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N,N-Dimethylaniline was metallated by refluxing with n-butyl lithium. o¢-Dimethylaminophenyl-i-carbinols
were obtained when the metallation mixture was treated with ketones. XKetones with o hydrogens gave carbi-
nols which dehydrated under the reaction conditions producing the analogous conjugated olefins. The reaction
of cyclohexene oxide with metallated dimethylaniline gave predominantly the olefin identical with 1-(o-dimethyl-
aminophenyl)cyclohexene from dehydration of 1-(¢-dimethylaminophenyl)-1-cyclohexanol. The o- and m-
dimethylaminophenylbis(triffuoromethyl)carbinols were formed from hexaflueroacetone in 71 and 199, yield,
respectively. These results parallel base-catalyzed hydrogen exchange data for dimethylaniline. The small
amount, if any, of methyl group metallation seems to preclude participation of metallated dimethylaniline in
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a-alkylation reactions.

Interest in the mechanism of the a-alkylation reac-
tion,? eq 1, led to the current investigation. Since one

CoHsN(CHa)z + n-C.;HgLi + n—C4H91 —
CH;

CeHa&CHg(CHg);CHa + n-C4Hm + LiI (1)

possible route to the alkylation product may involve the
initial & metallation of the amine, the reaction of =-
butyllithium and N,N-dimethylaniline was studied.

This proton-abstraction process corresponds to the
a metallation of ethers in ether cleavage with n-butyl-
lithium?® or formation of the methyl metallated species
in the reaction of methyl phenyl sulfide with n-butyl-
lithium.* With tertiary alkylarylamines, however,
metallation has only been reported in the ortho po-
sitions.’ The ortho-metallation product of N,N-di-
methylaniline was identified by reaction with benzo-
phenone.® However, the yield in this direct metalla-
tion using phenyllithium in ether at 100° was so poor
(89%,) that recent preparations of o-dimethylamino-
phenyllithium have used the action of lithium metal
on o-bromo-N,N-dimethylaniline.”

The predominance of ortho metallation in aromatic
amines correlates well with the deuterium exchange
rates of dimethylaniline with potassium amide in liquid
ammonia.? The relative rates of ortho:meta:para:
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NCH; deuterium loss in dimethylaniline were 105:
12:5.5:1.

Since we were interested in the possible products of
reaction with dimethylaniline metallated by n-butyl-
lithium in hexane, we have studied the reactions of
ketones with metallated N,N-dimethylaniline.

Results and Discussion

Reaction of ketones with organometallics produces
tertiary carbinols when the mixture is worked up by
standard water quenching procedures. In order to

N |
R—M 4+ CO —> R——(IJOM
/

qualitatively and quantitatively determine the alcoholic
products, we sought ketones giving products susceptible
to gas chromatographic (gec) analysis. 2-Butanone
and cyclohexanone reacted with metallated dimethyl-
aniline giving products with the requisite volatility,
Table I, but the complexity of the mixtures in gc
prevented direct analyses even though the anticipated
carbinols, 2-(o-dimethylaminophenyl)-2-butanol and
1-(o-dimethylaminophenyl)cyclohexanol, were isolated
in 20 and 319, over-all yields, respectively, by vacuum
distillation.

Products from incomplete reaction of n-butyllithium
with dimethylaniline were discounted by the failure
of the metallation mixture to give N-(n-pentyl)-N-
methylaniline on addition of iodobenzene.? On this
basis, metallation of dimethylaniline was complete
after 12 hr of reflux.?

(9) After only 4 hr of reflux, metallation was incomplete as shown by the
formation of a 5.5% yield of N-(n-pentyl)-N-methylaniline on addition of
iodobenzene.?
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TaBLE 1
(Gas CHROMATOGRAPHIC RETENTION RATIOS FOR
VoraTiLE PRODUCTS FROM THE REACTIONS OF
METALLATED DIMETHYLANILINE
Retention
Compound ratio®

m~Dimethylaminophenylbis(trifluoromethyl)- 0.201

carbinol
o-Dimethylaminophenylbis(trifluoromethyl)- 0.320

carbinol
2-(o-Dimethylaminophenyl)-2-butanol 0.45
1-(o-Dimethylaminophenyl)cyclohexene 0.84
N-Benzhydryldimethylamine® 1.00
2-(0-Dimethylaminophenyl)cyclohexanol 1.38
1-(o-Dimethylaminophenyl)eyclohexanol 1.42

s 0.25 in. X 10 ft column of 209, GE-SF96 on 40-60 mesh
Chromosorb W, 170 cc/min He flow, temperature 185°. ° Re-
tention time for standard, 14.6 = 0.7 min; peak width at half-
height, 1.07 &= 0.05 min.

Reaction of the metallated dimethylaniline with
cyclohexene oxide gave information on one competing
product. A low 209, sulfuric acid solubility of the first
gc component in the less complex mixture from this re-
action allowed separation of this product giving a 14%,
yield 1-(o-dimethylaminophenyl)cyclohexene, as iden-
tified by elemental analysis, and infrared and proton
magnetic resonance (pmr) spectra. The absence of OH
stretching vibrations and presence of an aromatic con-
jugated C==C stretching vibration at 6.22 my in the in-
frared and the pmr single-proton olefinic CH multiplet
centered at 5.70 ppm were used in this structure assign-
ment. The structure (Scheme I) was confirmed by
preparation of the same olefin on dehydration of 1-(o-
dimethylaminophenyl)cyclohexanol with 209, sulfuric
acid.

ScHEME I
N(CHy).
Li
+ a
(2) H0
N(CHS)Z N(CH3>2 OH
*
\ 20% H,SO,
reflux
0O N(CH,)
N(CHa;f. 302H
1
Ma

2-(o-Dimethylaminophenyl)cyclohexanol (7%, yield)
was obtained as the minor component from this reac-
tion of cyclohexene oxide with metallated dimethyl-
aniline.

Acetophenone also gave an olefin under the condi-
tions of reaction with the metallation mixture. The
crude distilled products, 349, over-all yield, were not
susceptible to ge analysis but acid extraction as in the
previous case gave 1-(o-dimethylaminophenyl)-1-phen-
ylethanol in 25% yield on distillation. The olefin

in the reaction mixture was identical with a-(o-di- -
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methylaminophenyl)styrene obtained in 699, yield on
sulfuric acid dehydration of the alcohol.

Base-catalyzed dehydration of alcohols occurs during
the addition reaction, a tertiary carbinol with an
a proton readily giving the conjugated olefin. This re-
action is comparable with basic dehydration of a tertiary
aleohol 3 to a carbonyl. 1

Reaction of metallated dimethylaniline with ketones
which do not contain « protons, benzophenone and p,p’-
bis{dimethylamino)benzophenone, gave solid products.
The crude carbinols from these reactions were ob-
tained in 56 and 689, respectively, but contained ap-
preciable quantities of starting ketone and gave only
40 and 219, respectively, over-all yields on recrystal-
lization. The pure o-dimethylaminotritanol formation
was greater than the crude yield of 8%, previously re-
ported.® The o,p’,p"'~tris(dimethylamino)tritanol was
a typical triphenylmethane indicator with a color
change of colorless to blue in the pH range 1-3. These
carbinols did not satisfy the gc criteria.

Since fluoro alcohols were recently reported!! as low
boiling, we treated n-butyllithium with hexafluoro-
acetone, Comparison of the boiling point rise in
2-propanol (82°) and 2-methyl-2-hexanol (141°) or
2H-hexafluoro-2-propanol!? (59°) and 1,1-bis(trifluoro-
methyl)-1-pentanol (115°) supported the feasibility
of ge analysis for the reaction of hexafiuoroacetone
with metallated dimethylaniline. In addition, we de-
termined the active lithium content!2 of the metallation
mixture prior to ketone addition in order to get accurate
yields in the ketone reaction. In duplicate reactions
using 100 mmoles of active lithium from n-butyllith-
ium, 89 + 29, of the activity was present after initial
mixing with N,N-dimethylaniline and 54 = 49 re-
mained after refluxing for 16 hr. Hexafluoroacetone
gas was bubbled through this metallation mixture and
aqueous quenching gave the carbinols. Two reaction
products were observed and separated by preparative
ge. Both of the compounds had the elementary
analysis required for a dimethylaminophenylbis(tri-
fluoromethyl)carbinol. Quantitative ge analysis based
on the active lithium content after reflux gave yields
of 19 and 719, for these carbinols. In the infrared
spectrum, out-of-plane aromatic CH deformations
occurred at higher wavelengths for the more abundant
compound and the pmr aromatic multiplet (Table II)
was split into two parts of two protons each. The pmr
splitting disappeared in the hydrochloride of this com-
pound. Since deshielding of ring protons occurs with
electron withdrawing groups and the reverse is true
for electron-donating substituents, splitting results
when amino and bis(trifluoromethyl) carbinol group
are ortho or para. The quaternization of nitrogen
reversed the amino group affect condensing the two
multiplets into a single complex band at 7.90 ppm.
In meta substitution, the amino and carbinol groups
interact with same ring protons and should give only
a single multiplet. The wavelength of infrared, aro-
matic CH out-of-plane deformations increases in the
order!? para < meta < ortho.
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TasLE IT
ProroN NucLEAR MAGNETIC RESONANCE SPECTRA OF THE CARBINOLS FROM METALLATED DIMETHYLANILINE
Chemical shift® ~
CH: CH H .
Compound (o] COH NAr C,COH Ar (o]
2-(0-Dimethylaminophenyl)-2-butanol 0.82t(3) 1.465(3) 2.61s(6) 1.76 q(2) 7.16m (4) 8.6s(1)
1~(o-Dimethylaminophenyl)cyclohexanol 2.60s(6) 1.7m (10)bec 7.18m (4) 8.5s(1)
2-(o-Dimethylaminophenyl)cyclohexanol 2.655(6) 1.55m(9) 7.16 m (4) 3.30m (2)¢
1-(o-Dimethylaminophenyl)-1-phenylethanol 1.765(3) 2.19s(6) 7.18m{(9) 8.12s(1)
o~(Dimethylamino)tritanol 2.33s(6) 7.07s(14) 8.83s(1)
0,p’,p"'~Tris(dimethylamino)tritanol {ggg : E(li%) ,? ig :;1 Eg; 9.48s(1)
o-Dimethylaminophenylbis(trifluoromethyl)- 2.90s(6) 6.71m(2) 3.61s(1)
carbinol 17.46 m (2)
m-Dimethylaminophenylbis(trifluoromethyl)- 2.73s(8) 7.63m(4) 13.40s(1)
carbinol

a All peaks are relative to tetramethylsilane in parts per million; splitting:
all J values are 6.90 = 0.1 cps; values in parentheses are relative integrated peak ratios in compound.
¢ Includes methylenes bound only to other methylene or methyne groups.

peaks at 1.42, 1.64, and 1.75 ppm.

The physical properties of the more abundant com-
pound were then those of o-dimethylaminophenylbis-
(trifluoromethyl)carbinol in agreement with predictions
based on detection of only ortho products in the other
ketone reactions. The structure of the isomeric meta
compound was in accord with the carbinol formed in
199, yield.

Since metallation occurs in more than one ring posi-
tion, the associative mechanism postulated for restric-
tion to the ortho position®!* is perhaps a predominant
but not an exclusive route. The 5:1 ratio of o:m-
carbinols is a reasonable approximation of the more de-
tailed and exact order of dimethylaniline proton ex-
change ratios® and is the same as the ratio observed
on metallation of benzotrifluoride.'*

Several conclusions are supported by these results.
The relationship between isotope exchange rates and
metallation suggest the presence of other isomeric
products in many metallation reactions® In addi-
tion, our original question on the participation of a
metallated species in the a-alkylation reaction is
answered to the negative. The amount of methyl
group metallation is <109, and probably at best 1
or 29,. This coupled with the slow metallation rate?®
precludes the invocation of N-CH,~ in the dimethyl-
aniline e-alkylation reaction.

Experimental Section!

Chemicals.—Cyclohexene oxide and all ketones used in this
study were commercially available. Commercial mono-free
N,N-dimethylaniline was dried over sodium before use. n-
Butyllithium (Foote Mineral, 159, in hexane) was analyzed by
the double titration method for active lithium content? before
use.

Metallated Dimethylaniline Solution.—In general, n-butyl-
lithium solution was added to an excess of dimethylaniline and the
solution was heated under reflux overnight.® The solution of
metallated dimethylaniline was used directly in reactions and
over-all yields based on initial n-butyllithium are given. Active
lithium content was determined after initial mixing and after
16 hr of reflux for the conditions used in the hexafluoroacetone
reactions. When 12.2 ml (100 mmoles) of dimethylaniline was

(14) J. D. Roberts and D. Y. Curtin, J. Am. Chem. Soc., 68, 1658 (1946),

(15) Physical properties (infrared and pmr spectra and refractive in-
dices) were measured in the standardized manner previously described:
A. R. Lepley and R. H. Becker, Tetrahedron, 21, 2365 (1965). Gas chroma-
tography was carried out at 185° on an F and M Model 500 with the col-
umns and conditions of A. R, Lepley and W. A. Khan, J. Org. Chem.,
31, 2064 (1966). Analyses were performed by Schwarzkopf Microanalytical
Laboratory, Woodside, N. Y. Melting and boiling points are uncorrected

s = singlet, t = triplet, q = quartet, m = multiplet;
® Multiplet with three broad
4 CH multiplet and OH.

mixed with 65 ml of 1.6 N (100 mmoles) n-butyllithium solution,
immediate analysis indicated 89 =4 2 mmoles of active lithium
while after the reflux period only 54 = 4 mmoles of active lithium
remained.

2-(0-Dimethylaminophenyl)-2-butanol.—Dry-distilled 2-buta-
none, 5.8 g, in 12 ml of anhydrous pentane was added during 15
min to the metallated solution above, formed from 15 ml of di-
methylaniline and 65 ml of 1.6 N butyllithium in hexane. After
refluxing overnight, 25 ml of water were added to the cooled
solution. Separation of the organic phase, drying with sodium
sulfate, and distillation gave 3.0 g (209 over-all yield) of the
product: bp 163 (33 mm); refractive indices of n®p 1.5089, n®p
1.5072, and n®p 1.5050.

Anal. Caled for C12H19N02 C, 74.65, H, 991, N, 7.25.
Found: C, 74.40; H, 10.04; N, 7.24.

The infrared spectrum had bands at 2.9-3.1 w, 3.26 m, 3.34
s*,3.465,3.56m,6.24 w,6.34 w,6.72,6.83m, 7.77 m, 8.45 m,
8.95w,9.18w, 9.60 s, 10.04 m, 10.64 s, 12.9 m, and 13.2 s 4.

1-(o-Dimethylaminophenyl)cyclohexanol.—Freshly distilled
cyclohexanone, 10 ml, in 25 ml of dry pentane was added during
30 min to the metallated solution above, formed from 15 ml of
dimethylaniline and 65 ml of 1.6 N butyllithium in hexane. After
an additional 3.5 hr of reflux, ice was added to the cooled solu-
tion. The organic layer which separated was combined with two
25-ml ether extracts and dried over sodium sulfate. Distillation
gave 6.8 g (319 over-all yield) of the product boiling at 97°
(0.07 mm): refractive indices of n®p 1.5332, n%p 1.5313, and n¥p
1.5292.

Anal. Caled for CyyHuNO: C, 76.66; H, 9.65; N, 6.39.
Found: C, 76.51; H, 9.73; N, 6.55.

The infrared spectrum had bands at 3.0-3.2 w, 3.27 m, 3.40
s*, 3.50 s, 3.59 m, 6.38 w, 6.75-6.93 5, 7.43 w, 7.78 m, 8.46 w,
871 w,9.08w,9.63m,9.83w,10.13 m, 10.67 s, 10.98 w, 11.7
w, 1197w, 12.9m, 13.26 s, and 14.4 w u.

2-(o-Dimethylaminophenyl)cyclohexanol and 1-(o-Dimethyl-
aminophenyl)cyclohexene.—Cyclohexene oxide (8.7 ml, 80
mmoles) was gradually added during 6 hr to a refluxing metallated
solution previously formed from 18 hr of reflux of 12.2 ml (100
mmoles) of dimethylaniline and 50 ml of 1.6 N (80 mmoles)
n-butyllithium solution. Reflux was continued for another 18
hr and the reaction mixture was cooled and quenched with ice.
Gas chromatography of the organic layer indicated the presence
of two components with peak area ratios of 2:1. Most of the
unreacted dimethylaniline was removed by distillation and the
residue was dissolved in ether. The ether solution was washed
repeatedly with 109, sulfuric acid. The combined acid layers
were just neutralized with concentrated ammonia and extracted
thoroughly with ether. This ether solution was washed with
water and dried over anhydrous sodium sulfate; the solvent was
distilled off. Gc on the residue still indicated two products.
Separation of products was effected by their difference in 209,
sulfuric acid solubility. The product corresponding to the second
ge peak was much more soluble in this solvent. The first few
extractions with 209, sulfuric acid contained most of the second
product and a trace of the first gc component. Continued ex-
traction gave exclusively the first compound. Pure samples for
infrared and pmr spectra and elemental analysis were collected
from the ge.
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The first gc component, 1-(o-dimethylaminophenyl)cyclo-
hexene, had a retention ratio of 0.84, yield of 14%, (ge¢), and
infrared absorption bands at 3.45 s*, 3.55 s, 3.61 m, 6.22 m,
6.70 s, 6.90 s, 6.97 m, 7.55 m, 7.85 w, 8.10 w, 8.34 m, 8.60 m,
8.78m,9.02m, 9.49m 9.95w, 10.50 s, 10.88 m, 11.60 w, 11.80
w, 12.45 w, 13.11 m, and 13.45 s u.

Anal. Caled for ClsngNI C, 8353, H, 9.51.
83.62; H, 9.56.

The pmr spectrum had an aliphatic CH multiplet centered at
2.00 ppm, a methyl on nitrogen singlet at 2.65 ppm, an olefinic
CH multiplet centered at 5.70 ppm, and an aromatic multiplet
centered at 6.90 ppm. These peaks had the respective integrated
peak area ratio of 8:6:1:4.

The second gc component, 2-(o-dimethylaminophenyl)cyclo-
hexanol, had a retention ratio of 1.38, yield of 7.49%, (gc), and
infrared absorption bands at 2.90 m, 3.23 w, 3.39 s*, 3.48 s,
3.58m, 5.89 w, 6,28 w, 6.71 s, 6.91 s, 7.70 m, 7.80 m, 8.15 w
8.45 m, 8.69 m, 8.92 w, 9.14 w, 9.40 m, 9.59 m, 10.20 w, 10.38
w, 10.60m, 11.45w, 11.80 w, 12.19 w, 13.32 5, and 14.40 w u.

Anal. Caled for CixHyNO: C, 76.71; H, 9.58; N, 6.39.
Found: C, 76.94; H, 9.75; N, 6.11.

Dehydration of 1-(o-Dimethylaminophenyl)cyclohexanol.—
The carbinol, 0.67 g, was refluxed for 2 hr with 20 m! of 209,
H,80;. The mixture was cooled in ice and made basic with cold
aqueous NaOH. The solution was extracted with ether, the
ether layer was dried over anhydrous Na,S0s, decanted, and
the solvent was evaporated. Ge analysis of this product using
benzhydryldimethylamine as a standard gave a retention ratio
of 0.86 and indicated the formation of 0.28 g (699, vield) of
1-(o-dimethylaminophenyl)cyclohexene and the recovery of 0.11
g of unreacted 1-(o-dimethylaminophenyl)eyclohexanol. Infra-
red analysis of the ge-purified olefin was identical with that of the
olefin from the cyclohexene oxide reaction.

1-(o-Dimethylaminophenyl)-1-phenylethanol.—Dry acetophe-
none, 29 g, in 20 ml of anhydrous pentane was added during 45
min to the metallated solution above, formed from 47 ml of di-
methylaniline and 20 ml of 1.6 N butyllithium in hexane. After
10 hr of reflux the solution was cooled and 30 ml of water was cau-
tiously added. After drying over magnesium sulfate, distillation
of the organic phase gave 18.5 g (349 over-all crude yield) of a
very viscous yellow oil boiling at 125-130° (0.4 mm). Although
the product redistilled sharply, pmr and C, H, N analyses in-
dicated appreciable impurities. Therefore the compound was
dissolved in diethyl ether and extracted with three 30-ml portions
of 109 sulfuric acid. The combined acid solutions were extracted
twice with ether. The remaining acid solution was treated with
50 ml of 309 ammonia while cooling. Extraction with three
25-ml portions of ether, drying the combined ether layers over
sodium sulfate, and distillation gave 15 g (259, over-all yield)
of viscous liquid boiling at 117.5° (0.2 mm): refractive indices
of »¥p 1.5708, n%p 1.5687, and n®p 1.5667. On prolonged
standing the material crystallized: mp 50.5-53°.

Anal. Caled for CH,NO: C, 79.63; H, 7.99; N, 5.81.
Found: C, 79.40; H, 8.12; N, 6.01.

The infrared spectrum had bands at 3.15-3.3 w, 3.32 m, 3.42 s,
3.48 m, 3.58 m, 3.60 m, 3.65 m, 6.28 w, 6.38 w, 6.78 s, 6.89 s,
6.97 s, 7.16-7.4 w, 7.82 w, 8.25 w, 8.50 m, 8.72 w, 8.95-9.1 w,
9.36 w, 9.6, 10.7 s, 11.92 w, 13.0 s, 13.2 5, 13.35 s, 14.23 s*,
and 14.6 w u.

a-(o-Dimethylaminophenyl)styrene.—1-(o-Dimethylamino-
phenyl)-1-phenylethancl, 1.4 g, was refluxed for 1.5 hr with 20
ml of 209, sulfuric acid. The mixture was cooled in ice and poured
into an ice-cold solution of 4.3 g of sodium hydroxide in 20 ml
of water. The organic layer was removed by extracting twice
using 15-ml portions of ether. The ether layers were combined,
dried over sodium sulfate, decanted, and distilled. A colorless oil
was obtained, 0.9 g (699, yield), boiling at 94-97° (0.05 mm):
refractive indices of n%p 1.6028, n%p 1.6008, and n¥p 1.5988.

Anal. Caled for C,HiZN: C, 86.05; H, 7.67; N, 6.27.
Found: C, 86.00; H, 7.96; N, 6.09.

The infrared spectrum had bands at 3.28 m, 3.39 m, 3.51 m,
3.59 m, 6.28 s, 6.71 s*, 6.91 s, 7.0l m, 7.56 m, 7.92 w, 8.4 w,
8.62 m, 8.80 w, 9.11 w, 9.58 m, 9.74 w, 10.51 s, 11.1 s, 12.80 s,
13.08 s, 13.22 3, 14.12 5, and 14.35 m ». The pmr indicated a
methyl on nitrogen singlet at 2.46 ppm, a conjugated asymmetric
olefinic methylene quartet at 5.41 ppm (J = 11.7 and 1.6 cps),
and an aromatic multiplet centered at 7.12 ppm. These reso-
nances had integrated areas in the ratio of 6:2:9, respectively.

o-(N,N-Dimethylamino )tritanol.—Benzophenone, 4.5 g, was
added in small portions to the metallated solution above, formed

Found: C,

LerLEY, KHAN, GIUMANINI, AND GIUMANINI

Vor. 31

from 6 ml of dimethylaniline and 12 ml of 1.6 N butyllithium in
hexane. Reflux was continued for 1 hr. Water, 15 ml, was
added to the cooled solution and the organic layer was retained.
On standing, 3.1 g (56% over-all yield) of a yellow crystalline
product separated: mp 159.5-160.5°. Recrystallization of the
crude product from ethanol gave a slight increase in the melting
point to 160.5-161.5° (lit.* mp 158-160°). The infrared spec-
trum had bands at 3.0-3.2 w, 3.3 m, 3.4 m, 3.5 m, 3.58 m, 6.34
w,7.82m, 6.74s,6.875,6935,72m, 83 w,849m, 9.10 m,
9.63 s, 9.77 s, 9.98 w, 10.61 m, 10.72 m, 11.0 w, 11.12 m, 12.8-
13.1 s, and 14.21 s* u.

o0,p’,p’'-Tris(N,N-dimethylamino )tritanol.**—Michler’s ketone,
6.7 g, in 25 ml of anhydrous pentane was added to the metallated
solution above, formed from 6 ml of dimethylaniline and 12 ml
of butyllithium in hexane. Reflux was continued for 3 hr.
Water, 30 ml, was added and the solution was refluxed with
stirring for 1 hr. The solid was filtered and washed with water
giving 6.6 g (68% over-all yield) of crude material, mp 145-187°,
Recrystallization from 959, ethanol gave 2.1 g (219 over-all
yield) of a light yellow solid, mp 213°.

The infrared spectrum had bands at 3.1-3.3 w, 3.4 m, 3.5 m,
3.6 m, 6.21 s, 6.31 w, 6.60 s*, 6.78 m, 6.93 m, 7.40 s, 7.81 w,
8.17m, 841 m, 8.60 m, 8.9 w, 9.12 w, 9.4-9.5 w, 9.63 m, 10.57
m, 10.66 m, 11.08 m, 12.19 s, 12.8 w, and 12.99 m u.

The pmr of this compound was measured in deuteriochloro-
form.

1,1-Bis(trifluoromethyl)-1-pentanol.—Hexafluoroacetone gas
was bubbled through 65 ml of 1.6 N n-butyllithium for 1.5 hr
while stirring at room temperature. The mixture was then heated
to reflux and hexafluoroacetone addition was continued until
cessation of gas absorption. Gas flow was stopped and the
mixture was refluxed for 1.5 hr. The mixture was cooled,
quenched with ice-water, and acidified with HCl. Gecanalysis at
75° using the column and flow rate previously described!® gave
a retention ratio for the product of 0.815 with respect to n-
pentanol. The weight to peak area ratio correction factor de-
termined from weighed samples of the purified product and stand-
ard was 1.69:1. The yield of product was 499 (ge). The prod-
uct was purified by extraction of the hexane solution twice with
50 ml of 209, NaOH aqueous. The combined alkaline layers were
washed with hexane, cooled on ice, and slowly acidified by
addition of 6 N HCl. A red oil separated which was extracted
with hexane and distilled giving a colorless liquid: bp 53-55°
(60 mm), 115° (760 mm); refractive indices of n®p 1.3448, n%p
1.3429, n%p 1.3416. The product had infrared bands at 2.90 m,
3.39m, 3.49 m, 5.90 w, 6.85 m, 7.26 m, 7.45 m, 7.80 s, 8.28 s*,
8.65 s, 8.95 s, 9.42 m, 9.71 m, 10.18 m, 10.50 m, 10.92 w,
11.20 w, 13.10 w, 13.35 w, 13.61 w, 13.95 m and 14.40 w u. The
pmr spectrum had a hydroxyl group singlet at 3.97 ppm and a
complex CH multiplet centered at 1.45 ppm with the integrated
relative intensity ratios of 1:9, respectively.

Anal. Caled for C:HFsO: C, 37.51; H, 4.50. Found: C,
37.54; H, 4.65.

o- and m-Dimethylaminophenylbis(trifiuoromethyl)carbinol.—
The metallation of 12.2 ml (100 mmoles) of dimethylaniline with
65 ml of 1.6 N (100 mmoles) of n-butyllithium solution was
carried out as described above. The mixture, analyzed for
54 =+ 5 mmoles of active lithium compound, was cooled to room
temperature and gaseous hexafluoroacetone was passed through
the metallation mixture until absorption ceased, ca. 4 hr. The
completion of reaction was confirmed by a negative color test
I,17 {.e., yellow rather than blue solution. At this point, the re-
action mixture was brown with a lower layer of tarry material.
The reaction mixture was gently refluxed for 1 hr and cooled, 25 ml
of ice-water was added, and the mixture was refrigerated over-
night. Ge of the organic layer indicated two reaction products.
The reaction mixture was extracted repeatedly with ether. The
combined ether extracts were washed with water and dried over
anhydrous sodium sulfate. This solution (1 ml) was used for
determination of retention ratios and yields of the two products.
2-(0-Dimethylaminophenyl)-2-butanol, the standard for quantita-
tive analysis, was weighed into this solution and 50-ul samples
were injected into the ge operating at 150° with a flow rate of
170 cc/min. A calibration correction of 1.2 was established for
the peak area of product/standard by using weighed samples of
pure isolated product. The retention ratios at 150° were 0.466

(16) A. G. Giumanini, A. B. Giumanini, and A. R. Lepley, Boll. Chim.
Farm., 104, 290 (1965).
(17) H. Gilman and F. Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
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and 0.771 and their respective yields were 19.0 and 71.09% based
on active lithium content after reflux.

The ether solution was repeatedly extracted with 2 N HCl
which removed the second gc component. During the first
hydrochloric acid extraction a crystalline solid, mp 183-186°
dec, separated. It was filtered and dried and had infrared peaks
at2.95m, 3.18 m, 3.48 m, 3.80 s, 3.90 s, 4.00 m, 4.09 m, 6.21 w,
6.6l m, 6.78m, 6.85m, 7.10 w, 7.40 w, 7.58 w, 7.70 m, 7.90 s*,
8.21 s*, 8.50-8.60 s, 8.70 s, 9.00 s, 9.79 w, 10.06 w, 10.21 s,
10.46 m, 10.68 s, 11.10 w, 10.85 s, 13.40 m, and 14.12 s . The
pmr of the salt was run in deuterium oxide using the water
singlet at 4.81 ppm (relative to TMS) as a conversion standard
to drms. A 159, solution of the salt had methyl on nitrogen
singlet resonance at 3.33 ppm and an aromatic multiplet centered
at 7.90 ppm. The relative peak areas by integration were 6:4,
respectively.

Anal. Caled for C;iHi:CIFeNO: C, 40.09; H, 3.71; Cl, 10.98;
F, 35.38; N, 4.34. Found: C, 39.83; H, 3.99; Cl, 10.42; F,
35.02; N, 4.49,

The salt gave only the second ge component on treatment with
dilute sodium hydroxide solution.

The ether solution from above and the hydrochloric acid ex-
tracts were worked up separately.

The ether solution was washed well with water, dried over
anhdrous sodium sulfate, and distilled, bp 70° (0.3 mm), giving
a pale yellow oil. This compound corresponds to the first ge
component, has a characteristic pleasant smell, crystallized on
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standing to a bright pale yellow solid, mp 46-48°, and had in-
frared bands at 2.9-3.0 m, 3.4 m, 5.45m, 5.58 m, 6.22 m, 6.50 s,
6.72 m, 6.88 m, 6.98 m, 7.05 m, 7.70 s, 7.95 s*, 8.2 5, 8.40-8.45
s, 8.71-8.80 m, 8.90 s, 9.05 m, 9.65m, 10.30 s, 10.42 m, 10.62 m,
10.81s,11.30w, 12.74 w, 12,91 w, 13.10 m, 13.50 w, and 14.08 s x.

Anal. Caled for CH, FeNO: C, 46.10; H, 3.84; N, 4.88;
F, 390.79. Found: C, 45.73; H, 3.82; N, 4.93; F, 39.27.

On the basis of the elemental analysis, infrared spectrum and
pmr spectrum (Table IT), this compound was assigned the struc-
ture m-dimethylaminophenylbis(trifluoromethyl)carbinol.

The hydrochloric acid solution was washed once with ether,
cooled in ice, made alkaline with sodium hydroxide solution, and
extracted with ether. The ether extracts were washed with
water, dried over anhydrous sodium sulfate, filtered, and evapo-
rated. A pale brown crystalline solid with a pleasant odor was
obtained. This material corresponds to the second ge compo-
nent, was soluble in concentrated sodiumn hydroxide solutions
but extractable with ether, recrystallized from ligroin, mp
73-75°, and had infrared bands at 3.1-3.2 m, 3.45 m, 6.21 m,
6.60 m, 6.80 m, 6.85 m, 6.95 w, 7.18 m, 7.82 s, 8.15 5, 8.26 s,
8.40 s*, 8.60 m, 8.78 5, 9.00 s, 9.55 w, 9.86 w, 10.37 m, 10.55 m,
10.70 s, 12.01 m, 12.15m, 13.02 w, 13.55 w, and 14.18 m 4.

Anal. Caled for C;HFeNO: C, 46.10; H, 3.84; N, 4.88;
F, 39.79. Found: C, 46.16; H, 3.79; N, 5.17; F, 39.75.

On the basis of the elemental analysis, infrared spectrum, and
pmr spectrum (Table II), this compound was assigned the
structure of g-dimethylaminophenylbis(trifiuoromethyl)carbinol.
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Benzyne generated by the action of n-butyllithium on fluoro- and chlorobenzene has been treated with dialkyl-

anilines,
methylamino)biphenyl.

temperatures favor formation of this product.

Reaction with dimethylaniline gave N-methyldiphenylamine, N-ethyldiphenylamine, and o-(di-
The analogous compounds, N-(2-butyl)diphenylamine and o-(diethylamino)biphenyl,
were identified in benzyne reaction with diethylaniline.
tion of benzyne with the ortho-metallation product of the dialkylanilines.
The diphenylamines were rearrangement or elimination products
from an intermediate betaine formed by benzyne addition of the unshared nitrogen electrons.

The o-(dialkylamino)biphenyls were formed by reac-
Slow benzyne generation or elevated

The formation of

N-benzyl-N-methylaniline by « substitution was not observed.

The recent use of iodobenzene in the « substitution of
dimethylaniline,? eq 1, suggests as alternative possibili-

O/N(CHs)z IO n-CHLi
—_——
i
©/N CH, —@ 1)

ties that (a) a benzyne intermediate may participate in
the a-substitution reaction, or (b) the a-substitution
reaction may furnish a method of differentiating between
benzyne and nonbenzyne intermediates in aromatic
dehydrohalogenation reactions. The iodo group which
participates in « alkylation was found to be the least
effective halide in biphenyl formation from phenyl-
lithium and halobenzenes,® a reaction later shown to
follow a benzyne mechanism.*?* Iodobenzene was also

(1) (a) Presented in part before the Division of Organic Chemistry,
148th National Meeting of the American Chemical Society Chicago, Ill.,
Sept. 1964, Abstracts, 928; (b) this investigation was supported by Public
Health Service Grant GM-09136, from the National Institute of General
Medical Sciences; (c¢) to whom reprint requests should be sent: Department
of Chemistry, Marshall University, Huntington, W, Va.

(2) A.R. Lepley and A. G. Giumanini, Chem. I'nd. (London), 1035 (1965).

(3) G. Wittig and W. Merkle, Chem. Ber., 75, 1401 (1942),

the least reactive halobenzene in the reactions with
lithium piperidide to give N-phenylpiperidine.t

Both of these reactions are hypothetically additions
of an organo metallic or carbanion to the benzyne
intermediate. A more sensitive method of differentiat-
ing between benzyne and alternative mechanisms, such
as double displacement, would be to use a less reactive
benzyne trap. The benzyne addition of tertiary amines
might be such a reaction.

Several products were observed in the benzyne re-
action with triethylamine. Wittig and Benz’ identified
the major product as N,N-diethylaniline and a minor
component as N-(2-butyl)-N-ethylaniline.! The mech-
anism in this reaction, as in other tertiary amine re-
actions with benzyne,*!® proceeds via addition of the
nonbonding electrons on nitrogen to the active benzyne
site. Only one of the unoccupied aromatic positions is

(4) R. Huisgen, ‘““Organometallic Chemistry,” H. Zeiss, Ed., Reinhold
Publighing Corp., New York, N. Y., 1960, p 75.

(5) H. Heaney, Chem. Rev., 63, 81 (1962).

(6) R. Huisgen and J, Sauer, Chem. Ber,, 98, 192 (1959).

(7) G. Wittig and E. Benz, 1bid., 92, 1999 (1959).

(8) This compound was earlier erroneously identified as 0-N,N-triethyl-
aniline: G. Wittig and W. Merkle, ¢bid., 76, 109 (1843). The correction in
identification was overlooked in a recent review.s

(9) H. Hellman and W. Unseld, Ann., 6381, 82, 95 (1960); H. Hellmann and
G. W. Scheytt, tbid., 642, 22 (1961). .

(10) H. Hellman and W. Unseld, ¢b7d., 631, 85 (1960).



