
J. Org. Chem. 1981,46, 1053-1057 1053 

saturated aqueous "&1. The aqueous layer was extracted with 
ether (4 x 250 mL). The extra& were washed with 10% aqueous 
N a M 3  and dried (MgSOJ. Removal of solvent left a dark brown 
oil (113.5 g, 65%). To the crude oil in CCl, at 0 OC was added 
tert-butyl hypochlorite (500 mmol, 54.35 g, 54.1 mL). The re- 
sulting yellow precipitate was recrystallized from CHCl, to give 
105.5 g (260.8 mmol, 85%) of chloroiodinane 15: mp 166168 OC; 
'H NMR (CDClS-Eh0) 6 7.63-7.88 (m, 3L8.09 (d, 1, H ortho to 
I); '?F NMR (CDC13-EhO) 6 -76.2 (8). Into a solution of 105.5 
g of 15 in 500 mL of CHC13 was bubbled H a  for 1 h The product, 
an orange oil, was distilled (75-78 OC, 0.28 torr) to give iodo alcohol 
l l b  as a clear oil which crystallized as the dihydrate (81.1 g, 199.8 
mmol, 76.6%, overall from 3,42.3%): mp 30-32 OC; 'H NMR 
6 7.07 (t of d, 1, J = 7.8, 1.2 Hz, H para to fluoroalkyl), 7.40 (t 
of d, 1, J = 7.8, 1.8 Hz, H para to I), 7.60 (d, 1, J = 8.4 Hz, H 
ortho to fluoroalkyl), 8.10 (dd, 1, J = 7.8, 1.2 Hz, H ortho to I); 
'?F NMR 6 -74.05 (8 ) ;  mass spectrum (70 eV), m/e (relative 
intensity) 370 (100.0, M+), 301 (73.6, M+ - CF3), 231 (62.3, M+ 
- CF3 - HCFS), 204 (12.4, M+ - HI - Fa), 145 (25.7), 123 (12.6), 
105 (40.97), 77 (22.2), 76 (14.5), 69 (10.1, CFJ, 50 (10.45, CF2). 
h a l .  ( ~ $ 1 ~ ~ 0 1 . 2 ~ ~ 0 )  c, H, I. 
3,3,3',3'-Tetrakis(trifluoromethyl)- 1,1'(38,3'H)-spirobi- 

[2,l-benzoxasilole] (12). A solution of lithium reagent 3 (0.745 
mol, method B) was added over 45 min at -78 OC to stirred silicon 
tetrachloride (74.0 g, 0.436 mol) under Na The mixture was stirred 
at 25 OC for 12 h. After being quenched with water (50 mL) the 
mixture was dissolved in ether and extracted with 0.5 M HCl(4 
X 300 mL) and water (300 mL). The ether phase was dried 
(MgSO,) and filtered, and the solvent removed under vacuum. 
The reaidue was crystalked from hexane to give an off-white solid 
(119 g, 0.232 mol, 62.4%). Recrystallization of a portion of the 
crude product (54.6 g, 0.107 mol) from hexane followed by sub- 
limation gave 12 (36.7 g, 0,0716 mol, 67.0%): mp 131.8-132.2 OC; 
'H NMR 6 7.9-7.55 (m); %' NMR 6 -76.35 and -76.8 (A&, Jm 
= 7.8 Hz); mass spectrum (70 eV), m/e (relative intensity) 512 

Ha1202Si) C, H, F. 
Reactions of Silane 12. (a) With Phenyllithium. To silane 

12 (1.036 g, 2.02 mmol) in 5 mL of THF under N2 was added 
phenyllithium (1.01 mL of a 2.0 M solution in 70% benzene-ether, 
2.02 mmol). The mixture was stirred for 1 h, warmed to 25 "C, 
extracted with water, and dried (@SO,), and the solvent removed 
under vacuum to give off-white solid (1.1 g, 1.85 mmol, 91.3%). 
Recrystallization of 245 mg of product from pentane-chloro- 

(55.56, M+), 443 (100.00, M+ - CFs), 239 (78.71). Anal. (Cia- 

form-ether gave white needles (O.Os0 g, 0.101 mmol, 24.5%): 'H 
NMR (acetonads) shows the four aromatic peaka characteristic 
of 6d with minor peaks for ether and THF, 'BF NMR (acetonads) 
6 -73.4 and -74.7 (AsBs, Jm 8 Hz). Tetramethylammonium 
bromide (0.178 g, 1.16 mmol) was added to a solution of crude 
product (0.23 g, 0.386 mmol) in 15 mL of water to give a white 
precipitate (0.18 g, 0.302 mmol, 70.3%): 'H NMR (ecetone-d6) 
shows the four aromatic peaks characteristic of 6d and that due 
to tetramethylammonium cation; minor impurity peaka occur at 
6 8.1 and 2.8; '9 NMR (acetone4 6 -73.3 and -74.6 (A&, Jm 
= 9.3 Hz) for silicate 6d (combined integration = 58.9% with a 
multiplet hidden superposed on the peak at -74.6 (41.1%)). 

(a) With 4-(Dimethylamino)pyridine. To silane 12 (0.0529 
g, 0.103 mmol) in 1.5 mL of CHC& was added 4-(dimethyl- 
amino)pyridine (0.0139 g, 0.114 mmol). After 90 min of stirring 
a precipitate was removed by filtxetion, washed (CHCU, and dried 
to give 0.0309 g of silicate 13 (47.2%), mp 192-195 "C. A sample 
was purif'ied by sublimation [140 OC (0.05 torr)]: mp 203-206 OC; 
'H NMR (THF-de) 6 7.98 (m, 4.0, H ortho to Si on spirobicyclic 
rings and on pyridine ring), 7.36 and 7.14 (m, 6.9, remaining H 
on spirobicyclic rings), 6.74 (d, 2.0, remaining H on pyridine ring), 

Jm = 8.5 Hz); FD maes spectrum (3.0 kv), m/e (relative intensity) 

Calcd for C&flI2N20fii: C, 47.32; H, 2.86; N, 4.42. Found 
C, 46.83; H, 3.05; N, 4.20. 
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The reaction of (trimethy1tin)sodium with exo-5chlore and 5-bromo-2-norbomenea, endo-5bromo-2-norbomene, 
and 3-bromo- and 3-iodonortricyclene in tetrahydrofuran has been examined. Use of dicyclohexylphosphine 
as a trap for intermediate radicals by hydrogen atom transfer showed that the bromides and chloride reacted 
predominantly by way of free-radical intermediates and by geminate reactions. The geminate products showed 
complete equilibration of the intermediate radicals. 3-Iodonorbornene reacted predominantly by an anionic 
intermediate mechanism as shown by trapping of the anions with tert-butylamine. 

The reactions of group 4 organometallic anionoids with 
organic halides are frequently useful in synthesis. They 
also display characteristics which suggest interesting 
mechanistic diversity. Yet they have received relatively 
little attention and are not well understood. Thus one has 
little basis upon which to select reaction parameters which 
will lead to satisfactory yields in synthetic applications. 
These observations, along with interesting observations on 

0022-3263/81/1946-1053$01.25/0 

the stereochemistry as a function of solvent,'-3 have led 
us into a systematic study of the mechanism of organotin 
alkalis with organic halides. Among the general mecha- 
nisms which have been suggested are direct processes in- 
volving SN2 displacement on carbon2+ or four-center al- 

~~ 

(1) Sisido, K.; KGirna, 5.; Takizawa, K. Tetrahedron Lett. 1967,33. 
(2) Jensen, F. R.; Davis, D. D. J. Am. Chem. Soe. 1971, 93, 4047. 

0 1981 American Chemical Society 



1054 J. Org. Chem., Vol. 46, No. 6, 1981 Alnajjar and Kiuvila 

Table I. Reaction of 3-Iodonortric~clene ( R X )  with (Trimethvltinkodium in THF at 0 "C 

[Me,SnNal, [RXI, % % exo- % % % 
entry M M addend (concn, M) NT-Sn N B S n  NB-H NT-H total 

1 0.24 0.14 
2 0.24 0.14 TBA (0.1 3) 
3 0.24 0.15 TBA (0.32) 
4 0.24 0.15 TBA (0.70) 
5 0.24 0.15 TBA (1.4)  
6 0.24 0.14 TBA (1.7)  
7 0.27 0.15 DCPH (0.9) 
8 0.36 0.19 TBA (1.9),  DCPH (1.3) 

kyl-metal e~change ,~  those involving carbanion interme- 
d i a t e s , ' ~ ~ . ~ - ~ * ~  and those involving free  radical^.^.'*^*^ Two 
or even three of the mechanisms may occur in competition 
in the reaction with a given halide.'"J' This has been 
established by trapping free-radical intermediates with 
dicyclohexylphosphine and anionic intermediates with 
tert-butyl alcohol or tert-butylamine. 

In the work repored here we have chosen to examine 
norbomenyl and nortricyclyl halides. Because of steric and 
anglular strain in the transition state, the SN2 mechanism 
would have a high activation energy, making it probable 
that the free-radical and/or anionic mechanisms would be 
the dominant processes. Both trapping studies and the 
facile interconversion of nortricyclyl and norbornenyl in- 
temediates also could serve as probes for providing com- 
plementary information. 

Results 
Replicate reactions of the halides with (trimethyltin)- 

sodium in tetrahydrofuran (THF) were conducted usually 
a t  0 "C. Control experiments established the course of the 
overall reactions which gave high yields of isomeric sub- 
stitution products (Scheme I). Trapping of carbanion 
intermediates was effected with tert-butylamine (TBA).l0J1 
Dicyclohexylphosphine (DCPH) was used to trap free 
radicals.l0J' It also traps anions because its pK of about 
38 is sufficiently low to make it a good proton donor to 
simple carbanions. However, it proved to be less efficient 
than TBA in this respect in most cases. If both TBA and 
DCPH effected trapping, experiments were also conducted 
with both used together. Results will be discussed in terms 
of Scheme I in which Sn is Me3Sn, an asterisk on carbon 
represents an unpaired electron or a halogen atom, and 
T-H represents either TBA or DCPH as a proton or hy- 
drogen atom donor. The reactions between T-H and R* 
must occur after the latter have diffused from the solvent 
cage in which they were formed. Those between Sn* and 
R* may be geminate and, therefore, could not be distin- 
guished in this study from direct reaction between RX and 
SnNa. 

When DCPH was effective in trapping R-, the appear- 
ance of hexamethylditin (Sn-Sn) was noted along with a 

(3) Kuivila, H. G.; Considine, J. S.; Kennedy, J. D. J. Am. Chem. SOC. 

(4) Koermer, G. G.; Hall, M. L.; Traylor, T. G. J. Am. Chem. SOC. 1972, 

(5) Rahm, A.; Pereyre, M. Tetrahedron Lett. 1973, 1333. 
(6) Bock, P. L.; Whitesides, G. M. J. Am. Chem. SOC. 1974,96,2826. 
(7) Kuivila, H. G. Ann. N. Y. Acad. Sci. 1974, 239, 315 (by analogy 

with a proposal for a germylalkali reaction by: &born, C.; Hill, R. E. E.; 
Simpson, P. J. Organomet. Chem. 1972, 37, 275). 
(8) Kitchi?, W.; Olszowy, H.; Waugh, J. J. Org. Chem. 1978,43,898. 
(9) (a) Krusm, P. J.; Fagan, P. J.; San Filippo, J., Jr. J. Am. Chem. SOC. 

1977,99,250. (b) San Filippo, J., Jr.; Silberman, J.; Fagan, P. J. J. Am. 
Chem. SOC. 1978,100,4835. 

(10) Kuivila, H. G.; Smith, G. F. J. Org. Chem. 1980, 45, 2918. 
(11) Smith, G. F.; Kuivila, H. G.; Simon, R.; Sultan, L. J. Am. Chem. 

SOC., in press. 

1972,94, 7206. 
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peak in the gas chromatogram with a higher retention time 
than that of DCPH. This suggests that the stoichiometry 
of the trapping reaction in such a case is as shown in eq 
1. Similarly, when TBA was effective in trapping, the 
2RX + 2 SnNa + 2RzPH - 

2RH + Sn-Sn + RzP-PRz + NaX (1) 

appearance of hexamethylditin was noted, but no other 
new peak appeared in the chromatogram, suggesting the 
overall reaction of eq 2. The Sn-Sn of eq 1 is formed by 
RX + 2SnNa + 2RNHz - 

RH + Sn-Sn + RNHNa + NaX (2) 

coupling of Sn., and that of eq 2 is formed by the reaction 
between SnX and SnNa To assure complete consumption 
of halide, we used an excess of (trimethy1tin)sodium in all 
experiments. High mass balances of the C, units indicated 
that no significant side reactions were consuming the 
halides. 

The 3-substituted nortricyclenes and 5-substituted 2- 
norbornenes are designated in the following text and in 
the tables by symbols shown in Scheme I. 

3-Iodonortricyclene. Results obtained with NT-I are 
gathered in Table I. Entry 1 shows that good yields of 
the substitution products NT-Sn and exo-NB-Sn are ob- 
tained, with the former predominating by a factor of 5. In 
addition, about equal amounts of NT-H and NB-H are 
obtained. Entries 2-6 reveal that TBA causes an increase 
in the yield of the hydrocarbons at  the expense of the 
organtins. Only about 9% of the latter is obtained at the 
highest TBA concentration. The presence of DCPH also 
increases the yield of reduction products a t  the expense 
of substitution, but the effect for a given concentration is 
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Table 11. Reaction of 5-Bromo-2-norbornenes (NB-Br) with (Trimethy1tin)sodium in THF at 0 "C 
[Me,SnNal, [RXI, addend % %exo- % % % 

entry isomer M M (concn, M )  NT-Sn NB-Sn NB-H NT-H total 

1 e x o  0.38 0.17 73 26 0 0 99 
2 0.38 0.17 TBA (0.58) 69 22 3 <1 95 
3 0.31 0.16 DCHP (0.51)  35 12 25 28 100 
4 0.31 0.16 DCHP (0.98) 22 7 34 35 98 
5 0.31 0.16 DCHP (1 .5)  22 7 37 36 102 
6 endo 0.36 0.14 73 26 0 0 99 
7 0.36 0.14 TBA (0.49) 67 21 2.9 1.5 93 
8 0.36 0.14 DCPH (0.49) 47 15 19 16 97 

10 0.37 0.11 DCPH (0.99) 29 9 28 27 93 
11 0.37 0.12 DCPH (1.3) 25 8 34 33 100 

9 0.37 0.11 DHPH (0.66) 37 12 25 22 96 

Table 111. Reaction of 3-Bromonortricyclene ( R X )  with (Trimethy1tin)sodium in THF 

[Me,SnNal, [RXI, addend % % exo- % % % 
entry M M (concn, M )  NT-Sn NB-Sn NB-H NT-H total 

1 0.35 0.25 72 23 <1 <1 95 
2 0.35 0.23 TBA (0.69) 72 26 3.0 <1 100 
3 0.31 0.14 DCPH (0.42) 58 18 12 13 101 
4 0.30 0.14 DCPH (0.84) 45 12 21 21 99 
5 0.35 0.14 DCPH (1 .2)  35 8.1 24 27 94 

0.15 22 5.5 35 37 98 
70 21 < 1  <1 92 

6 0.30 
7 0.35 

Table IV. Reaction of exo-5-Chloro-2-norbornene ( R X )  with (Trimethy1tin)sodium in THF at 2 3  i 1 "C 

[Me,SnNal, [RXI, addend % % % % % 
entry M M (concn. M )  NT-Sn NB-Sn NB-H NT-H total 

1 0.40 0.14 
2 0.44 0.14 TBA (0.42) 
3 0.44 0.14 DCPH (0 .42)  
4 0.44 0.14 DCPH (0 .81)  
5 0.44 0.13 DCPH (1 .2)  

smaller than that for TBA. When the two traps were used 
together (entry €9, the yields of substitution products were 
decreased to ca. 6% from the 10% formed when TBA was 
used alone. The ratio of NT-H to NB-H changes from 
unity in the absence of a trap to 3.25 in the presence of 
0.9 M DCPH and to about 10 in the presence of 1.7 M 
TBA. 

5-Bromo-2-norbornenes. Both the exo and endo iso- 
mers were examined with the results displayed in Table 
11. The results are strikingly similar for the two cases. 
In the absence of a trap virtually quantitative yields of 
NT-Sn (73%) plus NB-Sn (26%) were obtained with no 
detectable hydrocarbon products. In the presence of TBA 
the yields were similar although small amounts of the 
hydrocarbons (<4%) were observed. In the presence of 
increasing amounts of DCPH the yield of substitution 
products decreased to about 30% while that of the hy- 
drocarbons increased to about 70%. The NT-Sn and 
NB-Sn formed by the geminate reaction were in the ratio 
of 3:1, and the same was true of that formed from trap- 
pable radicals which was taken as the difference between 
the amounts formed in the experiments of entries 1 and 
5 and of entries 6 and 11. The results are seen to be almost 
identical, the exception being that trapping by DCPH 
appears to be more efficient at the lower concentrations 
with the exo isomer than with the endo. 

3-Bromonortricyclene. In this case, as with the isom- 
eric bromides, the yield of substitution products was vir- 
tually quantitative, with only traces of reduction produds 
being observed (Table 111). TBA gave only 4% of hy- 
drocarbon, but increased amounts were formed with in- 
creased concentrations of DCPH. NB-H and NT-H were 
formed in essentially equal amounts. The geminate NT- 
SnINB-Sn ratio was 4 for geminate reaction and about 

71 25 0 0 96 
71 26 0 0 97 
59 23 5.2 5.4 93  
55 23 9 .3  9.7 98 
35 23 15 17 90 

2.9 for product formed from diffusive combination of 
radicals. These results are, as expected for free-radical 
processes, very similar to those obtained for the bromo- 
norbornenes. 

The high efficiency of DCPH as a radical trap was em- 
phasized by the observations that 1,6cyclohexadiene was 
ineffective as a trap, as shown by the results in entry 7. 
exo-5-Chloro-2-norbornene. Entries 1 and 2 of Table 

IV show that the results with this chloride are very much 
like those observed with the three bromides discussed 
above in the absence of a trap and in the presence of TBA. 
Qualitatively they are also similar when DCPH is present. 
However, there is a significant quantitative difference. At 
1.2 M DCPH a total of 32% of hydrocarbons is formed 
from em-NB-C1 whereas a t  0.98 M DCPH the hydro- 
carbon yield is 73% from em-NB-Br. This indicates 
considerably more geminate reaction in the case of the 
chloride. I t  should be noted that the yield of eno-NB-Sn 
from em-NB-C1 remains almost constant in all five ex- 
periments. This suggests the possibility of an SN2 mech- 
anism as its origin. But inversion should yield endo-NB- 
Sn. Careful examination of its proton magnetic resonance 
spectrum showed that the methyl protons at  tin appeared 
at 6 0.02 vs. 6 -0.13 for the endo isomer, and the vinyl 
protons appeared as two unsymmetrical quartets centered 
at 6 6.10 and 5.81 vs. a triplet centered at  S 5.90 for the 
endo isomer.12 

3-Chloronortricyclene. Satisfactory results were not 
obtained with this substrate. The reaction was extremely 
slow at  ambient temperature-about 50% reaction oc- 
curred in 1 day, and only a half of the halide which was 

(12) Kennedy, J. D.; Kuivila, H. G.; Pelczar, F. L.; Tien, R. Y.; Con- 
sidine, J. L. J.  Organornet. Chern. 1973,61, 167. 
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scure at this time. A similar phenomenon was observed 
in the reaction of exo-NB-C1 from which the yield of 
NB-Sn remained virtually constant as the DCPH con- 
centration was varied, although the yield of NT-Sn de- 
creased with increased DCPH concentration (Table IV). 

We previously observed that cyclic secondary bromides 
such as cyclopentyl, cyclohexyl, and 2-adamantyl reacted 
by a free-radical mechanism.l' In these cases lees than 7% 
of geminate reaction was observed with concentrations of 
DCPH around 1.8 M. The 5-bromo-2-norbornenes and 
3-bromonortricyclene studied in this work showed 32 % 
and 28% coupling of trimethyltin and cycloalkyl radicals, 
respectively. These figures are somewhat higher than have 
been usually observed. The reduction products NT-H and 
NB-H are formed in essentially equal amounts. The 
geminate coupling products NT-Sn and exo-NB-Sn are 
formed in a ratio of about 3:1, and the products formed 
from coupling of diffusively separated radicals are formed 
in the ratio of about 2.7:l from all three isomeric bromides. 
This reveals that equilibration of the norbornenyl and 
nortricyclyl radicals is fast relative to their rates of diffusive 
separation. Because this also indicates anticipated low 
activation energies for coupling, the figure 2.7:l should 
represent reasonably well the proportions of the isomeric 
radicals at equilibrium. Thus the fact that equal amounts 
of reduction products result from trapping of the radicals 
by DCPH suggests that norbornenyl radicals react about 
2.7 times faster with DCPH than do nortricyclyl radicals. 

The norbornenyl-nortricyclyl radical system has been 
the subject of a number of investigations.'* Germane to 
this work are observations concerning the rate constant 
for the interconversion of the radicals. On the basis of 
limited data on the triphenyltin hydride reduction of 3- 
bromonortricyclene,16 one estimate for this constant is 
about lOa s-l.16 Another study on the 7-acetoxy analogue 
led to a value of 4 X lo7 s-l.17 Our results indicate a value 
of a t  least lo@ s-l because the equilibration of the isomers 
competes effectively with diffusion. 

Experimental Section 
General Methode. Proton nuclear magnetic reaonance spectra 

were obtained at 60 MHz by using a Varian A-60A instrument. 
Samples requiring '9c spectra were obtained at 90 MHz by using 
a Bruker WH-90 NMR spectrometer. Analytical gas chromato- 
graphic analyses were performed on an F&M Hewlett-Packard 
Model 5750 instrument equipped with a thermal-conductivity 
detector. Analysis of the products from the norbornenyl and 
nortricyclyl halides waa performed on a 16 f t  X 0.25 in stain- 
less-steel column packed with 10% Apiezon L on Chromosorb 
W, AW-DMCS. The injection port and detector were maintained 
in the temperature range of 250-270 "C. Peak areas in the 
chromatogram were determined by digital integration with a 
Columbia Scientific Industries automatic digital integrator, Model 
CRS-208, equipped with an angular base-line corrector and a 
digital printer. Yields were determined by using internal standard 
techniquea, with standardization plots as reaponse factors obtained 
from authentic samples. 

All reactions with (trimethy1tin)mdium were conduded under 
an atmosphere of high-purity nitrogen (99.996%). Tetrahydro- 
furan (THF) was dried by distillation from molten potassium. 
3-Bromonortricyclene was prepared by the method of Kwart and 
Kaplan.'* exo-5-Bromo-2-norbornene was prepared by the 

Scheme I1 
NatD- t NT-H NE-H t D-Na' 

D--H t k T  D-H t k B  

NT-Na' NB-Nat 

SnI 1 k s T  SnI 1 k s B  

1- t NT-Sn NB-Sn t I- 

consumed could be accounted for as substitution or re- 
duction product. The rate or course of the reaction was 
not affected by the presence of 0.76 M TBA. The presence 
of DCPH in concentrations up to 1.4 M resulted in de- 
creases in the rate of the reaction, the appearance of re- 
duction products, and the absence of substitution products, 
suggesting that no geminate reaction occurs in this case. 
However, the nature of the results does not permit defi- 
nitive conclusions to be drawn. 

Discussion 
The results of the reaction of NT-I with Me3SnNa 

clearly indicate that the reaction goes entirely by a halo- 
gen-metal exchange process followed by reaction of non- 
geminate NT-Na and NB-Na with Me3SnI. They also 
permit elimination of a two-step electron-transfer for the 
halogen-metal mechanism as shown in eq 3. The results 
NT-I + SnNa - NT-Sn*Na+I- - NT-Sn+Nu+I- (3) 
obtained with the bromides, which display electron 
transfer, lead to a t  least 30% of geminate product for- 
mation. The iodide leads to less than 6% of geminate 
product formation. The process of eq 3 thus is reasonable 
only if the presence of iodide in the geminate cluster leads 
to much faster electron transfer or slower alkyl-tri- 
methyltin radical coupling than the presence of bromide. 

The ratio % NT-H/ % NB-H is nearly constant with a 
value of 10 f 2 in the TBA trapping experiments. This 
suggests equilibration of the carbanions as depicted in 
Scheme 11. If D-H is the solvent, kT and k~ are slow 
relative to the equilibration of the anions, and the dis- 
tribution of hydrocarbon products is determined by the 
position of the equilibrium and the magnitudes of kT and 
kg. When D-H is TBA, these rate constants are much 
larger, the NT- can be trapped to a large extent before 
conversion to NB-, and NT-H is the major reduction 
product. When D-H is DCPH, the rate constants are 
intermediate, and NT-H predominates over NB-H as re- 
duction product, but to a lesser degree than in the case of 
TBA. Similarly, SnI reacts, with rate constant k l ~ ,  suf- 
ficiently fast so that only partial equilibration occurs, and 
NT-Sn is formed in greater yield than NB-Sn. These 
results for trapping of the anions with proton donors differ 
from those observed by Stille and Sannes.13 They gen- 
erated the nortricyclyl and the 5-norbornenyl anions by 
oxidation of the hydrazines in basic tert-butyl alcohol or 
water and found a 57143 ratio of nortricyclene to nor- 
bornene. This could well be due to solvent effects on the 
equilibria between the carbanions. However, these resulta 
do indicate that the equilibration of the anions is fast 
because it is complete in the presence of much better 
proton donors than TBA. 

In the trapping experiments with TBA or DCPH alone 
the yield of exo-NB-Sn remained essentially constant while 
that of NT-Sn varied with the concentration of TBA. Also 
the yield of NT-Sn was unexpectedly high when DCPH 
was the trap. The reasons for these observations are ob- 

(13) Stille, J. K.; Sannes, K. N. J. Am. Chem. SOC. 1972, 94, 8494. 

(14) For reviews see: (a) Davies, D. I.; Cristol, S. J. In "Advances in 
Free-Radical Chemistry"; Williams, G. H., Ed.; Logos Press: London, 
1965; Vol. 1, p 156 ff. (b) Wilt, J. W. In "Free Radicals"; Kochi, J., Ed.; 
Wiley-Interscience: New York, 1973; Vol. 1, p 466 ff. 

(15) Warner, C. R.; Strunk, R. J.; Kuivila, H. G. J. Org. Chem. 1966, 
31, 3381. 

(16) Carbon, D. J.; Ingold, K. U. J. Am. Chem. SOC. 1968,90,7047. 
(17) Chambers, V. M. A.; Jackson, W. R.; Young, G. W. Chem. Com- 

(18) Kwart, H.; Kaplan, L. J. Am. Chem. SOC. 1954, 76, 4072. 
mun. 1970, 1275. 
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method of Kwart and Ka~1an.l~ The endo isomer was prepared 
by the method described by Roberts et aL20 5-Chloro-2-nor- 
bornene was obtained by the addition of hydrogen chloride to 
norb~rnadiene.’~ 3-Chloronortricyclene was prepared by the 
addition of chlorine to norbornene.21 

3-Iodonortricyclene was prepared by the following modifi- 
cation of the procedure of Diner and Lownan Silver nitrate (61.1 
g, 0.36 mol) was dissolved in 300 mL of chloroform and 150 mL 
of pyridine. Iodine monochloride (66.8 g, 0.40 mol) in 150 mL 
of pyridine was added dropwise to the stirred solution. The 
resultant mixture was filtered and washed with 100 mL of pyr- 
idine. Norbornene (36.0 g, 0.38 mol) was added at once to the 
filtrate. After the mixture was stirred for 4 h, 200 mL of ether 
was added, the mixture was filtered, the filtrate was washed 
repeatedly with water, dried over magnesium sulfate, and con- 
centrated, and the product was distill& bp 40 OC (0.6 torr); 40% 
yield. 

(Trimethy1tin)sodium was prepared in THF solution and its 
concentration determined as previously described.” 

Reaction of (Trimethy1tin)sodium with Halides. In a 
typical trapping experiment appropriate amounts of halide and 

(19) Kwart, H.; Kaplan, L J.  Am. Chem. SOC. 1955, 77, 2821. 
(20) Roberta, J. D.; Trumbull, E. R.; Bennett, W.; Armstrong, R. J .  

(21) Poutama, M. L. J.  Am. Chem. SOC. 1965,87,4293. 
(22) Diner, M. E.; Lown, J. W. Can. J. Chem. 1971,49, 403. 

Am. Chem. SOC. 1950, 72, 3116. 

DCPH or TBA were added to THF to form solutions of the 
desired concentrations which were cooled in ice a t  least 15 min 
under nitrogen. A THF solution of (trimethy1tin)sodium at 0 OC 
was added in approximately 2-fold excess over halide. Reactions 
with bromides and the iodide were complete almost upon mixing; 
5-chloro-2-norbornene required about 1 h for completion. Yields 
of isomeric organotin substitution products and of hydrocarbons 
were determined by GLC. 

(Norborn-2-en-5-yl)trimethyltin was isolated from reactions 
of 3-bromonortricyclene and 5-chloro-2-norbornene with (tri- 
methy1tin)sodium: NMR 6 0.06 (2J(11sSnC-H) = 49.5 Hz, 9 H, 
(CH&$n), 5.9 (m, 2 H, HC=CH), 0.83-1.43 (m, 7 H, C6H7).29 
3-Nortricyclyltrimethyltin was isolated from the reaction of 3- 
bromonortricyclene: NMR 6 0.048 (2J(11sSnC-H) = 50.7 Hz, 9 
H, (CH2)*Sn), 0.83-1.43 (m, 9 H, C7He).= 
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Although aryllithium reagents usually react with acid chlorides to yield tertiary alcohols, the addition at -100 
“C of aroyl chlorides to lithium o-lithiobenzoate and its congeners affords a useful route to o-benzoylbenzoic 
acids. The usefulness of this new method is illustrated by the synthesis of four o-benzoylbenzoic acids which 
experience has shown to be difficult or impossible to prepare by previously available methods. These acids include 
2-benzoyl-5-methoxybenzoic acid, 2-(3-methoxybenzoyl)-5-methoxybenzoic acid, 2-(2,3-dimethoxybenzoyl)benzoic 
acid (a new intermediate for the preparation of alizarin dimethyl ether), and 2-(3,4,5-trimethoxybenzoyl)- 
4,5-(methy1enedioxy)benzoic acid, a degradation product of podophyllotoxin. 

With certain exceptions the reaction of an organolithium 
reagent with an acid chloride can be expected to lead to 
a tertiary alcoh01.~ Wakefield4 states that “Halide ions 
are such good leaving groups that elimination from the 
complex ... must take place almost synchronously with ad- 
dition to the carbonyl group. Thus it is almost impossible 
to avoid a situation where the ketone and organolithium 
reagent are present together so that the final product is 
a tertiary alcohol”. The few intances6 in which satisfactory 
yields of ketones have been obtained by the reaction of 
organolithium reagents with acid chlorides appear to be 
those in which the ketone formed is so sterically hindered 
as to limit further reaction. 

The purpose of the present work was to discover whether 
satisfactory yields of keto acids could be obtained by re- 

(1) Deceased May 21, 1976. 
(2) Pharmacological Research Trainee. 
(3) Gilman, H.; Van Ess, P. R. J.  Am. Chem. SOC. 1933, 55, 1258. 
(4) Wakefield, B. J. “The Chemistry of Organolithium Compounds”; 

Pergamon Press, Ltd.: Oxford, 1974; pp 21-25. 
(5) For example, see: Locksley, H. D.; Murray, I. G. J. Chem. SOC. C 

1970, 392; Fuson, R. C.; Tull, R. J. Am. Chem. SOC. 1949, 71, 2543. 

action of acid chlorides with lithium 2-lithiobenzoate and 
its congenersS6 We have found that direct addition of 
benzoyl chloride to lithium 2-lithiobenzoate (1) at  -100 “C 
affords a 62% yield of pure 2-benzoylbenzoic acid (5a). 
Similar yields were obtained with p-anisoyl and rn-anisoyl 
chlorides (Table I), but the more sterically hindered ortho 
isomer gave only a 40% yield of the desired keto acid (5d). 
Analysis of the reaction mixture from the o-methoxy- 
benzoyl chloride reaction showed, after hydrolysis, the 
presence of anisic acid and the absence of high molecular 
weight byproducts, even after the reaction mixture had 
been allowed to warm to room temperature, suggesting that 
the rate of anionic decay for 1 is greater than the rate of 
addition to the ortho-substituted carbonyl group of the 
acid chloride. In each experiment the acid chloride was 
added directly to the organolithium reagent (1); hence all 
but the last increment must be exposed to the action of 

(6) Parham and Sayed (J. Org. Chem. 1974,39,2053) have reported 
preliminary experimenta in which unsatisfactory yields were obtained 
when lithium 2-lithiobenzoate WEE allowed to react with orthesubstituted 
benzoyl chlorides. 
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