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esting facets of these data is the near comparable solvolytic re
activity of secondary derivative 4-OPNB and tertiary systems 
2-OPNB and 5-OPNB.8 The contrasting high propensity of 
4-ODNB for ionization and unreactivity of 6-ODNB is notable. 
This exo/endo rate ratio may well represent the largest yet 
determined experimentally.9 Product studies, conducted under 
CaC03-buffered conditions, reveal that 2-OPNB (at 80 0C) leads 
to 1 (25%) and 2 (75%). In contrast, 4-OPNB (95 0C) and 
5-OPNB (110 0C) solvolyze to identical mixtures of 4 (18%), 5 
(70%), and hydrocarbon 8 (12%). 

Table I. Debromination of meso-l,2-Dibromo-l,2-diphenylethanea 

The global collection of data reported herein implicate pref
erential conversion of 1 to carbocation A rather than C and the 
existence of a significant barrier to that 1,2-hydride shift that leads 
from A to B. An increase in the acidity of the reaction medium 
facilitates this migration. Lastly, the ultimate conversion of 5 
to 7, made possible by good stereoalignment, may be driven by 
bridgehead strain energy considerations related to those found 
in manxanes and related medium-ring bicyclic compounds.10 
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(8) The rates for these tertiary systems are in line with those of structurally 
less encumbered tertiary norbonyl derivatives [compare: Brown, H. C; 
Chloupek, F. J.; Rei, M.-H. J. Am. Chem. Soc. 1964, 86, 1248. Brown, H. 
C; Rei, M.-H. Ibid. 1964, 86, 5004]. 

(9) See: Berson, J. A. In "Molecular Rearrangements"; de Mayo, P.; Ed.; 
Interscience: New York, 1963; p 182. 

(10) (a) Parker, W.; Tranter, R. L.; Watt, C. I. F.; Chang, L. W. K.; 
Schleyer, P. v. R. J. Am. Chem. Soc. 1974, 96, 7121. (b) Olah, G. A.; Liang, 
G.; Schleyer, P. V. R.; Parker, W.; Watt, C. I. F. Ibid. 1977, 99, 966. (c) 
Murray-Rust, P.; Murray-Rust, J.; Watt, C. I. F. Tetrahedron 1980, 36, 2799. 
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f 
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6 
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MV2+ 
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MV2+ 

PrV2 + 

MV2+ 

PrV2+ 

MV2+ 

EV2+ 

PrV2+ 

HpV2+ 

DdV2+ 

Bu4N+ 

PrV2+ 

solvent 

H2O 

H2O-CH3OH (1:1) 

CH2Cl2 

H2O-CH2Cl2 (1:3) 

DMF-H 2 O(I: ! ) 

PhC=CPh, % 

0 
4 
2 
0 
4 
5 
0 
0 
0 
0 
1 

54 
97 
95 
95 

0 
35 

° The experiment was performed with 1.4 mmol OfNa2S2O4, 
1.5 mmol of K2CO3, 0.2 mmol of the catalyst, and 1.0 mmol of 
meso-l,2-dibromo-l,2-diphenylethane in 20 mL of the solvent 
at room temperature for 40 min. b MV2+ = methylviologen, 
PrV2+ = propylviologen, EV2+ = ethylviologen, HpV2+ = 
heptylviologen, DdV2+ = dodecylviologen. 
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Viologens (l,l'-dialkyl-4,4'-bipyridinium, V2+) are known to 
undergo one-electron reduction to produce the cation radicals 
(V+-), which is easily reoxidized to V2+. Recently, viologens have 
received much attention as an electron-transfer catalyst (ETC) 
in oxidation-reduction systems,1 especially in hydrogen production 
by photoreduction of proton. We, on the other hand, have been 
interested in the reaction using V2+ as ETC for the reduction of 
organic compounds. For instance, it was found that aromatic 
aldehydes and ketones,2 a-keto esters,3 and azobenzene4 could be 

(1) Kalyanasundaram, K.; Kiwi, J.; Gratzel, M. HeIv. Chim. Acta. 1998, 
61, 2720. Okura, I.; Kim-Thuan, N. N. / . MoI. Catal. 1979, 5, 311. Kawai, 
T.; Tanimura, K.; Sakata, T. Chem. Lett. 1979, 137. Ageishi, K.; Endo, T.; 
Okawara, M. / . Polym. Sci., Polym. Chem. Ed. 1981, 19, 1085. 

(2) Ageishi, K.; Endo, T.; Okawara, M. / . Polym. Sci., Polym. Chem. Ed. 
1979, 21, 175. 

(3) Okawara, M.; Hirose, T.; Kamiya, N. J. Polym. Sci., Polym. Chem. 
Ed. 1979, 17, 927. 

P r V + 5 mM dibromide(dl-PhCHBrCHBrPh) 
Figure 1. Cyclic voltammograms of a 1 mM PrV2+ solution in 0.1 M 
LiCl EtOH at Pt electrode, scan rate 0.1 V/s. 

reduced smoothly in the presence of V2+ as ETC. 
The technique using the phase-transfer catalyst (PTC) has been 

widely used in the field of the organic synthesis.5 

We report here a study of the viologen-catalyzed debromination 
of ff'c-dibromides in heterophase to demonstrate "electron phase 
transfer" (EPT). 

Many reagents6,7 including metals, metal ions, and some nu-
cleophilic reagents have been employed for debromination. 
However, sodium dithionite, which is a cheap and available re
ducing agent, has never been applied for debromination. Firstly, 
the debromination of l,2-dibromo-l,2-diphenylethane was per
formed by sodium dithionite with or without various kinds of 
viologens, as shown in Table I. In water (runs la- lc) or 
water-methanol mixture (runs 2a-2c), debromination scarcely 
proceeded because of the insolubility of l,2-dibromo-l,2-di-
phenylethane. However, debromination proceeded in a N,N-
dimethylformamide (DMF)-H2O mixture (run 6). In dichloro-

(4) Saotome, Y.; Endo, T.; Okawara, M. Macromolecules 1983, 16, 881. 
(5) Starks, C. M.; Liotta, C. "Phase Transfer Catalysis"; Academic Press: 

New York, 1978. 
(6) Young, D. W. In "Protective Groups in Organic Chemistry"; McOmie, 

J. F. W., Ed.; Plenum: London, 1973; p 309 and references cited therein. 
(7) Mathai, I. M.; Shug, K.; Miller, S. I. J. Org. Chem. 1970, 35, 1733. 
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Table II. Two-Phase Dehalogenation of wc-Dihalide by Sodium Dithionite Using PrV2+ ' 

dihalide [R1CH(X)CH(X)R2] config time, (min) olefin • b OL vield, % 

1 X = Br, R1 = R2 = Ph erythro 
2 X = Br1R1 = R 2 =PhIh 1 Co 
3 X = Br, R1 = Ph, R2 = CO2C2H5 erythro 
4 X = B r 1 R 1 = P l ^ R 2 = H 
5 X = Br. R1 = Ph, R2 = CH2OH erythro 
6 X = Br.R1 = C 8 H 1 7 , R 2 = H 
7 X = Br1 R1 = CH31 R2 = CH2OH erythro 
8 X = Br, R1, R2 =-(CH2-I6 

9 X = Br, R1, R 2 = -(CH2-) , threo 
10 X = Cl, R1 = R2 = Ph erythro 

40 
420 

30 
150 
30 

720d 

330 
1440d 

1620d 

1440f 

T-PhC=CPh 
PhCH=CHPh0 

T-PhC=CCO2C2H5 

PhC=C 
J-PhC=CCH2OH 
C8H17C= 
J-CH3C=CCH2OH 
cyclooctene 
cyclohexene 
J-PhC=CPh 

100 
100 
100 
100 
100 

100 

97 

99 
84 
94 
24' 
97 
47' 
42' 
34 

a The reaction was performed with 1.4 mmol of Na2S2O4, 1.5 mmol of K2CO3, 0.2 mmol of propylviologen, 1.0 mmol of dihalide in 20 mL 
OfH2O-CH2Cl2 (1:3) at room temperature. b Monitored by GLC every 10 or 30 min. c EIZ = 88/12. d Viologen was completely 
decomposed at the time indicated. e Product was not isolated, and the yield was determined by GLC [spontaneous dehalogenation of 
vJc-dihalide did not occur at all in this condition (initial temp 80 0C; final temp 200 0C)] using 1-octanol as an internal standard. ^ Reaction 
was stopped at the time indicated. 
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methane (runs 3a-3c) dibromide was also recovered completely 
due to the insolubility of sodium dithionite. But rra/w-stilbene 
was obtained in the two-phase system using viologens (runs 4b-4f) 
and especially viologens having longer alkyl chains (runs 4d-4f) 
showed higher catalytic activity.8 The debromination under the 
normal phase-transfer condition (run 5) did not proceed at the 
same condition as in the presence of viologens. It was demon
strated that longer alkyl chains containing viologens carried 
smoothly the electron to the dibromide through the heterophase, 
as indicated in Scheme I. Further, an electron transfer of viologen 
radical to the dibromide was confirmed by the examination of the 
effect of added dibromide on the reversibility of the cyclic volt-
ammogram of PrV2+ (Figure 1). 

The debromination of the various w'c-dibromides was also tried 
under the same condition as run 4d in Table I. The results are 
summarized in Table II. Transisomers were obtained selectively 
from erythrodibromides, whereas trans and cis mixtures were given 
from fAra>-l,2-dibromo-l,2-diphenylethane (run 2). These results 
seems to show that the debromination may proceed by the two-step 
one-electron transfer not by E2 mechanism. The dibromides that 
have phenyl (runs 1-5) or alkyl (run 7) groups were debrominated 
quantitatively. On the other hand, cyclic dibromides (runs 8 and 
9) or 1,2-dibromoalkane (run 9) were not completely debromi
nated, and activity of viologen as the catalyst decreased gradually. 
Further, w'c-dichloride (run 10) was also found to be dechlorinated. 
The debromination of bromodiphenylmethane was further carried 
out under the same condition to isolate tetraphenylethane in 50% 
yield. This reductive dimerization indicates that carbon radical 
as the intermediate is formed by the reduction of a carbon-bromine 
bond with V+-. The debromination described in this paper may 

(8) C3V+-C9V+- are soluble in water and extracted into CH2Cl2 from 
water. 

proceed by the process in Scheme II. 
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Reactions of nucleophiles with metal carbonyl complexes have 
been the subject of intense scrutiny in recent years.2 Special 
interest has centered on hydroxide3 and hydride4 additions since 
these produce intermediates thought to be generated in catalytic 
processes relating to carbon monoxide conversion.5 

However, efforts to synthesize metallocarboxylic acids by OH" 
addition to metal carbonyl complexes have resulted in few instances 
of isolated and fully characterized products.6 Previous methods 

(1) University Predoctoral Fellow. 
(2) (a) See, for example: Davies, S. G.; Green, M. L. H.; Mingos, D. M. 

P. Tetrahedron 1978 34, 3047. (b) Clack, D. W.; Monshi, M.; Kane-Maguire, 
L. A. P. J, Organomet. Chem. 1976, 107, C40. (c) Brown, D. A.; Chester, 
J. P.; Fitzpatrick, N. H. Ibid. 1978, 158, C21. (d) Birch, A. J.; Stephenson, 
G. R. Ibid. 1981, 218, 91. (e) Brown, D. A.; Chester, J. P.; Fitzpatrick, N. 
J. Inorg. Chem. 1982, 21, 2723. (f) Brown, D. A.; Chawla, S. K.; Glass, W. 
K.; Hussein, F. M„ Ibid. 1982, 21, 2726. (g) Block, T. F.; Fenske, R. F.; 
Casey, C. P. / . Am. Chem. Soc. 1980, 98, 441. 

(3) See: Ford, P. C. Ace. Chem. Res. 1981, 14, 31 and references cited 
therein. 

(4) Gladysz, J. A. Adv. Organomet. Chem. 1982, 20, 1. 
(5) See, for example: (a) Masters, C. Adv. Organomet. Chem. 1979, 17, 

61. (b) Rofer-DePoorter, C. K. Chem. Rev. 1981, 81, 447. (c) Blackborow, 
J. R.; Daroda, R. J.; Wilkinson, G. Coord. Chem. Rev. 1982, 43, 17. 
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