

C( 1)-C( 5)-c(31) 
C( l)-C(5)-q4) 
C(2)-C(6)-C(7) 
O-C(S)-C(7) 

C(21)-C(4)-C(5) 
C(4)-C(6)-C(3 1) 

0-C (6)-C (2) 

11 9.8 
120.2 
100.6 
111.4 
118.8 
129.6 
128.0 
108.9 
122.6 
108.2 
122.6 
129-2 
127.0 
121.7 
110.8 
125.7 
118.7 
11 6.6 

C1-0 (4) 1.384 
Cl-0 (5) 1.427 

0(3)-C1-0(4) 11 1.0 
0(3)-€1-0(6) 109.4 
0(4)-Cl-O( 6) 107.8 

.(c) Some intramolecular non-bonded contacts 
O(1) * AS 3*100( 11) 0(1) * * C(41) 3.07(1) 
Q(1) * - * C(66) 3*05(1) 

TABLE 2 (Continued) 
(d) Interion contacts 
O(2) * * * C(521) 3.18 O(4) * - * C(65") 3.38 
O(2) - * C(54") 3-34 O(4) * . C(5) 3.42 
O(2) * * * C(53') 3.44 O(5) - * C(l) 3.21 
O(3) * * * C(6) 3.17 O(5) * * C(45I) 3.26 
O(3) * * C(2) 3-26 O(5) * * * C(461) 3.39 
O(3) * * - C(63"I) 3.35 

Roman numeral superscripts refer to  the following equivalent 
positions : 

I x ,  8 - y, Q + 
I1 1 - #, 3 + y ,  3 - 2 

I11 - x ,  3 + y ,  8 - 2 

0-C1-0 angles 107~S(S)-111~3(S)0 and mean Cl-0 dis- 
tance (uncorrected) 1-407( 10) A. Shortest interion 
distances, listed in Table 2, all correspond to  van der 
Waals contacts except that between O(5) and the five- 
membered ring C-H moiety which appears to be a 
C-H 0 hydrogen bond with 0 - - * H 2-22, H-C 1-06, 
C . - * O  3.21 A, Cl-O...H 105, and C - H . - * O  154". 
The proton involved is the most acidic in the molecule 
and the geometry details are entirely in accord with those 
found for such hydrogen bonds in other systems.1°-12 
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