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Absolute Configuration of (+)-trans-Chrysanthemic Acid. Crystal Struc- 
ture Analysis of a p-Bromoanilide Derivative 
By A. Forbes Cameron, George Ferguson,* t and Christine Hannaway, Chemistry Department, The 

University, Glasgow G12 8QQ, Scotland 

The absolute configuration of (+) -trans-chrysanthemic acid, deduced previously from chemical considerations 
as 1 R,2R has been confirmed by a three-dimensional X-ray analysis of a p-bromoanilide derivative using Bijvoet's 
anomalous dispersion method. Crystals are orthorhombic, space group P2,2,2,. with Z = 4 in a unit cell of 
dimensions a = 9.58(2) ,  b = 6.06(2), c = 27.53(5) 8. The structure was solved from photographic data by 
the heavy-atom method, and refined by least-squares calculations to R 0.1 09 for 400 reflexions. 

THE chemistry of the natural pyrethrins has been the 
subject of considerable interest and the absolute 
configuration of a key compound in pyrethrin chemistry, 
(+)-tram-chrysanthemic acid, (I), has been deduced as 
1 R,2R from chemical considerations.2 Because of its 
importance in a number of reactions we undertook an 
X-ray determination of the absolute configuration of 
( + ) -trans-chrysanthemic acid by use of a @-bromoanilide 
derivative. 

Me Me 

EXPERIMENTAL 

Crystal Data.-C,,H2,NOBr, M = 322. Orthorhombic, 
a = 9.58(2), b = 6.06(2), G = 27.53(5) A, U = 1.602 Hi3, 
D, = 1.33 g ~ m - ~ ,  2 = 4, D, = 1.34 g ~ m - ~ ,  F(000) = 664. 
Space group P2,&2, (D;, No. 19j, uniquely from systematic 
absences. Cu-K, X-radiation, A = 1.542 A; p(Cu-K,) = 
37.9 cm-l. 

Crystallograp hi c Measurements .-A crystal was in0 u n t ed 
about the a axis and the unit-cell parameters were deter- 
mined from Weissenberg photographs taken with Cu-K, 
radiation and from precession photographs taken with 
Mo-K, ( A  = 0.7107 A) radiation. Equi-inclination Weissen- 
berg photographs of the 0-4Kl reciprocal lattice nets 
yielded some 400 independent reflexions, which proved to 
be sufficient for the determination of the structure and the 
absolute configuration. Intensities were estimated visually 
by comparison with a calibrated step-wedge and were 
corrected for the appropriate Lorentz and polarisation 
factors. The various sets of structure amplitudes were 
placed on an approximate absolute scale a t  a later stage in 
the analysis. 

Structure DetevminatioPz.-The position of the bromine 
atom (0,0.187,0.210) was found by Patterson methods. 
The initial (heavy-atom-phased) electron-density distri- 
bution was inevitably complicated by the presence of 
pseudo-mirror symmetry resulting from the bromine x 
co-ordinate being zero. Nevertheless, by careful selection 
of atomic sites from this distribution the entire structure 
was revealed and two further cycles of structure-factor and 

t Present address : Chemistry Department, University of 
Guelph, Guelph, Ontario, Canada, N1G 2W1. 

L. Crombie and M. Elliott, Fortschr. Chem. org. Naturstoffe, 
XIX, ed. L. Zechmeister, Springer Verlag Ven, 1961, p. 120, and 
references therein. 

electron-density calculations lowered R to 0.29. In these 
calculations an overall isotropic thermal parameter, Vim 
0.06 As was used, along with the atomic scattering factors 
given in ref. 4. Structure amplitudes were placed on an 
approximate absolute scale by making hCIFol = I=[F,I for 
each layer. 

Structure Refinement.-Seven cycles of least-squares 
calculations reduced R to its final value of 0.109. In the 
last two cycles bromine was refined anisotropically and 
carbon, nitrogen, and oxygen isotropically. A weighting 
scheme of the form: 2/w = ([I - exp(-p, sin O/A)2] / ( l  + 
p2[Fo[ + p31F012))1/2 was used in the calculations and the 
;b parameters were adjusted during refinement to their final 
values of p1 = 50, p 2  = 0.0001, f13 = 0.001. Final frac- 
tional co-ordinates, thermal parameters, and their estimated 
standard deviations are listed in Table 1. Interatomic 

TABLE 1 

:Fractional co-ordinates (Br x lo4, others x lo3) and iso- 
tropic thermal parameters (A2 x lo3), with estimated 
standard deviations in parentheses 

Atom X 

Br -0079(S) 
139(5) 
104(5) 

c(2) 053(5) 
llO(5) 
049 (5)  
113(5) 

238(6) 
001 (6) 
082(8) 

c(lo) 112(4) 
037(5) 

046(5) 
'(14) 129 (5)  

166(5) 
156(4) N 

0 - 054(4) 

C(1) 

(73) 
C(4) 
(75) 
C(6) 
C(7) 
C(8) 
C(9) 

C(11) 
C W  

CP5) 
C(16) 

- 107(5) 

C(13) -016(6) 

Y 
1809(9) 
- 455 (6) 
- 669(6) 
-476(6) 
- 405( 7) 
-290(6) 
- 198(7) 
- 166(S) 
- 812(9) 
--830(6) 
- 375(8) 
- 175(6) 
- 274(5) 
- 179(6) 

030(6) 
144(6) 
033(6) 

- 276(4) 
- 379(4) 

z 
2 103(2) 
-052(1) 
-O72(1) 
-097(1) 
- 141(1) 
- 175(l) 

-167(1) 
-093(1) 
- 045( 1) 

- 220( 1) 

-012(2) 
066(1) 
098(1) 
142(1) 
154(1) 

077(1) 
024(1) 

l2O(l) 

OOO(1) 

Uiao * 
064(1) 
065(1) 
080(1) 
083(1) 
077(1) 
099(1) 
109(1) 
114(2) 
085(1) 
061(2) 
056(1) 
061 (1) 
085(1) 065(1) 

070(l) 
078(1) 
064(1) 
053(1) 

* Anisotropic thermal parameters in the form : exp[ - 2z*- 
(0 .16 I~~a*~  + 0.13k2b*2 + 0.121zcc"2 - O.OSklb*c* - 0.021hc*ac + 0.03hka*b*)J. 

distances and angles calculated from the co-ordinates of 
Table 1 are in Table 2. A view of the molecule down a and 
our numbering scheme is shown in Figure 1, and the 
arrangement of the molecule in the unit cell in Figure 2. 
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Structure amplitudes and final structure factors are listed 
in Supplementary Publication No. SUP 21414 (6 pp., 1 
microfiche), together with anomalous dispersion inequalities. 

FIGURE 1 ,4 view of the molecule down the a axis, showing 
our numbering scheme 
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FIGURE 2 The arrangement of the molecules in the unit cell. 
The X-H - * * 0 bond is broken 

DISCUSSION 

The restricted number of data in the x direction has, 
not unexpectedly, led to poor resolution in that direction, 
which can in this instance be ignored since the sole 
object of the analysis was the determination of the 

absolute configuration of the molecule. After due 
consideration of the estimated standard deviations none 
of the bond lengths and angles differ significantly from 
those listed in ref. 5 and in view of the limited accuracy 
little would be gained by dwelling upon them in detail. 

The absolute configuration was established by 
Bij voet 's anomalous dispersion met hod.6 Structure- 
factors calculated for F,(hkZ) and F,(khi) were compared 

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

1.45(5) c ( 1 0)-0 1.34(8) 
1.49 (5) C(lO)-N 1.34(6) 

C(l)-C(lO) C( 1 1)-C( 12) 1.28(5) 
1.44( 5) C(l1)-C(16) 1.39(5) 

C( 11)-N 1.39(4) 
1.57 (6) C( 12)-C( 13) 1.44(5) 

C ( 1 3)-C( 14) 1.43(5) 
C ( 14)-C (1 5) 1.39(5) 

1.48(5) C( 14)-Br 1.88(3) 
1.69( 7) C( 15)-C( 16) 1.41 (5) 

C(11-C (2) 

C(5)-C(6) 
C(5)-C(7) 

(b)  Bond angles 
C( 2)<( 1)-C( 3) 59 (2) C ( 6)-C ( 5)-C (7) 1 08 (3) 

123(6) C( 2)-C( 1 )-C( 10) 123 (4) C(1)-C( 10)-N 
C( 3)-C( 1)-C( 10) 120( 5 )  C(1)-C(10)-0 126(5) 
C(l)-C(2)-C(3) 62(3) N-C( 10)-0 llO(4) 
C(l)-C(2)-C(8) 115(4) C( 10)-N-C( 1 1) 1 30 (4) 
C (1)-C(2)-C( 9) 122 (3) C( 12)-C( 1 1)-C( 16) 11 9 (3) 
C (3)-C (2)-C (8) 122 (3) C( 12)-C( 1 1)-N 123 (3) 
C (3)-C (2)-C(9) 1 2 1 (4) C( 16)-C (1 1)-N 1 18 (3) 
C( 8)-C( 2)-C( 9) 109( 3) C( 1 1)-C( 12)-C( 13) 126 (3) 
C(l)-C(3)-C(2) 59(3) C(12)-C( 1 3)-C ( 14) 1 13 (4) 
C(l)-C(3)-C(4) 118(4) C( 13)-C( 14)-C( 15) 122(3) 
C( 2)-C( 3)-C( 4) 123 (4) C ( 1 3)-C ( 14)-Br 120 (3) 
C (3)< (4)-C( 5 )  12 7 (5) C( 15)-C( 14)-Br 1 17 (3) 
C(4)-C( 5)-C( 6) 12 7 (5) C( 14)-C( 15)-C( 16) 1 1 7 (3) 
C (4)-C( 5 ) s  (7) 1 2 1 (4) 

N . . .or 
t The 

superscript I refers to equivalent position 8 + x ,  -4 - y ,  -2. 

12 3 (3) 

3.00(7) A 

C ( 15)-C( 1 6)-C ( 1 1) 
(c) Hydrogen bonded atoms t 

* Mean a in bond lengths 0.05 A, and bond angles 4'. 

with the corresponding intensities (indexed in a right- 
handed system). Of 33 pairs only 4 had inequalities 
opposite to those of the observed structure factors. 
The co-ordinates of Table 1 and Figures 1 and 2 thus 
represent the absolute configuration of the molecule 
which is identical with that deduced from the chemical 
work.2 The molecules of the derivative are maximally 
extended in the crystal and are held by a spiral system 
of C=O * * H-N (0 hT 3.00 A) hydrogen bonds about 
a two-fold screw-axis (Figure 2). All other inter- 
molecular distances correspond to, or are larger than, 
van der Waals distances. 
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