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pression, eq 6, may be written as v = (ICB/KI)~O[C~~I]- 
[RPNO], which agrees with the rate law reported for 
the oxidation of diphenylmethane in acctic acid.a for the two solvent systems. 
This indicates that the kinetic behavior is essentially 
the same in both thc aqueous sulfuric and the acetic 
acid system. However, since the value of KI presum- 

ably depends on the nature of the anions present16 the 
equilibrium constants are not expected to bc identical 
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The alkali metal salts of indole behave as typical ambident ariions in their reactions with methyl iodide In- 
dolylmagnesiuni halides reveal their ambidelit character only in WMPT which breaks up the tight X-Mg associa- 
tion vaa a 2: 1 complex. This observatioii can be used to reveal structural effects on the reactions of indole Gri- 
g imd reagents as illustrated by the variation of the C- to N-methylation ratio with the halogen atom of the 
Grignard reagent. 

The rate and posit,ion of reaction of ambident anions 
is marlcedly affected by a variety of structural and ex- 
perimental v a r i a b l c ~ . ~ , ~  Among heterocyclic com- 
pounds this phenomenon is most ’obvious in the chem- 
istry of alkali metal and Grignard derivatives of pyr- 
role5 and indole6 which may react with clectrophiles at  
either carbon or nitrogen. As part of thc study of the 
structure of these derivatives by nmr,7-9 detailed in- 
formation on their reactivity as ambident anions was 
desired. Since such data was already available in the 
pyrrole scrieslS an examination of the related indole 
derivatives was undertaken. 

The reaction selected for investigation, the methyla- 
tion of indole salts (eq l), was known for both the so- 
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dium1° and Grignard” derivatives, which yield pri- 
marily thc N- and C-methylated products 2 and 3, 
respectively. A methyl halide was chosen rather than 
an allyl or benzyl halide, since the latter reagents in- 
crease the tendency toward reaction at the less electro- 
negative atom of an ambident system4g*2 thereby 
leading, particularly with the Grignard derivatives, 

(1) Taken in par t  Prom the Ph .D.  Dissertation of J.  F. Sebastian, Uni- 

(2) To whom inquiries should be directed a t  the first address. 
(3) R .  Gompper, Angew. Chem., ‘76, 412 (1964). 
(4) 8. A. Shevelev, RUTS.  Chem. Aeu., 80,844 (1970). 
(5) C. F. Hobhs, C. K.  MeMillin, E. P. Papadopouloa, and C. A.  Vander- 

(6) R .  A. Heaoook and 8. Kasperek, Adoon. Hsterocycl. Chem., 10, 43 

(7) M. G.  Ihneoke ,  H.  W .  Johnson, Jr.,  and J .  F. Sebastian, Tetrahedron 

(8) M .  G. Reinecke, 11. W. Johnson, Jr., and J. F. gebastian, J .  Amsr. 

(9) M. 0. Reinecke, J .  F. Sebastian, €1. W. Johnsoxk, Jr., and C. Pyun, 

(10) R Weissgerber, Chem. Bsr. ,  48, 3620 (1910). 
(11) B. Oddo, Gaiz. Cham.ItnZ., 41, 221 (1911). 
(12) W. LoNoble and J. Puerta, Z’etruhedion Lett., 1087 (1966). 

versity of California, Riverside, 1965. 

Werf, J .  Amw. Chem. Soc,, 64, 43 (1962). 

(1969). 

L e t t ,  1183 (1963). 

Chem. Soc., 66, 2589 (1963) 

J .  Org.  Chpm., 86, 3091 (1971). 

t o  cssentially exclusivc C - a l l ~ y l a t i o n . ~ ~ ~ ~ ~  By using 
methyl iodide, howcver, some reaction on nitrogen was 
anticipated with the Grignard reagentlll thus pcr- 
mitting an examination of C- us. N-alkylation as a 
function of structural and media effects for both the 
Grignard and alkali metal derivatives of indole. Thc 
results of this study, as summarized in Tables 1-111, 

TABLE 1 
EFFECT O F  CATION AND SOLVENT OX THE REACTION OF INDOLlG 

SALTS WITH METHYL IODIDE (Ea 1) 
--Per cent of methylation on carbona-- 

Cation T H F  Et,O Toluene 

K 2 13 
Na 12 35 60 
Li 44 85 91 
MgBr 100 100 

e &4% calculated a8 [3/(2 + 3)] x 100, inseveralexperiments 
traces (<47,) of l,&dimethylindole were also found and counted 
as C-methylation product 3. 

TABLE I1 
EFFECT OF QOLVEXT COMPOSITION O N  REACTION OF 

INDOLYLMAQNESIUM BROMIDE WITK METHYL IODIDR 
Equiv of Per cent of 
- HLMPT Vol % HMPT methylation 
InMgBr in THF on oarbon“ 

0 0 100 
1 12.8 100 
2 25 97 
2 . 5  22 62 
2.8  22 36 
3 .1  24 30 
3 .4  22 9 
3.9 30 5 
4 . 4  33 0 
6 . 4  50 0 

10.3 100 0 
a See footnote t o  Table I. 
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TABLE I11 
HALIDE EFFECT IN THE REACTION OF INDOLYLMAQNESIUM 

HALIDES WITH METHYL IODIDE IN THF-HMPTQ 
Per cent methylation 

Halide on carbon6 

c1 11 
Br 37 
I 79 

2.8 equiv of HMPT per InMgX. b See footnote to Table I. 

complement and extend those of Lerner13 and Cardillo14 
obtained primarily with allyl halides. 

For the alkali metals increasing ionic radius or elec- 
tropositivity leads to less carbon and more nitrogen 
methylation in the three solvcnts studied (Table I). 
This observation is consistent with generalizations 
from other ambident ion s y ~ t e m s , ~ - ~  including the re- 
actions of indole metal derivatives with allyl halides in 
THF1*,l4 and d ioxan~ , '~  and has been rationalized by 
assuming that the smaller, less positive cations are 
more tightly associated with the electronegative end 
of the ambident ion system, thereby hindering attack 
a t  that position. Support for this explanation in the 
case of indole salts comes from a study of their nmr 
 spectra,'^^^^^ which clearly show these to be nitrogen 
(1) and not carbon (4, 5 )  derivatives. The magnesium 

4 5 

of the indole Grignard reagent must be the most 
tightly associated of all, since no N-alkylated product 
is found. The results also indicate that indolyllithium 
is more associated than the sodium and potassium de- 
rivatives. This does not contradict the nmr s t u d i e ~ , ~  
which indicate that the former is a solvent-separated 
ion pair in THF while the latter are contact ion pairs, 
since solvent-separated lithium ion pairs may still be 
strongly associated in THF.I6 

The increasing percentage of C- vs. N-methylation 
of a particular salt as the polarity and cation-solvating 
ability of the solvent decreases (Table I) again finds 
analogy in other ambident ion s y ~ t e m s , ~ - ~  including 
the reactions of indolylpotassium with allyl bromide 
in THF, dioxane, toluene, and heptane13 as well as 
indolylsodium in THF and dimethylformamide.'7 
Presumably the more polar solvents are better able to 
break up the association of t,he cation with the nitrogen 
atom, thereby permitting reaction a t  that site. Once 
again the magnesium atom of the indole Grignard 
reagent apparently is held so tightly that N-alkylation 
is not obtained in either the above reaction solvents or 
in diethyl e t h ~ r ' ~ ' ~ ~  and dibutyl ether.14 In hexa- 
mcthylphosphortriamide (HMPT), however, a solvent 
with a remarkable ability to dissociate organometallic 
co rnp~unds , '~~ '~  indolylmagnesium bromide gives ex- 
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clusive N-methylation (Table 11). Similar observa- 
tions have been madeZo for the reaction of the indole 
and pyrrole Grignard reagents with allyl bromide and 
in the former case for isoamyl bromide as well.'4 The 
exchange reaction between the indole Grignard reagent 
and indole (eq 2 )  has also been shown to be markedly 

MgBr H H MgBr 

accelerated in the presence of HR4PT.9 None of these 
results indicate whether HMPT simply modifies the 
bulk solvent properties of the medial* or forms a com- 
plex with the Grignard reagent. 

The existence of 2 : l  complexes of HMPT and 
Grignard reagents has been p r o p o ~ e d , ~ ~ - ~ ~  as has one 
between indolylmagnesium iodide and D20.24 However, 
Cardillo found that with 2 equiv of HPMT per Gri- 
gnard reagent (solvent composition unspecified) both 
isoamyl and allyl bromide still gave predominantly 
C-alkylation. l4  

The nature of the interaction between HMPT and 
indolylmagnesium bromide is revealed from a study of 
the methylation reaction in mixed THF-HMPT sol- 
vent systems (Table 11). The ratio of C- to  N-methyl- 
ation is clearly related to the equivalents of HMPT 
per Grignard reagent present and not the bulk com- 
position of the solvent. Below 2 and above 4 equiv of 
HMPT the position of alkylation is independent of 
solvent composition, occurring predominantly on car- 
bon in the former situation and on nitrogen in the lat- 
ter. The region of transition is relatively narrow and 
suggests the existence of a 2: 1 complex of indolylmag- 
nesium bromide and HMPT in which the magnesium 
is still tightly associated with the nitrogen atom. 
Additional HMPT dissociates this complex until a t  
4 equiv no effective hindrance to  attack by methyl 
iodide a t  the nitrogen atom remains. 

In the intermediate solvent composition range (2-4 
equiv of HMPT) the C- to N-alkylation ratio should 
display maximum sensitivity to structural variations in 
the reactants, thus permitting an examination of these 
factors. This hypothesis was verified from ti study 
(Table 111) which reveals a strong halide effect in the 
reaction. of indolylmagnesium halides with methyl 
iodide. Significant halide effects have been observed 
previouslyz6 but are by no means common. The pres- 
ent results indicate that the magnesium and nitrogen 
are most tightly associated in the iodide and least in 
the chloride. This trend could be explained by the 
increased electronegativity of the latter halogen im- 
parting more ionic character (polarity) to the N-XgX 
bond, thereby leading to  more extensive dissociation 
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by the solvent. Alternatively, the nature of the halo- 
gen may also effect the Schlenk equilibrium, intermo- 
lecular aggregation, or solvent complexation in such a 
manner as to  alter the degree of N-Mg association. 
A further possibility, suggested by a referee, is that the 
indolylmagnesium halides and methyl iodide undergo 
halogen exchange t o  give indolylmagnesium iodide and 
methyl halides, which might display a leaving group 
effect in the observed direction.i2i2R Additional studies 
are obviously required to  determine the cause of this 
halogen effect as well as other structural effects which 
may be revealed in mixed HR1PT-ether solvent sys- 
tems. 

Experimental Section 
Nmr spectra were measured on a Varian A-60 or A-GOA spec- 

trometer and the infrared spectra on a Perkin Elmer 137 inytru- 
ment. Gas chromatographic analyses were carried out on an 
Aerograph Autoprep A-700 using a 5 ft X 0.25 in. column of 20% 
Carbowax 20111 on f i r  ebriclc a t  220'. 

Chemicals.--THF and ether were distilled from lithium alu- 
minum hydride immediately before use. Toluene was distilled 
from sodium and HMPT was dried over BaO powder, decanted, 
and distilled under a nitrogen atmosphere ai. 84" (2 mm). The 
magnesium (Y9.99yo) was purchased from A. D.  Mackay, Inca, 
New York, N. Y .  Indole (mp 52-53'), 2-methylindole (mp 
59-61'), and 3-methylindole (mp 94-96") were purclitised from 
the Aldiich Chemical Co. and were used without further puri- 
fication. l-Methylindole WRS prepared by the method of Potts 
and SaxtonZ7 and purified by elution from a neutral alumina 
column with petroleum ether (bp 60-90' ), 1,3-Dimethylindole 
was prepared from 3-melhylindolyllithium and methyl iodide in 
HMPT as described below. 

General Procedure for the Preparation and Methylation of 
Indolylmetal Derivatives. A .  In THF.-Observing the usual 
precautionsq against HzO and COZ, a solution of indole in THF 
was added to a 10% excess of potassium metal, NaH, LiH, or 
EtMgBr in THF and the mixture wa3 heated to reflux until 
reaction was complete. A Bolution of methyl iodide (10% excess) 
in THF was slowly added and the reaction was allowed t o  pro- 
ceed at  room temperature until complete as determined from 
preliminary experiments (from 30 min for the potassium com- 
pound to 48 hr for the Grignard reagent). 
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B. In Ether.-The same procedure as above was followed 
except that the ether was used in place of TIIF and MeLi in 
place of LiH . 

C. In Toluene.--With the exception of indolylpotassium, 
which was synthesized directly in toluene from metallic potas- 
sium and indole, the indole derivatives were first prepared in 
THF as above, dry toluene was added, and the THF was re- 
moved by distillation. Methyl iodide in toluene was added 
to the heterogeneous mixtures and the reaction was allowed to 
proceed for 6-8 days. 

In HMPT .-Indolylmagnesium bromide and 3-methyl- 
indolyllithium were prepared in ether as described in B, HnlPT 
was added, and the ether was removed by distillation up bo 90" 
at 30 mm. Methyl iodide in HMPT was added and the reaction 
was carried out for 15 hr at room temperature. 

E. In THF-HMPT Mixtures.--n-Butylmagnesium chloride, 
ethylmagnesium bromide, or methylmagnesium iodide were 
prepared in THF and a solution of indole in THF-HRIPT was 
added so that the desired final solvent composition was obtained. 
A solution of methyl iodide in THF-HRIPT of the same com- 
position was added and the reaction was allowed to proceed a t  
room temperature for 3-45 hr (the more HMPT the faster the 
reaction). To afirst approximation the C- t o  N-methylation ratio 
was found to be independant of reaction time, as is also the case 
with indolyl~odiurn.~~ 

F.  Work-up and Analysis.-The reaction mixtures were 
treated with water (alkali metals) or 5% NH&1 (Grignards) 
and then extracted with ether. After the mixlures were dried 
and ether vas  evaporated, the products were collected by pre- 
paIative glc and identified by a comparison of their nmr and in- 
frared spectra with those of authentic samples. Quantitative 
analyses were carried out by glc and nmr spectroscopy of the 
crude reaction mixtures utilizing in the latter case the relative 
areas of the aromatic (T 2.3-3.7), 1-methyl (7 6.34.4), and 
3-methyl (T 7.7) resonances. The 1-methyl resonanres of 
1-methylindole and 1 ,a-dimethylindole could be cleanly de- 
tected in one another's presence. KO evidence for the presence 
of any 2-methylindole was obtained in any of these reactions. 
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