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The relative rates of competitive reactions of organolithium 
compounds are important for the use and to the understanding 
of these reagents.1 Particularly interesting are reactions of po-

(1) For a summary of pertinent literature and elegant uses of selective 
reactions of organolithium reagents in competitive situations, see: Cooke, M. 
P., Jr.; Widner, R. K. J. Org. Chem. 1987, 52, 1382. Parham, W. F.; 
Bradsher, C. K. Ace. Chem. Res. 1982, 15, 300 and references cited therein. 
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lyfunctional molecules in which a kinetically driven reaction takes 
precedence over a thermodynamically favored alternative.2 

Perhaps the most dramatic apparent examples of such reactions 
are those in which a highly acidic hydrogen appears not to react 

(2) A number of such reactions have been attributed to complex-induced 
proximity effects: Beak, P.; Meyers, A. I. Ace. Chem. Res. 1986, 19, 356. 
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Abstract Reactions in which there is formal intramolecular transfer of an acidic deuterium to a site of halogen-lithium exchange 
could be interpreted to show that initial halogen-lithium exchange occurs faster than loss of the acidic deuterium. However 
studies of the competition between halogen-metal-deuterium exchange and deuterium loss for iV-deuterio-./V-alkyl-o, -m-, and 
-/>-halobenzimides are not consistent with that mechanism. We suggest an alternative in which initial loss of the acidic deuterium 
is followed by halogen-lithium exchange to give a dilithiated intermediate. Deuterium transfer to the site of halogen-lithium 
exchange then occurs by reaction of the dilithiated species intermolecularly with unreacted N-deuteriated amide. The 
halogen-lithium exchange is faster than complete mixing of the reactants and can occur either in an initially formed deprotonated 
complex or in a transient high local concentration of organolithium reagent. Evidence for both possibilities is provided. Two 
reactions from the literature in which halogen-lithium exchange appears to be faster than transfer of an acidic hydrogen have 
been reinvestigated and found to be interpretable in terms of similar sequences. 
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with a highly basic organolithium reagent, during the time that 
reagent does effect a bromine-lithium exchange.3 

A widely quoted example of such a reaction is the conversion 
of deuteriodimethyl-o-bromophenylacetic acid (Id) to di-
methyl-o-deuteriophenylacetic acid (2) with n-butyllithium.4 The 
straightforward interpretation of this result is that bromine-lithium 
exchange to give 3 is faster than transfer of the acidic deuterium 
from the carboxylic acid function to the n-butyllithium reagent. 
Under this mechanism 3 subsequently undergoes deuterium 
transfer to give 2. 

Scheme I 

CO 2 D 1 „ -BuL i 
2. H2O 

2 

'CO2H (X>D 

However, in unpublished work we have found that N,N-di-
isopropyl-o-bromophenylacetamide (4) on treatment with n-bu­
tyllithium followed by deuterium oxide gives /V.W-diisopropyl-a-
deuteriophenylacetamide (5).5 In this case 6 is reasonably the 
intermediate, and bromine-lithium exchange must be slower than 
loss of the a proton to give the enolate. Comparison of the 

^ Y ^ C O N H 2 

4: R = /-Pr 

1. /)-BuLi 

2 DjO 

reactions of 1 and 4 with n-butyllithium suggests a dilemma. For 
the reaction of Id, bromine-lithium exchange appears to be faster 
than loss of a highly acidic proton, yet for reaction of 4 bro­
mine-lithium exchange is slower than loss of a less acidic proton. 

The possibility that bromine-lithium exchange is generally faster 
than loss of an acidic proton also does not seem consistent with 
the work of Parham et al. who have reported that a number of 
aromatic bromo acids 7 react with 2 equiv of n-butyllithium to 
give the dilithio species 8.6 Most reasonably, these reactions 

"^CO2H 
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f CO2 Li 

Br 
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7 
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involve initial loss of the acidic proton and formation of the 
intermediate 9 prior to bromine-lithium exchange with the second 
equivalent of n-butyllithium. If, in these cases bromine-lithium 
exchange occurred first, the proton of the carboxylic acid of 10 
would have to be unreactive until the halogen-lithium exchange 
was complete. If it were not, proton transfer would be expected 
to give 11, which would then be inert to ring metalation under 
these conditions. 

In this paper we detail our suggestion that lithium-bromine 
exchange, while rapid, is slower than loss of an acidic hydrogen.7 

(3) For a discussion of proton transfers, see: Eigen, M. Angew. Chem., Int. 
Ed. Engl. 1964, 3,1. For a discussion of halogen-metal exchange, see: Bailey, 
W. F; Gagnier, R. P.; Patrica, R. P. / . Org. Chem. 1984, 49, 2098. Reich, 
H. J.; Phillips, N. H.; Reich, I. L. J. Am. Chem. Soc. 1985, 107, 4101 and 
references cited therein. 

(4) Boatman, R. J.; Whitlock, B. J.; Whitlock, H. W. Jr. J. Am. Chem. 
Soc. 1977, 99, 4822. For other cases that could be similarly interpreted, see: 
Stein, C. A. Morton, T. H. Tetrahedron Lett. 1973, 4933. Taylor, E. C. 
Vogel, D. E. / . Org. Chem. 1985, 50, 1002. Bailey, W. F.; Patricia, J. J.; 
Nurmi, T. T.; Wang, W. Tetrahedron Uu. 1986, 27, 1861. 

(5) Beak, P.; Chin, C. W., unpublished observation, 1985. 
(6) Parham, W. F.; Jones, L. D.; Sayed, Y. / . Org. Chem. 1975, 40, 2394. 
(7) Beak, P.; Chen, C. W. Tetrahedron Lett. 1985, 26, 4979. 

NLiR 

We have also reinvestigated two examples from the literature, 
which have been interpreted in favor of bromine-lithium exchange 
being faster than reaction of an acidic hydrogen, and find these 
cases to be in accord with the present proposal. 

Results and Discussion 
In order to illustrate the alternative possibilities, we will discuss 

the lithiation of yV-deuterio-AT-isopropyl-obromobenzamide (12d) 
with 1 equiv of n-butyllithium as a representative case. Treatment 
of 12d with 1 equiv of n-butyllithium followed by water gives 
N-isopropyl-odeuteriobenzamide (13d) in 33% yield and 12 in 
33% yield. The structure is assigned to 13d on the basis of 
comparison of 1H NMR, 13C NMR, and MS data with those of 
JV-isopropylbenzamide. 

r j ^ ^ N D R 

12d: R-/-Pr 

2. H2O 

r T ^ ^ ^ N H R 

-D 

13d 12 

A mechanism of initial bromine-lithium exchange followed by 
deuterium transfer would involve the initial formation of 14 and 
its conversion to 15 as shown in pathway A of Scheme I. Reaction 
of 15 with water would provide 13d and the presence of 12 at­
tributed to exchange with water after incomplete reaction. 

An alternative shown as pathway B in Scheme I is initial 
reaction of 12d by loss of an acidic deuterium to n-butyllithium 
to give 16 followed by bromine-lithium exchange with another 
n-butyllithium to give 17. This second step must be fast with 
respect to mixing of the n-butyllithium with unreacted 12d. Since 
2 equiv of n-butyllithium are required to give 17, after these steps 
are complete 0.5 equiv of 12d would remain. That unreacted 
starting material could provide a deuterium to the 0.5 equiv of 
17 formed to give 15 and 16. The products 12 and 13d would 
come from protonation of 16 and 15 on workup with water. By 
pathway B the initial reaction involves the most acidic proton, 
and the second step of bromine-lithium exchange is slower than 
the first, albeit, it is faster than complete mixing of n-butyllithium 
in the solution with 12d. The formation of 12 is a necessary 
consequence of the mechanism. 

Pathways A and B have different consequences. If bromine-
lithium exchange is fastest as in pathway A, high yields of 13d 
should be observable with equimolar reactants, and the yield should 

(8) Narasimhan has reported the conversion of i to ii in 90% yield, a result 
that is inconsistent with a reaction via a pathway analogous to pathway B: 
Narasimhan, N. S.; Ammaramarchi, R. J. Chem. Soc, Chem. Commun. 
1985, 1368. We have prepared i and are unable to repeat the conversion of 
i to ii in high yield, so we cannot comment on this report. 

OCX?" ̂  OOC0" 
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be independent of the mode of reaction. However, if deuterium 
loss is fastest as in pathway B and 16 and 17 are involved as 
suggested, the yield of 13d could be no greater than 50% with 
equimolar reactants. If reaction occurs via pathway B, the ratio 
of bromine-lithium exchanged to nonexchanged product might 
be influenced by the mode of addition or by the rate of mixing 
(vide infra). 

The normal technique for these reactions is addition of a solution 
of n-butyllithium reagent to a solution of the substrate. In this 
case a high local concentration of n-butyllithium is present 
transiently and pathway B could be favored. We found that when 
inverse addition was used for the reaction of 12d and n-butyl­
lithium, the formation of 13d was suppressed. Specifically addition 
of a 0.02 M solution of 12d at a rate of 0.1 mL/min solution to 
a 0.05 M solution of n-butyllithium at 0 0C followed by quenching 
with water gave only 12 in 92% yield. 

Similar experiments were carried out with deuteriodimethyl-
o-bromophenylacetic acid (1). Under the normal mode of addition, 
a 1:1 ratio of 2 and dimethyl-o-bromophenylacetic acid was ob­
tained. When reaction was carried out with slow inverse addition, 
dimethyl-o-bromophenylacetic acid was obtained in 90% yield. 
The fact that 1:1 ratios of brominated/debrominated products 
are obtained in both the reactions of Id and of 12d tends to 
discount the possibility that bromine-lithium exchange and de-
deuteriation are directly competitive in the initial step. If that 
were the case, the different acidities of the carboxylic acid and 
amide functions would be expected to affect the relative rates of 
the dedeuteriation and lithiation reactions so that different product 
ratios would be expected from Id and 12d. 

A case in which the competition between proton transfer and 
dehalogenation is intermolecular is the reaction of 9-bromo-
anthracene (18) with n-butyllithium in the presence of isotopically 
labeled water to give 19, anthracene that is labeled at the 9-
position. A 70% yield of 9-tritioanthracene has been reported 

X = H. D, T 

for this reaction.9 Again reaction could occur either by initial 
bromine—lithium exchange or by initial deprotonation of the water 
followed by bromine-lithium exchange in the local environment. 
We carried out the reaction of 18 with n-butyllithium in tetra-
hydrofuran in the presence of 1 equiv of deuterium oxide. With 
no stirring, a 9% yield of 9-deuterioanthracene 19d was obtained 
along with 88% 18. With magnetic stirring, 94% 18 was recovered, 
and with overhead stirring, 98% 18 was obtained. On the basis 
of these results, we suggest that with no stirring halogen-metal 
exchange can occur in a local environment that has been depleted 
of water by initial reaction of the water with the lithiating reagent. 
Stirring breaks up that environment and allows the more rapid 
deprotonation of water to predominate. 

In order to gain more information about these reactions, we 
have investigated the extent of exchange as a function of the 
relative positions of the deuterium and halogen in intramolecular 
competitions. Our approach is shown in Scheme II for the ortho, 
meta, and para bromo and iodo isomers of the JV-ethylhalo-
benzamides, 2Od. The first reaction is considered to be loss of 
the acidic deuterium from 2Od to give 21, which is partitioned 
between bromine-lithium exchange to 22, pathway C, and di-
sassociation from its complex or local environment, pathway E, 
to give "free" 21, which does not undergo bromine-lithium ex­
change. The dilithiated species, from pathway C, 22 can undergo 
deuteriation by 2Od to give 23 and "free" 21. On reaction with 
water, 21 will give 20 and 23 will give 24. If only pathway C is 
followed, a 1:1 ratio of 21/23 would obtain. On the other hand, 
if only pathway E is followed, only 21 would be formed. When 

(9) Taylor, R. Tetrahedron Lett. 1975, 435. 

Scheme I I 
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Table I. Ratio of Products 20/24 from the Reaction of 
7V-Deuterio-iV-Ethylhalobenzamides 2Od a-f with n-Butyllithium0'4 

reactant 

20d a (o-Br) 
20d b (m-Br) 
20d c(p-Br) 
20d d (o-I) 
2Od e (m-I) 
20d f (p-l) 

no stirring 

56:44 
55:45 
60:40 
50:50 
47:53 
58:42 

slow 
stirring' 

59:41 
83:17 
91:9 
60:40 
73:26 
95:5 

fast stirring1* 

66:33 
95:5 
94:6 
60:40 
94:5 
97:3 

reverse 
addition' 

56:44 
76:24 

>98:2 
52:48 
64:36 

>98:2 

"The solution of w-butyllithium was added at a rate of ca. 1 mL/min 
to a 0.05 M solution of the substrate. 'The experimental error is ±3%. 
cMagnetic stirring was used. ''Overhead stirring was used. 'The sub­
strate was added to the n-butyllithium 

both paths are operative, the ratio 21/23 will be >1 and the ratio 
may be taken as a measure of the partitioning. 

Reactions were carried out by addition of a solution of n-bu­
tyllithium to a solution of the /V-deuteriohalobenzamides 2Od, 
followed by reaction with water, as shown in Table I.10 The ratio 
of 21/23 after lithiation is complete is obtained from the ratio 
of N-ethyldeuteriobenzamide/iV-ethylhalobenzamide (20/24). 

In all cases as the reaction conditions are changed from no 
stirring to slow stirring to fast stirring, the ratio of 20/24 increases 
although the change ranges from slight, for the ortho-substituted 
cases, to large in the para-substituted compounds. In a mechanism 
of initial dehalogenation, pathway A of Scheme I, the ratio of 
20/24 would be unaffected by the stirring rate and therefore can 
again be discounted. Under Scheme II the increased stirring could 
favor the dissociation of pathway E, and the observed increases 
in the ratios of 20/24 are explicable. 

The bromine-lithium exchange of pathway B in Scheme I and 
pathway C in Scheme II can be concieved of as proceeding either 
within the general local environment of excess n-butyllithium 
provided by the normal mode of addition or more specifically 
within a complex that results from the initial dedeuteriation. In 
the former case, addition of the ./V-ethylhalobenzamide to n-bu­
tyllithium should lead to a decreased yield of ring-deuteriated 
product 24, since the local environment would be initially enriched 
in unreacted 2Od relative to the customary addition. In the later 
case, if the complex between the associated n-butyllithium and 
21 is tightly bound and bromine-lithium exchange occurs within 

(10) The ratio of 20/24 may be a function of the exact way in which the 
reactions are carried out, so comparisons must be made under as close to 
identical conditions as possible. When that is done, reproducibility is observed 
and qualitative interpretation of the changes product ratios is justified. 
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that complex, no change in the ratio would be expected on addition 
of the substrate to n-butyllithium. 

Comparison of the ratios of 20/24 obtained on reverse addition, 
shown as the last column in Table I, with the ratios in the other 
columns, suggests both mechanisms are operative. Thus, the 
p-bromo, 2Od c, and p-iodo, 2Od f, benzamides give only the 
halobenzamides, 20c and 20f, respectively, on reverse addition. 
On the other hand, the o-bromo- and o-iodobenzamides 20a and 
2Od, respectively, show no change in the product ratio of 20/24 
on reverse addition. 

In the para-substituted cases, the first formed species may be 
represented as 25. In this structure with the ionized amide bound 
to the lithium, the para halogen is not near the n-butyllithium 
groups in the complex, so halogen-metal exchange reasonably 
involves n-butyllithium external to the complex. Hence a high 
local concentration of n-butyllithium is needed to promote the 
halogen-metal exchange, and reverse addition leads to a decrease 
in the extent of halogen-lithium exchange. In the complex re­
sulting from the o-halobenzamides, however, a potentially reactive 
n-butyllithium group in the complex is in close proximity to the 
halogen as suggested by structure 26, and an essentially intra­
molecular reaction can ensue.2 Thus the ortho-substituted cases 
are little affected by the mode of reverse addition. 

O O 

X ^ \ S S ^ (ii-z>-Bu>„ \ j = = ^ x (Li-ZJ-Bu)n 

25 26 

The meta-substituted cases 2Od b and 2Od d show intermediate 
behavior. Both stirring and inverse addition have an affect on 
the ratio of 20/24 and both the high local concentration and the 
oriented complex could contribute to the halogen-metal exchange 
reaction.11 The apparent small effect of stirring on the ortho-
substituted cases could be due to an effect by stirring on the 
exchange between aggregates. In fact, when inverse addition is 
carried out very slowly and with high dilution as noted for the 
case of 12d, bromine-lithium exchange can be suppressed. Indeed 
the operation of both processes would be consistent with the inter-
and intramolecular exchange processes, which are well-known for 
organolithium reagents.12 

We suggest that reactions that have been interpreted as dem­
onstrating that halogen-lithium exchange is faster than reaction 
of an acidic deuterium because of the formal intramolecular 
transfer of deuterium may be proceeding by a two-step inter-
molecular process. The pathway of initial loss of the acidic 
deuterium is followed by a slower, but still rapid, halogen-lithium 
exchange. This exchange is promoted by a high local concentration 
of the lithium reagent and/or by appropriate orientation within 
the complex formed by the initial loss of deuterium. The latter 
reaction within an initially formed aggregate may be considered 
another example of a complex-induced proximity effect.2 

Experimental Section 
General Procedures. 1H NMR spectra were recorded on Varian XL-

200 (200 MHz), Nicolet NTC 360 (360 MHz), or General Electric 
QE-300 (300 MHz) spectrometers in deuteriochloroform with tetra-
methylsilane (TMS) as the internal standard. Chemical shifts are re­
ported in parts per million relative to TMS; when peak multiplicities are 
given, the following abbreviations are used: s, singlet; d, doublet; t, triplet, 
q, quartet, m, multiplet; br, broadened. Mass spectra were obtained on 
a Varian MAT CH-5 spectrometer with an ionization voltage of 10 or 
70 eV or on a Finnigan-MAT 731 spectrometer. Data are reproted in 
the form m/e (intensity relative to base = 100). Elemental analyses were 
performed by the University of Illinois Microanalytical Service Labora­
tory. 

Analytical gas chromatography was performed on a Hewlett-Packard 
5790 gas chromatograph equipped with a programmable temperature 
control and a flame-ionization detector. The column used was a 25-m 

(11) In these cases some reorientation within the complex would be re­
quired to bring the meta halogen near a reactive zi-butyl group. 

(12) For a recent example and leading references, see: Fraenkel, G.; 
Henrich, M.; Hewitt, M.; Su, B. M. J. Am. Chem. Soc. 1984, 106, 255. 

SE 52/54 capillary column; injector temperature was 270 0C, detector 
temperature was 300 0C, and programs were as indicated. Retention 
times and peak integrals were obtained from a Hewlett-Packard 3390A 
recorder. Error values were determined by standard deviation calcula­
tions of repeated runs and injections. Response factors were calibrated 
by using known solutions of Ar,7V-diisopropylbenzamide. Melting points 
were determined on a Thomas-Hoover capillary melting point apparatus 
and are uncorrected. Bulb-to-bulb distillations were performed on a 
Buchi GKR-50 Kugelrohr; boiling points refer to air-bath temperatures 
and are not necessarily an accurate measure of boiling points. Column 
chromatography was performed with silica gel of grade 0.05-0.2 mm 
with columns of various sizes, depending on the amount of material and 
ease of separation. Medium-pressure liquid chromatography (MPLC) 
was performed with various silica gel columns, depending on the amount 
of material and the difficulty of separation. Rotary chromatography was 
performed on a Harrison Research Chromatotron Model 7924 with either 
1-mm, 2-mm, or 4-mm plates made from EM Reagents silica gel PF254 
with CaSO4-V2H2O as a binder. Solvent systems were various mixtures 
of ethyl acetate and hexane. 

Unless mentioned otherwise, all reagents were obtained from com-
merical sources and used without further purification. Diethyl ether 
(Et2O) and tetrahydrofuran (THF) were distilled from sodium and 
benzophenone under a N2 atmosphere. Dichloromethane (CH2Cl2), 
hexane, and pyridine were distilled from calcium hydride under N2 at­
mosphere. Ethyl acetate (EtOAc) was distilled from potassium carbo­
nate. Commerical solutions of n-butyllithium (n-BuLi) in hexanes ti­
trated by using a modification of Tischler and Tischler's procedure.13 All 
glassware was oven- or flame-dried prior to use, and all reactions were 
done under a dry nitrogen atmosphere. 

Typical data will be given herein for syntheses. Data for other cases 
appears in the supplementary material. 

Preparation of 3-Bromo-.\'-ethylbenzamide (20b). To excess (10 mL) 
thionyl chloride was added 1.6 g (0.0080 mol) of 3-bromobenzoic acid. 
The solution was heated at reflux for 2 h, at which time thionyl chloride 
was distilled off. Benzene was added, and the resulting azeotrope was 
distilled off. The remaining acid chloride was dissolved in CH2Cl2 and 
cooled to 0 0C, and 10 mL of 10% NaOH solution was added. Then, 
2.5 mL of 70% EtNH2 in H2O was added dropwise with stirring. After 
30 min the solution was washed with water, 10% NaOH, and 10% HCl. 
The organic phase was dried with MgSO4 and reduced to give a white 
solid. It was distilled in a Kugelrohr apparatus to give 0.7388 g (0.003 24 
mol, 41%) of 20b as a white solid: mp 69-73 CC; GC (155 0C isother­
mal) tK 3.60 min; 1H NMR (200 MHz) 5 1.26 (t, 3 H, CH3), 3.46 (dq, 
2 H, CH2), 6.08 (br s, 1 H, NH), 7.21-7.69 (m, 3 H, Ar H), 7.91 (s, 
1 H, Ar H2); mass spectrum (FI, M+ (relative intensity)), m/e 231 
(1163), 230 (17 103), 229 (156041), 228 (19772), 227 (159652), 226 
(2466), 225 (559). Anal. Calcd for C9H10BrNO: C, 47.39; H, 4.42; N, 
6.14; Br, 35.03. Found: C, 47.68; H, 4.39; N, 6.25; Br, 35.28. 

The same procedure as above was used to prepare the amides 20 with 
the following analytical data. 20a: mp 90-91 0C; GC (155 0C iso­
thermal) fR 2.63 min; 1H NMR (200 MHz) S 7.2-7.6 (m, 4 H, Ar H), 
5.97 (br s, 1 H, NH), 3.50 (dq, 2 H, CH2), 1.24 (t, 3 H, CH3). Anal. 
Calcd for C9H10BrNO: C, 47.39; H, 4.42; N, 6.14. Found: C, 47.48; 
H, 4.38; N, 6.05. 

20c: mp 122-124 0C; GC (155 0C isothermal) zR 3.15 min; 1H NMR 
(200 MHz) a 7.5-7.7 (m, 4 H, Ar H), 6.09 (br s, 1 H, NH), 3.49 (dq, 
2H1CH2), 1.27 (t, 3H1CH3). Anal. Calcd for C9H10BrNO: C, 47.39; 
H, 4.42; N, 6.14. Found: C, 47.59; H, 4.42; N, 6.11. 

2Od: mp 114-116 0C; GC (155 0C isothermal) tR 4.31 min; 1H NMR 
(200 MHz) 6 7.87 (d, 1 H Ar H)1 7.10-7.42 (m, 3 H1 Ar H)1 5.75 (s, 
1 H, NH), 3.45-3.79 (m, 2 H, CH2), 1.23 (m, 3 H, CH3). Anal. Calcd 
for C9H10INO: C, 39.30; H, 3.66; N, 5.09. Found: C, 39.38; H1 3.70; 
N, 4.98. 

2Oe: mp 80-82 0C; GC (155 0C isothermal) /R 5.48 min; 1H NMR 
(200 MHz) S 8.09 (s, 1 H, Ar H), 7.61-7.82 (m, 2 H, Ar H), 7.10-7.21 
(m, 1 H, Ar H), 6.10 (br s, 1 H, NH), 3.47 (dq, 2 H, CH2), 1.21 (t, 3 
H1 CH3). Anal. Calcd for C9H10INO: C, 39.30; H, 3.66; N, 5.09; I, 
46.13. Found: C, 39.40; H, 3.76; N, 5.14; I, 46.09. 

2Of: mp 147-149 0C; GC (155 °C isothermal) tR 5.52 min; 1H NMR 
(200 MHz) S 7.78 (m, 1 H, Ar H)1 7.47-750 (m, 3 H1 Ar H)1 6.10 (br 
s, 1 H, NH), 3.49 dq, 2 H, CH2), 1.26 (t, 3 H, CH3). Anal. Calcd for 
C9H10INO: C, 39.30; H, 3.66; N, 5.09. Found: C, 39.50; H, 3.77; N, 
5.08. 

Preparation of 3-Bromo-JV-ethyIbenzamide-JV-d (20b). To approxi­
mately 20 mL of dry CH2Cl2 was added 0.3065 g (0.0134 mol) of amide 
27b, 1 mL of D2O, and 2 drops of pyridine. The reaction was stirred for 
24 h. The phases were separated, and the organic layer was dried 

(13) Tischler, A. N.; Tischler, M. H., AIdrichimica Acta 1978, 11, 20. 
(14) Calvert, D. J.; O'Connor, C. J. Aust. J. Chem. 1979, 32, 337. 
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(MgSO4) and reduced to yield 0.3041 g (0.001 33 mol, 99%) of 20b as 
a white solid, which is 92.26% deuteriated: mass spectrum (FI, M+ 

(relative intensity)) m/e 232 (1331), 231 (15 207), 230 (144498), 229 
(52503), 228 (151 675), 227 (37 736), 226 (830). The same procedure 
was used for deuteriation of the other amides. 

Reactions of Amides with ji-Butyllithitim. To a solution of amide 20 
dissolved in 20 mL of dry THF at -78 0C under N2 was added the 
butyllithium via a syringe pump at the rate of approximately 1 mL/min. 
The reaction was stirred for 30 min and then quenched with 0.5 mL of 
MeOH. The solution was washed with water and extracted with ether. 
The ether extracts were combined, washed with brine, dried over MgSO4, 
and reduced in vacuo to yield a mixture of 20 and 24, which was analyzed 
by GC, separated, and purified if necessary. "Slow stirring" reactions 
are conducted with the agitation of a magnetic stir bar. "Fast stirring" 
reactions are conducted with an overhead mechanical stirrer. 

Reaction of 2-Bromo-JV-ethylbenzamide-JV-rf (20a d). To 0.1201 g 
(0.525 mmol) of amide 20a d dissolved in 20 mL of dry THF at -78 0C 
under N2 was added 0.42 mL of 1.26 M n-BuLi (0.525 mmol). The 
reaction mixture was stirred for 30 min and quenched with 0.5 mL of 
MeOH. Solution was washed with water and extracted with ether. Ether 
extracts were combined, washed with brine, dried over MgSO4, and 
reduced in vacuo to yield an off-white solid mixture of 58% of 20a and 
42% of 24a according to GC. The mixture was separated by MPLC with 

In recent years fully saturated hydrocarbon polymers have been 
recognized as outstanding materials for studying the fundamental 
physical properties of polymers in general. Perhaps the most 
successful route to obtaining monodisperse model polyolefins, 
which cannot be directly polymerized by any known method, is 
the hydrogenation of anionically polymerized dienes. This process 
imparts excellent oxygen, radiation, and thermal stability to un­
saturated hydrocarbon polymers. Butadiene,1"3 isoprene,3,4 and 
2-methyl-l,3-pentadiene5 have been anionically polymerized by 
various researchers into a variety of microstructures, which have 
been shown to be easily transformable to the fully saturated form 
by hydrogenation in cyclohexane at approximately 70 0 C, with 
use of a palladium catalyst supported on calcium carbonate. 

We have recently implemented this hydrogenation method in 
our laboratory in order to prepare model saturated polymers for 
the investigation of isotope effects.6 We discovered that this 
heterogeneous catalytic hydrogenation reaction proceeds by a 
mechanism that appears to be unique to polymers and describe 
here our initial findings concerning this mechanism, which is 
qualitatively shown to result from the general behavior of polymer 

(1) Rachapudy, H.; Smith, G. G.; Raju, V. R.; Graessley, W. W. J. Polym. 
ScL, Polym. Phys. Ed. 1979, 17, 1211. 

(2) Xu, Z.; Hadjichristidis, N.; Carella, J. M.; Fetters, L. J. Macromole-
cules 1983, 16, 925. 

(3) Mays, J.; Hadjichristidis, N.; Fetters, L. J. Macromolecules 1984,17, 
2723. 

(4) Gotro, J. T.; Graessley, W. W. Macromolecules 1984, 17, 1161. 
(5) Xu, Z.; Mays, J.; Xuexin, C; Hadjichristidis, N.; Schilling, F. C; Bair, 

H. E.; Pearson, D. S.; Fetters, L. J. Macromolecules 1985, 18, 2560. 
(6) Bates, F. S.; Fetters, L. J.; Wignall, G. D. Macromolecules, in press. 

30% EtOAc/hexane as eluent to yield 0.0609 g (0.267 mmol, 51%) of 
20a and a 0.0344 g (0.231 mmol, 44%) of 24a. The mass spectrum 
showed 24a to 94.11% deuteriated. Data from 20a: 1H NMR (200 
MHz) S 7.20-7.67 (m, 4 H, Ar H), 5.94 (br s, 1 H, NH), 3.48 (dq, 2 
H, CH2), 1.28 (t, 3 H, CH3); GC (155 0C isothermal) tK 2.63 min; mp 
92-94 °C. Data from 24a: 1H NMR (200 MHz) S 7.30-7.71 (m, 4 H, 
Ar H), 6.11 (br s, 1 H, NH), 3.50 (dq, 2 H, CH2), 1.26 (t, 3 H, CH3); 
13C NMR (300 MHz) S 21.41, 45.26, 125.83, 126.10, 126.23, 130.66, 
131.30, 139.46, 173.60; mass spectrum, (FI, M+ (relative intensity)) m/e 
147 (525), 148 (7060), 149 (42486), 150 (464 758), 151 (54 158), 152 
(4175). 

Fast stirring: 0.1183 g (0.517 mmol) of amide was treated with 0.40 
mL of 1.26 M n-BuLi (0.504 mmol) to yield 66% 20a and 34% 24a. 

No stirring: 0.134 g (0.134 g (0.586 mmol) of amide was treated with 
0.44 mL of 1.34 M «-BuLi (0.590 mmol) to yield 56% 20a and 44% 24a. 
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solutions in contact with solid surfaces. We make use of the 
following model reaction in cyclohexane for this purpose: 

+ C - C + ^ - -f-C— C-J-
I * Pd/C»C03 I * 

,C CH 

I I I 

where I and II are referred to as poly(vinylethylene) (PVE) and 
poly(ethylethylene) (PEE), respectively, and x = 3070. 

Experimental Section 
Monodisperse poly(vinylethylene) was synthesized by using the anionic 

polymerization technique. Butadiene monomer (Matheson, instrument 
purity) was purified by successive distillation from dibutylmagnesium and 
/i-butyllithium. Benzene (Aldrich) was distilled from polystyryllithium 
under purified argon just prior to use as the polymerization medium. The 
polymerization was initiated with n-butyllithium (Aldrich, 1.5 M) in the 
presence of 1,2-dipiperidinoethane (DPE) (Aldrich) at 6 0C; the ratio 
of DPE to lithium was 3. Polymerization of butadiene under these 
conditions has been shown to result in >99% 1,2 addition.2 The reaction 
was terminated with degassed methanol, and the product was dried under 
vacuum and stored in a dark, purified argon environment. 

Hydrogenation reactions were carried out in a 2-L Parr reactor at ca. 
500 psi of hydrogen and at 70 0C. In all cases the concentration of PVE 
was 10 g/L of cyclohexane solution; the cyclohexane was distilled from 
potassium/benzophenone and stored under purified argon prior to use. 
A palladium catalyst dispersed on calcium carbonate (Strem Chemical 
Inc.; 5% by weight Pd; 5-10 m2 g"1 active surface area) was employed 
at concentrations of 0.5, 1, and 1.8 g/g of polymer; these reactions will 
be referred to as A, B, and C, respectively. Reaction A was sampled 16 
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Abstract The hydrogenation of poly(vinylethylene) in cyclohexane (1% w/v) at 70 0C with use of a calcium carbonate supported 
palladium catalyst has been investigated. Evaluation of partially hydrogenated polymer by size-exclusion chromatography 
and 1H NMR spectroscopy reveals that this reaction initially proceeds by the concerted hydrogenation of approximately 85% 
of the unsaturated repeat units in individual polymer molecules during a single adsorption step from solution. This finding 
is qualitatively explained on the basis of the unique adsorption characteristics of polymers, in conjunction with the estimated 
heats of adsorption for unsaturated and saturated hydrocarbons on group VIII metal surfaces. 

00O2-7863/88/1510-3542SO1.5O/0 © 1988 American Chemical Society 


