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acid indicated that the solution contained 0.075 mole of reagent.
A solution of (+4)-a-naphthylphenylmethylchlorosilane (2.35 g,
0.0083 mole), [e]D +5.9° (¢ 16.8, pentane), in ethyl ether (5 ml) was
added to the reagent. The reaction mixture was stirred for 14 hr
before it was hydrolyzed following the usual procedure. The crude
product was chromatographed over silica gel with a solvent blend
of benzene and pentane. Removal of solvent under vacuum left
a pale orange-yellow gum (2.74 g) which had [a]D +17.6° (¢ 10.5,
pentane). Crystallization from pentane at 0° gave very pale yellow
crystals of a-naphthyl-(o-tolyl)phenylmethylsilane (1.90 g, 0.0054
mole) with mp 102-103° and [a]D +23.0° (¢ 7.0, pentane). Re-
crystallization from pentane gave essentially white crystals with mp
103-105° and [a]D +23.2° (¢ 1.0, pentane). The infrared spectrum
had the bands characteristic of the a-naphthylphenylmethylsilyl
group as well as strong bands at 6.90, 7.80, 8.85, and 9.25 u at-
tributed to the o-tolyl group on silicon,

Anal, Calcd for CyH,eSi: C, 85.2; H, 6.55; Si, 8.30. Found:
C,85.4; H, 6.61; Si, 8.52,

Reaction between o-tolyllithium and (4)-a-naphthylphenyl-
methylmethoxysilane (2.97 g, 0.0107 mole), [a]D +5.7° (¢ 11.0,

pentane), under similar conditions to those described above except
that the temperature was maintained for 16 hr at 35° gave (+)-a-
naphthyl-(o-tolyl)phenylmethylsilane (3.50 g, 0.0103 mole) with
[a]D +7.5° (¢ 15.0, pentane). Crystallization from pentane gave
white crystals, mp 94-107° and [aJp +11.7° (c 0.6, pentane).
Reactions with Ethyllithium and »n-Propyllithium.!®* The reaction
of R3Si*OMe with ethyllithium has been described previously.
Optically pure (4 )-a-naphthylphenylmethylsilane (0.89 g, 0.0036
mole) dissolved in 10 ml of pentane was mixed with a solution of n-
propyllithium (2.35 g, 0.0470 mole) in 42 ml of pentane. As the
flask was heated pentane vapor was allowed to escape until the flask
temperature reached 82°. After 4 hr at 82° (conditions more vigor-
ous than those required for Cl, F, and OMe leaving groups), work-
up and chromatography over silica gel gave (4)-a-naphthylphenyl-
n-propylmethylsilane (1.01 g), [a]0 +1.7° (¢ 5.52, pentane), having
an infrared spectrum identical with that of the authentic substance.?
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Optically active compounds containing silicon-sulfur bonds, R;Si*SR’, have been synthesized. Rela-

tive and absolute configurations have been assigned to these substances which contain the a-naphthylphenylmethyl-
silyl group, o-NpPhMeSi*. The stereochemistry of their reactions with diverse reagents has been studied and is

compared with the stereochemistry of R;Si*QR’ reactions.

discussed and mechanism models are proposed.

Previous papers“+ 1 in this series on the stereo-
chemistry of substitution at asymmetric silicon,
exemplified® by the a-NpPhMeSi* system, designated
R;Si* below, have involved a variety of leaving groups:
alkoxy and siloxy,"*® carboxylate and tosylate,®
halogen,*® and nitrogen.!® In the present paper we ex-
tend our stereochemical studies to sulfur leaving groups,
using R,;Si*SR’ compounds, where R’ = H, CHj,
R,Si* 1!
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The general mechanistic significance of the results is

In spite of general chemical interest in the organo-
silicon-sulfur bond!? no mechanistic information con-
cerning this bond has been available. This situation,
plus the stereochemical importance of comparing the
silicon-sulfur bond with the silicon-oxygen bond, sug-
gested the present work.

Syntheses and Stereochemical Correlation of Configu-
ration. Crystalline (+)-1,3-di-e-naphthyl-1,3-diphenyl-
1,3-dimethyldisilthiane [(+4)-R;Si*SSi*R; (I)] was pre-
pared by reaction of (—)-R;Si*Cl with H,S and Et;N
in pentane solvent. Methanolysis of the (4-)-disil-
thiane I in ether solvent in the presence of Et;NH gave
the known (+4)-R;Si*OCH; in high optical purity due
to highly stereospecific breaking of the first silicon-
sulfur bond in I. The other product, formed without
breaking of the second silicon-sulfur bond, is (+)-dieth-
ylammonium «-naphthylphenylmethylsilylmercaptide
(II). This salt!3 conveniently precipitates from the
reaction mixture as fluffy white crystals.

(12) For reviews see (a) C. Eaborn, **Organosilicon Compounds,”
Butterworth & Co. (Publishers) Ltd., London, 1960, pp 333-338; (b)
V. BaZant and V. Chavalovsky, ‘‘Organosilicon Compounds,” Vol
1, Academic Press Inc., New York, N. Y., 1965, pp 72-75; (c) A. Haas,
Angew. Chem., 77, 1066 (1965).

(13) Secondary amine salts of aromatic thiols are known:
Grillot and T. J. Brooks, Jr., J. Am. Chem. Soc., 72, 4281 (1950).
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Table I. «-NpPhMeSi*X Compounds Having the Configuration
Ph
a-Np>$i<Me
X

Si*Xa [«]D, deg (solvent)

Si*X [a]D, deg (solvent)

(8)(—)-R;Si*SSi*R
(S}(—)-R3sSi*S~Et,NH,*
(8)-(—)-R,:Si*SH
(8)-(—)-RsSi*SCH;,

—101 (hexane)
—52 (benzene)
—26 (pentane)
— 12 (pentane)

(R)-(+)-R,Si*H
(S)-(—)-R:Si*Cl
(S)-(+)-R;:Si*OH +21 (ether)

(8)-(+)-R:Si*OCH;; +17 (pentane)

+ 34 (pentane)
—6.3 (pentane)

@ Names for the above optically active silicon-sulfur compounds, in order of listing, are:
dimethyldisilthiane; (S)-(—)-diethylammonium e«-naphthylphenylmethylsilylmercaptide;

(—)-a-naphthylphenylmethyl(methylthio)silane.

H:8, EtsN
—> (+)-R;Si*SSi*R;
b I, [e]D 4+101°

Cl.
2(+)}RSi*H —> 2(—)-R,Si*Cl
[alD +34° =& [¢]lD —6.3°

, CH3;0H, EtzNHJ
(+)RsSiS"Et:NH,* + (+)-R:Si*OCH; «————

II, [alD +52° [alD +17° c

Methanolysis product (+)-R;Si*OCH; is known to
have the (+)-R;Si*H configuration,* indicating over-all
retention of configuration for the conversion of R;Si*H
to RgSi*OCH; in reaction sequence 1. Moreover, since
reaction la is known to proceed with retention of con-
figuration, * reactions 1b and lc must be either both in-
versions or both retentions. Consistently predominant
inversion stereochemistry for reactions of R;Si*Cl with
a wide variety of nucleophiles including water and al-
cohols and alcoholate ions™!* and the SN2-Si stereo-
chemistry rule for good leaving groups point to inver-
sion for (1b), and hence also for (lc), as being most
reasonable. Further evidence for correct assignment of
inversion for reactions 1b and lc is provided by stereo-
chemical results reported below.

Reaction of 1 equiv of HCI with the (+)-amine salt
IT in benzene results in precipitation of Et,NH,*Cl- and
liberation of (+4)-a-naphthylphenylmethylsilylthiol
[(+)-R,;Si*SH (III)] which can be crystallized from
pentane.

o))

b
(4+)R:S*S~EtNHz* + HCl — s (+)-RoSi*SH +
11, [a]p +52° 111, [a]o +26°

Et;NH;*Cl— (2)

Reaction of the (4 )-amine salt IT with methyl iodide
gives EtNH,"I- and (+)-a-naphthylphenylmethyl-
(methylthio)silane [(+)-R;Si*SCH; (IV)] which also
can be crystallized from pentane.

pentane—ether

(+)-R:Si*S"Et:NH,+ + CH;] ——————>
II, [a]D +-52°
(+)-RaSl*SCH3 4+ EthH2+I—
IV, [a]p +12°

3

Because formation of II, III, and IV from the disil-
thiane I does not involve the asymmetric center, all four
compounds have the same configuration, as well as the
same sign of optical rotation. Based on an inversion
path for reaction 1b given above, Table I assigns ab-
solute configuration to these new compounds, together
with that rigorously established for the parent (4)-
R Si*H,* and for other pertinent compounds.® An

(14) L. H. Sommer, *Stereochemistry, Mechanism and Silicon,”
McGraw-Hill Book Co., Inc., New York, N. Y., 1965, Chapter 4,

(S)-(—)-1,3-di-a-naphthyl-1,3-diphenyl-1,3-
(S)-(—)-a-naphthylphenylmethylsilylthiol; (S)-

alternate method for the preparation of R;Si*SH and
R;Si*SCH; is shown below. The procedure is de-
scribed in the Experimental Section as method b.

pentane (—)-RsSi*Cl
Et:NH + H,S ——— HS"Et;NH,*"
excess Et:NH
(+)-R35i*S—Et2NH2+ + Et,NH.*Cl~

mixed salts

HCl or CHJI
Et:NH:*tX~ + (+)-R;Si*SR’ <«—

Stereochemistry of the Silicon-Sulfur Bond. Organo-
silicon-sulfur bonds are considerably more reactive
than comparable carbon-sulfur bonds, and they are
especially reactive toward basic reagents. In the pres-
ent paper, reactions of the Si-S bond with LiAlH,,
water, methanol, and organolithium reagents are re-
ported.

In ether solvent, LiAlH, reduction of the first Si-S
bond in R;Si*SSi*R; is fast at room temperature and
proceeds with inversion of configuration. As a result
of this reaction, the second Si-S bond is in a mercaptide
salt structure, approximated by R;SiS-(LiAlHj)*, V,
which is essentially inert to reduction at room tempera-
ture. Upon acidic work-up, V is converted to the con-
jugate silylthiol which can be separated from product
R;Si*H by precipitation of the amine salt.

22°, 30 min
(+)-R;Si*SSi*R; + LIAIH; — >
I, [a]D +101° Et0

inversion

(+)-R:Si*H + [R:Si*S—(LiAlH;)*] (4a)
[alp +34° v
HCl1 work-up Et:NH

-—> [(+)-R:Si*SH] ——>
in product mixture
(+)-R:Si*S"Et;NH.* (4b)
[a]lD +51°

Structure V can be independently prepared by mix-
ture of (4)-R;Si*SH with LiAIH, at —78°, and while
inert at room temperature, it can be reduced by heating
at 85° in butyl ether. This reaction proceeds with re-
tention of configuration.

. . —78° room temp
(+)RsSi*SH + LiAlH,
-H: 24 hr
85°, 24 hr .
V—— > (—)>R:Si*H (5)
Et:0-Bu:0 [a]D —30°

retention

Total reduction of (+4)-R;Si*SSi*R;, achieved by
following reaction 4a with heating at 85°, combines the
above results by yielding racemic R;Si*H. Table 1I
summarizes the foregoing LiAlH, reduction stereo-

Sommer, McLick | Si-S Bonds
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Table II. LiAlH, Reduction of R;Si*SR’ Compounds

Reaction Temp, Stereo-
no. Reactant °C Product specificity®
4a (+)-R:Si*SSi*R; 22 (4)R;sSi*H 1009 inv
5 R:Si*S~(LiAlH)* b 85 (—)R:Si*H 939 ret
6 (+)-RsSi*S"Et:NH,* 85 (—)-R:Si*H 8197 ret
7 (+)-R;Si*SCH; 22 (+)-RsSi*H 92% inv

@ A stereospecificity of, say, 909 means that the product was
809 optically pure (209 racemic) if optically pure reactant was
used. °® As derived from (4)-R.Si*SH.

faster reaction rate for hydride displacement of R;Si*S-
than for significantly more basic CH;S— is noted to be
consistent with previous observations of reaction rate
dependence on leaving group basicity,!® i.e., increased
ability of leaving group to bear a negative charge results
in increased reaction rates with strong nucleophiles.

The predominant retention stereochemistry which
obtains for hydride displacement of S?- (reactions 5 and
6 in Table II) is considered an example of the SNi-Si
mechanism,!® and is pictured below. It is analogous

Table III. Hydrolysis and Methanolysis Reactions of R;Si*SR’ Compounds

Reaction no. Reactants?¢ Products Stereospecificity®

84 (4+)-R:Si*SSi*R; + H:O (+)-R:Si*OH + (4)-R:Si*SEt,NH,* 97% inv

Icd (4+)-R:Si*SSi*R; 4+ CH,OH (4+)-R:Si*OCH; + (+)-R;sSi*S—Et:NH,* 100% inv

94 (4+)-R:Si*SCH; + H.0 (+)-R;:Si*OH 1007 inv

104 (4+)-R;Si*SCH; 4+ CH;OH (+)-R;:Si*OCH; 99 %7 inv

11 (+)-R:Si*SH + H:O (+)-RsSi*OH 949 inv
12 (+)-R;Si*SH + CH;OH (£)-R;:Si*OCH; Racemic product

13 (4+)-RsSi*S~Et;NH,* + CH;OH (+)-R:Si*OCH; 829 inv

¢ Refer to corresponding footnote in Table II.
¢ Ether solvent except as noted.

chemistry, together with results obtained for reduction
of (4+)-RsSi*S"Et;NH,* and (+4)-R;Si*SCH;.

Reasoning based on the general rule of inversion of
configuration for nucleophilic displacement of good
leaving groups X from R;Si*X7” clearly would predict
inversion for reaction 4a (pK, of leaving group con-
jugate acid, R;Si*SH, ~7)'® and retention for reaction
5 (second pK, for H,S is 14), based on the fact of opposite
stereochemical paths for these two reactions. This
consistency reinforces the absolute configurational as-
signments given in Table I.

Conversely, Table II shows, by inversion of configura-
tion for reaction 7, that CH,;S~ is a better leaving group
than S?-, which is consistent with decreased basicity
of CH,;S— (pK, of CH,;SH is 10)'® relative to S2-.V

The foregoing stereochemical results allow assign-
ment of reaction mechanisms for LiAlH, reductions
of R;Si*SR’. Inversion of configuration for displace-
ment of R;Si*S~ and CH,S— from silicon by hydride
(reactions 4a and 7) would be the natural result of SN2-Si
mechanism operation commonly favored by good leav-
ing groups and strong nucleophiles.” SN2-Si rate-
controlling transition-state geometry is trigonal bi-
pyramidal with apical entering and leaving groups
whose bonds to central silicon are longer and weaker
than those of the equatorial nonreacting organic (R)
groups. Greater apical bond length is the result of
considerable ionic stretching, which is strongly implied
by sensitivity of both reaction stereochemistry and
reaction rate to leaving group basicity.” In this regard,

(15) A pK, value of approximately 7 for R3Si*SH can be inferred
from the fact that RsSi*SH parallels aromatic thiols (pK, values known
to be ca. 7) in its ability to form amine salts. In contrast, aliphatic
thiols (pK. values > 10) do not form amine salts due to insufficient
acidity. See A. A. Oswald and T. J. Wallace in “The Chemistry of
Sulfur Compounds,” Vol. 2, N, Kharasch and C. Y. Meyers, Ed.,
Pergamon Press, Inc., Oxford, 1966, p 207. Also, silanols are known
to be more acidic than corresponding carbinols (see ref 12a, pp 95-
96), and in all likelihood a parallel obtains for silylthiols vs. carbon
thiols.

(16) M. M. Kreevoy, et al.,J. Org. Chem., 29, 1641 (1964).

(17) The actual leaving group may approximate HsAlS™, but induc-
tive electron release from aluminum to sulfur should still cause such a
leaving group to be more basic than RS,

4 Reaction in presence of =1 equiv of Et,NH.

b In some cases the enantiomer was used and gave the enantiomer of the product listed.

¢ Reaction medium 1:2 CH;OH-Et.0O (v/v).

to that previously formulated for the retentive LiAlH,

-8,

// N ~ o
RaSi* e AlH,
~ e
e
H

reduction of R;Si*OH.? With its provision for electro-
philic assistance and minimization of charge separation,
the SNi-Si mechanism commonly operates for polar
displacement of poor leaving groups from silicon in
nonpolar media.

Table III reports the stereochemical results obtained
for hydrolysis and methanolysis reactions of the
optically active silicon-sulfur compounds.

Hydrolysis and methanolysis reactions of R;Si*-
SSi*R; and R;Si*SCH; are catalyzed by Et.NH.
Under amine catalysis conditions, hydrolysis and
methanolysis of R;Si*SSi*R; (reactions 8 and Ic) are
complete in minutes, while under comparable condi-
tions, the corresponding reactions of R;Si*SCH; take
hours (reactions 9 and 10). This reaction rate differ-
ence is, in all likelihood, mainly due to leaving group
basicity difference, and the implications of this con-
cerning transition-state structure were noted above in
connection with LiAlH, reduction rate difference.

Hydrolysis and methanolysis of free R;Si*SH in
Et,O are comparatively slow (hours), and are not cata-
lyzed by dilute acid. Methanolysis of R;SiSTEt:NH,*,
which is of low solubility in Et,O, was carried out in
1:2 CH;OH-Et,0 medium,

All of the hydrolysis and methanolysis reactions listed
in Table III are inversions, and as such are assigned
SN2-Si mechanism pathways. The base catalysis ob-
served for reactions of R;Si*SSi*R; and R;Si*SCH; can
be interpreted as being the result of hydrogen bonding
between the amine catalyst and the hydroxylic hydrogen
of water or methanol, This would increase the nucleo-
philic character of the attacking oxygen center, and

(18) Reference 14, Chapter 8.
(19) Reference 14, Chapter 11.
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thus increase reaction rate, For the special case of
methanol solvolysis of R;Si*S-Et,NH,*, the actual
displacement reaction may or may not be preceded by
an acid-base equilibrium involving the free thiol.

(+)-R35i*S—Et2NH2+ + CHaOH 2
H

I
(+)RsSi*SH + CH;O—H. - -NEt:

inversion
(+)-R;Si*OCH; + HSEt:NH,* «——— (14)

A reaction sequence such as (14) would favor inver-
sion since it provides a good leaving group (HS™).
However, other recent studies in this laboratory® have
shown that in polar solvents “poor” leaving groups of
even greater basicity than S?- (i.e., pK, of HX > 14) can
be displaced with inversion of configuration, and this
may be the case for displacement of S*-. With our
present data, a distinction between these possibilities
cannot be made.

Although hydrolysis of R;Si*SH is seen to proceed
with inversion (reaction 11), the corresponding meth-
anolysis yields racemic R;Si*OMe (reaction 12) in
ether or in methanol solvent. The cause of this racemi-
zation is not known, but a likely possibility is a faster
racemization rate for product R;Si*OMe than for thiol
methanolysis, under the reaction conditions. R3Si*-
OMe is known to be optically unstable under mildly
acidic conditions. 2!

Reactions 15, 16, and 17 below are the first stereo-
chemical results for reactions of R;Si*SR’ with organo-
metallic reagents.

Reaction of (+)-disilthiane (I) with excess neo
pentyllithium, neo-C;HyLi, in ether solvent at room
temperature cleaves the first Si-S bond with inversion
of configuration,?? and generates the lithium mercap-
tide VI, containing the second Si-S bond. This latter
product is converted to the conjugate silylthiol upon
acidic work-up, and this can be recovered from the
reaction mixture as the diethylamine salt. This scheme

is analogous to (4b) given above.
Et:0
(+)-R35i*SSi*R3 + nEO-C5H11Li —_—

room temp
inversion

(—)-R;Si*-neo-CsHy, + [RsSi*S7Lit] (15)

Reaction of the methylthiosilane with neopentyl-
lithium gives retention of configuration under the same
conditions,

Et.0
(+)-RsSI*SCH; + neo-CsHyLi ————>
room temp
retention

(+)-R35i-neo-C5Hu + CHsS—Li+ (16)

However, reaction of the methylthiosilane with
benzyllithium proceeds with inversion of configuration,
Et:0

_ﬁ
inversion

(—)-R;Si*CH:Ph + CH:SLi* (17)

(+)-RsSi*SCH; + PhCH.Li

Referring to the invertive displacement of R;Si*S—
and the retentive displacement of CH;S— by neopentyl-

(20) Unpublished work of L. H. Sommer, W, D, Korte, and H.
Fujimoto.

(21) R. Baker, R. W, Bott, C. Eaborn, and P. W, Jones, J. Organo-
metal, Chem, (Amsterdam), 1, 37 (1963).

(22) Absolute configurational assignments for R3Si*-neo-CsHu and
R;3Si*CH2(CeHs) are given in ref 8,
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lithium seen in reactions 15 and 16, this contrasting
stereochemistry is most likely the result of leaving group
basicity difference. LiAlH, reduction, hydrolysis, and
methanolysis reactions are all inversions for displace-
ment of CH;S— as well as R;Si*S—. For those reac-
tions, the leaving group basicity difference only mani-
fests itself in faster reaction rate for displacement of the
less basic leaving group (R;Si*S—). For reaction with
neopentyllithium, leaving group basicity becomes most
critical to reaction stereochemistry, with the more
basic leaving group (CH;S~) now leaving with retention
of configuration,

Similar comparative stereochemistry for the reaction
of simple alkyllithium reagents with R;Si*Cl vs. R;Si*F
has been previously observed and discussed.® In this
regard the stereochemical behavior of R;Si*SMe
resembles that of R;Si*F which undergoes displacement
of F- by (1) LiAlH, with inversion,* (2) simple
alkyllithium reagents with retention, and (3) charge-
delocalized organolithium reagents with inversion of
configuration.®! Displacement of CH,;S~ follows the
same stereochemistry in all three categories. Inversion
for the reaction of R;Si*SCH; with a charge-delocalized
organolithium reagent, PhCH,Li, is demonstrated by
reaction 17 above.

The preferred inversion of configuration and faster
reaction rates for reactions of R;Si*SSi*R; ps. R;Si*-
SCH; are taken to be primarily due to leaving group
basicity difference, as mentioned above.

For reactions of RsSi*X with organolithium reagents,
there has been previous discussion on the dependence of
stereochemistry on leaving group ability and the nature
of the carbon-lithium bond of the organolithium re-
agent.® An SN2-Si mechanism has been proposed for
invertive displacement of Cl- from R;Si*Cl by simple
alkyllithium reagents R’Li® By analogy, this mecha-
nism applies to reaction 15 (displacement of R;Si*S-),

An SNi-Si mechanism has been proposed for the re-
tentive displacement of F- from R;Si*F by R’Li,® and,
by analogy, this mechanism applies to reaction 16 (dis-
placement of CH,;S~). It is pictured in its simplest

form below.
g
8.
Rasi*/ \Ll
~ R,/ -
R’ =neo -CsH”—

Comparison of the Silicon-Oxygen Bond with the
Silicon—Sulfur Bond. The first direct comparison of
R;Si*OR’ stereochemistry with R;Si*SR’ stereochem-
istry is provided by LiAlH, reduction reactions. Both
Si-O bonds in R;Si*OSi*R; undergo reduction upon
prolonged heating above 100° and proceed with reten-
tion of configuration,® whereas the first Si-S bond in
R;Si*SSi*R; undergoes complete reduction at 22° in
30 min, and with inversion of configuration. The sec-
ond Si-S bond, as Si-S—, is able to undergo reduction
at 85° with retention of configuration. Also, reduction
of R;SiIOCH;* goes with retention, while that for
R;Si*SCH; goes with inversion of configuration under
similar reaction conditions.

Sommer, McLick | Si-S Bonds
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R;Si*OSi*R; is unaffected by the presence of CH,OH
and Eto;NH in ether solvent, while R;Si*SSi*R; under-
goes rapid methanolysis under those conditions (reac-
tion Ic) and with inversion of configuration.

Also R;Si*OSi*R;?% and R;Si*OCH;! react with
simple alkyllithium reagents with retention, but R;-
Si*SSi*R; does so with inversion of configuration.

The striking change in reaction stereochemistry
caused by substitution of sulfur for oxygen in R;Si*OR’
gives dramatic support to the general concept of inver-
sion of configuration being favored by better (Jess basic)
leaving groups, while rerention of configuration com-
monly obtains for displacement of poorer (more basic)
leaving groups in nonpolar media.

The previous” general correlation of reaction stereo-
chemistry of R;Si*X with leaving group basicity, rather
than leaving group electronegativity, receives striking
confirmation from the present studies of the silicon-
sulfur bond. Clearly, any hypothesis which attributes
inversion stereochemistry of R;Si*X to high electro-
negativity of X and consequent preference of X for an
apical position in an Si-5 intermediate?* is refuted by
the present results.

Experimental Section*

Preparation of (+)-1,3-Di-a-naphthyl-1,3-diphenyl-1,3-dimethy!-
disilthiane, (+)-R;Si*SSi*Rs:. A solution of 5.76 g {20.4 mmoles)
of (—)-R;Si*Cl, [e]lD —6.3°, in 150 ml of purified pentane was
combined with a solution of 2.29 g (25 mmoles) of Et;N in 40 ml of
pentane. H,S was immediately bubbled into the solution, and
moderately fast gas flow was maintained for 30 min, during which
time precipitated amine hydrochloride gradually accumulated.
The mixture was allowed to sit for 2 hr and then filtered. The
retained precipitate was washed with 50 ml of boiling hexane
and the filtered wash solution combined with the original filtrate.
The resultant solution was evaporated down to about 75 ml and,
upon cooling, product crystals appeared. After several hours the
product was collected and recrystallized from hot hexane, yielding
2.3 g of crystals (439 yield), mp 115-116°, [a]D +101° (¢ 0.5,
hexane). The infrared spectrum in CCl, showed all of the absorp-
tion bands characteristic of the R;Si* system* plus a band at 20 u
attributed to the Si-S bond. 28

Anal. Caled for CyHaSieS: C, 77.51; H, 5.74; Si, 10.66;
S, 6.08. Found: C, 77.26; H, 5.43, Si, 10.85; S, 6.22.

Preparation of (4)-Diethylammonium «-Naphthylphenylmethyl-
silylmercaptide (Methanolysis of (4)-R;Si*SSi*R;). A solution of
1.20 g (2.28 mmoles) of (4)-R;Si*SSi*R;, [alD +101° (¢ 0.4,
hexane), in 60 ml of dry ethyl ether was prepared in a 125-ml flask
equipped with a magnetic stirrer. Using rapid stirring, 0.6 ml of
Et,NH and 0.36 ml of methanol were syringed into the solution.
After several seconds, the product precipitated. After stirring the
mixture several minutes, the crystalline material was collected on a
Biichner funnel and washed well with purified pentane (the filtrate
is retained since it contains co-product R;Si*OCHj,). The yield
was 0.76 g (47¢7 of total Si) of the fluffy, white salt, [¢]D +52° (¢
0.7, benzene), mp 105-130° dec. A sample recrystallized from CCly
gave an infrared spectrum showing the bands characteristic of the
R;Si* system, with some distortion, plus new bands at 3.8 and 4.1 u
attributable to the Et,NH," moiety.?” Recrystallization did not
increase optical purity, and optical purity was not consistent for all
preparations. The salt is sensitive to air, but can be stored under
vacuum,

Anal. Caled for CyHxNSIS: C, 71.33; H, 7.70; N, 3.96;
Si, 7.94; S, 9.07. Found: C, 70.97; H, 7.48; N, 4.06; Si,
7.88; S, 9.18.

(23) L. H. Sommer and W. D. Korte, unpublished work.

(24) An Si-5 intermediate has been defined as containing five full
bonds to silicon.?

(25) Analyses by Schwarzkopf Microanalytical Laboratory,
ing points are uncorrected.

(26) A. L. Smith, Spectrochim. Acta, 16, 87 (1960).

(27) B. Chenon and C. Sandorfy, Can. J, Chem., 36, 1181 (1958).

Melt-

The filtrate from the above product collection was stripped of
solvent, excess amine, and alcohol; the residue was taken up in
pentane and filtered. Removal of pentane yielded 0.56 g (44 % of
total Si) of white solid, {a]p +17° (¢ 2.24, pentane), whose infrared
spectrum was identical with that of authentic R ;Si*OCH,. ¢

Preparation of (4)-a-Naphthylphenylmethylsilylthiol, R:Si*SH.
Method a. A solution of 1.56 g (4.42 mmoles) of (+)-RsSiS ~Et.-
NH:*, [a]D +52° (¢ 0.4, benzene), was prepared in 60 ml of purified
benzene. Into this solution was syringed 15.3 ml of a benzene-HCI
solution known to be 0.29 M in HCl, Immediate precipitation of
Et:NH,*Cl~ (0.45 g, 967 yield, identified by melting point) re-
sulted. After filtration, the solution was stripped of benzene; the
residue was taken up in pentane and then refiltered. The product
crystallized after concentration of the pentane solution, yielding 1.1
2(89 77 yield) of crystals with mp 63-64°, [a]D +-26°(c 1.0, pentane).
An infrared spectrum in CCly showed the characteristic RiSi*
system absorbances, plus a band at 3.95 x due to the S-H stretch,28
and a band at 20 4 due to the Si-S bond. 2

Anal. Caled for C/H;SiS: C, 72.81;
Found: C, 72.85; H, 5.90; S, 11.64.

Method b. H,S gas was bubbled into a solution of 3.4 ml of
Et:NH in 100 ml of purified pentane contained in a 250-ml flask.
There soon appeared HS-Et.NH." precipitate, and bubbling was
continued for 5 min. This was followed by addition of a second
3.4-ml portion of Et,NH, and with fast magnetic stirring a solution
of 6.8 g (24 mmoles) of (—)-RsSi*Cl, (a]D —5.9°, in 50 ml of
pentane, was added to the mixture. A thick mixture of precipi-
tated salts, (+)-R;Si*S™Et,NH,* and Et,NH:+Cl, resulted. After
stirring for several minutes, the mixed salts were collected on a
Biichner funnel and washed profusely with pentane. The material
was transferred to a 250-ml flask, and a slurry was made by addition
of 100 ml of purified pentane. Anhydrous HCl was bubbled into
this mixture for 4 min, during which time the slurry had consider-
ably thinned. The mixture, containing free (+)-R:Si*SH in
solution, was filtered into a 250-ml suction flask, and after removal
of solvent and vacuum pumping gave 4.1 g of crude product.
Crystallization from a concentrated pentane solution gave 3.7 g
(559 yield) of (4)-R:Si*SH, [a]D +26°, mp 63-64°, with correct
infrared spectrum.

Preparation of (4)-a-Naphthylphenylmethyl(methyithio)silane,
(+)-R:Si*SCH;. Method a. A slurry of 2.6 g (7.35 mmoles) of
(+)-R:Si*S"Et:NH:*, [a]lD +52° (¢ 0.4, benzene), in 90 ml of
purified pentane and 50 ml of dry ether was combined with 9 ml of
CH;lI and the mixture magnetically stirred for 16 hr, during which
time it had thinned considerably. The solid Et;NH."I~ (identified
by melting point after recrystallization from methanol-ethyl
acetate) was filtered off, and the filtrate was stripped of solvent and
excess CH3l. The residue (2.1 g, 97% yield) was taken up in
pentane, and crystallization of white product took place from a
concentrated solution in the refrigerator. After two crystalliza-
tions, 1.2 g (55%) of solid (4)-R:Si*SCH;, mp 57-39°, [a]D
+12° (¢ 2.0, pentane), was obtained. Aninfrared spectrumin CCly
showed the expected R;Si* system peaks, plus a new band at 3.45 u
due to S-CH;, and the Si-S band at 19.8 u. A pmr spectrum
showed, in addition to aromatic proton signals downfieid, two
equal-area singlets: at 0.9 ppm (relative to TMS) due to Si-CHg
protons, and at 1.8 ppm due to S-CH; protons.

Anal. Caled for CsH;sSiS: C, 73.41, H, 6.16; S, 10.89.
Found: C, 73.48; H, 6.34; S, 10.70.

Method b. Referring to the method b preparation of R:Si*SH
above, a second batch of mixed salts made from 24 mmoles of
(—)R;Si*Cl, [alp —6.3°, was stirred with 10 ml of CH;l in 90 ml of
purified pentane and 50 ml of dry ether for 14 hr. The mixture,
which had become considerably thinner, was filtered, then stripped
of solvent, yielding 5.20 g of crude product. Crystallization was
made difficult by silanol impurity (about 10%; by infrared analysis)
and so the material was chromatographed on a 18 X 0.5 in. silica
gel column with elution by approximately 100 ml of pentane-
benzene (50:50 by volume). The liquid product (3.10 g) had [a]D
+11.8° (¢ 1.1, pentane) and had an infrared spectrum identical
with that of authentic R;Si*SCH;. Crystallization from a con-
centrated pentane solution gave 2.70 g (38 % yield) of (4-)-RaSi*-
SCHjs, [a]D +12.3° (¢ 0.8, pentane), mp 57-59°.

Lithium Aluminum Hydride Reductions. 1. (4)-RsSi*SSi*R..
A solution of 1.00 g (1.9 mmoles) of (+)-R:Si*SSi*R;, [a]D + 101°
(¢ 0.4, hexane), in 30 ml of dry ether was combined with a mixture
of 1.20 g of LiAlH, in 90 m! of ether. The mixture was allowed to
sit for 24 hr whereupon excess LiAlH, was decomposed by slow
addition of acetone, and the mixture was worked up with a com-
bination of ice, 100 ml of pentane, and 10 ml of concentrated HCI

H, 5.75; S, 11.43.
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in a separatory funnel. After washing the organic layer to neutral,
drying over sodium sulfate, and stripping of solvent, an infrared
spectrum of the residue showed approximately 50% R;Si*H
formed, as well as the presence of R,Si*SH and R,Si*OH. The
residue was taken up in 20 ml of pentane, and with rapid magnetic
stirring 2 mmoles of Et:NH was added, causing precipitation of
(4+)}RSi*S"Et:.NH,* (0.51 g, 38% of total Si), [a]p +51° (¢
0.52, benzene). The remaining solution was chromatographed
over a 18 X 0.5 in. silica gel column, eluting with pentane-benzene
(80:20 by volume), yielding 0.39 g (429 of total Si) of (+)-Rs-
Si*H, [a]D +34° (¢ 1.6, pentane), whose infrared spectrum coin-
cided with that of authentic R;Si*H. ¢

2. Total Reduction of (+)-R;Si*SSi*Rs. A solution of 0.36 g
(0.67 mmole) of (+)-R3Si*SSi*Rs, [a]o +101°, in 10 ml of ether
was combined with a mixture of 0.40 g of LiAlH, in 30 ml of ether
in a 200-ml, three-necked flask equipped with condenser, thermom-
eter, and heating mantle. The mixture was allowed to stand 24
hr, and then 40 ml of di-n-butyl ether was added. The mixture
was heated, and diethyl ether was allowed to escape until the tem-
perature reached 85°, whereupon the condenser was cooled for
reflux and the system was maintained at 85° for 24 hr. Excess
hydride was decomposed by acetone, and the reaction mixture was
worked up with 10 ml of concentrated HCI, ice, and ether. After
washing to neutral and drying over sodium sulfate, removal of
solvent yielded 0.308 g (91%) of (%)-RsSi*H, [a]D 0° (¢ 1.2,
pentane) within experimental error, which gave the expected infra-
red spectrum.

3. (+)-RsSi*SH. In a three-necked flask equipped with a
condenser and a Gilman trap, a solution of 0.387 g (1.38 mmoles) of
(+)-R:Si*SH, [a]D +26°, in 20 ml of ethyl ether was cooled in a
Dry Ice-acetone bath. To this solution was added a solution of
0.400 g of LiAlH, in 20 ml of ether which was also at Dry Ice-
acetone temperature, and the mixture was kept at that temperature
for 30 min, over which time slow bubbling was observed, and taken
to be hydrogen gas. The mixture was then allowed to warm up to
room temperature, accompanied by an increase in the bubbling rate,
which gradually subsided, and the mixture was allowed to sit at
ambient temperature for 24 hr.  After the addition of di-n-butyl ether
(40 ml) the flask was heated to 85° (ethyl ether allowed to escape)
and maintained for 24 hr. The mixture was worked up as in the
previous experiment. The crude product (0.34 g), [a]D —23.4°,
was contaminated by a small amount of starting material. Chro-
matography over silica gel with elution by pentane-benzene (80:20
volume) yielded 0.245 g (72%) of pure (—)-R;Si*H, [a]D —30°
(c 0.98, pentane), identified by its infrared spectrum.

In a separate experiment carried out as above, except with heating
at 85° omitted, the starting silylthiol was recovered with a trace of
reduction.

4. (4)-RsSi*S-Et:NH,*. A mixture of 0.580 g (1.64 mmoles)
of (+)-R,Si*S ~Et,NH;*, [a]D +52° (¢ 0.4, benzene), 40 ml of ethyl
ether, and 40 ml of butyl ether was prepared in a 200-ml flask
equipped for heating. The salt remained mostly undissolved, but
when 0.400 g of LiAIH, was added, the amine salt went rapidly into
solution, accompanied by bubbling, The mixture was heated,
with ethyl ether escape, to 85° and maintained at that temperature
for 24 hr. The reaction mixture was worked up as for above experi-
ments and dried over sodium sulfate. An infrared spectrum of the
crude product showed it to be predominantly R;Si*H but con-
taminated with a small amount of Si-S impurity. Chromatography
over silica gel in the usual manner for R;Si*H purification gave 0.31 g
(76%2) of (—)-RsSi*H, [a]D —21.0° (¢ 1.2, pentane), with the ex-
pected infrared spectrum.

5. (+)-R:Si*SCHi. A solution of 0.50 g (1.70 mmoles) of
(+)-RsSi*SCHj, [a]p +12° (¢ 2.0, pentane), in 5 ml of anhydrous
ether was combined with 0.6 g of LiAlH, in 30 ml of ether, and the
mixture was refluxed for 24 hr,  After the usual work-up and drying
of reaction product, it was chromatographed over silica gel to give
0.295 g (709%) of (+)-RsSi*H, [a]D +29° (¢ 1.18, pentane), identi-
fied by its infrared spectrum.

A later experiment determined that for the same reagent concen-
trations, reduction is actually 409 complete in 1 hr at room tem-
perature.

Hydrolysis Reactions. 1. (4)-R:;Si*SSi*R;. A solution of
1.20 g (2.28 mmoles) of (+)-R;Si*SSi*Rs, [a]p +101°, and 0.5 ml of
Et:NH in 20 ml of ethyl ether was shaken with 25 ml of H,O in a
separatory funnel. There immediately appeared a thick, white
precipitate. Addition of water and pentane to the mixture, with
additional shaking, gave separation of phases, with the precipitate
suspended in the organic layer. It was collected by suction
filtration, dried under vacuum, and identified by its infrared spec-
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trum as (+)-RsSi*S~Et;NH:*, [a]D +49° (¢ 0.4, benzene), 0.645 g
(407 of total Si). The ethereal filtrate obtained above was stripped
of solvent, and an infrared spectrum showed the intense broad band
at 3.0 u plus the other bands characteristic of RsSi*OH.* The
silanol had [a]p +19° (¢ 2.5, ether), yield 0.625 g (52 9 of total Si).

2. (4+)-RsSi*SCH:. A solution of 0.500 g (1.70 mmoles) of
(+)-R;Si*SCH;, [a]p 4+10.5°, and 0.18 ml of Et.NH in 5.0 ml of
ether was magnetically stirred with 2 ml of H,O for 24 hr. The
reaction mixture, which smelled of methanethiol, was separated
and the ethereal solution dried over sodium sulfate, then stripped of
solvent and amine. The 0.445 g of residue (999 yield), [«]D
+18.3° (¢ 1.78, ether), was identified as (4)-R;Si*OH by its
infrared spectrum,

3. (4)-R:Si*SH. A solution of 0.400 g (1.43 mmoles) of
(+)-RsSi*SH, [alo +26° (¢ 0.8, pentane), in 5.0 ml of ether was
magnetically stirred with 3 ml of H.O for 36 hr. The ethereal solu-
tion was separated, dried over sodium sulfate, and yielded 0.380 g
(1007 yield) of (+)-R:Si*OH, [a]D +17.6° (¢ 1.5, ether). The
product was identified by its infrared spectrum which, in addition
to the broad, intense Si—-OH peak at 3.0 y, indicated a small amount
of starting material as impurity.

Methanolysis Reactions. 1. (4)-R:Si*SSi*R..
aration of (4 )-R;Si*S—Et,NH.* above.

2. (4+)-RsSi*SCH;. A solution of 0.47 g (1.6 mmoles) of
(+)-R;:Si*SCH3, [e]p +10.5°, 0.65 ml of CHs;OH, and 0.17 ml of
Et;NH was made in 5.0 ml of dry ethyl ether and allowed to stand
protected from the atmosphere for 12 hr. Over this time the
solution developed the odor of methanethiol. The solvent and
excess reagents were removed under vacuum, leaving 0.43 g (97%
yield) of (+)-R:Si*OCHg;, [a]lp +14.7° (¢ 1.7, pentane). The
material had an infrared spectrum identical with that of authentic
R;Si*QCHs.

3. (4)-R:Si*SH. A solution of 0320 g (1.14 moles) of
(4+)-R:Si*SH, [a]D +26°, and 0.073 g of CH3;OH was prepared in
1.0 ml of dry ethyl ether, and the solution was allowed to sit for 36
hr protected from the atmosphere. Removal of solvent under
vacuum gave 0.306 g (97% yield) of (==)-R;Si*OCH;, [a]p 0°
(¢ 1.2, pentane), which gave the expected infrared spectrum for
R:Si*OCH,;. Previous experiments had shown the reaction to be
slow and accompanied by extensive racemization. Reaction in
both hexane and neat methanol also gave racemic product.

4. (4+)-R:Si*S-Et,NH,*. A mixture of 10 ml of CH;OH and
20 ml of ethyl ether was added to 0.78 g (2.2 mmoles) of (4)-
R;Si*S"Et;NH.*, [a]lp +51°, which quickly went into solution.
The solution smelled of H,S and gradually took on a yellow color.
After 2 hr the ether and excess methanol were removed under
vacuum. When the solid residue was taken up in pentane, a
yellow impurity was left behind, The colorless pentane solution
yielded 0.596 g (97% yield) of (+)-R:Si*OCHs, [a]lD +13.1° (¢
2.3, pentane). The product had an infrared spectrum the same as
that of authentic R:Si*OCH,,

Reaction of (+4)-R;Si*SSi*R; with Neopentyllithium. Freshly
prepared neopentyllithium (~30 mmoles in 30 ml of ethyl ether)
was added to a solution of 1.20 g (2.28 mmoles) of (4)-R:Si*SSi*R,
[alD +99.7° (¢ 0.4, hexane), in 15 ml of ether under a nitrogen
atmosphere. The mixture, which took on a light yellow color,
was stirred at ambient temperature for 16 hr and was worked up
with 5 ml of concentrated hydrochloric acid, 30 ml of ice water, and
30 ml of ether in a separatory funnel. The acidified organic layer
was washed with water until neutral, dried over sodium sulfate, and
then stripped of solvent. An infrared spectrum of the crude product
showed presence of approximately 509 SiOH and SiSH impurity.
The mixture was chromatographed on a 18 X 0.5 in. silica
gel column with elution by pentane-benzene (70:30 by volume).
A total of 0.579 g (409 of total Si) of material whose infrared
spectrum was identical with that of authentic R;Si*-neo-C;Hp®
was obtained, and this product had [a]D —24.3° (¢ 0.83, pen-
tane).

In another experiment set up exactly as above, except starting
with 1 g of (+)-R;3Si*SSi*R;, the crude product mixture was dis-
solved in 60 ml of purified pentane; 1 equiv of Et;NH was added
with fast magnetic stirring, which precipitated 0.30 g of (+)-
R:Si*S"Et;NH.*, [a]p +42° accounting for 14% of total Si.
Infrared analysis showed the remaining product to be a mixture of
silanol and (—)-R;Si*-neo-C;Hy in expected proportions.

Reaction of (4)-R:;Si*SCH; with Neopentyllithium. To a
solution of 0.588 g (2 mmoles) of (+)-R;sSi*SCH;, [a]p +11.4°,
in 5 ml of ethyl ether was added 30 mmoles of neopentyllithium in
30 ml of ether. The mixture, which turned to a light yellow color,
was stirred for 24 hr at room temperature. Work-up with acid

Refer to prep-
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(see previous experiment) followed by washing to neutrality and
drying over sodium sulfate yielded, after solvent removal, 0.656 g
of crude product, [a]D +25.3° (¢ 2.6, pentane), which was contami-
nated by a small amount of silanol. Chromatography on a 18 X
0.5 in. silica gel column with elution by pentane-benzene (70:30)
gave 0.400 g (63% yield) of (+)-R:Si*-neo-CsHy, [a]D +28.5°
(c 1.6, pentane), identified by its infrared spectrum.

Reaction of (+)-R,;Si*SCH; with Benzyllithium. A solution of
0.426 g (1.45 mmoles) of (+)-R:Si*SCH, [a]D +10.5°, in 7 ml of
dry ethyl ether, was added over 1 min to a rapidly stirred solution
of 6 mmoles of benzyllithium?® in 30 ml of ethyl ether. The addi-
tion caused the red color of the lithium reagent solution to diminish

somewhat, and the solution was allowed to stand at ambient tem-
perature for 10 hr. Acidic work-up (see previous experiment)
followed by drying over sodium sulfate and removal of solvent
gave 1.07 g of colorless product mixture. This mixture was taken
up in pentane and chromatographed on a 18 X 0.5 in. silica gel
column. Elution was effected by 125 ml of pentane-ben-
zene (60:40 by volume), yielding 0.376 g (779 yield) of (—)-
R:Si*CH,Ph, [o]lD —2.4° (¢ 2.8, pentane) and [a]D +3.2° (¢
2.7, cyclohexane).®? The infrared spectrum of the viscous product
was identical with that of authentic R;Si*CH,Ph.® Correcting for
optical impurity of the starting material, the reaction proceeded
with a stereospecificity of 7097 inversion.

Protonation of the Indole Grignard Reagent and Other
Organometallic Derivatives of Indole’

James C. Powers, William P. Meyer,? and Thomas G. Parsons
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Abstract:

Alkali metal derivatives of indole protonate predominantly on nitrogen.

The Grignard reagent on the

other hand gave carbon protonation when intermediate amounts of D,;O were added. Addition of very large or
very small amounts of D,0 yielded either N-protonation or no reaction followed by N-protonation in the work-up.
The effects of concentration, solvent, and heterogeneity on the amount of carbon protonation of the indole Grignard
reagent are described. The results are discussed in terms of the structure of the organometallic derivatives of

indole and the mechanism of their protonation.

en years after the discovery of alkylmagnesium
halides by Grignard, Oddo found that indole and
ethylmagnesium iodide reacted in diethyl ether with
the evolution of ethane to produce the indole Grignard
reagent (indolylmagnesium iodide).? This Grignard
reagent undergoes many of the reactions characteristic
of simple alkylmagnesium halides, such as carbonation,
alkylation, and acylation.*® The products formed are
substituted predominantly at the 3 position of the indole
ring, although small amounts of 1l-substituted and 1,3-
disubstituted products have been reported. This
selectivity in substitution reactions has led to the wide-
spread use of the indole Grignard reagent in the syn-
thesis of naturally occurring and pharmacologically
important substances.®
Since its discovery, the structure of the indole Grig-
nard reagent has been the subject of considerable con-
troversy mainly as a result of its substitution behavior.
The indole Grignard reagent is alkylated and carbonated
predominantly at the 3 position,” while alkali metal

(1) Presented in part at the 149th National Meeting of the American
Chemical Society, Detroit, Mich., April 1965,

(2) National Science Foundation Undergraduate Research Partici-
pant, 1964,

(3) B. Oddo, Gazz. Chim. Ital., 41, 211 (1911); B. Oddo and L.
Sessa, ibid., 41, 234 (1911).

(4) W. C. Sumpter and F. M. Miller, **Heterocyclic Compounds with
Indole and Carbazole Systems,”’ Interscience Publishers, Inc., New York,
N. Y., 1954; T. S, Stevens in “Chemistry of Carbon Compounds,”
Vol. IVA, E. H. Rodd, Ed., Elsevier Publishing Co., New York, N. Y.,
1957, pp 71-100.

(5) M. S. Kharasch and O. Reinmuth, ‘“Grignard Reactions of Non-
metallic Substances,” Prentice-Hall, Inc.,, New York, N. Y., 1954, pp
80-84.

(6) For recent examples of the usefulness of the indole Grignard
reagent in synthesis see J. C. Powers, J. Org. Chem., 30, 2534
(1965); H, Bader and W. Oroshnik, J. Am. Chem. Soc., 81, 163 (1959);
R. M. Acheson and A. R. Hands, J. Chem. Soc., 744 (1961).

derivatives of indole yield mostly l-substituted prod-
ucts. This has led to the formulation of the Grignard
reagent variously as an N-MgX or a C-MgX species.
Recently two studies of the alkylation of organometallic
derivatives of indole have been reported.®® The
Grignard reagent reacts with methyl iodide in THF or
toluene to give exclusively skatole, while the alkali metal
derivatives (Li, Na, K) give varying amounts of skatole
and l-methylindole. The data suggest that increased
dissociation of the organometallic derivatives of indole
leads to l-alkylated products, while associated salts
yield 3-alkyl products. Thus factors which increase
the ability of these organometallic indole derivatives to
dissociate, such as an increase in solvent polarity, in-
creasing homogeneity of the reaction mixture, and in-
creasing electropositive character of the metal ion, tend
to produce more N-alkylation.®* This hypothesis is in
agreement with results obtained in the alkylation of
alkali metal salts of pyrrole!®!! and other ambident
anions.

Recent nmr investigations of the organometallic
derivatives of indole have cast much light upon their
structures,® 1213 The C-MgX formulation (2) for the

(7) S. Kasparek and R. A. Heacock, Can. J. Chem., 44, 2805 (1966),
have observed that the reaction of ethyl chloroformate with the indole
Grignard reagent gives approximately a 1 :1 ratio of 1-carbethoxyindole
and 3-carbethoxyindole. The ratio varied with reaction conditions
but with the 3 isomer predominating most of the time. Carbonation
of the Grignard reagent gives a similar ratio of products (R. A. Hea-
cock, personal communication).

(8) N. Lerner, Dissertation Abstr., 24, 4982 (1964).

(9) J. F. Sebastian, Ph.D. Thesis, University of California, Riverside,
Calif., June 1965,

(10) C. F. Hobbs, C. K. McMillin, E. P. Papadopoulos, and C. A.
VanderWerf, J. Am. Chem. Soc., 84, 43 (1962).

(11) C. E. Griffin and R. Obrycki, J. Org. Chem., 29, 3090 (1964).
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