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the two chlorostyrene products are formed. The photolysis of 
1 in pyridine produces a black solution and a tarlike precipitate 
after only a few hours of photolysis. In each case TLC of the 
photolyzed mixtures demonstrates that there is no significant 
amount of unreacted diazirine present. 'H NMR spectroscopy 
of the diazirine prior to photolysis demonstrates the absence of 
the chlorostyrenes in the starting material. 

Low-Temperature IR Spectroscopy. A 2.4 M solution of 
benzylchlorodiazirine was prepared in 3-methylpentane. The 
solution was loaded into a CaFz low-temperature IR sample cell 
with a path length of 1 mm and cooled to -175 "C in an Aries 
low-temperature cell holder. Upon cooling, the solution formed 
a transparent glasa. In the IR spectrophotometer (Perkm-Elmer 
1710 FTIR) a background spectrum of the solution prior to 
photolysis was recorded and saved. The glass was photolyzed with 
a 150-W Xe arc lamp fitted with a 350-nm fiiter for varying time 
intervals. After photolysis, the infrared spectrum exhibits a 

particularly strong new absorption band centered at approximately 
2040 cm-'. 
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The dependence of the reciprocal of the quantum yield for the photohydrodechlorination of pentachlorobenzene 
(1) in aqueous 0.100 M hexadecyltrimethylammonium bromide (CTAB) solution upon the reciprocal of the 
microconcentration of 1 and upon the reciprocal of the probability for excited state 1 reacting with ground-state 
1 provides a linear correlation at high microconcentrations of 1. The regiochemistry of the photohydrodechlorination 
process in CTAB favors formation of 1,2,4,5-tetrachlorobenzene to a significantly smaller extent than is observed 
in the analogous process in acetonitrile solution in the presence of triethylamine. The bromotetrachlorobenzene 
byproduct is formed in the photolysis in the following average composition: l-brom0-2,3,4,5-tetrachloro- (5): 
2-bromo-l,3,4,5-tetrachloro- (6): 3-bromo-l,2,4,5-tetrachlorobenzene (7) = 9.7:66.7:23.3. In a trapping experiment 
carried out during an irradiation of 1 in CH3CN/Hz0 (82) in the presence of excess KBr at  254 nm, bromo- 
tetrachlorobenzenes (567) were formed in a ratio of 11.366.821.9. These experiments are rationalized by proposing 
that product in these micellar photohydrodechlorination reactions is formed by fission of triplet-state 1 and a 
competing process which involves conversion of triplet-state 1 to triplet excimer which then undergoes fragmentation. 

In recent studies carried out in this laboratory on the 
photochemistry of polyhaloarenes, attention has been fo- 
cused on the mechanisms of phototransformations in ho- 
mogeneous organic solvents,2 with the exception of an 
investigation where micellar media were used to separate 
the radical cation near the micellar surface (Stern layer) 
from the radical anion in the interior; the radical cation 
and anion resulting from electron transfer from the elec- 
tron donor on the surface to the polyhaloarene in the in- 
t e r i ~ r . ~  It appeared to us that additional efforts devoted 
to elucidation of the mechanisms of phototransformation 
of polyhaloarenes in micellar media were of considerable 
interest, since photodecomposition in the environment may 
occur in a micellar environment and since micellar media 
appear to offer considerable potential in the design of toxic 
waste disposal systems. 
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Photolysis of pentachlorobenzene (1) in acetonitrile at 
254 nm at low conversions generates the three tetra- 
chlorobenzene isomers (2,3, and 4). Our recent analysis 
of the intersystem crossing yield and the quantum yield 
dependence upon substrate concentration, concentration 
of sensitizer and quencher, and intensity of light is con- 
sistent with three pathways to product: fission of singlet 
(kJ, fmion of triplet (b), and fragmentation via the triplet 
excimer (k,) (Scheme I). The major pathways to product 
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are fiasion of the triplet and fragmentation via the excimer, 
as singlet fragmentation is responsible for only 2 4 %  of 
the product composition. Are these same pathways op- 
erative in micellar media? One would anticipate that 
concentration of the substrate molecules within micelles 
would enhance excimer formation, assuming that differ- 
ences in polarity are small or unimportant relative to our 
reference solvent, acetonitrile. 

Results and Discussion 
Our initial experimental approach focused on the de- 

pendence of the quantum yield for photohydro- 
dechlorination of pentachlorobenzene on the concentration 
of pentachlorobenzene within the micelle (the microcon- 
centration) in a micellar solution of hexadecyltrimethyl- 
ammonium bromide (CTAB).* Pentachlorobenzene (1) 
was irradiated in 0.100 M CTAB aqueous solution at 254 
nm for 2 min. The major dechlorinated products were the 
tetrachlorobenzenes (2-4) with an accompanying trace of 
trichlorobenzenes. Bromotetrachlorobenzenes were ob- 
served as byproducts. The quantum yield dependence 
upon microconcentration and the resulting regiochemistry 
of hydrodechlorination are summarized in Table I. 
Building on our results in homogeneous solution, the 
mechanism for photohydrodehalogenation is represented 
in Scheme II. Since very little direct formation of product 
by fission of singlet state 1 was observed in homogeneous 
solution, and since in the present case, in addition to the 
internal heavy atom effect of five chlorines there is the 
external heavy atom effect of the bromide ions in the Stem 
layer, it was assumed that fission of singlet did not con- 
tribute to product formation. Wolff has reported: for 
example, that the triplet quentum yield of several aromatic 
compounds was increased greatly when the surfactant was 
changed from CTAC (hexadecyltrimethylammonium 
chloride) to CTAB. Thus, assuming disc is 1.00, the 
steady-state assumption for the mechanism illustrated in 
Scheme 11 leads to eq 1 for the concentration region where 
k,(l)F >> k,. 

A plot of 1/4 vs 1/C, is provided in Figure 1. The 
linear correlation of 1/4 with 1/C, is excellent (r = 0.995) 
at high concentrations of pentachlorobenzene. However, 
as C, decreases and l/C, increases, the plot begins to 
flatten out suggesting that there is a pathway to product 
which is independent of concentration. This is consistent 
with product formation via the triplet excimer at high 

(4) Pownall, H. J.; Smith, L. C. J. Am. Chem. SOC. 1973, 95, 3136. 
(5) Shinoda, K.; Soda, T. J. Phys. Chem. 1963, 67, 2072. 
(6) Reise-Husson, F.; Luzzati, V. 1964, 68, 3054. 
(7) Bunce, N. J.; LaMarre, J.; Vaieh, S. P. Photochem. Photobiol. 1984, 

(8) Wolff, T. Ber. Bunsenges. Phys. Chem. 1982,86,1132. See also; 
39, 531. 

Wolff, T.; Bnau, G. V. Ber. Bunsenges. Phys. Chem. 1982,86, 225. 

Table I. Quantum Yields of Formation of 
Tetrachlorobenzenes and Product Distributions at Various 

Concentrations of Pentachlorobenzene 

local concn 

0.0173 
0.0230 
0.0288 
0.0576 
0.0721 
0.0794 
0.0908 
0.114 
0.154 

of 1 (&)a 

~~ 

quantum yield 

0.0781 f 0.002 
0.0833 f 0.003 
0.0877 f 0.005 
0.102 f 0.003 
0.113 f 0.005 
0.122 f 0.004 
0.321 f 0.007 
0.143 f 0.003 
0.162 f 0.006 

(db 
percentage ratio of productsb 

2 3 a 
49.8 f 0.4 45.1 f 0.3 5.2 f 0.5 
49.0 f 0.5 45.0 f 0.7 6.0 f 0.2 
47.7 f 0.2 46.4 f 0.4 5.9 f 0.3 
46.1 f 0.4 47.5 f 0.4 6.3 f 0.1 
45.6 f 0.6 48.0 f 0.6 6.4 f 0.1 
46.2 f 0.2 47.7 f 0.1 6.7 f 0.2 
46.2 f 0.4 47.1 f 0.6 6.7 f 0.2 
45.3 f 0.7 48.1 f 0.6 6.5 f 0.2 
45.5 f 0.4 47.7 f 0.2 6.8 f 0.4 

The microscopic concentration was calculated using the partial 
specific volumes of CH2 and CH3 groups in the hydrocarbon chain 
of CTAB.'+ bThe average was calculated from three samples at 
each concentration which were irradiated independently with az- 
oxybenzene as an actinometer.' 
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Figure 1. Plot of the inverse of the quantum yield versus the 
reciprocal of the microconcentration of pentachlorobenzene in 
CTAB solution. 

concentrations and homolytic fission of the triplet at low 
concentrations. 

It may, however, be more accurate to use an approach 
based upon the statistics of pentachlorobenzene distribu- 
tion in the CTAB solution rather than one based upon the 
microconcentration in the micelle."13 Poisson statistics 
are appropriate for micellar systems with the assumption 
that the probability of a solute molecular entering a micelle 
is not affected by the presence of solute molecules already 

(9) Yekta, A.; Aikawa, M.; Turro, N. J. Chem. Phys. Lett. 1979, 63, 
542 - 
(10) Infelta, P. P. Chem. Phys. Lett. 1979, 61, 88. 
(11) Selinger, B. K.; Watkins, A. R. Chem. Phys. Lett. 1978,56, 99. 
(12) Dorrance, R. C.; Hunter, T. F. J. Chem. SOC., Faraday Trans. 

1974, 70, 1572. 
(13) Infelta, P. P.; Gratzel, M. J. Chem. Phys. 1979, 70, 179. 



2848 J. Org. Chem., Vol. 57, No. 10, 1992 Freeman and Lee 

Table 111. Distributions of Byproduct 
Bromotetrachlorobenzene at Three Concentrations of 1 

percentage ratio of products" local concn 
of 1 (C,) 5 6 7 
0.0230 10.0 * 0.4 66.0 * 2.8 22.8 * 2.2 
0.0288 9.9 0.4 66.0 * 0.3 24.2 h 0.8 
0.0721 9.1 0.3 68.1 f 1.7 22.8 & 1.7 

" Average of three runs with standard deviation. 
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Figure 2. Plot of the inverse of the quantum yield versus the 
reciprocal of the total probability of encounters between excited- 
and ground-state pentachlorobenzene in CTAB solution. 

Table 11. Regiochemistry of the Photohydrodechlorination 
of 1 in Solution 

percentage ratio of products 
medium (concn M) 2 3 4 ref 
CHSCN (0.005) 48.4 f 0.2 39.5 * 0.2 12.1 * 0.1 3 
CHaCN (0.071) 40.3 0.6 40.3 * 0.5 19.4 f 0.8 3 

"0.165 M in triethylamine. 

CH,CN/EtN" (0.005) 26.4 * 0.3 62.5 0.3 11.1 0.9 3 

in the micelle. On this basis, the distribution of penta- 
chlorobenzene is given by eq 2 where P,, is the probability 

p,, = E e - S  
n! 

P = C(n - l)Pn (3) 
of finding a micelle containing n solute molecules and S 
is the average number of solute moleculea per micelle. The 
total probability of encounters between excited- and 
ground-state haloarene is given in eq 3. 

The rate of excimer formation should be proportional 
to the total probability, and thus a plot of the reciprocal 
of the quantum yield vs 1/P should be linear in the region 
where excimer formation is dominant. A plot of 1/4 versus 
1/P is illustrated in Figure 2, and, as anticipated, a linear 
plot at high probability is revealed with the plot becoming 
concave downward as one moves along the x axis to values 
of low probability. As we have reported earlier, the re- 
giochemistry of the hydrodechlorination does not change 
as dramatically in favor of the formation of 3 with in- 
creasing concentration as one would expect if the mecha- 
nism were to change from fission of triplet to fragmenta- 
tion of a triplet excimer in which the charge transfer is 
essentially complete. This is based upon comparison of 
the regiochemistry in the present case with that of the 
photoreduction of pentachlorobenzene in the presence of 
triethylamine, which is viewed as proceeding through a 
solvent separated radical anion-radical cation pair (Table 
11). 

Unexpectedly in the photolysis of pentachlorobenzene 
in CTAB, bromotetrachlorobenzenes (5, 6, and 7) Were 
formed as byproducts, which were identified by GC-MS 

Br 

CI CI 

5 6 7 

comparison with authentic standards. The composition 
of the bromotetrachlorobenne fraction at three different 
concentrations of 1 is listed in Table III. The byproducta 
are formed in substantial amount, increasing from 20% 
to 40% of the total product fraction as the concentration 
of pentachlorobenzene is increased from lowest to highest 
concentration. 

The bromide ion apparently has trapped the excimer. 
One might consider homolysis of the C-C1 bond in the 
triplet, followed by electron transfer from the aryl radical 
to chlorine, to generate aryl cation which then reacta with 
bromide ion, using as a model the mechanism put forward 
to explain the phenol products from the photolysis of 
4-chlorobiphenyl in water.I4 However, this mechanism 
seems unlikely, since the excited chloroarene is in the 
micellar interior and such a mechanism has not been ob- 
served in hydrocarbon solvents. In addition, this sugges- 
tion would not be consistent with the fact that the bro- 
motetrachlorobenzene fraction increases with increasing 
amounts of reactant and thus with an increasing rate of 
excimer formation. We favor, instead, a mechanism similar 
to that put forward by Soumillion and Wolf, who reported 
that photoreduction and photosubstitution occurred si- 
multaneously in the irradiation of chlorobenzene and 
chloroanisoles in the presence and absence of acetone 
sensitizer in methyl alcohol.16 Subsequent to excimer 
formation, bromide ion reacts with the radical cationic 
moiety of the excimer to produce a pentadienyl radical 
species which loees chlorine to form product (Scheme ID). 

Three additional experiments were run to test this 
mechanism: (a) a solution of 2.18 X M pentachloro- 
benzene in CH3CN/H20 (82) was irradiated in the pres- 
ence of excess KBr at 254 nm for 5 min, a 44.5% yield of 
bromotetrachlorobenzenes was obtained; (b) in the irra- 
diation of pentachlorobenzene with excess EhN and KBr 
in CH3CN/H20 (82), only tetrachlorobennes were pro- 
duced, with no evidence of brominated products; (c) no 
bromotetrachlorobenzenes were formed as a consequence 
of the irradiation of 1 in CTAB solution in the presence 
of excess EhN. In experiment a the concentration of 
pentachlorobenzene is in the region where excimer for- 
mation is dominant.% The distribution of the three bro- 
motetrachlorobenzene isomers (6:6:7 = 11.3:66.821.9%) 
is remarkably close to that observed in micellar media 
(Table III) and supports the notion that these two different 
reactions result in the trapping of the same intermediate: 
the triplet excimer. In experiment b, exciplex ArCl'E@I"' 
is dominant over excimer formation, and in c radical anion 
ArC1'- is formed in the micellar interior, with separation 

(14) Moore, T.; Pagni, R. M. J. Org. Chem. 1987,52, 770. 
(15) Soumillion, J. P.; Wolf, B. D. J.  Chem. Soc., Chem. Commun. 

1981.436. 



Photochemistry of Pentachlorobenzene 

Scheme IV 

J.  Org. Chem., Vol. 57, No. 10,1992 2849 

cl-& CI 

c1 --' 

a 
8 

CI 

J& C1 
Br CI 

cfY c1 , '-- -,I CI 

11 

10 

from the radical cationic partner Et3N.+ assured by the 
sphere of positively charged head groups which are in- 
terposed. In experiments b and c photochemical hydro- 
dechlorination is achieved without the generation of ex- 
cimer. It is only in experiment a and in the hydro- 
dechlorination in micellar media without triethylamine 
that excimer and the accompanying radical cationic moiety 
are formed, and thus it is only in a that trapping with 
bromide occurs. 

Support for this view of the trapping process can be 
found in the distribution of the bromotetrachlorobenne 
isomers. The ability of chlorine to stabilize the pentadienyl 
radical can be estimated using the partial rate factors 
reported by Ito et al. for the phenylation of chlorobenzene 
(f,:f,,,:f = 3.09.1.01:1.48).16 Using these factors the relative 
rates for reaction through radical intermediate 8,9, and 
10 in Scheme IV would be 2.093.07:l which compares well 
with the observed relative rates for formation of bromides 
7,6, and 5 (4.86.91). The 2-bromo product is predominant 
since it is only by attack at C-2 that an intermediate (9) 
can be generated that allows radical delocalization onto 
three carbons which contain chlorine. If trapping of ex- 
cimer were to proceed by an SNAr process generating in- 
termediates such as 11, the regiochemistry should be in 
harmony with that predicted using partial rate factors 
derived from the research of Chambers et al. (ortho: 
mekpara = 12.1:4.85:1.00, calculated for C1C6H4F in 
CH30-/CH30H)2fJ7 or Schmidt (0rtho:meta:para = 
4.204.291.00, from C6HC15 in CH30-, DMSO/CH30H).16 
This mechanistic variation can be ruled out, since following 
either precedent, 7 is the expected major product rather 
than 6. Finally, an S R N l  process can ala0 be ruled out on 
a regiochemical basis, since the regiochemistry would be 
established by fragmentation of a free pentachlorobenzene 
radical anion which would clearly favor formation of 7 over 
6.3 This is reinforced by the fact that no bromotetra- 
chlorobenzenes are formed when free pentachlorobenzene 
radical anion is formed in the presence of bromide ion 
(experiments b and c above). 

The photohydrodehalogenation reaction may very well 
provide an important basis for the development of an 
efficient method of toxic waste disposal. There are, how- 
ever, two hurdles to overcome. In the present case the 
triplet state of pentachlorobenzene undergoes fission di- 
rectly to product and is the gateway to excimer formation. 
Thus, in a system exposed to the air, oxygen would be 
expected to quench the triplet state and retard the reac- 

(16) Ito, R.; Migita, T.; Morikawa, N.; Simamura, 0. Tetrahedron 
1966,21, 955. 

(17) Chambers, R. D.; Close, D.; Williams, D. L. H. J.  Chem. Soc., 
Perkin TMm. 2 1980,778. Chambers, R. D.; Waterhouse, J. S.; Will-, 
D. L. H. J.  Chem. Soc., Perkin Tram. 2 1977,585. 

(18) Schmidt, R. D. M.S. Thesis, Oregon State University, 1991. 
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Figure 3. Plot of the relative amounts of penta-, tetra-, tri-, and 
dichlorobenzene in CTAB solution versus irradiation time. 

tion. Secondly, hydrogen abstraction to complete the re- 
duction process could be derailed, since the 0-H bond in 
water (119 kcal/mol) is too strong to donate hydrogen to 
an aryl radical, and, consequently, even more toxic dimers 
may be produced. However, these two problems might be 
solved quite nicely by carrying out the photohydro- 
dehalogenation in micellar media. In a reasonably dilute 
micellar environment the odds that a substrate molecule 
and an oxygen molecule would occupy the same micelle 
are low. The phosphorescence of halonaphthalenes can 
be observed in aerated, aqueous CTAB solution at room 
temperature, for exam~1e.l~ Hydrogen abstraction should 
no longer be a concern, since aryl radical abstraction from 
a CTAB aUryl tail provides an exothermic route to product 
(-15 kcal/mol).20 

To test these ideas, the photolysis of pentachlorobenzene 
in a CTAB aqueous micellar solution exposed to air was 
carried out. A sun lamp was used in the irradiation of 3.91 
X M pentachlorobenzene in aqueous 0.20 M CTAB 
solution, and the results are illustrated in Figure 3. 
Pentachlorobenzene disappears after 24 h, and tetra- 
chlorobenzene is produced rapidly and is then subse- 
quently converted to trichlorobenzene completely within 
72 h. Trichlorobenzene is dechlorinated after 48 h and is 
expected to be converted to dichlorobenzene completely. 
Dichlorobenzene did not yield monochlorobenzene at  all 
since dichlorobenzene does not absorb in the sun lamp 
spectral range (Figure 3). 

Conclusions 
In the photohydrodechlorination of pentachlorobenzene 

carried out in aqueous micellar CTAB solution, products 
are formed in a competition between fission of triplet state 
and conversion of triplet state to excimer followed by 
fragmentation. The bimolecular pathway to products 
generates triplet excimer which has a long enough lifetime 
to be trapped by bromide ion. The orientation of the 
trapping process suggests that a radical cationic moiety 
of the triple excimer is the target of the nucleophilic 
trapping agent. In the present study, a plot of l / d  versus 
the reciprocal of the bulk concentration of 1 allows us to 
calculate that kz/ kd = 1.89 X 103 M-l as compared to that 
in acetonitrile ( k z / k d  = 1.81 X 10' M-9 under similar 

Thus excimer formation is enhanced at least 
100-fold and perhaps more, since kd may be increased in 
aqueous CTAB solution relative to acetonitrile solution as 

(19) Turro, N. J.; Liu, K.-C.; Chow, M.-F.; Lee, P. Photochem. Pho- 

(20) Egger, K. W.; Cocks, A. T. Helu. Chim. Acta 1973, 56, 1516. 
tobiol. 1978, 27, 523. 
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a result of heavy atom catalysis of intersystem crossing. 
Finally, the photohydrodechlorination reaction of penta- 
chlorobenzene can be carried out successfully in an aerated 
aqueous micellar solution of CTAB in the sunlight wave- 
length range, which augers well for use of the photo- 
hydrodehalogenation process as a basis for toxic waste 
disposal systems. 

Experimental Section 
Materials. Pentachlorobenzene (Aldrich) was recrystallized 

twice from ethanol. The purity was checked by gas chromatog- 
raphy and was greater than 99.9%. Hexadecyltrimethyl- 
ammonium bromide (CTAB) (Aldrich) was washed with pentane 
twice and recrystallized from ethanol. Deionized water was 
distilled from potassium permanganate. 

General Procedure for Photolysis and Analysis. Samples 
(1.0 mL) were placed in quartz tubes (Ace Glass, 170 X 15 mm) 
and degassed twice by using freeze-pump-thaw cycles. The 
samples were sealed under vacuum using resealable nylon/glass 
stopper valves. The photolyses of the samples were carried out 
in a Rayonet merry-geround reactor ("he Southern New England 
Co.) equipped with eight 2537-A Rull lamps. The temperature 
in the reactor was 50 "C and constant under a stream of air. After 
photolysis of 2 min, the samples were extracted several timea with 
pentane. The efficiency of extraction with pentane was greater 
than 90%. Dodecane as an internal standard was added to the 
extracts, and most of the pentane was removed by using a rotary 
evaporator to get more concentrated reaction mixtures. The 
photolysis mixtures were analyzed by GLC on a Varian 3300 
capillary gas chromatograph equipped with an FID and Varian 
4290 integrator. A 30-m X 0.25-mm DB-225 capillary column (J 
and W Scientific Inc.) was used. The temperature of the column 
was held at  60 OC for 5 min and increased to 180 'C at  a rate of 
5 OC/min. The carrier gas was helium, and the flow rate was 30 
mL/min. Azoxybenzene was used as an actinometer according 
to the procedure of Bunce et al.' A Finnigan 4023 mass spec- 
trometer equipped with a Finnigan 9610 gas chromatograph was 

also used to identify the reaction mixtures. Byproduct, bromo- 
tetrachlorobenzene, was analyzed by GC-MS using a 15-m X 
0.20-mm OV-225 capillary column (temperature programming: 
60-150 OC, 5 "C/min, 150-180 OC, 2 OC/min). 

Photolysis of Pentachlorobenzene in the Presence of KBr. 
(a) Pentachlorobenzene (2.18 X 10-2 M) in CH3CN/H20 (82) with 
0.100 M KBr was degassed and irradiated at  254 nm for 5 min 
in a quartz tube under the conditions described in the general 
procedure for photolysis. After photolysis, the reaction mixture 

C&&b; 55.5% (234 = 48.440.6:11.0%). (b) Pentachlorobenzene 
(4.70 X M) in CH3CN/H20 (8:2) with 0.104 M KBr was 
degassed and irradiated in the presence of 0.526 M of Et3N at 
254 nm for 5 min. No bromotetrachlorobenzene was observed. 
Only tetrachlorobenzene was produced (23:4 + 25.969.5:4.7%). 
(c) Pentachlorobenzene (3.91 x M) was dissolved in aqueous 
CTAB solution (0.200 M) with 8.16 X M EbN and degassed. 
After irradiation for 30 min at  300 nm, the reaction mixture was 
extracted with pentane and analyzed by GLC. Only tetra- 
chlorobenzene was observed (23:4 = 43.7:43.2:13.0%). 

Photolysis of an Aerated Sample of Pentachlorolmnzene. 
Pentachlorobenzene (3.91 X lov3 M) was dissolved in 0.200 M 
aqueous CTAB medium, and 1 mL of the solution was transferred 
into each Pyrex tube. The Pyrex tube was not sealed and was 
open to the atmosphere. The temperature of the reaction mixture 
was kept constant by providing a stream of fresh air. The sample 
was irradiated with a 275-W Westinghouse sun lamp held at 
approximately 10 cm from the sample tube. After photolysis for 
a certain period, the reaction mixture was extracted with pentane 
and analyzed by GLC. Dodecane was used as an internal standard. 
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Fluorodeiodination is found to be an attractive procedure for the synthesis of bridgehead fluorides. Thus, 
treatment of the corresponding iodide with xenon difluoride in dichloromethane at ambient temperature generally 
leads to high yields of the fluoride. Evidence suggests the intermediacy of the bridgehead cation in this reaction, 
and accordingly the substrates which are unfavorably disposed to fluorodeiodination are the bicyclo[n.l.l]alkyl 
iodides. In this context the isolation of a small quantity of methyl 4-fluorobicyclo[2.l.l]hexane-l-carboxylate 
(46, R = COOMe) is significant because it represents the f i i t  occasion on which the elusive l-bicyclo[2.l.l]hexyl 
cation has been trapped. We have ale0 demonstrated that synthesis of the iodides themselvw can be accomplished 
efficiently both by Barton halodecarboxylation and by treatment of the carboxylic acid with lead tetraacetate 
and iodine. 

Introduction 
An important feature of our studies into the chemistry 

of strained bicycloalkanes and polycycloalkanes has been 
to develop convenient procedures for the synthesis of their 
bridgehead halide derivatives. Thus, we have shown that 
Barton halodecarboxylation methodology' involving radical 
decomposition of thiohydroxamic esters in the presence 

of the appropriate halogen donor represents a broadly- 
based high-yielding route to bridgehead chlorides and 
bromides2 of the range of systems depicted in Chart I. 
Synthesis of the corresponding iodides has also been ac- 
complished by tert-butyl hypoiodite-mediated iodo- 
decarbo~ylation.~ 

The analogous conversion of bridgehead acids into the 
corresponding ff uorides has not been described, however. 
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