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D i

The structures of f-butylaminotriphenylphosphonium iodine dibromide and iodine dichloride
were determ ined by Raman spectroscopy and Xray crystallographic structure analysis. The iodine
dibromide [IBr2]~ species was assigned a centro
symmetric nature, whereas the iodine dichloride
[IC12]" possesses a non-centrosymmetric structure.

In a previous publication [1] we described the
synthesis of N -alkylam inotriphenyl-phosphonium
trihalides. In an ongoing program , a n u m b er of Nsubstituted am inotriphenylphosphonium trihalides
are being investigated for th eir halogenating abil
ity of substituted phenols. Thus, the exact stru c
tural configuration of these trihalide species
should be know n for b e tte r u n d erstan d in g of th eir
halogenation m echanism .
The [Br3]" and [BrCl2]" anions w ere ch arac
terized by R am an spectroscopy as re p o rte d earlier
by us [1]. In the presen t publication we re p o rt on
the structures of the [IB r2]~ and [IC12]' anion.
W. G abes and H. G erd in g [2] re p o rte d th a t tri
halide ions occur with sym m etric o r asym m etric
configurations. In the first case (sym m etry D OTh)
the ions have only one R am an active m ode of vi
bration (v t, sym m etric stretching m ode), while in
the second case (sym m etry C2v o r C s) all th ree
m odes show R am an activity.
The centrosym m etric n a tu re of the iodine di
brom ide [IB r2]' species is readily seen by the
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Fig. 1. Raman spectrum of [Ph 3PNH C(CH 3) 3] +[IBr2]'

presence of a single line v x at 165.6 c m '1 in the
R am an spectrum (Fig. 1). The iododichloride
[IC12]~ salt exhibits an intense R am an line at 288.1
c m '1 and in addition two w eaker lines at 263.1 and
254.7 cm-1 (Fig. 2). In a sym m etric environm ent,
the [IC12]' anion has one R am an active stretching
m ode and one R am an inactive stretching mode.

Fig. 2. Raman spectrum of [Ph3PN H C(CH 3)3]+[ICl2]'
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Table I.
Structure
determination
[Ph3PN H C (C H 3)3]+[ICl2]-.

summary

for

C(20)
C(19)

Crystal data
Formula
Color and habit
Size (mm)
Crystal system
Space group
Unit cell dimensions
(a, b, c in angstroms)
(angles in degrees)
Volume (A 3)
Z (formulae/Cell)
Formula weight
Density, calc, (g/cc)
A bsorption coeff. (cm"
F(000) (e~)

C22H25CI2INP
Yellow prisms
0.15x0.42x0.50
Orthorhombic
Pcba (No. 61)
a = 7.970(1)
b = 19.579(3)
c = 30.080(4)
4694(1)
8
532.25
1.51
16.53
2128

Standard reflections
Reflections collected
Reflections observed
A bsorption correction
Min./Max transmission

C(1)

IC(14)

C(3)

C(6)
/ 5 5 k C(4)

C(13)
C(8)

Siemens R3m /V
MoK„ (A = 0.71073 Angstroms)
294
4.0 to 55.0
0 — 10. 0
25, 0 -> 38
(D
0.6 on either side of K2„
Stationary crystal and counter
at beginning and end of scan;
total background time to scan
time ratio of 0.5
3 measured every 37
5512 total; 4925 independent
3094; F > 3-a(F)
Semi-empirical
0.5122/0.9934

Solution and refinement
System used
Solution
Refinement method
Extinction correction
Final residuals
Goodness-of-Fit
Max. and mean IShift/ESDI
N umber of variables
D ata-to-param eter ratio
Max./Min excursions

C(17)

C (9 ^ 1

Data collection
Diffractometer
Radiation
Temperature (K)
26 Range (deg)
/?, k, I Limits
Scan type
Scan range (deg)
Background m easure
ment

C(2)

Siemens SHELXTL PLUS
Direct methods
Full-matrix least-squares
X = 0.00032(3)
R(F) = 0.0512 w/?(F) = 0.0554
S = 1.25
0.001 and 0.000
248
12.5:1
0.40 and -0.56 e “/A 3

H ow ever, in a distorted, unsym m etric environ
m ent, selection rules are relaxed and the two
stretching m odes are b oth infrared and R am an
active. O ne of these two should show distinct chlo
rine isotopic splittings from 35C1 and 37C1 in n a tu 
ral abundance. For two inequivalent chlorines (as
would be seen in an unsym m etric environm ent)
the p a tte rn of peaks should be 9:3:3:1. The spacing
betw een peaks should be approxim ately [ 1-(35/
37 )1/2] x 260 c m '1 = 7 c m '1 for the vibration of a

Fig. 3. M olecular structure of [Ph3PN H C(CH 3)3]'1 [IC12
and atom numbering scheme used.

chlorine atom against a very heavy atom (e.g. I).
This is very close to the p atte rn observed in the
spectrum n ea r 260 c m 1, taking into account the
steeply rising scattering background. Thus, the
anion [IC12]' possesses a non-centrosym m etric
structure.
To definitely assure the correctness of our as
signm ent based on its R am an spectrum an X -ray
crystallographic structure analysis was undertak en
for the iodine dichloride [3]. The structure of the
anion including the num bering schem e is shown in
Fig. 3. The bond angle found for the [IC12]' anion
has a value of 178.0°. The bond distances betw een
the cen tered iodine atom and the chlorine atom s
are 2.517 A and 2.553 A, respectively. The crystal
d ata and experim ental p aram eters are listed in Ta
ble I, and bond distances and angles are given in
Tables II and III. The results confirm our earlier
in terp re tatio n of the R am an spectrum , nam ely
th at the [IC12] anion in this phosphonium salt is a
n on-centrosym m etric and iodine-centered species
[!]•
The N -r-butylam inotriphenylphosphonium iododichloride was p re p ared by reacting N-f-butylam inotriphenylphosphineim ine with f-butylchloride to give N -/-butylam inotriphenylphosphonium
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Table II. Selected bond distances (Angstrom s) for
C22H 25C12INP.
I - Cl (1)
I - Cl (2)
P -N
P - C (5)
P - C (11)
P - C (17)
N - C (1)

2.517
2.553
1.626
1.792
1.797
1.786
1.511

(2)
(2)
(5)
(5)
(5)
(5)
(7)

chloride. T reatm ent of this salt in chloroform solu
tion with iodine dichloride yielded th e desired tri
halide [4], The R am an spectra w ere reco rd ed on a
C oherent 599 Dye L aser S pectro m eter (Spectrophysics m odel 165). The w avelength o f the exciting
line was 5145 A.
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Table III. Bond angles (Degrees) for C22H 25C12INP.
Cl (1) - I - Cl (2)
N - P - C (5)
N - P - C (11)
C (5) - P - C (11)
N - P - C (17)
C (5) - P - C (17)
C (11) - P - C (17)
P - N - C (1)
N - C (1) - C (2)
N - C (1) - C (3)
N - C (1) - C (4 )

178.0
111.1
112.6
111.8
106.0
105.7
109.2
129.3
108.8
105.8
110.9

(1)
(2)
(2)
(2)
(2)
(2)
(2)
(4)
(5)
(5)
(5)
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