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traces of allyl alcohol. A sample was analyzed by mass spec-
trometry as previously reported.4 The remainder was diluted to
2 ml with ordinary water and then treated with excess Os;0¢-
(pyridine)s and a trace of free pyridine. After standing aver-
night, the solution was filtered. The filtrate was dried under a
stream of aif to give the brown bis(pyridirie) osmate ester of
glycerol This ester was reductively hydrolyzed to glycerol in
water in the presence of a 2-3 3-fold excess of NaHS80; at room tem-
perature for 30 min. . The mixture was analyzed by measurement
of the mass spectrum at m/e 61, 62, and 63 usmg the calculations
described by Biemann.®! Suitable blanks were run with NaH-
S0; alone.

Dissociation Constants for OsOs-L;.—The distribution coef-
ficient of pyridine and 3-picoline between buffer and diethyl ether
was determined at 15°. The pyridine concentration in the or-
ganic phase was measured at 256 nm after transfer to 0.1 N
H,80, using e 5200. 3-Picoline was measured at 263 nm (e
5560). The distribution coefficient, D = [L¢]/[L.], where the
subscripts refer to the organic and aqueous phases, was found to
be 1.3 = 0.02 (pyridine) and 3.3 & 0.05 (3-picoline). ' When
0s:0¢(pyridine), was equilibrated between equal volumes of
buffer and ether, it was found that no detectable quantities of
Os(VI) species were extracted into the organic phase as shown by
the lack of absorption in the 300-350-iim reglon The degree
of dissociation of the ligand from the Os(VI) species could thus be
measured from the quantity of ligand in the ether phase and the

(31) K, Biemann, '‘Mass Speotrometry,” MecGraw-Hill, New York,

N. Y., 1962, pp 223 fl.
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distribution coefficient. The dissociation constants were calcu-
lated from the relationship
{050z L- OH ] [Ly]

[OSOs . Lz] {HO -]

using Ky = 5 X 10-%.2 If we can assume no dissociation of
the second ligand (see text); then

(080 L-OH] = [La] + [Ld]
| [080;-Ls] = [OsO;s:LoJinitiat — ({La] + [Lo])
in the absence of added ligand.

Registry No.—Os-3-picoline dimer, 38641-67-7; Os-
3-picoline monomer, 38669-79-3; Os—pyridine dlmer,
38641-68-8; Os-pyridine monomer, 38669-80-6; Os—3-
chloropyrldlne dimer, 38677-68-8; Os-3- chloropyrldme
monomer, 38669-81-7; tmns—thymldme glycol, 38645-
24-8; 1,3'—dimethylthymine, 4401-71-2; trans-1,3-di-
methylthymine glycol, 38645-26-0.

Acknowledgment.—We thank the National Science
Foundation for support (GB-21267), Dr. George
Serif for his help in determining the mass spectra, Mr.
John Ragazzo for some of the ir spectra, and Dr. Kirk
Aune for the ultracentrifugal data.

(32) H, 8. Harned and B, B, Owen, “The Physical Chemistry of Elec-
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The utility of lithium aluminum hydride (LiAlH,) and diborane for the preparation of tryptammes from 3-
indolylglyoxamides, including certain 4-trifluoromethyl derivatives, has been studied. Three distinctions in

the behavior of these reducing agents toward the glyoxamides have been observed.

(1) Diborane allows

elaboration of the tryptamme side chain without concomitant reduction of trifluoromethyl substituents, whereas
these groups are converted into methyl substituents by LiAlH; when reducing conditions are sufficiently vigorous

to give the tryptamme

of the indolic enamine triad to give 1ndohnes, an event hot seen with LiAlH,.

2) Reducmon of the glyoxamides with diborane may be accompanied by reduction

3) 1- Alkyl-3-mdolylg1yox-

amides are converted into the corresponding tryptamines by diborane, whereas LiAlH, reduction gives 1- alkyl-3-

indolylglycolamines.

The formation of a 3,4,5,6-tetrahydro-1H-azepino[5,4,3-cd]indole (4) was. observed in
the LiAlH, reduction of 5-methoxy-N,N 2—tr1methyl 4-(tr1ﬂuoromethyl)-3-1ndolylg1yoxam1de (3¢).

Diborane

reduction of 3-indolecarboxylic acid (16b) and its ethyl ester 16a gave skatole (17) as the major product.

Application of the Nernitzescu reaction?! to 2-trifluoro-
methyl-1,4-benzoquinone and alkyl 3-aminocrotonates
constitutes a convenient preparation of certain 4-tri-
fluoromethylindoles.? The availability of these last
substances prompted us to prepare the 4-trifluoro-
methyl congeners of ‘biologically significant trypt-
amines, and the procedure of Speeter and Anthony?®
seemed to be the most direct way to achieve this ob-
jective. . In this method an indole which is unsub-
stituted at the 3 position is converted into a 3-glyox-
amide, reduction of which gives the tryptamine. Lith-
ium aluminum hydride (LiAlH,) is the usual reagent
for this reduction, but the use:of borane has been re-
ported on one occasion.* In this paper we compare the
effect of these two reducing agents on certain 3-indolyl-

(1) C. D. Nenitzescu, Bull. Soc. Chim. Romania, 11, 37 (1929); Chem.
Abstr,, 24, 110 (1830).

(2) R. Littell and G. R. Allen, Jr., J. Org. Chem., 88, 2064 (1968).

(3) M. E. Speeter and W. C. Anthony, J. Amer. Chem. Soc., T8, 6208
(1954),

(4) K. M. Biswas and A. H, Jackson, Tetrahedron, 24, 1145 (1968).

glyoxamides, including the 4-trifluoromethyl deriva-
tives.

The required amides of Table I were prepared readﬂy
from 5-methoxy-2-methyl-4-trifluoromethylindole (1)?
by the usual technique (see Scheme I).* Reduction
of the N*,Nt-dimethylglyokamide 3¢ with LiAlH, in
boiling tetrahydrofuran (THF) for 48 hr gave the 4-
rhethyltryptamine 2 and the 3,4,5,6-tetrahydro-1H-
azepino[5,4,3-cd]indole 4. The former K produet is
identical- with that obtained by LiAlH, reduction
of b-miethoxy-2,4,N®,Nb-tetramethyl - 3 - indolylglyox-
amide,® and its formation constitutes another example
of the conversion of a trifluoromethyl substituent into
a methyl group by LiAlH,. Such conversions were
observed earlier for a 6-trifluoromethylindole,® another
4-trifluoromethylindole,? and a benzotrifluoride.” A

(5) G. R. Allen, Jr., V. G. DeVries, E. N. Greenblatt, R. Littell F. J.
McEvoy, and D. B. Moran, J. Med. Chem., in press.

(6) A.Kalir, Z. Pelah, and D. Balderman, Israel J. Chem., §, 101 (1967)

(7) H.J. Brabender and W, B, Wright, Jr., J. Org. Chem., 82, 4053 (1867).
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TaBLE I
5-METHOX Y-2-METHYL-4-TRIFLUOROMETHYL-3-INDOLYLGLYOX AMIDES

CF,
CH,0
Registry Yield, Reecrystn Mp,
no. No. R % solvent °C
7664-41-7 3a NH, 90 MeOH 274276 dec
74-89-5 3b  NHCH: 75  MeOH  290-291 dec®
109-89-7 3c N(CHs)2 80 Acetone- 212-213
hexane
2878-14-0 3d NHCH:C(CHs)==CHj, 75 Acetone  222-224
193751 3e N::l 72 Aqueous 227-229°
MeOH
283-24-9 3¢ N 64  Aqueous 2622640
MeOH

e Analyses, %
~=Carbon--— ~—~Hydrogen— —Fluorine— —Nitrogen~—
Caled Found Caled Found Caled Tound Caled Found
52.00 51.85 3.69 3.64 18.98 19.06 9.33 9.21
53.50 53.71 4.17 4.22 18,14 18.59 8,91 8.76
54.88 54.99 4.60 4.40 17.36 16.86 8.54 8.57

Formula®

CisHuF3N:0;
CuHnF:N:Os
CisHuFiN20;

CuHpFsN:Os 57.62 57.45 4.8¢ 4.98 16.09 16.48 7.91 8.01

CnHuFsN.O;s 57.62 57.57 4.84¢ 4.68 16.09 16,17 7.91 7.76

CuHpFiN0¢ 61.75 61.33 5.68 5.83 13.96 14,13 6.86 6.55

s Except as noted the 4-trifluoromethylindolyl-3-glyoxamides had uv max 219-221, 280, 299-300 my (e 25,000-30,100, 10,100-14,000,
12,600-14,100) and ir max 6.10-6.20, 6.30-6.32 u. ° Final purification accomplished by sublimation. ¢ Uv max 219, 270, 288 mp (e

27,300, 14,600, 16,300).

ScHEME 1
CF;; CH3
CH;0 CH;0 CH,CH,N(CHy),
I
T CH, If CH,
g H
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| —
00
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CH,0. l :CCNb CH,0
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1?& CH, IT CH,
H
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w0
CH,0 CHCH,N(CH,),
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If CH, CF, ?H ?I) R
i) CH,0 CH-—-CN< 1
5 | R,
T CH,
6

recent report emphasizes that these reductions are
facilitated by the presence of o- or p-amino and hydroxy
functions.® The methoxy group in 3 presumably ex-
erts a similar influence.

1H-Azepino[5,4,3-cd)indole (4) apparently results
from the intramolecular quaternization of the benzyl
fluoride 7, which arises by stepwise reduction of the
trifluoromethyl group in 3c.” The reductive demethyl-
ation of the postulated intermediate quaternary salt 8

(8) N.W. Gilman and L. H. Sternbach, Chem. Commun., 465 (1971).

to give 4 (Scheme II) is amply supported in the litera-

ture. Three such examples are the conversion of
Scueme I
3 4
(CH,N meo T
CH, N
CH,F l : A
CH.0 CH, CH,0
| — I
T CH, T CH,
N H
7 8

strychnine methosulfate into strychnidine® and de-
methylation of two quatcrnary derivatives in the
gelsemine class of alkaloids.™®

Amino aleohol § resulted when 3¢ was submitted to
LiAlH, reduction under less vigorous conditions (4-16
hr, 23°). However, microanalyscs on the product
indicate that cven these conditions arc sufficient to
cause partial reduction of the triffuoromethyl group.
In the instance of the unsubstituted (3a) and N®-
methallyl (3d) glyoxamides, reduction with LiAlH, in
boiling THF for 5-180 min gave the corresponding
glycolamide 6. Surprisingly, the pyrrolidine-derived
glyoxamide 3e suffered side-chain cleavage to regen-
erate 1 when cxposed to LiAlH, in THF for 10 min-24
hr.

The inability to convert the 4-trifluoromethyl-3-
indolylglyoxamides into the corresponding tryptamines
by reduction with LiAlH, under a varicty of conditions
prompted us to investigate the utility of diborane for
this reduction. At the outsct of our study, limited

(9) G.W. Kenner and M. A, Murray, J. Chem. Soc., 408 (1950).

(10) () N. G. Gaylord, *“Reduction with Complex Metal Hydrides,"”
Interscience, New York, N. Y., 1956, p 788. (b) A referee suggested the
possibility that 8 may also function as the immediate precursor for 2 (reduc-
tive debenzylation), as well as 4 (reductive demethylation),
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evidence indicated that this reagent would behave in
the manner predicted by theoretical considerations.
Thus, the utility of diborane for the selective reduction
of a 2-acylindole-3-carboxaldehyde into a 2-acyl-3-
indolylmethanol had been demonstrated by Remers
and coworkers.!! Subsequently, while our work was
in progress, Biswas and Jackson reported the conver-
sion of N*-methyl-3-indolylglyoxamide into the corre-
sponding tryptamine using diborane as the reducing
agent.*

We find that this reagent reacts with the NP N®-
dimethylglyoxamide 3¢ to give 349, of the correspond-
ing tryptamine 9¢, which was isolated as an adduct
with boranc (sce Scheme III). Treatment of the ad-

SCHFM]‘ IT1

ll I|
CH,0, l :C—CR

CH,

3

CH,0. i CHECHZR CH,0. l :CHICHQR
N
I
H
9

H, CH,
H

CF,
CHO | CH:CHR
T “CH,

11

¢, R = N(CH;),
e, R = pyrrolidinyl
f, R = 3-azabicyclo[3.2.2]nonane

duet with l-octene in xylene liberated the tryptamine.
The hydrogenolysis of the trifluoromethyl group scen
in the LiAlH, reductions of 3¢ is not evident with di-
borane. A sccond important distinction cxists in the
behavior of LiAlH, and B.Hs toward glyoxamide 3c.
The latter reagent also gave two indoline products,
which differ only in the stercochemical relationship of
the groups at the 2 and 3 positions. The major (37%,)
isomer is that in which the substituents are cis oriented,
e.g., 10c, whereas the trans isomer 11c constituted 109
of the reaction product. These structural assignments
arc based on speetral cvidence, the indoline nucleus
being required by the ultraviolet spectra (see Experi-
mental Section). The geometrical relation of the 2
and 3 substituents was determined from the nmr spec-
tra of 10a and 1la and appropriate decoupling experi-
ments. The chemical shift (8 1.35) of the 2-methyl
doublet in the spectrum of the major isomer is at lower
ficld than that (§ 1.01) in the spectrum of the minor
isomer. This paramagnetic shift is characteristic of
cis-oriecnted alkyl substituents. Decoupling experi-

(11) W. A, Remers, R. H. Roth, and M, J. Weiss, J. Amer, Chem. Soc., 86,
4612 (1964).
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ments provided conclusive evidence. Irradiation at
the 2-methyl resonance of 10c reduced the two-proton
quintet to a doublet having J.3 = 7.5 Hz, indicating a
dihedral angle near 0° and a cis juxtaposition of the 2
and 3 hydrogens. A similar decoupling experiment
with 11lc collapsed the two-proton quartet to a single
line, suggesting a dihedral angle near 90°, which neces-
sitates a trans relation of the 2 and 3 hydrogens.

Reduction of the 3-azabicyelo[3.2.2]nonane-derived
glyoxamide 3f with diborane also gave a tcrnary mix-
ture, nmr speetral analysis of which indicated it to con-
tain the indole 9f and indolines 10f and 11f in a ratio
of 4:3:3. Separation of this mixturc by partition
chromatography was only partially successful; how-
ever, samples of the cis (10f) and trans indoline (11f)
were isolated. The spectral properties of 10f and 11f
were consonant with the assigned structures (see Ex-
perimental Section).

Reduction of the pyrrolidine derivative 3e gave a
mixture from which the tryptamine 9e was isolated as
the borane adduct; treatment of this adduct with 1-
octene in boiling xylene then gave 9e. The nmr spec-
trum of the remaining crude product indicated it to
consist mostly of the cis indoline 10e.

Extension of the borane reduction procedure to other
3-indolylglyoxamides indicates that this method for
the preparation of indoline analogs of tryptamines is
not general. Although reduction of N,N-dimethyl-3-
indolylglyoxamide (12a) with borane gave primarily
the indoline derivative 13a, a similar reduction of the

C CN(CH;})) N : 3
E I H 2

13a, R=H; Cz-Cs
b, R = OCH,; C,-C; =

CH,CH,N(CH,),

12a, R H
b, R = OCH;

CH,CH,
CH==CH

5-methoxy congener 12b gave 739, of the tryptamine
13b, which was isolated as the borane adduct.

The above examples illustrate two distinctions in
the reduction of 3-indolylglyoxamides by LiAlH, and
diboranc: (1) diborane permits reduction of the
glyoxamide grouping without concomitant reduction
of the trifluoromethyl substituent; (2) reduction of
the glyoxamide moiety with the olectrophlhc diborane
may be accompanied by reduction of the enamine
triad,'? a side reaction not observed with the nucleo-
philic LiAlH,. A third distinction in the behavior of
these reducing agents toward 3-indolylglyoxamides
has also been observed.

Thus, it has long been recognized that LiAlH, reduc-
tion of l-alkyl-3-indolylglyoxamides, e.g., 14, affords

3-indolylhydroxylamines analogous to 5.3 Howevor,
diborane reduction of one such glyoxamide, 14, effi-
ciently reduced the side chain to the ethylamine, giving
tryptamine 15a (24%) and its 2,3-dihydro derivative
15b (219,) as borane adducts. The isolation of 15b
constitutes the first cxample whercin a 1-alkylindoline
has been detected among the products derived from
(12) (a) J. A. Marshall and W. 8. Johnson, J. Org. Chem., 28, 421 (1963);

(b) I. J. Borowitz and G. J. Williams, bid., 82, 4157 (1967); (e} J. W. Lewis
and A. A. Pearce, J. Chem. Soc. B, 863 (1969).
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C—CN(CH,),

3 CHgCHzN(CHg)Z
N N

| |
CHJ} CHJ
14 15a, Cyy= CH=CH
b, Cz,g = CHZCHZ

diboranc reduction of a l-alkylindole, even though
carlier reports indicate that such products arc not ob-
served with 1,3-disubstituted* or 1,2,3-trisubstituted
indoles. 3

The susceptibility of the 3-indolylglyoxamides to
reduction by diborane prompted us to study the be-
havior of other unstudicd eclectrophilic indoles toward
this rcagent. KEthyl 3-indolylecarboxylate (16a) gave
skatole (17) as the only product following treatment
with diboranc for 48 hr. However, a similar reduction
of 3-indolecarboxylic acid (16b) gave 17 (499%,) and the
3,3’ dimer 18 (89,). The last substance is identical

CO.R CH,
o -0
N N
|

|
H H
16a, R = C,H; 17
b, R=H
(liH;;

“ CH, =
SWRaSD
| ]

H H
18

with one dimer which Biswas and Jackson found among
the reduction products of 3-indolecarboxaldehyde,?
and its isolation in the present instance is accommo-
dated by their rationalization of its formation from the
aldchyde.

Experimental Section

Melting points were determined in open capillary tubes on a
Mel-Temp apparatus and are uncorrected. Ultraviolet spec-
tra were determined in methanol solution with a Cary recording
spectrophotometer, and infrared spectra were determined in
potassium bromide disks with a Perkin-Elmer Model 21 spec-
trophotometer. Proton magnetic resonance spectra were deter-
mined with a Varian A-60D spectrometer in the indicated sol-
vent using tetramethylsilane as an internal standard. Evapora-
tions were carried out under reduced pressure.

5-Methoxy-.V,.V,2-trimethyl-4-(trifluoromethy!)-3-indoleglyox-
amide (3c).—The following experiment illustrates the general
procedure used to prepare the glyoxamides of Table I (¢f. foot-
note 3).

To a solution of 6.0 g (26.2 mmol) of 5-methoxy-2-methyl-4-
(trifluoromethyl)indole in 150 ml of ether at 0° was added drop-
wise over 20 min 6.0 ml of oxalyl chloride. After stirring at 0°
for 1 hr the bright orange solution of glyoxyl chloride was filtered.
The filtrate was stirved in 600 ml of ether and saturated with
gaseous dimethylamine. The resulting white solid was collected,
washed with water, and dried to give 6.70 g (809) of pale yellow
powder, mp 208-210°. Characterization of this substance and
the other 3-indolyglyoxamides is given in Table I.

3-(2-Dimethylaminoethyl)-5-methoxy-2,4-dimethylindole (2)
Succinate and 3,4,5,6-Tetrahydro-7-methoxy-2,5-dimethyl-1H-
azepino(5,4,3-cd]indole (4).—A solution of 6.5 g (20 mmol) of 3-

(18) 8. A. Monti and R. R. Schmidt, Tetrahedron, 27, 3331 (1971).
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methoxy-N,N,2-trimethyl -4 - (trifluoromethyl) -3 -indolylglyox-
amide in 500 ml of THF containing 5.0 g (130 mmol) of LiAlH,
was heated at reflux for 4 days. After the reaction mixture was
cooled, it was treated with 32 ml of potassium sodium tartrate
solution (650 mg/ml); filtration removed the inorganic salts.
The solvent was evaporated, and the residue was dissolved in
ethyl acetate, washed with saturated NaHCO; and with water,
dried over MgSO,, and evaporated to give an oil which crystal-
lized in acetone to furnish 800 mg (17%,) of white powder, mp
205-207°. Several crystallizations from acetone gave the pure
azepinoindole 4: mp 213-215°; uv max 230, 288, 300 mu (e
27,600, 8510, 8050); nmr (DMSO-ds) 6 2.20 (s, 3, CCHj), 2.40
(s, 3, NCH;), 2.83 {m, 4, -CH,CH,-), 3.68 (s, 3, OCH3;), 3.94
(s, 2, NCH, aryl), 6.64 (d, 1, J = 9.0 Hz, 8-H), 6.99 (d, 1, J =
9.0 Hz, 9-H), 10.48 (s, 1, NH).

Anal. Caled for C,JHisN,O: C, 73.01; H, 7.88; N, 12.17;
0, 6.95; mol wt, 230.30. Found: C,73.30; H,8.19; N, 11.91;
0, 7.48; mol wt, 230.

The filtrate from collection of the original crystalline material
was evaporated to give 3.00 g of an oil. This oil was treated
with a solution of 1.44 g (12 mmol) of succinic acid in 10 m] of
methanol. The solution was stirred for several minutes, diluted
with ether, and filtered to give 2.90 g (38%,) of crystals, mp
120-124° dec. Crystallization of this material from acetone
furnished pure 2 succinate as white crystals: mp 133-135°; uv
max 224, 278, 297 mu (e 34,200, 9500, 7200); nmr (DMSO-d;)
$2.30 (S, 4-CH3), 2.39 (S, HOzCCHzCHgCOgH), 2.46 (S, 2-CH3),
2.50 [s, N(CH;):), 2.84 (m, -CH,CH,~), 3.72 (s, 3, OCHjy),
674 (1,d,J = 9.0 Hz, 6-H), 7.00 (1, d, J = 9.0 Hz, 7-H), 9.56
(s, 2, CO.H), 10.55 (s, 1, NH).

Anal. Caled for CyHuN.0-CH O, C, 62.62; H, 7.74;
N, 7.69; F, 0.00. Found: C, 62.96; H, 7.94; N, 7.53; F,
0.00.

3-(2-Dimethylamino-1-hydroxyethyl)-5-methoxy-2-methyl-4-
(trifluoromethyl )indole (5).—A solution of 750 mg (2.3 mmol) of
5-methoxy-N,N,2-trimethyl -4 - (trifluoromethyl)-3 -indoleglyox-
amide (3¢) in 20 ml of THF was treated with 165 mg (4.35 mmol)
of LiAlH,. The mixture was stirred at room temperature for
4 hr, and the excess hydride was decomposed by addition of
water. The mixture was filtered, and the filtrate was evaporated.
The residue was dissolved in methylene chloride; this solution
was dried over magnesium sulfate and evaporated. Tritura-
tion of the residue with ether gave 400 mg (55%) of white crys-
tals: mp 125-127°; uv max 228, 305 mp (e 26,900, 10,5800); ir
3.00 (sh), 3.15, 6.16, 6.36 »; nmr (CDCl;, DASO-ds) 8 2.33
[s, 6, N(CH;).], 2.56 (s, 3, 2-CH,), 2.35-2.75 (underlying m,
CH,), 3.66 (s, 1, OH), 5.28 (dd, 1, J1,2 = 10.0 Hz, J1,, = 3.0 Hz,
CHOH), 6.80 (d, 1, J = 9.0 Hz, 6-11), 7.3%8 (d, 1, J = 9.0 Hz,
7-H), 10.35 (s, 1, NH).

A salt with fumaric acid was prepared by dissolution of 410 mg
(1.32 mmol) of material in 2 ml of methanol and addition of 156
mg (1.35 mmol) of fumaric acid. The solid that was precipi-
tated by addition of ether was recrystallized from methanol-
ether to give crystals, mp 146-147° dec.

Anal. Caled for CpIpNy0.-1/,CH Oy G, 54.54; H,
5.65; F,15.22; N,7.48. Found: C,534.97; H, 5.74; F, 13.72;
N, 7.43.

5-Methoxy-2-methyl-4-(trifluoromethyl )-3-indoleglycolamide
(6a).—A solution of 1.4 g (4.65 mmol) of S-methoxy-2-methyl-4-
(trifluoromethyl)-3-indoleglyoxamide and 600 mg (16 mmol) of
LiAlH, in 140 ml of THF was heated at reflux for 5 min. Water
was added, inorganic material was removed by filtration, and the
filtrate was evaporated. Crystallization of the rexidue from
acetone-hexane gave 370 mg (26%) of crystals, mp 160-162°.
Two recrystallizations from the same solvents gave the analytical
sample as white crystals: mp 166-167°; uv max 213, 305 mu
(e 28,500, 11,000); ir max 3.10, 5.96, 6.16, 6.35 g; nmr (CDCL)
8 2.36 (s, 3, 2-CHy), 3.86 (s, 3, OCH;), 4.12 (broad, OH), 5.45
(s, 1, CHOH), 6.83 (m, 3, NHs, 6-11), 7.88 (d, 1, J = 8 Hz, 7-H),
10.5 (s, 1, NH).

Anal. Caled for CiHpFgNOs:
18.83; N, 9.27.
9.29.

5-Methoxy-2-methyl- N-(2-methallyl )-4-(trifluoromethyl)-3-
indoleglycolamide (6d).—A solution of 920 mg (2.6 mmol)
of 3-methoxy-2-methyl-V-(2-methallyl)-4- (trifluoromethyl)-3-
indoleglyoxamide and 190 mg (5 mmol) of LiAlH, in 30 ml of
THF was stirred at room temperature for 3 hr. Water was
added, the inorganic material was removed by filtration, and
the filtrate was evaporated. Addition of ether and filtration

C, 31.82; H, 4.67; F,
Found: C, 32.02; H, 4.41; ¥, 18.22; N,
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gave 365 mg of product, mp 164-167°. Crystallization from
acetone—hexane gave the analytical sample: mp 182-183°; uv
max 225, 305 mu (e 28,000, 11,200); ir max 3.07, 6.10, 6.33,
9.30 p; nmr (DMSO-ds) § 1.70 (s, 3, C=CCHj,) 2.30 (s, 3, 2-
CH;), 3.71 (m, 2, ~-CHy-), 4.81 (s, 2, =CH,), 5.35 (d, 1, J =
5.0 Hz, CHOH), 5.55 (d, 1, J = 5.0 Hz, CHOH), 6.95 (d, 1,
J =9.0Hz 6.H),745(d, 1,J =9.0Hz, 7-H), 7.80 (t, 1, J =
6.5 Hz, NHCH,), 11.30 (s, 1, NH).

Anal. Caled for CiH,F3N,0;:
15.99; N, 7.86.
7.93.

5-Methoxy-2-methyl-4-({rifluoromethyl)indole (1).—A solu-
tion of 710 mg (2.0 mmol) of 1-{3-methoxy-2-methyl-4-(trifluoro-
methyl)-3-indoleglyoxyloyl]pyrrolidine (3e) and 300 mg (8
mmol) of LiAlH, in 70 m] of THF was stirred at room tempera-
ture overnight. Water was added, the inorganic precipitate was
removed by filtration, and the filtrate was evaporated. Crystal-
lization of the residue from acetone-hexane gave 110 mg (24%)
of white crystals, mp 121-123°. This material was identical
with known A-methoxy-2-methyl-4-(trifluoromethyl)indole (1)2
by the usual criteria. A similar reaction conducted for 10 min at
room temperature gave 27¢; of 1.

Reduction of S-Methoxy-N,N,2-trimethyl-4-(trifluoromethyl )-
3-indoleglyoxamide (3c) with Diborane.—A solution of 2.3 g
(7.0 mmol) of 3¢ in 160 ml of THF and 30 ml (30 mmol) of 1.0 M
borane in THF was heated at reflux for 2 hr and cooled, and the
excess borane was cautiously decomposed with water, After
evaporation of solvent the residue was dissolved in ether, washed
twice with saturated saline, dried, and evaporated. KEther was
added and 750 mg (34%) of 3-(2-dimethylaminoethyl)-5-me-
thoxy-2-methyl-4-(trifluoromethyl)indole borane, mp 164-166°
dec, was collected by filtration. A sample from a similar experi-
ment with mp 166-168° dec was recrystallized from dichloro-
methane-hexane to give the analytical specimen: mp 180-
181°; dee; uv max 230, 308 mu (e 26,000, 11,000); ir max 3.00,
4.25-4.40, 6.17, 6.37 u; nmr (CDClL + DMSO-dg) 6 2.42 (s, 3,
2-CHjy), 2.64 [s, 6, N(CH;)), 2.64-3.33 (m, ~-CH.CH,-), 3.86
(s, 3, OCHy), 6.8 (d, 1, J = 8.0 Hz, 6-H), 742 (d, 1, J = 8.0
Hz, 7-H), 10.4 (s, 1, NH).

Anal. Caled for C,H,F;N,0-BH;: C, 37.34; H, 7.06; N,
8.92. Found: C,57.42; H,7.34; N, 9.01.

The filtrate from the above ether trituration was evaporated
to give 1.80 g of yellow 0il, which was heated at reflux tempera-
ture with 10 ml of 209 hydrochlorice acid solution for 1 hr, The
cooled reaction mixture was washed with ether, rendered strongly
alkaline with sodium hydroxide, and extracted again with ether.
The ethereal solution wax washed with saline, dried, and evap-
orated to give 1.00 g of yellow oil. Vpe using 59; SE-30 on
Chromosorb W showed this material to be a binary mixture, 229
having a retention time of 2.5 min and 78¢; being eluted at 3.2
min.

Chromatography on diatomaceous silica using the system hep-
tane-ethyl acetate-methanol-water (90:10:17:4) separated the
two components.!* The product eluted at peak-hold-back
volume 3.5 (Vn/ V. = 2.27) was evaporated to give 122 mg (65)
of  trans-3-(2-dimethylaminoethyl)-3-methoxy-2-methyl-4-(tri-
fluoromethyl)indoline (11a) as a colotless oil:  uv max 248, 325
myu (e 7600, 3500); ir 3.10, 6.20 u; nmr (CDClL) § 1.01 (d, 3,
J = T Hz, 2-CI1y), 1.73 (m, 2, -CH,CI,LN<), 2.20 [s, 6, N-
(CI;)], 2.39 (m, -CH,CH,N<), 3.12 (m, 1, 3-H), 3.46 (s, 1,
NH), 3.60 (9, 1, J = 7 Hz, 2-H), 3.82 (s, 3, OCHy), 6.74 (s, 2,

C, 57.30; H, 5.37; F,
Found: C, 57.19; H, 5.63; F, 15.70; N,

aryl H).
Anal. Caled for CillyF;NoO:  C, 59.59; H, 7.00; F, 18.85;
N, 9.27. Found: C,39.353; H, 6.6%; F, 18.85; N, 8.99.

The fraction eluted at peak-hold-back volume 4.6 was evap-
orated to give 350 mg (179;) of cis-3-(2-dimethylaminoethyl)-3-
methoxy-2-methyl-4-({trifluoromethyl)indoline (10a) as yellow
erystals: mp 92-94°; uv max 248, 325 mpu (e 7800, 3900); ir
3.20, 6.25 g; nmr (CDCL) 8 1.33 (d, 3, J = 7 Hz, 2-CH;), 1.92
(m, 2, ~CH,CH,N<), 2.17 Is, 6, N(CH;)], 2.3¢ (m, —CH,-
CH,N <), 3.28 (m, 1, 3-H), 3.65 (b, 1, NH), 3.83 (s, 3, OCH;),
3.90 (q, 1, 2-H), 6.68 (s, 2, aryl H).

Anal. Caled for C;HyFsN:O:  C, 59.39; H, 7.00; F, 18.85;
N, 9.27. Found: C,39.36; H, 6.64; F, 19.13; N, 9.20.

(14) The support is that material marketed under the trademark Celite
by the Johns-Manville Co. A complete deseription of this technique as
developed by Mr. C. Pidacks is given by M. J., Weiss, R, E. Schaub, G. R.
Allen, Jr., J. ¥. Poletto, C. Pidacks, R. B. Conrow, and C. J. Coscia, Tetra~
hedron, 20, 357 (1964).

LITTELL AND ALLEN

3-(2-Dimethylaminoethy!)-5-methoxy-2-methyl-4-(trifluoro-
methyl)indole (9¢).——A solution of 200 mg of 3-(2-dimethyl-
aminoethyl)-5-methoxy-2-methyl-4-(trifluoromethyl)indole  bo-
rane in 2 ml of xylene and 2 ml of octene-1 was heated at reflux
temperature for 4 hr, cooled, and diluted with hexane to give 80
mg of white powder. Crystallization of material from a similar
experiment from acetone-hexane gave white erystals, mp 143-
147°. Sublimation at 0.5 mm and 110° furnished erystals:
mp 146-148°; uv max 229, 306 mu (e 22,500, 9300); ir 2.95, 6.13,
6.32 p; nmr (DMSO-de) 6 2.2 [s, N(CH;).], 2.36 (s, 2-CHj),
2.08-3.00 (underlying m, CH,CH,), 3.82 (s, 3, OCHj;), 6.90 (d,
1,J = 9.0 Hz, 6-H), 745 (d, 1, J = 9.0 Hz, 7-H), 11.15 (s, 1,

NH).
Anal. Caled for Ci;HwF:N.O: C, 60.00; H, 6.38; F, 19.00;
N, 9.33. Found: C, 60.27; H, 6.25; F, 19.27; N, 9.33.

cis- (10f) and {rans-3-{2-[5-Methoxy-2-methyl-4-(trifluoro-
methyl)-3-indolinyl] ethyl} -3-azabicyclo[3.2.2]nonane (11f).—A
solution of 2.50 g (61.4 mmol) of 3-[5-methoxy-2-methyl-4-
(trifluoromethyl)-3 -indolylglyoxyloyl] -3 -azabicyclo[3.2.2] -non-
ane (3f) and 20 ml of 1 M borane in THF was diluted with
150 ml of THF and heated at reflux temperature for 3 hr. The
solution was evaporated, and the residue was distributed between
ether and water. The ether layer was washed with saline, dried,
and evaporated to give 2.00 g (~85%) of a yellow oil: nmr
(DMSO-ds) inter alia 8 1.01 (d, J = 7.0 Hz, 2-CHj; in trans
indoline), 1.25 (d, J = 7.0 Hz, 2-CH; in cis indoline), 2.36 (s, 2-
CH;, indole 9f), 3.72 (s, OCH; of indolines), 3.82 (s, OCH; of
indole 9f), 5.52 (b, NH of indolines), 6.70, 6.79 (d, J/ = 9.0 Hz,
6-, 7-H of indolines), 6.93, 7.45 (d, J = 9.0 Hz, 6-, 7-H of indole),
10.95 (s, NH of indole); integration of the nmr trace indicated
the ratio of 9f:10f: 11f to approximate 4:3:3.

Partial separation of material from a similar reduction was
achieved by partition chromatography on diatomaceous silica
using heptane-2-methoxyethanol (1:1) as the solvent system.
The indoline products were eluted at peak hold-back-volumes
2.2 and 2.5 (Vm/Vs = 1.65). Isolation of pure material was
achieved only after repeated rechromatography of each peak.
The less polar fraction contained the trans isomer 11f, which was
sublimed to give yellow crystals: mp 113-116°; uv max 240,
320 mu (e 7600, 4000); ir max 2.93, 3.09, 6.20 »; nmr (CDCly)
81.16 (d, J = 6.5 Hz, 2-CHj;), 3.80 (s, OCHj;), 6.70 (s, 2, aryl H),
and a series of multiplets at § 1.25-3.76.

Anal. Caled for CoHxF:N,O: C, 65.93; H, 7.66; F, 14.90;
N, 7.32. Found: C,66.22; H,7.66; F, 14.90; N, 7.32.

The more polar material was recrystallized from acetone-
hexane to give the cis isomer 10f as yellow crystals: mp 108-
110°; uv max 246, 322 mu (e 8200, 3800); ir max 2.95, 3.10,
6.25 u; nmr (CDCl;) 8 1.40 (d, J = 6.5 Hz, 2-CHjy), 3.80 (s,
OCH,;), 3.88 (q, J = 7.0 Hz, 2-H), 6.70 (s, 2, aryl H), and a
series of multiplets at 6 1.25-3.77.

Anal. Found: C, 66.02; H, 7.70; F, 15.09; N, 7.28.

5-Methoxy-2-methyl-3-[2-(1-pyrrolidinyl Jethyl] -4-(trifluoro-
methyl)indole (9e) Borane.—A solution of 1.80 g (5.1 mmol) of
1-[5-methoxy-2-methyl-4- (trifluoromethyl) - 3-indoleglyoxyolyl] -
pyrrolidine (3e) in 140 ml of THF and 15 ml of 1.0 M borane in
THF was heated at reflux for 4 hr and cooled, and the excess
borane was decomposed with water. After evaporation of sol-
vents, the residue was dissolved in benzene and this solution was
washed with water, dried, and evaporated.

Crystallization of the crude residue from ether-hexane gave
330 mg of pale yellow powder, mp 162-164°. The mother liquor
was chromatographed on 100 g of silica gel.® Elution with di-
chloromethane-hexane (9:1) gave an additional 300 mg (36%
total produet, mp 166-170°),

The analytical specimen was obtained from a similar experi-
ment by crystallization from ether—hexane to give white plates:
mp 174-176°; uv max 232, 308 mu (e 27,000, 10,000); ir max
2.99, 4.25-4.30, 6.13, 6.35 »; nmr (CDCl; + DMSO-dg) 5 2.00
(m, -CH,CH,- of pyrrolidine), 2.45 (s, 2-CHjs), 2.45~3.42 (m,
—-CH,;CH;N, —-CH,NCH,~), 3.85 (s, 3, OCHj,), 6.84 (d, 1, J =
9.0 Hz, 6-H), 7.40 (d, 1, J = 9.0 Hz, 7-H), 10.75 (s, 1, NH), and
3 H in the 1.0-3.0 region (BHj;).

Anal. Caled for C17H24F3N20'BH32 C, 60.00, H, 711, N,
8.24. Found: C, 59.91; H, 6.83; N, 8.28.

Further elution of the column with dichloromethane-ether
(8:2) gave 750 mg (43%) of a mixture of the borane adducts of
indolines 10e and lle as a yellow oil, uv max 250, 330 my, ir

(15) A product of the Davison Chemical Co., Baltimore, Md., with mesh
size 100~200.
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max 4.20, 6.30 u. Chromatography of this material on di-
atomaceous silica using a heptane-ethyl acetate-methanol-water
(90:10:17:4) systern gave 600 mg of oil at peak hold-back-volume
4.0 (Vu/Vs = 2.47); tle of this material in heptane-ethyl ace-
tate (1:1) and acetone-acetic acid~methanol-benzene (5:5:20:
100) showed two spots, Partial separation was effected by pre-
parative chromatography on silica gel using heptane-ethyl ace-
tate (1:1). A fraction containing 240 mg was isolated as a yellow
oil: uv max 246, 325 mu (e 8200, 3600); ir max 3.02, 4.23, 6.23
u; nmr (CDCl;) 5§ 1.40 (d, 3, J = 7.0 Hz, 2-CH;), 3.80 (s, 3,
OCH,;), 6.72 (s, 2, aryl H), and 1.16-4,00 (series of multiplets).
This spectral data suggests the material to be the borane adduct
of cis isomer 10e.

5-Methoxy-2-methyl-3-[2-(1-pyrrolidinyl }-ethyl] -4-(trifluoro-
methyl)indole (9e).—A solution of 800 mg of 5-methoxy-2-
methyl-3-[2-(1-pyrrolidiny})ethyl] -4-(trifluoromethyl)indole bo-
rane in 10 m! of xylene and 4 ml of n-octene-1 was heated at
reflux for 3 hr, cooled, diluted with heptane, and filtered to give
510 mg of pink crystals, mp 145-150°. The product was puri-
fied by crystallization from acetone-water and sublimation at
130° to give white crystals: mp 152-154°; uv max 228, 303
mu (e 25,200, 10,000); ir max 2.95, 6.13, 6.32 u; nmr (DMSO-
ds) 8 1.68 (m, 4, -CH,;CHy— of pyrrolidine), 2.36 (5,3,2-CHs),
2.36-4.67 (underlying m, ~-CH,CH,N<, -CH,NCH,-), 3.81 (s, 3,
OCH;), 6.92 (d, 1, J = 9.5 Hz, 6-H), 7.47 (d, 1, J = 9.5 Hz,
7-H), 11.20 (s, 1, NH).

Anal. Caled for CHyF3N,O: C, 62.56; H, 6.49; ¥, 17.47;
N, 8.48. Found: C, 62.87; H, 6.65; F, 17.41; N, 8.71.

3-(2-Dimethylaminoethyl)indoline (13a).—A solution of 2.16
g (10 mmol) of N,N-dimethyl-3-indoleglyoxamide' in 150 ml of
THF and 40 ml of 1.0 M borane in THF was Leated at reflux for
2.5 hr and cooled. The excess borane was cautiously decomposed
with water. After evaporation of the solvents, the residue was
dissolved in ether, and this solution was washed with water, dried,
and evaporated to give 2.10 g of colorless oil.

The crude oil was heated at reflux temperature with 12 ml of
209, HCI for 1.5 hr. The cooled solution was washed once with
ether, rendered strongly alkaline with NaOH, and extracted
with ether. The ether solution was washed twice with water,
dried, and evaporated to give 1.10 g of colorless oil; vpc at 142°
on a 6 ft 3.89, SE-30 on Diatoport S column showed this material
to be 959, 13a (retention time 4.4 min) and 5% 3-(2-dimethyl-
aminoethyl)indole (retention time 6.5 min; identical with that of
a known sample).

Purification was effected by chromatography on diatomaceous
silica using a heptane-ethyl acetate-methanol-water (90:10:
17:4) solvent system. The fraction with peak hold-back-vol-
ume 3.25 (Vi/Ve = 2.44) was evaporated to give 800 mg of
amber oil, uv.max 242, 293 mu (e 3900, 2300), ir max 3.05, 6.20
#. This material formed a picrate, mp 158-160°.

A’ﬂal. Caled for CmesNz'CsHstOﬂ C, 5155; 'H, :).05;
N, 16.70. Found: C, 51.28; H, 5.16; N, 16.93.

3-(2-Dimethylaminoethyl )-5-methoxyiridole (13b) Borane.—A
solution of 2.46 g (10 mmol) of 5-methoxy-N,N-dimethyl-3-
indoleglyoxamide in 50 ml of THF and 35 ml of 1.0 M borane
in THF was heated at reflux temperature for 3 hr and cooled,
and the excess borane was decomposed with water. After evapo-
ration theresidue wasdissolved in ether, washed with water, dried,
and evaporated to give 2.90 g of white plates. This material
was recrystallized twice from dichloromethane-hexane to give
1.20 g of crystals: mp 124-125°; uv max 222, 278, 298, 308
my (e 23,000, 5800, 4650, 8350); ir max 2.90, 4.22, 4.40, 6.15,
6.30 p.

Anal. Caled for CsHisN,0-BH;: C, 67.26; H, 9.12; N,
12.07. Found: C, 67.04; H, 9.43; N, 11.97.

An additional 300 mg (739 total) of product was obtained by
chromatographing the first mother liquor on 50 g of silica gel and
eluting with ether-dichloromethane (1:4). ‘

The same compound, mp 123-125°, was prepared by similar
treatment of 3-(2-dimethylaminoethyl)-5-methoxyindole” with
borane.

Reduction of 1,V,N-Trimethyl-3-indoleglyoxamide (14).—A
solution of 2.20 g (9.6 mmol) of crude 1,N,N-trimethyl-3-in-
doleglyoxamide (14) (prepared in the usual way? from 1-methyl-

(16) H, Kondo, H. Katacka, Y. Hayashi, and T. Dodo, Itsuu Kebkysho
Nempo, 10, 1 (1959); Chem. Abstr., B4, 4921 (1960),
(17) M, Julia and P. Manoury, Bull. Soc. Chim. Fr,, 1411 (1965).
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indole, oxalyl chloride, and dimethylamine, and obtained as a
homogeneous oil) and 30 ml of 1 M borane in THF was heated at
reflux temperature for 3 hr. The usual isolation procedure gave
1.90 g of colorless oil, which was chromatographed on 100 g of
silica gel. Elution with dichloromethane gave 500 mg (24%) of
white crystals, mp 84-86°. Two crystallizations from ether gave
pure 3-(2-dimethylaminoethyl)-1-methylindole (15a) borane:
mp 90-92°; uv max 223, 288 mu (e 35,500, 3500); ir max 4.25,
4.32, 441, 6.15 u; nmr (CDCl3) 8 1.0-3.0 (broad, BH;), 2.58
[s, 6, N(CH;).], 3.06 (broadened s, 4, -CH,CH,N<), 3.62 (s, 3,
NCH;), 6.80 (s, 1, 2-H), 7.22 (m, 2, 5-, 6-, and 7-H), 7.55 (m, 1,
4-H).

Anal. Caled for CyuHgN,-BHy: C, 72.23; H, 9.79; N,
12.96. Found: C, 72.48; H, 9.64; N, 13.13.

Continued elution of the column with ether~dichloromethane
(1:4) gave 450 mg (21%) of 3-(2-dimethylaminoethyl)-1-methyl-
indoline (15b) borane as a white solid, mp 92-94°. Two re-
crystallizations of this solid from ether-hexane gave white crys-
tals: mp 98-99°; uv max 250, 295 mu (e 12,500, 6100); ir max
.33, 6.25 u; nmr (CDCl;) § 1.67-2.37 (m, ~-CH,CH,N<), 2.65
(s, NCH,), 2.71 [s, -N(CH;),' BH;], 2,71 (underlying m, 3-H),
2.89 (m, 2-CH,), 3.20 (m, ~-CH,CH,N<), 6.35-7.20 (m, 4, aryl
H). )
Anal. Caled for CyHuN BH;: C, 71.57; H, 10.62; N,
12.84. Found: C, 71.73; H, 10.41; N, 12.78.

3-Methylindole (17).—A solution of 2.82 g (15 mmol) of ethyl
3-indolecarboxylate (16a) in 50 ml of THF and 50 ml of 1.0 M
borane in THF was heated at reflux for 48 hr. Examination
of the reaction mixture by tlc and vpe showed the presence of a
single product having B; values and retention times correspond-
ing to those of skatole. )

3-Methylindole (17) and 3-(3-Indolylmethyl)-3-methylindoline
(18).—A solution of 2.42 g (15 mmol) of 3-indolecarboxylic acid
(16b) in 100 m! of THF and 50 ml of 1 M borane in THF was
heated at reflux for 4 hr and cooled, and the excess reagent was
decomposed with water. After evaporation of the solvents, the
residue, 1.6 g of malodorous oil, was dissolved in ether and ex-
tracted three times with 25-ml portions of 6 N HCI and the ether
was dried and evaporated to give 965 mg (49%) of skatole (17)
as white crystals, mp 75-79°. The structure was confirmed by
comparison of its nmr spectrum with that of an authentic
sample.

The combined acid washes were extracted with CHCl; and the
CHCI; extracts were combined, washed with saturated NaHCO;,
dried, and evaporated to 250 mg of tan oil. This material was
chromatographed on diatomaceous silica using a heptane-meth-
anol (1:1) system. The fraction eluted at peak hold-back-
volume 4.0 (V/ Vs = 2.38) was evaporated to give 150 mg (8%)
of 3-(3-indolylmethyl)-3-methylindoline (18) as odorless; pink
crystals, mp 121-123°. Recrystallization from acetone-hexane,
followed by sublimation at 115°, gave the pure sample: mp 132—
134° (lit.* mp 132-134°); uv max 225, 284, 292 mu (e 29,800,
9600, 9200); ir max 2.90, 3.02, 6.08, 6.22 u; nmr (CDCl;)
1.33 (s, 3, CHy), 3.00 (s, 2, -CH,), 3.09 (d, 1, J = 9.0 Hz, 2-H
of indoline), 3.22 (s, 1, NH of indoline), 3.50 (d, 1, J = 9.0 Hz,
2-H of indoline), 6.42-7.67 (m, 8, aryl), 7.80 (broad s, NH of

indole).

Anal. Caled for CisHisNo: C, 82.40; H, 6.92; N, 10.68;
mol wt, 262. Found: C, 82.33; H, 6.70, N, 10.52; mol wt,
262,

Registry No.—1, 16052-63-4; 2 succinate, 38179-35-0;
3a, 23340-79-6; 3b, 23340-80-9; 3c, 23340-81-0; 3d,
38662-06-5; 3e, 23340-83-2; 3f, 23340-84-3; 4, 38662-
09-8; 5, 38662-10-1; 5 fumarate, 38662-46-3; 6a,
38662-11-2; 6d, 38662-12-3; 9¢, 23340-82-1; 9c¢ borane,
38662-14-5; 9e, 23340-85-4; 9e borane, 38662-16-7;
10a, 38662-47-4; 10e borane, 38662-48-5; 10f, 38677-
72-4; 1la, 38662-49-6; 11f, 38661-77-7; 13a; 38662-
17-8; 13a picrate, 38662-18-9; 13b borane, 38662-23-6;
14, 38662-19-0; 15a borane, 38662-20-3; 15b borane,
38662-21-4; 16a, 776-41-0; 16b, 771-50-6; 17, 83-34-1;
18, 38662-24-7; oxalyl chloride, 79-37-8; N,N-di-
methyl-3-indoleglyoxamide, 4545-06-6;  5-methoxy-
N,N-dimethyl-3-indoleglyoxamide, 2426-20-2; LiAlH,,
16853-85-3; diborane, 19287-45-7.
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Studies of the competitive metalation of indene by tert-butyllithium and isopropyllithium in pentane have
shown that the reactions are first order in alkyllithium and that the relative reactivities of the two alkyllithiums
depend upon the compositions of the aggregates in the mixture, pure fert-butyllithium tetramer being an order
of magnitude less reactive than ieri-butyllithium in mixed aggregates with isopropyllithium.

An important clue to the mechanism of any reaction
of an organolithium compound could be the relationship
of the rate of that reaction to the stabilities or inher-
ent basicities of the organolithiums, The latter may
be assumed to bear some relationship to the aqueous
aciditics (pK,) of the corresponding hydroecarbons, and,
in part by such an assumption, Cram! has combined
various kinds of kinetic and equilibrium data into an
internally consistent scale (“AISAD scale’”) of hydro-
carbon acidities. We have sought correlations of
MSAD acidities with the rates of the simplest possible
organolithium reactions, and here report the results of
some such studics on the metalation of the acidic
hydrocarbon indene by two allkyllithium compounds.

In this study, a limiting amount of indene was added
to a mixture of two alkyllithiums in pentane at room
temperature.  After a reaction period of 1-2 hr, the
reaction was quenched with D:O and the extent of
deuterium ineorporation in cach of the resulting al-
kanes was determined by quantitative infrared analy-
gis.  If undeuterated alkane arose exclusively from the
reaction of RLi with indene, then the relative rates of
reaction of the two alkyllithiums with indene were
thus determined. The determination of the relative
rate constants (k/k’) from the data using eq 1 requires

d(RRLi) - E(RLi)™ (1)
d(RR'Li) E(R'Li) )

agsumption or prior determination of values for the
exponents m and n. The litcrature reveals fractional
orders for the very similar metalation of fluorene in
benzenc? and for metalation of triphenylmethane in
THF.? Other reactions of alkyllithiums sometimes
exhibit fractional ordert or first order® or are reactions
with induction periods.5

' Academic
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