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The alkene proportions from the dehydrohalogenation of eight secondary and six tertiary aliphatic bromides, 
four 1-bromc-1-alkylcycloalkanee, three dibromobutanea, and 2-hexyl chloride and iodide with the hindered amidine 
l,&diazabicyclo[5.4.0]undec-7-ene (DBU) have been determined. For secondary bromides, the ratios of the more 
substituted alkene (Saytzeff product) to less substituted alkene (Hofmann product) are on the order of 91; for 
tertiary bromides, the corresponding ratios are 2-31 for aliphatic systems and >61 for cycloalkyl systems. The 
presence of a tertiary or benzylic 8-H favors the Saytzeff product. Chain branching or elongation of the tertiary 
aliphatic bromides has only a small effect upon the regioselectivity. Activation of the 8-H with a bromine atom 
considerably reduces the regioselectivity. For 2-halohexanes, the proportion of Saytzeff product increases in 
the order chloride < bromide < iodide, while the trans/cis ratio increases in the eame order from 4.9 to 9. Reduced 
regie and stereoselectivitiea were observed when 2-hexyl p-tolueneaulfonate was treated with DBU. The thermolysis 
of the same compound gave a mixture of 1-, 2-, and 3-hexene. 

The formation of a carbon-carbon double bond by 0 
elimination (eq 1) is an ever-important operation in organic 
RR'CHCHXCHB -HX- RR'CHCHXHZ + 

Hofmann 
RR'C==CHCH3 (R # R', cis/trans) (1) 

chemistry' and has been the object of extensive research 
both for synthetic purposes and also for gaining mecha- 
nistic information aimed at  obtaining an understanding 
of the factors which affect and determine alkene propor- 
t iom2 Numerous conditions in which the base and sol- 
vent have been varied have been examined to determine 
the effects on regioselectivity (the proportions of Saytzeff 
and Hofmann products that are formed) and stereoselec- 
tivity (in the case of geometrical isomers that are formed). 

While 1-alkenes may be formed from primary alkyl 
bromides and t-BuOK in tert-butyl alcohol? it is clearly 

Saytzeff 

(1) (a) W. Carruthers, "Some Modern Methods of Organic Synthesis", 
2nd ed., Cambridge University Press, Cambridge, 1978, pp 89-160, (b) 
J. March, "Advanced Organic Chemistry", McGraw-Hill, Tokyo, 1977, 
Chapter 17; (c) M. Schlosser, 'Methoden der Organiechen Chemie 
(Houben-Weyl)", Vol. v/lb, 4th ed, Georg Thieme Verlag, Stuttgart, 1972, 
pp 134-179; (d) C. A. Buehler and D. E. Pearson, "Survey of Organic 
Syntheses", Vol. I, Wiley-Interacience, New York, 1970, pp 71-80; Vol. 
11, 1977, pp 79-88, and references cited therein. 
(2) (a) T. H. Lowry and K. Schueller Richardson, "Mechanism and 

Theory in Organic Chemistry", Harper and Row, New York, 1976 pp 
355-377; (b) R. A. More OFerrall in "The Chemistry of the Carbon 
Halogen Bond", S. Patai, Ed., Interscience, London, 1973, pp. 609-676. 
(c) W. A. Saunders, Jr., And A. F. Cockerill, "Mechanism of Elmination 
Reactions", Interscience, New York, 1973. (d) R. A. Bartach, Acc. Chem. 
Res., 8, 239 (1975). (e) D. J. McLennan, Tetrah$ron, 31, 2999 (1975). 
(f) A. C. Knipe in "Organic Reaction M W  , Interscience, London, 
1975,1976; A. F. Hegarty, ibid., 1977,1979, 1981. (g) A. F. Cockerill and 
R. G. Harrison in "The Chemistry of Double-Bonded Functional Groups", 
S. Patai, Ed., Interscience, London, 1977, p 149. 
(3) P. Veeravagu, R. T. Arnold, and E. W. Eigenmann, J.  Am. Chem. 

SOC., 86, 3072 (1964). 

much more difficult to find simple conditions which pro- 
vide high regioselectivity and stereoselectivity with good 
yields in eliminations from secondary or tertiary substrates. 
Thus treatment of 2-bromopentane with EtOK in refluxing 
ethanol afforded 74% total yield of 1- and 2-pentene, re- 
spectively, in a ratio of 1:2 and with a trans/& ratio of 
the latter of 2.8;4 the regioselectivity could be reversed, 
however, by using instead of ethoxide the highly hindered 
~-BUOK.~" &+-promoted eliminations of 2-bromoalkanes 
were found to proceed with a very high regioselectivity 
(Saytzeff products preferred) and with trans/cis ratios 
ranging from 1.1 to 2.8.' Ultrahigh regioselectivity fa- 
voring the Saytzeff product can be achieved when 2-alkyl 
bromides or sulfonate esters are treated under E2C-like 
conditions with a very weak (and soft) base.'jt8 From a 
preparative viewpoint, these reactions are associated in 
general with disadvantages such as tedious isolation pro- 
cedures, moderate yields (in part due to competitive sub- 
stitution reactions3), and long reaction times.g 

It is thus clear that a method which combines regiose- 
lectivity and stereoselectivity with an easy isolation pro- 
cedure and good yield is needed. Highly hindered tertiary 
amines are finding an increasing use in synthetic work;1° 

(4) H. C. Brown and 0. H. Wheeler, J. Am. Chem. SOC., 78, 2199 

(5) H. C. Brown, 1. Moritani, and Y. Okamoto, J.  Am. Chem. Soe., 78, 

(6) I. N. Feit, K. K. Breger, A. M. Capobianco, T. W. Cooke, and L. 

(7) R. A. Bartach and G. M. Pruss, J. Org. Chem., 37, 458 (1972). 
(8) D. J. Lloyd and A. J. Parker, Tetrahedron Lett., 637 (1971). 
(9) For other alkene forming reactions, see ref. IC, d. Dehydration of 

alcohols under relatively mild conditions has been reported by R. V. 
Hoffman, R. D. Bishop, P. M. Fitch, and R. Hardenstein, J.  Org. Chem., 
45, 917 (1980). 
(10) H. Oediger, F. Mijller, and K. Eiter, Synthesis, 591 (1972). See 

also for example the inside cover of J .  Org. Chem., 46 (3 )  (1981). 

(1956). 

2193 (1956). 

F. Gitlin, J. Am. Chem. SOC., 97, 2477 (1975). 
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Table I. Composition of Alkenes Formed by Dehydrobromination of Secondary and Tertiary Bromides with DBU 
composition" 

expt R in RBr 
2-alkene overall 

1 -a1 kene (translcis ratio) yield, % 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
12 
13 
14 
15  
16 
17 
18 

CH,CH,CH,CHCH, 
CH,CH,CHCH,CH, 
CH,CH,CH,CH,CHCH, 
CH,CH,CH,CH,CH,CHCH, 
(CH,),CHCHCH, 
PhCH,CHCH, 
BzCHCH,CH, 

CH,CH,CH,C(CH,), 

c-C,H,,CHCH, 
CH3CH2C(CH3)2 

(CH3)2CHC(CH3)2 

(CH3)2CHCH2C(CH3)'2 

(CH3)3CCH2C(CH3)2 
PhCH,C( CH,), 
1-me thylcy clopen tyl 
1 -methylcy clohex yl 
1-ethylcyclohexyl 
1 -methylcycloheptyl 

10 

12  
14  

4 
< 2  

6c 
30 
29 
25 
8 

34 
61 
21 

6 
4 

10  
16 

90 (8.5) 
100 (6.8) 

86 (5.7) 
96 

>98617) 
94 
70 
71 
75 
92 
66 
39 
79 
94 
96 
90 
84 

88 (5.5) 

80 
85 
75 
80 
70 
60 

100 
>55 

95 
90 

100 
85 
95 

100 
100 

95 
65 

> 50 
a By 'H NMR spectroscopy. By 13C NMR spectroscopy (+0.3). BzCH=CHCH,. PhCH=CHC,H,. 

Table 11. Composition of hoducts  from Dehydrobromination of Dibromobutanes with DBU 
overall 

expt dibromide productsa (% yield) yield, % 

19 CH,CH,CHBrCH,Br CH,CH,CBr=CH, (57), CH,CH,CH=CHBr (43; cis/trans, l:l)c 70 
20 meso-CH,CHBrCHBrCH, CH,CBrCH=CH, (< 3), CH,CH=CBrCH, (>97; cis/trans, l:l)c 75 
21 CH,CHBrCH,CH,Br alkylation, no volatile products 0 

a By 'H NMR; for peak assignments, see ref 26 and R. Y. Tien and P. I. Abell, J. Org. Chem., 35,956 (1970). No trace 
of crotyl bromide was found in this experiment (for GLC, see text). By GLC. 

Table 111. Composition of Hexenes from Elimination Reactions of Various Substrates under Different Conditions 

expt reaction 

% composition 
under E2H 

% composition conditions 
komP, 1- 2- 3- 1- 2- 

C hexeneatb hexene b ,e  hexeneb hexene hexenee 
22 C H,CH , CH, CH,CHBrCH , + DBN 85 16  4.5 28 3.0 
23 CH,CH,CH,CH,CHClCH, + DBU 170 19  4.9 33 2.9 

25 CH,CH,CH,CH,CHICH, + DBU 90 9C 9.1 19 3.6 
26 CH,CH,CH,CH,CH( OTs)CH, 150 14 1.8 1 5  
27 CH,CH,CH,CHBrCH,CH, + DBU 85 0 5.0 58 

24 CH,CH,CH,CH,CH,CH(OTs)CH, + DBU 125 27 3.0 33 1.9 

By IH NMR. By I3C NMR. Total hexene yield = 75%. 
mixture. 

due to their lack of nucleophilicity, they are used as proton 
acceptors in many reactions. One of these, l,&diazabi- 
cyclo[5.4.0]undec-7-ene (DBU), was reported by Oediger 
and Moller to dehydrobrominate 2-bromoalkanes with a 
regioselectivity of 4:l in favor of the Saytzeff product." 
In a recent experiment in this laboratory, it was found that 
DBU converted 2-bromopentane into 1- and 2-pentene in 
a total yield of 80% and in a ratio of 1:9, with the latter 
in a trans/cis ratio of 8. In the light of this promising 
result, an investigation of DBU as a dehydrohalogenating 
reagent seemed warranted. Herein are reported the yields 
and proportions of alkenes formed from various secondary 
and tertiary alkyl and cycloalkyl bromides, dibromo- 
butanes, and some other derivatives. 

Results and Discussion 
The alkenes formed were easily separated by distillation, 

vacuum transfer into a cooled trap, or extraction with ether 

With sodium methoxide in m e t h a n ~ l . ' ~ ~ ? ~ '  e Trans/& 

of the product mixture, which was obtained by heating 
equimolar amounts of substrate and DBU for 5-20 min 
after the appearance (3 min) of a white precipitate (or 
syrup). Tertiary bromides reacted faster than secondary 
ones. The reported yields correspond to reactions carried 
out on a 4-10-mmol scale.12 The  results obtained for 
secondary and tertiary aliphatic and alicyclic bromides are 
shown in Table I, those for dibromobutanes appear in 
Table 11, and those for 2-hexyl chloride, iodide, and to- 
sylate are in Table 111. 

The eliminations of secondary aliphatic bromides all 
proceed with a high regioselectivity favoring the Saytzeff 
product (expt 1, 3, 4) and which is enhanced when the 
abstracted 8-H is tertiary or benzylic (expt 5-7); the en- 
hancement also prevails when the secondary 0-H is ben- 
zylic (expt 7). The cyclohexyl group could seem to impose 
some steric hindrance since an appreciable amount of the 
Hofmann product was produced (expt 8). 

(11) H. Oediger and F. Mbller, Angew. Chem., 79,53 (1967); Angew. 
Chem., Int. Ed. Engl. 79 76, (1967). 

(12) A working d e  of 0.5 mol has been reported by H. Oediger, H.-J. 
Kabbe, F. Moler, and K. Eiter, Ber., 99, 2012 (1966). 
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The regioselectivities observed with DBU and 2- 
bromoalkanes exceed those previously reported by using 
alkali alkoxides, which produce the l-alkene in 26% and 
with a trans/cis ratio of 3-3.6 for the 2-alkene; typical 
yields were on the order of 75%.13 Although treatment 
of 2-bromopentane with tetrabutylammonium bromide in 
acetone containing an excess of 2,g-lutidine gives almost 
exclusively (98%) the Saytzeff product in a trans/cis ratio 
of 5.3, the method has serious disadvantages for reactions 
carried out on a preparative scale. When 2-bromo-l- 
phenylpropane was treated with quinoline, the Hofmann 
product, allylbenzene, was formed in 41% yield;14 with 
DBU, this yield was reduced to 2%.15 

While chain elongation has no appreciable effect on the 
regioselectivity, the stereoselectivity decreases on going 
from 2-pentyl to 3-pentyl and also to 2-hexyl and 2-heptyl; 
for the pentyl bromides, however, no change was found 
under EZC-like conditiom6 On the other hand, it is the 
reverse of that found for tosylates under E2H conditions 
(alkoxide/alcohol) where it has been found that 3-pentyl 
tosylate yields more truns-2-pentene than does 2-pentyl 
tosylate.16 A small decrease of the trans/cis ratio upon 
chain elongation seems to be apparent under E2H con- 
ditions (cf. ref 13). The conclusion which can be drawn 
from the present results in the light of the hypotheses put 
forward by Feit and Saunder~>~~J '  is that steric hindrance 
to rotation by the departing bromine seems to be of nearly 
equal importance for the groups attached at C, and C, 
under DBU conditions. 

The Hofmann product formed from the tertiary ali- 
phatic bromides is 2-3-fold greater than that for the sec- 
ondary ones (expt 9,10,12). The regioselectivity increases, 
however, with the presence of a tertiary or benzylic 8-H, 
but apparently less so in the latter case (expt 11,14). The 
high proportion of 2,4,4-trimethyl-l-pentene formed from 
2-bromo-2,4,4-trimethylpentane is not a violation of the 
Saytzeff rule, because the l-alkene is more stable than the 
2-alkene;* the proportion of the latter, however, is greater 
than that reported by using EtOK or pyridine.lg The 
alkene composition from 2-bromo-2-methylbute (expt. 
9) is practically the same as that reported by using EtOK 
or pyridine as the base;le with ethyldicyclohexylamine, 
however, the formation of 2-methyl-2-butene (81 %) was 
reported.20 The alkene composition from 2-bromo-2- 
methyl-3-phenylpropane (expt 14) is likewise the same as 
that reported by using MeONa.21 

Chain branching or elongation does not cause a major 
change in the proportions of l-alkenes that are formed 
(expt 9, 10, 12); this is clearly in contrast to the results 
obtained with EtOK or pyridine,lg where a significant 
increase was observed. The apparent eclipsing effect ob- 
served in the latter case22 does not seem to play a role 
under DBU conditions. A small increase in the relative 

Wolkoff 

~ 

(13) (a) R. A. Bartsch and J. F. Bunnett, J. Am. Chem. SOC., 91,1376 
(1969); (b) W. H. thunders, Jr., S. R. Farenholtz, E. A. Car-, J. P. Lowe, 
and M. Schreiber, ibid., 87, 3401 (1965). 

(14) G. Getti, A. Maccioni, M. Secci, and V. Solinas, Ann. Chim. 
(Rome), 54,1143 (1964). 

(15) A high Saytzeff to Hofmann ratio was also reported by G .  Biale, 
et  al., J. Am. Chem. SOC., 93,4735 (1971). 

(16) I. N. Feit and W. H. Saunders, Jr., J. Am. Chem. Soc., 92, 1630 
(1970). 

(17) See also ref 2c, p 184-191. 
(18) A. Schriesheim and C. A. Rowe, Jr., J. Am. Chem. SOC., 84,3160 

(1962). . - - - -, . 
(19) H. C. Brown., I. Moritani, and M. Nakagawa, J. Am. Chem. SOC., 

(20) S .  Hiinig and M. Kiessel., Ber., 91, 380 (1958). 
(21) J. F. Bunett, G. T. Davies, and H. Tanida, J. Am. Chem. SOC., 84, 

78, 2190 (1956). 

1606 (1962). 
(22) For discussion see ref. 2c, pp 183, and also 2e. 

proportions of Saytzeff product seems to be apparent 
under E2C-like conditions.2c 

Internal elimination from the l-bromo-l-alkylcyclo- 
alkanes predominates since the major products are l-al- 
kylcycloakenes; a small decrease in the proportion of these 
products occurs, however, when an external P-H is sec- 
ondary and with cycloheptyl (expt 17, 18). The results 
show that elimination with DBU is superior to previously 
reported methods using alkali a l k ~ x i d e s ~ ~  or dehydration 
of cycloalkanols with iodine24 or anhydrous CuSOk9 

The dibromobutanes react exothermically with DBU 
upon mixing, and no external heating for completing the 
reaction is required. No elimination product, however, was 
observed for 1,3-dibromobutane. Substitution of a /3-H 
with a bromine atom has a dramatic effect and reveals that 
elimination from a primary carbon atom (C-1) may occur 
competitively with normal Hofmann rule elimination (expt 
19) and also that the formation of Saytzeff or Hofmann 
product may be suppressed (expt 19 and 20, respectively). 
Substitution at  a primary carbon atom (by salt formation) 
predominates over elimination from a secondary carbon 
in the absence of activation of a P-H (expt 21). The for- 
mation of a crotyl bromide from 1,2-dibromobutane 
(Saytzeff product) cannot be excluded, because it would 
react with DBU with salt formation, thus lowering the total 
yield of alkenes, by analogy with the observations for 
1,3-dibromobutane and primary alkyl bromides.25 The 
cis/trans ratio observed in expt 19 and 20 could be due 
to the fact that the activation energy of isomerization of 
the products (vinyl bromides) is small, with k N 1.26 

The reactions of 2-hexyl bromide, chloride, iodide, and 
tosylate with DBU, and in one case with 1,5-diazabicy- 
clo[4.3.0]non-5-ene (DBN)'O, were investigated in order to 
determine whether better selectivities could be achieved, 
the results are given in Table I11 and they show the fol- 
lowing: (i) the elimination with DBN proceeds with both 
lower regio- and stereoselectivities (expt 3, 22); (ii) both 
selectivities increase in the order tosylate < chloride < 
bromide < iodide; a similar order has been observed for 
reactions carried out under E2H conditions (see Table 
III).'Nn Significantly higher temperatures were required, 
however, in the cases of dehydrochlorination and dehy- 
drotosylation. For the sake of comparison, the thermolysis 
of 2-hexyl tosylate was briefly investigated. The low 
trans/& ratio for the 2-hexenes, that are formed together 
with the formation of 3-hexene, clearly indicates that the 
elimination must proceed under E l  conditions (cf. ref 28). 

Conclusion 
The elimination from secondary and tertiary bromides 

with DBU is superior in experimental convenience, and 
the regio- and stereoselectivities are equal to, or in most 
cases better than, previously reported methods in solution. 
The proportion of Saytzeff product formed from 2- 
bromoalkanes is high and so is the trans/cis ratio. Par- 
ticularly noteworthy is the finding that the selectivities 
observed with 2-iodohexane are the highest ever reported 
for a 2-haloalkane. The proportions of Saytzeff products 
formed from tertiary aliphatic bromides are smaller than 

(23) A. Maccioni and M. Secci, Ann. Chim. (Rome), 54, 940 (1964). 
(24) W. J. Bailey and W. F. Hale, J. Am. Chem. SOC., 81,651 (1959). 
(25) Comparison of the NMR spectra of the crude product mixture 

from the exothermic reaction of crotyl bromide with DBU with that for 
the product from the action of DBU with 1,2-dibromobutane is not in- 
compatible with the formation of some crotyl bromide in the case of the 
latter reaction (expt 19). 

(26) G. J. Martin and N. Naulet, Bull. SOC. Chzm. Fr., 4001 (1970). 
(27) R. A. Bartach and J. F. Bunett, J. Am. Chem. SOC., 90, 408 (1968). 
(28) P. E. Peterson, J. Am. Chem. Soc., 82, 5834 (1960). The reaction 

is further complicated by the formation of a strong acid. 
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fot secondary ones but are still equal to or better than 
those observed by using the more conventional methods; 
with cycloalkyl bromides they are again very high. Hof- 
mann products may predominate, however, when a ter- 
minal 8-H is activated with a bromine atom. 

The selectivities observed with DBU show a close re- 
semblance with those obtained for reactions carried out 
under E2C-like conditions with a weak base!aJ6 It is thus 
clear that a more detailed investigation of the mechanism 
is warranted. 

Experimental Section 
lH and NMR spectra were recorded on a JEOL FX-90 Q 

spectrometer. GLC analyses were performed on a Hewlett- 
Packard Model 5840 A by using a OV-101 or Carbowax 20M 
column. 
Materials. DBU and DBN were purchased from EGA-Chemie. 

lH and l9C NMR spectroscopy was used to check purity (absence 
of alkene) and isomeric purity of all substrates. 2- and 3- 
bromopentane, 2-bromohexane, 2-bromoheptane, and 2-bromo- 
&methylbutane were prepared from their corresponding alcohols 
according to the method of Wiley et al.2B by using Ph3P and Brz 
in DMF. The preparation of the last-mentioned bromide was 
accompanied by alkene formation, and several redistillations were 
required to obtain a pure sample, bp 40-41 "C (50 mm); the 'H 
NMR was in accord with that reported.a0 2-Chlorohexane was 
prepared by using Ph3P and CClb31 2-Iodohexane (60%) was 
prepared by using Ph3P and I2 (dissolved in DMF) according to 
Wiley et ala bp 55-56 OC (13 mm) @kn bp 50.5-51.5 "C (12 mm)]. 
A slight modification of the method of Baldwin and Tomescha2 
was used for the preparation of 2-bromo-1-phenylpropane from 
1-phenyl-2-propanol with pyridine, PhSP, and Brz in the molar 
ratio (1:1:1.21.125): the cooled solution was decanted and poured 
into ice/water, and the mixture was stirred for 15 min. The lower 
phase was separated and extracted four times with pentane, the 
combined organic phases were washed with HzO and then dried 
(NaaO,), and the pentane was removed by evaporation under 
reduced pressure. Distillation under reduced pressure gave the 
pure compound 40%; bp 48-49 "C (0.2 mm) [lit.= bp 89 "C (3 
mm)]. 2-Bromo-1-phenylbutane (70%) was prepared in a similar 
manner; bp 58-60 "C (0.2 mm) [lit.* bp 111-112 "C (2 
1-Cyclohexylethyl bromide was prepared as above from l-cyclo- 
hexylethanol[60%; bp 70-80 "C (10 mm) [Lit.% bp 85-87 "C (17 
mm)]], which was made by reaction of cyclohexylmagnesium 
chloride and acetaldehyde. Due to poor conversion of the alcohol, 
several redistillations were required to obtain the pure bromide,% 
bp 78-80 "C (14 mm). 

The tertiary bromides were prepared from their corresponding 
alcohols, which were made from Grignard reactions, with 
LiBr/HBr." After distilation, they were stored at -20 "C. Yields 
and boiling points were as follows: 2-bromo-2,3-dimethylbutane, 
60%, 131-135 OC; 2-bromo-2-methylpentane, 90% (with PBr3), 
bp 50-51 OC (39 mm); 2-bromo-2,4-dimethylpentane, 65%, bp 
46-47 "C (19 mm) [lit.3s bp 46 "C (20 mm)]; 2-bromo-2- 
methyl-3-phenylpropane, 70%, bp 64-65 "C (2 mm) [lit?9 bp 57 
OC (2 mm)]; 1-bromo-1-methylcyclopentane, 70%, bp 42-43 "C 
(18 mm) [lit.& bp 56-57 "C (36 mm)]; l-bromo-l-methylcyclo- 
hexane, 60%, bp 50-51 "C (10 mm) [lit.& bp 78-79 "C (39 mm)]; 
1-bromo-1-ethylcyclohexane, 50%, bp 70-73 "C (10 mm) [lit.41 

(29) G. A. Wiley, R. L. Hershkowitz, B. M. Rein, and B. C. Chung, J. 

(30) Von H. Bilke, et al., J. Prakt. Chem., 311, 1037 (1969). 
(31) J. Hooz and S. S. H. Gilani, Can. J. Chem., 46, 86 (1968). 
(32) S. W. Baldwin and J. C. Tomewh, J. Org. Chem., 4,1455 (1980). 
(33) N. Kornblum, R. A. Smiley, H. E. Ungnade, A. M. White, B. 

Taub, and S. A. Herbert, Jr., J. Am. Chem. SOC., 77, 5528 (1955). 
(34) C. D. Neni t"  and A. Glatz, Stud. Cercet. Chim., 7,505 (1959). 
(35) The compound had satisfadory (+0.3%) C and H analyses. 
(36) W. K. Johnson, J. Org. Chem., 24, 864 (1959). 
(37) H. Masada and Y. Murotani, Bull. Chem. SOC. Jpn., 53, 1181 

(38) H. C. Brown and M. Nakagawa, J. Am. Chem. SOC., 77, 3610 

(39) J. W. Wilt, J. Am. Chem. SOC., 77, 6397 (1955). 
(40) J. G. Waynham and 0. S. Pascual, J. Org. Chem., 21,1362 (1956). 

Am. Chem. SOC., 86,964 (1964). 

(1980). 

(1955). 

bp 98-100 "C (40 mm)]; 1-bromo-1-methylcycloheptane, 50%, 
bp 60-61 OC (1 mm) [lit.'" bp 106-107 OC (38 mm)]. 2,4,4-Tri- 
methyl-2-pentan01~~ was obtained by adding a solution of acetone 
in ether to neopentyllithium, which was made from neopentyl 
bromide& and lithium in ether according to G h a n a a  Hydrolysis 
of the reaction mixture with saturated NH4Cl and ice afforded 
the alcohol: 50% yield; bp 48-50 "C (12 mm). Treatment of the 
alcohol with LiBr/HBr gave 2-bromo-2,4,4-trimethylpentane 
(40%). Careful redistillation through a glass helix column gave 
a pure sample, bp 48-49 "C (10 mm) [lit.% bp 61.5 "C (15 mm)]. 
1,2-Dibromobutane was prepared from 1-butene (99% purity, 
Matheson) and Brz."? meso-2,3-Dibromobutane was made ac- 
cording to Lucasa from Brz and trans-2-butene (99% purity, 
Matheson). 1,3-Dibromobutane was purchased from EGA-Chemie 
and redistilled. 2-Hexyl tosylate was made by a standard me- 
th~d. '~  

General Procedure for Dehydrobromination. Equimolar 
amounts (4-10 mmol) of DBU and substrate (freshly distilled, 
usually under reduced pressure) were mixed together and heated 
in an oil bath at 85 * 5 "C. Heating and stirring were continued 
for 5-20 min after the appearance (about 3 min) of a white 
precipitate or syrup. The C6 alkenes were distilled and collected 
in a cold trap (dry ice/acetone). The Cs-Cs alkenes and bro- 
mobutenes were collected (liquid air) by vacuum transfer at ca. 
1 mm. The higher alkenes were separated from the reaction 
mixture by extraction with ether followed by evaporation of the 
solvent. Unchanged substrate amounted to a maximum of 4%. 

Control experiments with 2-bromoheptane and DBU (50% 
molar excess) at  95 "C for 16 h did not show any significant 
changes (1-heptene to 2-heptene, 14% to 86%); likewise, no 
changes were observed by using Me@O as solvent. 

Product Analysis. The product composition was measured 
from peak areas of 'H NMR spectra and is the average of at least 
two scans. Trans/cis ratios in C5-C7 alkenes were established 
from peak intensities of C-2 or C-3 in their 13C NMR spectra 
(decoupled).w Appropriate corrections were made for differrent 
peak responses by comparison with spectra of weighed mixtures 
of pure isomers (better than 99% pure). The 13C NMR spectra 
of the C5-C7 alkenes could also be used to establish the compo- 
sition; the agreement was found to be within *I%. GLC analyses 
were performed for expt 6,7,14,15,19, and 20; they varied within 
*1.5% of the NMR results. 

Acknowledgment. This work was supported under a 
grant from the Danish Natural Science Research Council. 
I am indebted to Reader Dr. G. E. Gream (University of 
Adelaide) for helpful comments and proofreading the  
manuscript. 

Registry No. 2-Bromopentane, 107-81-3; 3-bromopentane, 1809- 
10-5; 2-bromohexane, 3377-86-4; 2-bromoheptane, 1974-04-5; 2- 
bromo-3-methylbutane, 18295-25-5; 2-bromo-1-phenylpropane, 
2114-39-8; 2-bromo-l-phenylbutane, 81012-82-0; l-cyclohexylethyl- 

(41) G. Gelli, A. Maccioni, and M. Secci, Ann. Chim. (Rome), 53,1379 
(1963). 

(42) Initially, an attempt was made to prepare this compound by 
reaction of acetone with neopentylmagnesium bromide. Careful hy- 
drolysis of the reaction with mixture saturated NH4Cl gave none of the 
desired product. However, neopentane could be detected as a trace by 
GLC, while ita dimer 2,2,5,5tetratnethylhexane, bp 137-138 "C (1it.Tbp 
134-138 "C) was identified by ita NMR spectrum. A higher boilin 
fraction [bp 104-106 OC (12 mm)] was identified as semiphorone [lit.'sf 
90-92 OC (11 mm)] by ita NMR. The resulta can be rationalid in terms 
of significant Grignard actoneenolate formation (cf. ref 44). 

(43) (a) J. BrbdstrBm, Acta Chem. Scand. 13,963 (1959); (b) J.-M. 
Bonnier and G. de Gaudermaris, Bull. SOC. Chim. Fr., 997 (1954). 

(44) K. Ntitzel in "Methoden der Organischen Chemie, (Houben- 
Weyl)", Vol. XIII/2a, 4th ed., Georg Thieme Verlag, Stuttgart, 1973, p 
296; Y. Yasada, N. Kawabata, and T. Tsuruta, J.  Org. Chem., 32, 1720 
(1967). 

(45) H. R. Hudson, J. Chem. SOC. E, 664 (1968). 
(46) R. G. Jones and H. Gilman, Org. React., 6, 352 (1951). 
(47) H. M. Woodbum, A. B. Whitehouse, and B. G. Pautler, J. Org. 

(48) F. G. Bordwell and P. Y. Landis, J. Am. Chem. SOC., 79, 159 

(49) R. J. Tipson, J. Org. Chem., 9, 235 (1944). 
(50) J. W. de Haan and L. J. M. van de Ven, Org. Magn. Reson., 5, 

Chem., 24, 210 (1959). 

(1957). 

147 (1973). 



1948 J. Org. Chem. 1982,47, 1948-1955 

bromide, 1647-26-3; 2-bromo-2-methylbutane, 507-36-8; 2-bromo-2- methylcycloheptane, 81012-83-1; 1,2-dibromobutane, 533-98-2; 
methylpentane, 4283-80-1; 2-bromo-2,3-dimethylbutane, 594-52-5; meso-2,3-dibromobute, 5780-13-2; 1,3-dibromobutane, 107-80-2; 
2-bromc-2,4-dimethylpentane, 68573-19-3; 2-bromo-2,4,4-dimethyl- 2-chlorohexane, 638-28-8; 2-hexyltoeylab, 4563-91-1; 2-iodohexane, 
pentane, 62574-65-6; 2-bromo-%methyl-3-phenylpropane, 23264-13-3; 18589-27-0; 3-bromohexane, 3377-87-5; 1,8-diazabicyclo[ 5.4.01un- 
1-bromo-1-methylcyclopentme, 19872-99-2; 1-bromo-1-methylcyclo- dec-7-ene, 6674-22-2; 1,5-diazabicyclo[4.3.0]non-5-ene, 3001-72-7; 
hexane, 931-77-1; 1-bromo-1-ethylcyclohexane, 931-95-3; 1-bromo-1- 2,2,5,5-tetramethylhexane, 1071-81-4; semiphorone, 5857-71-6. 

Photolysis of Aryl Chlorides with Aliphatic Amines 

Nigel J. Bunce 

Chemistry Department, University of Guelph, Guelph, Ontario, Canada N l  G 2 Wl 

Received June 16, 1981 

Kinetic arguments show that the aliphatic amine assisted photodechlorinations of chlorides of the benzene, 
naphthalene, and biphenyl series take place mainly from the triplet excited state. Deuterium labeling studies 
have been used to determine the origin of the hydrogen atom which replaces chlorine when 4-chlorobiphenyl 
is photoreduced. Three pathways are inferred hydrogen abstraction from the solvent and protonation both 
within the exciplex (or radical ion pair) and by external proton donors. 

The photochemistry of chlorinated aromatic compounds 
has been studied in some detail because of the importance 
of some of these compounds as environmental pollutants. 
In some cases, irradiations in the presence of added sub- 
stances such as amines and dienes have led to enhanced 
photolability of the halide, as a result of electron-transfer 
reactions. 

The work described in this paper was undertaken with 
the long-term goal of evaluating whether this increased 
photolability could be exploited to develop methods for 
photochemical destruction of chlorinated pollutanta of the 
chlorobenzene, -naphthalene, and -biphenyl series. We 
now report studies on the mechanism of the aliphatic 
amine assisted photolysis of some of these substances. 

4-Chlorobiphenyl. Ohashi, Tsujimoto, and Seki' 
studied the photo1 eduction of 4-chlorobiphenyl in aceto- 
nitrile, assisted by triethylamine. They observed that the 
amine both quenched the fluorescence of the halide and 
also enhanced its photolability. Scheme I was proposed 

Scheme I 

hu 
ArCl - 'Arc1 

k l  
'Arc1 - ArCl 

k2 
lArCl + R3N - [ArCl-e ... R3N+.], X 

k3 X - ArCl + Et3N 

k4 
X - products 

as the mechanism of this photoreduction. Steady-state 
analysis gives eq 1 and 2 for the influence of amine upon 
the quantum yields of fluorescence (&) and reaction (4J. 
In these equations ' T  is the singlet lifetime (=l /k l ) .  

(1) (4'/6)f = (lo/& = 1 + b'~tR3Nl 

(1) Ohashi, M.; Tsujimoto, K.; Seki, K. J. Chem. SOC., Chem. Com- 
mun. 1973, 384. 
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According to Scheme I, the quantity k27 can be evalu- 
ated in two independent ways; in acetonitrile solution, 
Ohashi et al. obtained a value of k217 of 23 M-l by 
fluorescence quenching studies and of 20 M-l from a study 
of the variation of & with [Et3N]. They thus proposed 
Scheme I as an established mechanism for the amine-as- 
sisted photodechlorination of 4-chlorobiphenyl, with 
electron transfer to the excited aryl chloride as the key 
step. The intermediate exciplex is not seen to fluoresce 
in solvents such as acetonitrile but is easily observed in 
alkane media.2 
Our initial interest in this reaction was directed toward 

the eventa following electron transfer. Ohashi et al. show 
this as expulsion of chloride ion (eq 3 and 41, precedent 

ArC1-e - AP + C1- (3) 

Are + RH - ArH + R. (4) 
for which is shown by the electroreduction of aryl halides3 
and in one of the chain-propagating steps of the S R N ~  
mechanism for substitution of aryl  halide^.^ 

Recent work has shown that eq 5-7 could be a plausible 

( 5 )  ArC1-- + H+ - ArClH. 

ArClH. - ArH + C1. (6) 

C1* + RH - HC1+ R. (7) 

alternative to the above scheme, because acids can catalyze 
the photoreduction of aryl halides."' The intermediate 
ArClH. is a cyclohexadienyl radical from which aromati- 
zation by loss of C1. should be easy. Since sequences 3 and 

(2) Bunce, N. J.; Kumar, Y.; Ravanal, L.; Safe, S. J. Chem. SOC., 

(3) Asirvatham, M. R.; Hawley, M. D. J. Am. Chem. SOC. 1975, 97, 

(4) E.g.: h i ,  R. A.; de Rossi, R. H.; Lopez, A. F. J. Am. Chem. SOC. 

Perkin Tram. 1 1978,880. 

5024. 

1976, 98-1252. 
(5) Nordblom, G. D.; Miller, L. L. J. Agric. Food Chem. 1974,22, 57 

(1974). 
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