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The Ph3P-0 IR frequency shift method has been used to compare the Lewis acid strength of several 
cyclic organotin dichlorides. Structures 3,20, and 4 are relatively weak Lewis acids, less potent than 
BuzSnCl2, according to the IR criterion. Steric factors appear largely responsible for the decreased 
Lewis acidity, although bond angle strain may also contribute in the case of 3. Introduction of 
electronegative substituents into the aromatic ring of structures related to 4 results in stronger Lewis 
acids 8 and 18, both of which are relatively more potent than PhzSnCl~. Methods for the preparation 
of precursors to the fluorinated 8 and 18 are described, based on the deprotonation of tetrafluoroaryl 
precursors. 

Organotin compounds have been of interest as potential 
Lewis acids for applications in catalysis and Coordination 
chemistry.lV2 In contrast to halide-containing Lewis acids 
derived from a number of other elements, alkyltin halides 
of the general formula RnSnC1, where m = 1 or 2 are 
relatively easy to isolate and to purify, in part because the 
Sn-C1 bond is comparable in strength to the Sn-0 bond 
and is not especially sensitive to hydrolysis. They also 
have the advantage that there are few limitations on the 
nature of alkyl Substituents that can be present at tin. In 
principle, this feature allows the synthesis of tailor-made 
Lewis acids that might serve as selective catalysts for 
organic transformations.lc Halides related to BuzSnClp 
or PhzSnCl2 are sufficiently potent Lewis acids to form 
adducts with a variety of donor molecules.2 The 1:l 
stoichiometry is favored for monodentate ligands in typical 
solvents, resulting in trigonal bipyramidal complexes, but 
1:2 adducts (octahedral geometry) can be present in 
equilibrium.2b The extent of ligand dissociation is related 
to the Lewis acid strength of the organotin derivative and 
increases with the electronegativity and decreases with 
the bulk of the tin substituents.2 Much of the detailed 
information regarding the stability of organotin halide 
adducts is based on calorimetry studies as well as on NMR 
titration experiments.2b However, there is also a simpler 
technique available that allows the qualitative comparison 
of the coordinating ability of Lewis acids. The IR 
frequencies of phosphine oxide or sulfoxide ligands 
undergo a shift toward lower frequencies in the presence 

(1) (a) Gielen, M. Top. Stereochem. 1980, 12, 217. Gielen, M. Top. 
Curr. Chem. 1982,104,67. Gielen, M.; Vanden Eynde, I. J.  Organomet. 
Chem. Lib. 1981, 12, 193, 213. Peddle, G. J. D.; Redle, G. J. Chem. 
Commun. 1968, 626. Van Koten, G.; Jastrzebski, J.; Noltes, J. G.; 
Pontenagel, W.; Kroon, J.; Spek, A. L. J. Am. Chem. SOC. 1978,100,5021. 
(b) Erdman, D. T. Diss. Abstr. Znt. B. 1990,51,1264. (c) Krishnamurti, 
R.; Kuivila, H. G. J. Org. Chem. 1986, 51, 4947. Gross, U.-M.; Bartels, 
M.; Kaufmann, D. J.  Organomet. Chem. 1988,344,277. 
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Press: New York, 1982; Vol. 2, p 519. (b) Huheey, J. E. J. Org. Chem. 
1966,31,2365. Nishida, T.; Katada, M.; Takashima, Y. Bull. Chem. SOC. 
Jpn. 1985, 58, 1741. DiStravalo, M. A.; Moyer, S. R.; Haines, R. E.; 
Spencer, J. N.; Belser, R. B.; Yoder, C. H. Organometallics 1986,5,118. 
Yoder, C. H.; Mokrynka, D.; Coley, S. M.; Otter, J. C.; Haines, R. E.; 
Grushow, A.; Ansel, L. J.; Hovick, J. W.; Mikus, S.; Shermak, M. A.; 
Spencer, J. N. Organometallics 1987,6,1679. Spencer, J. N.; Coley, S. 
M.; Otter, J. C.; Grushow, A.; Enders, B.; Nachlis, W. L.; Yoder, C. H. 
J. Organomet. Chem. 1988,346,161. Yoder, C. H.; Coley, S. M.; Kneizys, 
S. P.; Spencer, J. N. J. Organomet. Chem. 1989,362,59. Jastrzebski, J. 
T. B. H.; Grove, D. M.; Boersma, J.; Van Koten, G. Magn. Reson. Chem. 
1991, 29, 525. 

of Lewis acids because coordination of an electrophilic 
atom at P=O or S=O oxygen electron pairs reduces the 
double bond character of the P=O or S-0 bond.3 Thus, 
the Ph3p-o frequency shifts (Table I) suggest an ordering 
of Lewis acid strengths SnC4 > PhzSnCl2 > Me2SnCl2. 
This is the logical order according to the electronegativity 
of substituents and agrees with the results obtained using 
other criteria.2 It is not so clear that PhsSnCl is in the 
logical sequence in Table I, but this substance is unique 
among those listed because it forms a 1:l complex with 
Ph3P=O. The P-0 frequency shift method probably is 
more reliable within a family of structurally similar Lewis 
acids. In the case of diorganotin dihalides, it can therefore 
be expected to correlate with the strength of metal-oxygen 
coordination and therefore with the Lewis acidity of the 
test compounds. 

An earlier study in our laboratory had been initiated 
with the expectation that cyclic organotin dichlorides 1, 
3, and 4 might be useful chiral coordinating agents.lb The 
5-membered dihalide 1 was a risky choice because this 
ring system is known to be unstable: and 1 proved to be 
too labile for convenient handling or for evaluation by the 
IR method.lbI6 Stability problems were not encountered 
with 3 or 4, but both of these substances were found to be 
surprisingly feeble Lewis acids by comparison with their 
acyclic counterparts. The IR frequency shift with Ph3p-o 
was ca. 10 cm-' smaller for 3 vs BuzSnCl2 and also for 4 
vs PhzSnCl2. Stable complexes could not be prepared from 
3 using typical monodentate ligands (sulfoxides, phosphine 
oxides, sulfides, etc), although 4 did afford a reasonably 
stable crystalline adduct 5 with triphenylphosphine oxide. 
It became clear that'Lewis acidity would have to be 
increased by introducing more highly electronegative 
substituents at tin6 The purpose of this paper is to explore 
techniques for the synthesis of fluorinated analogs of 4 

(3) (a) Cotton, F. A.; Barnes, R. D.; Bannister, E. J. Chem. SOC. 1960, 
2199. Cotton, F. A.; Goodgame, D. M. C. J. Chem. SOC. 1961,3735. (b) 
Frazer, M. J.; Gerrard, W.; Twaita, R. J. Inorg. Nucl. Chem. 1963,25,637. 
Frazer, M. J.; Gerrard, W.; Patel, J. K. J.  Chem. SOC. 1960, 726. (c) 
Langer, H. G.; Blut, A. H. J. Organomet. Chem. 1965,5,288. (d) Wedd, 
R. W. J.; Sams, J. R. Can. J. Chem. 1970, 48, 71. Srivastava, T. N.; 
Srivastava, P. C.; Srivastava, K. J. Ind. Chem. SOC. 1976, 53, 343. (e) 
Kumar Das, V. G.; Kitching, W. J. Organomet. Chem. 1968,13, 523. 

(4) (a) Bulten, E. J.; Budding, H. A. J. Organomet. Chem. 1977,137, 
165. (b) Devaud, M.; Lepousez, P. J. Chem. Res. 1982,1121. (c) Bulten, 
E. J.; Budding, H. A. J.  Organomet. Chem. 1978,153, 305. 

(5) Addition of PhSP=O to 1 resulted in the formation of an intractable 
material, presumably via ring cleavage and polymerization. See ref 4b 
for relevant observations regarding stability of simpler analogues. 
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Table I. Lewis Acidity According to the Ph#=O 
Freauencv Shift Method (Nuiol) 
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inated bibenzyl derivatives 10 and 12. Treatment of 9 
with the McMurry reagent (TiCl3-LiA1H4)loa did produce 
10, but the meso diastereomer 11 was inevitably formed 
as a major byproduct (1011 = ca. 1:l). The diasteromera 
could be separated on small scale by HPLC (ca. 20% 
recovery), but this approach did not provide sufficient 
material for detailed study. Fortunately, the monomethyl 
analog 12 could be prepared easily and allowed access to 
the chiral stannepin derivative 18. 

A modified coupling strategy was developed for the 
synthesis of the monomethylated bibenzyl derivative 12. 
Treatment of 9 with CH3SO&UEt$J afforded the mesylate 
13 and coupling with the lithium salt of sulfone 15 gave 
16 as a mixture of diastereomers (74%). Diastereomer 

Lewis acid (LA) LAPh3P=O Au (cm-’) ref 

MezSnClz 1:2 39 3e 
ZnClz 1:2 41 3b 
Ph3SnCl 1: 1 43 3e 
PhzSnClz 1:2 53 3e 
SnCL 1:2 67 3e 

and to confirm that they are relatively potent Lewis acids 
compared to the other cyclic tin dihalides. 

C6Hk 2c6H5 P h , , , , q P h  & 
0 0  

cf CI c l  CI 

1 X.CI 
2 X-C8H40CH3 3 4 

6 R-H 

11 R-CH, 

R R’ 

7 R- H, X- C6H4OCH3 10 R- CH3, R’- CH, 

8 R-H.X-CI 12 R-CH*R’-H 

17 R- CH,. X- C,H,OCH, 

18 R- CH,. X- CI 

Cyclic organotin structures are usually prepared by the 
reaction of difunctional organometallic reagents with 
organotin dihalides.’ This approach becomes especially 
convenient for the fluoroaryl series because ortho fluorine 
activates aromatic C-H bonds for direct metalation.8 Thus, 
treatment of 1,2-bis(2,3,4,5-tetrafluorophenyl)ethane (6) 
with butyllithium followed by dianisyltin dichloride 
produced the dihydrostannepin derivative 7 in a single 
operation. The electron-rich anisyl groups were then 
selectively cleaved using HC1 in toluene at room temper- 
ature to afford the octafluoroorganotin dichloride 8. 

A similar approach was used to prepare chiral analogs 
of 8, starting from 1-(pentafluoropheny1)ethanol. Selective 
ortho-defluorination was accomplished using the hydroxyl- 
directed LiAlH4 reduction9 to give the tetrafluorophe- 
nylethanol9, a potential starting material for the fluor- 

(6) Filler, R. Fluorine Chem. Rev. 1977,8,1. Holmes, J. M.; Peacock, 
R. D.; Tatlow, J. C. J. Chem. SOC. A 1966,150. Massey, A. G.; Randall, 
E. W.; Shaw, D. Chem. Ind. 1973,1244. Noltes, J. G.; Van Den Hurk J. 
W. G. J. Organomet. Chem. 1965,3,222. Chambers, R. D.; Coates, G .  
E.; Livinstone, J. G.; Musgrave, W. K. R. J. Chem. SOC. 1962, 4367. 
Chambers, R. D.; Chivers, T. J. Chem. SOC. 1964,4782. 

(7) Kuivila, H. G.; Beumel, 0. F. J. Am. Chem. SOC. 1958, BO, 325. 
Pant, B. C. J. Organomet. Chem. 1974,156,321. Zimmer, H.; Blewett, C.; 
Brakas, A. Tetrahedron Lett. 1968,1615. Reich, H. J.; Phillips. N. H. 
Pure Appl. Chem. 1987, 59, 1021. BuIten, E. J.; Budding, H. A. J. 
Organomet. Chem. 1976, 110, 167. Akkerman 0.; Bickelhaupt, F.; De 
Boer, H. J.  Organomet. Chem. 1987,321,291. 

(8) (a) Tetrafluorophenyl substrates: Harper, R. J.; Soloski, E. J.; 
Tamborski, C. J.  Org. Chem. 1964,29,2385. (b) Deprotonation of other 
fluorinated phenyl derivatives: Tamborski, C. Chem. Abstr. 1968, 69, 
87184j. Dua, S. S.; Gilman, H. Ind. J. Chem. 1979,17B, 562. Tamborski, 
C.; Soloski, E. J. J. Org. Chem. 1966,31, 746. 

(9) Gerasimova, T. N.; Semikolenova, N. V.; Fokin, E. P. Zh. Org. 
Khim. 1978,14, 100. 
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19 H 
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15 X-S02Ph 

0 CPCI 

20 

Ffi F 

16 

21 22 

separation was not necessary because -wulfon>&ion with 
h e y  nickel converted both diastereomers into 12 (96 9% ). 
In anticipation of potential uses for enantiomerically pure 
12, the major diastereomer of 16 was prepared from 9 that 
had been resolved via the naproxen ester. The enantiomers 
of 16 from this sequence were formed in a 95:5 ratio (90% 
ee). Thus, no more than 10% racemization occurs during 
the mesylate displacement by the sulfone anion. 

The conversion from 12 to the dihydrostannepin 17 
followed the route used for synthesis of 8, but careful 
control of time and temperature variables was necessary 
in the initial deprotonation step. Best results were 
achieved when 12 was treated with 2 equiv of n-butyl- 
lithium at -78 OC for 5 min. The resulting anion was 
quenched with freshly purified dianisyltin dichloride to 
produce 17 in 83% yield. Longer deprotonation times 
gave lower recovery of 17 because the intermediate dianion 
suffered significant decomposition. Thus, the yield 
dropped to 20% if the dianisyltin dichloride was added 
2 h after the butyllithium. The same procedure was then 
applied without further optimization to chromatograph- 
ically purified 10 on small scale. In this system, the C2- 
symmetric product 19 was obtained in an acceptable 48% 
yield. However, the difficulty in preparation of the 
precursor 10 precluded further investigation of the C2- 
symmetric octafluorodibenzodihydrostannepins. 

Further conversion from 17 to 18 was performed by using 
dry HC1 in tolune as already described for the Synthesis 
of 8. The Lewis acid strength of the cyclic fluorinated 
organotin dichlorides could now be compared with other 
cyclic tin dihalides using the IR frequency shift method 

~ ~~~ 

(10) (a) McMurry, J. E.; Fleming, M. P.; Keea, K. L.; Krepski, L. R. 
J. Org. Chem. 1978,43,3255. (b) Danishefsky, S.; DeNinno, M. P. Angew. 
Chem., Int. Ed. Engl. 1987,26, 15. 
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Table 11. IR Frequency Shifts for P e = O  and Cyclic 
Organotin Dihalides (CHCla Solution) 

Vedejs et al. 

Table 111. Summary of Structural Data for 5. 

Lewis acid AP (cm-9 Lewis acid A P  (cm-l) 

3 24b (C4Hg)zSnClz 32b 
20 26b (C6Hs)zSnClz 42 
4 2gb 8 48 

18 5w 

a Chloroform solution, 0.08 M, 1:l ratio of PhaP=O/Lewis acid. 
b Reference lb. Average value of double absorption maximum. 

( P h 3 P 4  test ligand). Table I1 summarizes the data for 
3, the unsubstituted 6-membered ring derivative 20, the 
dihydrostannepin 4, and the fluorine-containing deriva- 
tives 8 and 18. Since stable complexes could not be isolated 
in all cases, these comparisons were performed using a 1:l 
ratio of Ph$'=O/diorganotin dichloride in CHC13 solution 
at the same molarity to allow systematic comparisons. For 
that reason, the frequency shifts cannot be compared 
directly with the values in Table I, and only the relative 
order of entries in the table is significant. As expected, 
8 and 18 are substantially more potent as Lewis acids 
compared to the other cyclic tin dichlorides. Thus, a cyclic 
tin environment does not preclude valence shell expansion 
from tetracoordinated to pentacoordinated tin. However, 
it is clear that electronegative substituents play an 
important role in the activation of the stannepin ring 
system. Further insight into the difference in Lewis acid 
strength was obtained by comparing the catalytic reactivity 
of stannepin derivatives 4 and 18 in the hetero-Diels- 
Alder reaction of Danishefsky's diene with benzaldehyde.10b 
The fluorinated 18 (10 mol %, rt  in benzene) induced 
complete conversion into the dihydropyrone adductlob 
within 1 h while the nonfluorinated stannepin 4 gave no 
perceptible rate enhancement over the noncatalyzed 
reaction. We also considered the possibility that 18 (ca. 
90% ee) might catalyze an asymmetric hetero-Diels-Alder 
reaction. However, the Danishefsky diene-benzaldehyde 
adduct was virtually racemic, so this line of investigation 
was not pursued further. 

Discussion 

A comparison of Tables I and I1 shows that there is a 
decrease in Lewis acidity in the 6-membered cyclic 
organotin dihalides vs acyclic analogues. The decrease 
can be compensated for by the incorporation of strongly 
electronegative fluorine substituents. In the absence of 
fluorine, there is a small improvement from the 6-mem- 
bered to the 7-membered ring systems, but 4 is less potent 
relative to the acyclic reference structure Ph2SnClz. Part 
of the reason for decreased Lewis acidity can be traced to 
the increased steric bulk of 4, a factor that is known to 
destabilize organotin coordination complexes.2b Decreased 
flexibility due to the presence of ring constraints will 
probably be another contributing factor, one that will tend 
to maximize steric problems. 

The influence of bond angle factors in the cyclic dihalides 
must also be considered. According to the crystal structure 
of complex 5 (Table III),"* chlorine and P h 3 P d  ligands 
occupy the two apical sites in a trigonal bippamid. This 
forces the 7-membered ring to span two equatorial sites, 
but the endocyclic C-Sn-C bond angle is 121.4', close to 
the ideal value of 120O. The other endocyclic bond angles 
are within ca. 3 O  of the ideal values for sp2 or sp3 hybridized 
carbon, so the diequatorial 7-membered ring appears to 
fit comfortably within the trigonal bipyramidal geometry. 

bond distances (A) bond angles (deg) 

CI-Sn 2.123 CH3 CH, 
C14-Sn 2.109 
Sn-CI, 2.339 

111.0 
Sn-Cl,, 
Cl-CS 1.410 . .  

C6d7 
CrCs 
cs-c9 

P-O 
Sn-O 

CQ-cl4 

1.533 
1.578 
1.509 
1.419 
1.503 
2.309 

i00.5 

11* 

Indeed, some driving force from the release of bond angle 
stra in  might have been expected because related stannepin 
derivatives that contain tetrahedral tin have a smaller 
endocyclic bond angle (ca. 9 9 O )  that differs substantially 
from the tetrahedral angle.12 Although this factor may 
not be large, it is safe to conclude that conversion from 4, 
8, or 18 to pentavalent adducts involves little if any increase 
in bond angle strain. However, this is not likely in the 
case of the 6-membered rings 3 and 20, provided that 
P h 3 P 4  coordination occurs in the same way as in 5 
(apical oxygen and chlorine). The only reported crystal 
structure of a compound containing the stannacyclohexane 
subunit has tetravalent tin and an endocyclic bond angle 
of 10lO.llb This is the expected result when the relatively 
long C-Sn bonds are constrained to a 6-membered ring. 
Conversion into a trigonal bipyramidal adduct would face 
the molecule with difficult choices. One option is to place 
the 6-membered ring in the diequatorial arrangement, a 
situation that is likely to increase bond angle strain. 
Another possibility is to place the 6-membered ring in 
apical and equatorial sites, but the resulting structure 
would have only one of the electronegative groups in an 
apical site. Yet another option would be to form a 1:2 
adduct having octahedral geometry. Unfortunately, no 
X-ray structures of relevant adducts in the 6-membered 
series are available. However, it seems safe to conclude 
that none of the above alternatives is free of an energy 
penalty, and the tendency of the 6-membered 3 or 20 to 
form complexes remains low. 

Ring size effects on organotin complexation issues have 
been encountered in one previous study. It is known that 
5-membered cyclic tin alkoxides such as 21 are dimeric in 
solution because they prefer a pentacoordinated tin 
environment. Complexation with DMSO is also observed 
with the 5-membered tin alk0~ide.l~ On the other hand, 
the 6-membered analog 22 is resistant to coordination and 
exists in solution as the monomer. This difference in 
behavior has been attributed to bond angle effects.13 The 
tetrahedral tin center in the 5-membered 21 is constrained 

(11) (a) Atomic coordinatee of 2,6, and thePh3P-O complex i derived 
from a BrSnPh analogue of 18 (SnXn = SnBrPh)Ib have been deposited 
in the Cambridge Crystallographic Data Center. The coordinates can be 
obtained, on request, from the Director, Cambridge Crystallographic Data 
Center, 12 Union Road, Cambridge, CB2 lEW, UK. Adduct i has greater 
stannepin bond angle distortion (endocyclicc-Sn-C bond angle = 110.2O; 
endocyclic Sn-C-C bond angles = 128.2O and 121.4'), but otherwise the 
geometryresembles that of 6. (b) Bokii,N. G.;Yanowkii,A. I.;Struchkov, 
Y. T.; Shemyakin, N. F.; Zakharin, L. I. Zzv. Akad. Nauk SSSR, Ser. 
Khim. 1978, 380. 

(12) Englehardt, L. M.; Wing-Por, L.; &ton, C. I.; Twiss, P.; White, 
A. H. J .  Chem. SOC., Dalton 'Trans. 1984,331. 

(13) (a) Daviea, A. G.; Price, A. J. J. Organomet. Chem. 1983,258,7. 
(b) Davies, A. G.; Tse, M-W Kennedy, J. D.; Mcfarlane, W.; Pyne, G. S.; 
Ladd, M. F. C.; Povey, D. C. J. Chem. SOC., Perkin Trans. 2 1981,369. 
(c) Carson, A. S.; Jamea, F.; Laye, P.; Spencer, S. J .  Chem. Thermodyn. 
1988, 20, 923. 
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to have an endocyclic bond angle of ca. 90°, and the 
5-membered ring is strained. However, the strain can be 
relieved in pentacoordinated structures where the 5-mem- 
bered ring spans apical and equatorial sites in the trigonal 
bipyramid. Neither 21 nor 22 can place the rings into 
diequatorial sites because of the preference for electrone- 
gative oxygen in the apical position and because this would 
result in additional bond angle strain. 

Similar arguments can be applied to 3,4,  and 8. The 
7-membered rings are sufficiently flexible to span diequa- 
torial sites in a trigonal bipyramid without significant bond 
angle distortion elsewhere in the ring (Table 111). Since 
electronegative chlorine and a ligand heteroatom (for 
example, phosphine oxide oxygen) are available to occupy 
the apical sites, the stannepin-derived Lewis acid com- 
plexes easily satisfy the geometric requirements for trigonal 
bipyramidal tin. The situation is different for the 
6-membered organotin dihalides 3 and 20. Their relatively 
small endocyclic C-Sn-C bond angle destabilizes adducts 
having the ring in the diequatorial arrangement, while the 
alternative of an apical, equatorial 6-membered ring is 
destabilized because a carbon atom must replace one of 
the electronegative substituents in an apical position. 
There is no good trigonal bipyramidal structure available 
to the 6-membered 3 or 20, and both of these organotin 
dihalides are relatively feeble Lewis acids. Pentavalent 
adducts are formed more easily in the 7-membered rings, 
and it is conceivable that there would be some decrease 
in bond angle strain in the trigonal bipyramidal structures 
by comparison with the tetrahedral precursors. However, 
the results of Table I1 argue against this supposition. A 
comparison of 4, (CeH&SnC12, and 18 shows that the 
nonfluorinated stannepin derivative 4 is a weaker Lewis 
acid compared to the reference structure, diphenyltin 
dichloride. The difference can be attributed to decreased 
flexibility in 4 and an increase in steric crowding due to 
the presence of the 7-membered ring. Both problems are 
overcome in 18 by the electronegativity effect of fluoraryl 
substituents, but none of the stannepin dichlorides in- 
vestigated approaches tin tetrachloride in Lewis acidity. 
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After the mixture was cooled to room temperature, a solution of 
tetrafluorobenzaldehyde (3.5 g, 20 mmol) in 10 mL of dry 
dimethoxyethane was added, and the resulting mixture was 
heated to reflux for 16 h. After being cooled to room temperature, 
the black slurry was diluted with 100 mL of hexane and filtered 
through a pad of silica gel. The black filter cake was washed 
with hexane (2 X 100 mL) and then quenched carefully with 
methanol and discarded. The hexane filtrate was concentrated, 
and the resulting oil was purified by chromatography (15 g of 
silica gel 60, hexane) to give the product octafluorostilbene (2.1 
g, 60%) as a mixture of E and 2 isomers (101): mp 79-84 OC; 
analytical TLC (silica gel F2.541, hexane, Rf = 0.32; MS exact 
mass calcd for C14H4F~ 324.0185, found 324.0181, error = 1.2 
ppm; IR (KBr, cm-l) C=C, 1630; 200-MHz NMR (CDCla), b 
7.3-6.9 (2 H, m), 7.13 (1.8 H, s, major isomer), 7.26 (0.2 H, s, 
minor isomer). 

lf-Bis(2,3,4,5-tetrafluorophenyl)ethane (6). Octafluoros- 
tilbene (1.8 g, 5.6 mmol, mixture of E,Z) was added to 5% 
palladium on carbon (0.5 g, Engelhard) in 50 mL of glacial acetic 
acid. This slurry was placed under 30 psi of hydrogen pressure 
(Parr apparatus) for 36 h. The resulting slurry was filtered 
through Celite, and the solvent was evaporated (aspirator). The 
resulting solid was dissolved in hexane and purified by passing 
through a small plug of silica gel (7 g) with hexane to give 1,2- 
bis(2,3,4,5-tetrafluorophenyl)ethane (6) (1.78 g, 98% ): mp 54- 
56 "C; analytical TLC (silica gel F254), hexane, Rf = 0.26; MS 
exact mass calcd for C14H&'e 326.0342, found 326.0338, error = 
1 ppm; IR (CHCl3, cm-l): ArF, 1220; 200-MHz NMR (CDCls) 6 
6.75 (2 H, dddd, J = 2.6, 6.2, 7.8, 10.4 Hz), 2.91 (4 H, 8). 

5,5-Dianisyl- 10,ll -dihydro- 1,2,3,4,6,7,8,9-0ctafluorodi- 
benzo[b,fJstannepin (7). A solution of 1,2-bis(2,3,4,5-tetraflu- 
orophenyl)ethane(l.O6 g, 3.3 mmol) in 10 mL of THF was added 
to a -78 "C solution of n-butyllithium (3.9 mL, 1.65 M in hexane, 
6.5 mmol) in 100 mL of THF, and the resulting mixture was 
stirred for 90 min. A solution of freshly prepared dianisyltin 
dichloride15 (1.3 g, 3.3 mmol) in 20 mL of THF was added, and 
the resulting mixture was warmed to room temperature and 
stirred overnight. The solution was then poured into water and 
extracted with ether (1 X 100 mL); the combined organics were 
dried (MgS0)4) and evaporated (aspirator). The resulting yellow 
oil was purified by chromatography (30 g of silica 60, hexane) to 
afford octafluorostannepin 7 (0.637 g, 30%) as a white solid mp 
161-162 OC (crystallized from EtOH); MS exact mass calcd for 
C28H1802FSSn 658.0201, found 658.0214, error = 2 ppm; IR 
(CHC13, cm-l) Ar, 1625; 200-MHz NMR (CDC13) 6 7.45 (4 H, d, 
J = 8.6 Hz; P W n H  = 57 Hz), 6.96 (4 H, d, J = 8.6 Hz), 3.8 (6 
H, e), 3.13 (4 H, 8).  

5,5-Dichloro- 10,ll -di hydro- 1,2,3,4,6,7,8,9-octafuorodi- 
benzo[ b,flstannepin (8). A steady stream of hydrochloric acid 
was blown over a room-temperature solution of dianisylstannepin 
7 (0.38 g, 0.1 mmol) in 50 mL of toluene for 90 min. The resulting 
solution was stirred overnight and then evaporated (aspirator) 
to give a solid. This solid was recrystallized from hexane to give 
the dichlorostannepin 8 (0.16 g, 53%): mp 129.5-130.5 OC; MS 
exact mass calcd for CI4H4Cl2FsSn 513.8585, found 513.8576, error 
= 1.8 ppm; IR (CHC13, cm-l) ArF, 1220,1120; 200-MHz NMR 

1-(Pentafluoropheny1)ethanol. Pentafluorobenzene (4.4 
mL, 40 mmol, Aldrich) was added slowly to a -78 OC solution of 
n-butyllithium (25 mL, 1.61 M in hexane, 40 mmol) in 100 mL 
of ether. After 2 h at  -78 OC a freshly made 50-mL ether solution 
of magnesium dibromide (1,2-dibromoethane, 3 mL, 35 mmol; 
Aldrich, excess magnesium) was added via cannula, and the 
resulting slurry was stirred 30 min. To this was added freshly 
distilled acetaldehyde (2.2 mL, 40 mmol), and the resulting 
mixture was warmed to room temperature and then poured into 
10% aqueous hydrochloric acid. This two-phase system was 
extracted with ether (3 X 100 mL), and the combined organics 

(CDC13) b 3.2 (4 H, 9). 

Experimental Section 

2,3,4,5-Tetrafluorobenzaldehyde. Dimethyl sulfoxide (2.8 
mL, 40 mmol) was added to a -78 OC solution of oxalyl chloride 
(2.6 mL, 29 mmol) in 100 mL of methylene chloride, and the 
bubbling mixture was stirred for 5 min. To this was added a 
solution of 2,3,4,5-tetrafluorobenzyl alcohol 149 (4.8 g, 27 mmol) 
in 10 mL of methylene chloride; after 15 min triethylamine (27 
mL, 0.19 mol, distilled from CaH2) was added. The resulting 
mixture was warmed to room temperature and then poured into 
saturated aqueous sodium bicarbonate; the layers were separated, 
and the organics were washed with water (2 X 20 mL), dried 
(MgS04), and carefully evaporated (aspirator). The resulting 
yellow oil was distilled (25 OC, 1.0 Torr, bulb to bulb) to give 
tetrafluorobenzaldehyde (3.6 g, 74%), identical by NMR com- 
parisons with material reported previously:14 oil; analytical TLC 
(silica gel F254), 10% ether/hexane, Rf = 0.55; M S  exact mass 
calcd for C7H20F4 178.0042, found 178.0047, error = 3.1 ppm; IR 
(CHC13, cm-') C=O, 1710; 200-MHz NMR (CDC3) d 10.28 (1 H, 
d, J = 3 Hz), 7.53 (1 H, dddd, J = 2.4, 5.6, 8, 9.4 Hz). 
lf-Bis(2,3,4,5-tetrafluorophenyl)ethene (Octafluoroetil- 

bene). Lithium wire (1.65 g, 0.24 mol) was added to a solution 
of titanium trichloride (12.1 g, 79 mmol, Aldrich) in 50 mL of 
dimethoxymethane (distilled from sodium benzophenone) under 
nitrogen, and the black slurry was heated to reflux for 1 h.loa 

(14) Belf, L. J.; Buxton,M. W.; Tilney-Bassett, J. F. Tetrahedron 1967, 
23, 4719. 

(15) (a) Barbieri, B.; Taddei, F. J. Chem. SOC., Perkin Trans. 2 1972, 
1323. (b) Kuivila, H.; Sawyer, A. K.; Amour, A. G. J.  Org. Chem. 1961, 
26,1426. Talalaeva, T. V.; Zaitseva, N. A.; Kocheshkov, K. A. Zh. Obsch. 
Khim. 1946,16,901; Chem. Abstr. 1947,2014. Gielen, M.; Mokhtar, H.; 
Jamai, I. Bull. SOC. Chim. Belg. 1975, 84, 197. (c) Schumann, H.; 
Schumann, I. Cmelin Handbuch der Anorganischen Chemie; Biterer, 
H., Ed.; Springer Verlag: New York, 1979; p 187. 
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were dried (MgS04) and evaporated (aspirator) to give l-(pen- 
tafluoropheny1)ethanol (8.3 g, 99%) as a pale brown oil, suffi- 
ciently pure for the next step. Analytical TLC (silica gel F254), 
CHZC12, R, = 0.34; IR (CHC13, cm-1) OH, 3610,3425; 200-MHz 

= 7.4 Hz), 1.65 (3 H, d, J = 6.8 Hz). 
d-l-(2,3,4,5-Tetrafluorophenyl)ethanol(9). Crude 1-(pen- 

tafluoropheny1)ethanol from above (15.5 g, 73 mmol) was added 
to a solution of lithium aluminum hydride (4 g, 0.1 mole) in 150 
mL of ether. This solution was stirred at room temperature for 
12 h and then was cooled to -78 "C and carefully quenched with 
water. The resulting slurry was stirred at  room temperature 
with 50 mL of 10% aqueous hydrochloric acid for 2 h. The 
resulting clear mixture was extracted with ether (3 x 75 mL), 
and the combined organics were dried (MgS04) and evaporated 
(aspirator) to give 1-(2,3,4,5-tetrafluorophenyl)ethanol (12.8 g, 
90%, contaminated by ca. 8 % nondefuorinated starting material 
according to NMR analysis). This material was purified as 
described in the next step. 

Resolution and Purification of dI-1-(2,3,4,5-Tetrafluo- 
rophenyl)ethanol(9). A solution of crude dl-alcohol9 (12.8 g, 
66 mmol) and 4-(dimethylamino)pyridine (50 mg, 0.4 mmol, 
Aldrich) in 20 mL of THF was added to a solution of dicyclo- 
hexylcarbodiimide (13.6 g, 66 mmol, Aldrich) and (+)+methoxy- 
a-methyl-2-napthaleneacetic acid (naproxen 15.2 g, 66 mmol, 
Aldrich) in 200 mLof THF. After being stirred for 4 h, this 
slurry was filtered through Celite and the filtrate was evaporated 
(aspirator). The resulting solid was purified by passing through 
a short plug of silica gel (30 g of silica 60, CHzClz) to give solid 
naproxen ester (22.0 g, 82%). This ester was dissolved in 600 
mL of hot methanol, and the solution was cooled to room 
temperature. After 3-4 h the resulting crystals were collected 
(the filtrate was saved), and the solid was recrystallized four 
more times from methanol to produce pure ester (6.3 g, 47%): 
mp 127-128 OC; MS exact mass calcd for CzzH1803F4 406.1191, 
found 406.1203, error = 2.9 ppm; IR (KBr, cm-l) C=O, 1740; Ar, 
1610; 200-MHz NMR (CDC3) 6 7.72-7.59 (3 H, m), 7.32-7.13 (3 
H, m), 6.35 (1 H, dddd, J = 2.5,6,8.5, 10.5 Hz), 6.02 (1 H, q, J 
= 6.6 Ha), 3.92 (3 H, s), 3.89 (1 H, q, J = 7.1 Hz), 1.57 (3 H, d, 
J = 7.1 Hz), 1.42 (3 H, d, J = 6.6 Hz). The saved filtrate was 
concentrated to 400 mL and cooled to room temperature. The 
resulting crystals were collected (the filtrate saved) and were 
recrystallized four more times from methanol to give the 
diastereomeric ester (1.6 g, 12%). The saved filtrate was 
concentrated to 200 mL, and the resulting solids were collected. 
Recrystallization of these solids four more times from methanol 
gave a second crop of diastereomeric ester (1.3 g, 22 % total): mp 
101-102 "C (crystallized from MeOH); MS exact mass calcd for 
C22H1803F4 406.1191, found 406.1177, error = 3.5 ppm; IR (KBr, 
cm-l) C=O, 1730; 200-MHz NMR (CDCl3) 6 7.74-7.13 (6 H, m), 
6.85 (1 H, dddd, J = 2.6,6,8,10.5 Hz), 6.03 (1 H, q, J = 6.7 Hz), 
3.92 (3 H, s), 3.88 (1 H, q, J = 7.1 Hz), 1.58 (3 H, d, J = 7.2 Hz), 
1.40 (3 H, d, J = 6.6 Hz). 

The higher melting naproxen ester (7.6 g, 19 mmol) in 100 mL 
of THF was added to a 100-mL water solution of lithium 
hydroxide (1.4 g, 62 mmol). This mixture was stirred at room 
temperature for 12 h. The layers were separated, and the aqueous 
phase was extracted with ether (2 X 100 mL). The combined 
organics were dried (MgS04) and evaporated (aspirator) to give 
(-)-alcohol 9 (3.7 g, 98%) as an oil: analytical TLC (silica gel 

exact mass calcd for CaHsOF4 194.0355, found 194.0355, error = 
0.2 ppm; IR (CDC13, cm-') OH, 3610; 200-MHz NMR (CDC13) 6 
7.05 (1 H, dddd, J = 2.6,6.1,8.2, 10.7 Hz), 5.08 (1 H, q, J = 6.4 
Hz), 2.45 (1 H, br s), 1.39 (3 H, d, J = 6.4 Hz). 

meso- and dI-2,3-Bis(2,3,4,5-tetrafluorophenyl)butane 
(11 and 10). 1-(2,3,4,5-Tetrafluorophenyl)ethanol (9) (97 mg, 
0.5 mmol, containing 8% of the pentafluorophenyl derivative) 
was added to a slurry of McMurry reagent10 (41  TiCldLAH, 0.6 
g, 0.9 mmol, Aldrich) in 50 mL of dimethoxymethane, and this 
mixture was heated to reflux overnight. After being cooled to 
room temperature, the slurry was carefully quenched with 10% 
hydrochloric acid and then extracted with methylene chloride (2 
x 50 mL). The combined organics were dried (MgS04) and 
evaporated (aspirator), and the resulting oil was passed through 
a plug of silica gel 60 (7 g) with hexane. Further purification by 

NMR (CDCl3) 6 5.27 (1 H, qd, J 6.8, 7.4 Hz), 2.49 (1 H, d, J 

F254), CHZC12, Rf 0.41; [ c Y I ~ ~ D  -26.6" (C 2.3, CHCl3); MS 

Vedejs et al. 

HPLC (hexane, 6 mumin, 5-mg injection, retention time meso, 
7.8 min; roc, 10.3 min) gave meso-2,3-bis(2,3,4,5-tetrafluorophe- 
ny1)butane (11) (lOmg, 11%) [analytical TLC (silica gel F254), 
hexane, Rf = 0.40; MS exact mass calcd for CIEH1fi8 354.0654, 
found 354.0637, error = 4.9 ppm; 200-MHz NMR (CDCl3) 6 6.86 
(2 H, dddd, J = 2.5,6, 7.5, 11.5 Hz), 3.26-3.11 (2 H, m), 1.07 (6 
H,d, J=6.5Hz)]anddl-lO(lOmg,ll%): analyticalTLC (silica 
gelF254), hexane, Rf = 0.33; IR (CHC13, cm-') Ar, 1630; 200-MHz 

(2 H, m), 1.33 (6 H, d, J = 6.5 Hz). 
Phenyl 2,3,4,5-Tetrafluorobnzyl Sulfone (15). Meth- 

anesulfonyl chloride (2.5 mL, 33 mmol, Aldrich, distilled from 
PzO5) was added to a 0 "C solution of 2,3,4,5-tetrafluorobenzyl 
alcohol (14)9 (5  g, 30 "01) and triethylamine (6.3 mL, 45 mmol, 
distilled from CaH2) in 50 mL of methylene chloride. After being 
stirred 15 min the solution was warmed to room temperature 
and then poured into water. The layers were separated, and the 
aqueous phase was extracted with methylene chloride (2 X 50 
mL). The combined organics were dried (MgSOd) and evaporated 
(aspirator), and the resulting oil was passed through a short plug 
of silica gel (5 g of silica 60, methylene cloride). The mesylate 
was dissolved in 20 mL of ethanol and added to a 300-mL ethanol 
solution of sodium thiophenoxide (from 0.68 g, 31 mmol of sodium; 
and 3.2 mL, 31 mmol thiophenol). The resulting slurry was stirred 
for 4 h, and then monoperoxyphthalic acid, magnesium salt 
hexahydrate (30 g, 60 mmol, Aldrich) was added slowly over 15 
min. After being stirred for 1 h, this thick slurry was diluted 
2-fold with water and then extracted with methylene chloride (2 
X 200 mL). The combined organics were washed with 50 mL of 
saturated aqueous sodium bicarbonate, dried (MgSOr), and 
evaporated (aspirator). The resulting solid was dissolved in 100 
mL hot chloroform to give upon cooling phenyl 2,3,4,5-tetrafluo- 
robenzylsulfone(15) (4.8g,53%)asasolid mp190-191"C;MS 
exact mass calcd for C13H802F4S 304.0181, found 304.0178, error 
= 1 ppm; IR (KBr, cm-l) S02,1450; 200-MHz NMR (CDC13) 6 
7.77-7.50(5H,m),7.03(1H,dddd,J=2.6,6,7.4,10.1Hz),4.34 
(2 H, 8).  

Phenyl l&Bis(tetrafluorophenyl)-1-propyl Sulfone (16). 
Methanesulfonyl chloride (1.1 g, 14 mmol, Aldrich, distilled from 
PzO5) was added to a 0 "C solution of (-)-1-(2,3,4,5-tetrafluo- 
ropheny1)ethanol (9) (2.45 g, 12.6 mmol) and triethylamine (2.6 
mL, 19 mmol, distilled from CaH2) in 50 mL of methylene chloride. 
After 15 min this mixture was warmed to room temperature and 
poured into 25 mL of aqueous saturated sodium bicarbonate. 
The layers were separated, the aqueous phase was extracted with 
methylene chloride (2 X 50 mL), and the combined organics were 
dried (MgSO4) and evaporated (aspirator). The resulting oil was 
purified by passing through a short plug of silica gel (7 g silica 
60, CHzClz) to give crude mesylate 13 as a clear oil. 

n-Butyllithium (7.2 mL, 1.68 M in hexane, 12 mmol) was then 
added to a 0 OC slurry of phenyl 2,3,4,5-tetrafluorobenzyl sulfone 
(15) (3.7 g, 12 mmol) in 100 mL of ether. To the resulting clear 
red anion solution was added a 25-mL ether solution of mesylate 
13. After 3 h at 0 "C the resulting slurry was poured into 50 mL 
of water and extracted with ether (2 X 75 mL). The combined 
organics were dried (MgSO1) and evaporated (aspirator). The 
resulting solid was purified by chromatography (100 g of silica 
60, 10% ether/hexane) to give sulfone 16 (4.5 g, 74%) as a 2:l 
mixture of diastereomers. Both sulfones were taken on to the 
next step without further purification. For characterization, the 
major diastereomer was recrystallized from methanol: mp 153- 

error = 0.9 ppm, formula C21H1~02F8S; analytical TLC (silica gel 
F254) Rf = 0.28,10% ether/hexane; IR (KBr, cm-l) SOz, 1320; 
Ar, 1640; 200-MHz NMR (CDC13) 6 8.7-7.4 (6 H, m), 6.85 (1 H, 
dddd, J = 2.5, 6, 8, 11 Hz), 5.05 (1 H, d, J = 9.5 Hz), 3.9 (1 H, 
dq, J = 7,9.5 Hz), 1.2 (3 H, d, J = 7 Hz). Minor diastereomer: 
oil; analytical TLC (silica gel F254) Rf = 0.17,10% ether/hexane; 
200-MI32 NMR (CDC13) 6 7.7-7.4 (5  H, m), 7.25-7.1 (1 H, m), 
6.74 (1 H, dddd, J = 2.5,6,8, 10 Hz), 4.83 (1 H, d, J = 11 Hz), 
4.16 (1 H, dq, J = 6.5, 11 Hz), 1.8 (3 H, d, J = 6.5 Hz). In a 
separate experiment to assay enantiomeric purity, the (+)-l- 
(2,3,4,5-tetrafluorophenyl)ethanol was taken through the same 
sequence to the major sulfone diastereomer. Thus, (+)-(tet- 
rafluoropheny1)ethanol with [(YIz5D +28" (c = 2.3, CHC13) gave 
sulfone with [alZ50 -40" (c  = 0.77, CHC13). Addition of chiral 

NMR (CDCl3) 6 6.70 (2 H, dddd, J =  2.5,6,7.5,11 Hz), 3.31-3.23 

154 "C; MS M - 141 (loss of PhSOz) 340.0495, calcd 340.0498, 
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shift reagent tris[3- (hepMuoropropylhydroxymethy1ene)- (+)- 
camphoratoleuropium (III) resolved the doublet at  1.2 ppm and 
showed that this sulfone was a 95:5 mixture of enantiomers, 90 % 
ee through the coupling step. 

1,2-Bis(2,3,4,5-tetrafluorophenyl)propane (12). W-2 Raney 
nickel (ca. 6 g, slurry in ethanol) was added to a slurry of (+) 
sulfone diastereomers 16 (0.82 g, 1.7 mmol) in 50 mL of dry 
ethanol. The resulting mixture was heated to reflux for 4 h and 
then cooled to room temperature and poured onto a large pad 
of Celite in a fritted funnel. This slurry was covered with another 
2 cm of Celite, vacuum filtered, and washed with several portions 
of methylene chloride. (Caution: do not allow nickel catalyst 
to go dry!). The filtrate was evaporated and purified by passing 
through a short plug of silica gel (7 g of silica 60, hexane) to give 
(+)-1,2-bis(2,3,4,5-tetrafluorophenyl)propane (12) (0.56 g, 96 % ): 
[ a ] 2 5 ~  +58" (c = 1.7, CHC13); oil; analytical TLC (silica gel F254), 
hexane, Rf = 0.37; MS exact mass calcd for C15HJ?s 340.0498, 
found 340.0497, error = 0.3 ppm; IR (CHCl3, cm-l) Ar, 1635; 

Hz), 6.67 (1 H, dddd, J = 2.7, 6,8.5,10.1 Hz), 3.36 (1 H, sextet, 
J = 7.3 Hz), 2.87 (2 H, dd, J = 0.8,7.6 Hz), 1.29 (3 H, d, J = 7.0 
Hz). 

Dianisyltin Dichloride. Freshly distilled (from P205) tin- 
(IV) chloride (0.13 mL, 1.1 mmol) was added to freshly prepared 
tetraanisyltin (0.6 g, 1.1 mmol)158 and slowly heated neat to 150 
"C over ca. 20 min. This temperature was maintained for another 
2 h, the oil bath was removed, and the flask was cooled to room 
temperature. The resulting off-white solid (a deep red color 
indicated a failed reaction) was dissolved in 50 mL of hot hexane 
and filtered hot. The filtrate was then cooled to give dianisyltin 
d i c h l ~ r i d e ~ ~ ~ ~ ~  (0.68 g, 76%): solid; mp 84-85 "C (lit.lSC mp 75.5- 
76.5 "C). 

(-)-S,S-Dianisyl- 10-met hyl- 10,l l-dihydro- 1,2,3,4,6,7,8,9-oc- 
tafluorodibenzot b,flstannepin (17). A solution of (+)-1,2- 
bis(tetrafluoropheny1)propane (12) (1.1 g, 3.2 mmol) in 20 mL 
of THF was added via cannula to a -78 "C solution of 
n-butyllithium (3.85 mL, 1.68 M in hexane, 6.5 mmol) in 50 mL 
of THF. After 5 min, a solution of freshly prepared dianisyltin 
dichlorideI5 (1.3 g, 3.2 mmol) in 20 mL of THF was added slowly 
over 5 min via cannula. The solution was then warmed to room 
temperature for 30 min, poured into 30 mL water, and extracted 
with ether (2 X 100 mL). The combined organics were dried 
(MgS04) and evaporated (aspirator). The resulting glass was 
purified by passing through a short plug of silica (7 g silica 60, 
1:l hexane/CHZClz) to give (-)-dianisylstannepin 17 (1.8 g, 83 7%) 
as a solid: mp 145-146.5 "c; [(uIz5D -64% (c = 3.0, CHC13); 
analytical TLC (silica gel F254), 20% ethedhexane, Rf = 0.43; 
MS exact mass calcd for C2eH2002F8Sn 672.0357, found 672.0362, 

200-MHz NMR (CDCl3) b 6.81 (1 H, dddd, J = 2.4,6,8.2, 10.4 
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error = 0.7 ppm; IR (KBr, cm-1) Ar, 1630,1590; 200-MHz NMR 
(CDC13) 8 7.48 (2 H, d, J = 8.5 Hz; J%nH = 55 Hz), 7.42 (2 H, 
d, J I  8.5 Hz; J W n H  = 55 Hz), 7.0 (2 H, d, J = 8.5 Hz), 6.95 
(2 H, d, J = 8.5 Hz), 4.15-3.95 (1 H, m), 3.8-3.7 (1 H, m), 3.81 
(3 H, a), 3.8 (3 H, a), 2.8 (1 H, br d, J = 15.5 Hz), 1.05 (3 H, d, 
J = 7.5 Hz). 

(-)-5,kDichloro-10-methyl-1 l-hydro-l,2,3,4,6,7,8,9-octa- 
fluorodibenzo[ b,flstannepin (18). Gaseous HCl was gently 
bubbled for 15 min into a solution of (-)-dianisylstannepin 17 
(0.67 g, 1 mmol) in 100 mL of toluene. This solution was stirred 
for 1 h and then resubjected to gaseous HC1 for 15 min. After 
the mixture was stirred for another hour, this HC1 treatment 
cycle was repeated for a total of 5 h. The toluene was then 
evaporated (aspirator), and the resulting brown oil was dissolved 
in 50 mL hexane and filtered. Evaporation of the hexane 
(aspirator) gave (-)-18 (0.44 g, 83%): mp 129-132 "C (recrys- 
tallized from hexane); [aIz5D -74" (c = 0.66, CHCl3); MS exact 
mass calcd for ClbH&lzF&n 527.8742, found 527.8728, error = 
2.5 ppm; IR (KBr, cm-1) Ar, 1630,1605; 200-MHz NMR (CDC13) 
6 4.25-4.0 (1 H, m), 3.9 (1 H, br dd, J = 11.0, 16.3 Hz), 2.81 (1 
H, br d, J = 16.3 Hz), 1.03 (3 H, d, J = 7.3 Hz). 

5,5-Dianisyl-lO,l l-dimethyLl0,l l-dihydro-1,2,3,4,6,7,8,9- 
octafluorodibenzo[ b,fjstannepin (19). n-Butyllithium (0.22 
mL, 1.61 M in hexane, 0.4 mmol) was added to a -78 "C solution 
of 1,2-bis(tetrafluorophenyl)butane (9) (62 mg, 0.2 mmol) in 25 
mL of THF. After 5 min, a 20-mL THF solution of freshly 
prepared dianisyltin dichloride (70 mg, 0.2 mmol) was added via 
cannula. The resulting solution was warmed to room temperature 
for 30 min, poured into 30 mL of water, and extracted with ether 
(2 x 100 mL). The combined organics were dried (MgSOJ and 
evaporated (aspirator). The resulting oil was further purified by 
chromatography on silica gel to give 19 (58 mg, 48%) as an oil: 
analytical TLC (silica gel F254), 20% ethedhexane, Rf = 0.51; 
MS exact mass calcd for C30H2202F&n 686.0514, found 686.0566, 
error = 7.6 ppm; IR (CDC13, cm-') Ar, 1630,1590; 200-MHz NMR 
(CDC13) b 7.37 (4 H, d, J = 8 Hz; PlSSnH = 57.5 Hz), 6.88 (4 H, 
d, J = 8 Hz), 4.15-4.0 (2 H, m), 3.73 (6 H, a), 1.10 (6 H, br d, J 
= 5.5 Hz). 
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