
lable at ScienceDirect

Journal of Organometallic Chemistry 855 (2018) 18e25
Contents lists avai
Journal of Organometallic Chemistry

journal homepage: www.elsevier .com/locate/ jorganchem
Laying the way to meta-functionalization of naphthalene proton
sponge via the use of Schlosser's superbase

Alexander S. Antonov a, *, Victor G. Bardakov a, Alexander F. Pozharskii a,
Mikhail A. Vovk b, Alexander D. Misharev b

a Department of Organic Chemistry, Southern Federal University, Zorge Str. 7, 344090 Rostov-on-Don, Russian Federation
b Institute of Chemistry, St. Petersburg State University, Universitetskii Pr. 26, 198504 St. Petersburg, Russian Federation
a r t i c l e i n f o

Article history:
Received 12 October 2017
Received in revised form
5 December 2017
Accepted 7 December 2017
Available online 12 December 2017

Keywords:
Proton sponge
Meta-functionalization
Organolithium
Metallation
* Corresponding author.
E-mail address: asantonov@sfedu.ru (A.S. Antonov

https://doi.org/10.1016/j.jorganchem.2017.12.007
0022-328X/© 2017 Elsevier B.V. All rights reserved.
a b s t r a c t

Lithiation of 1,8-bis(dimethylamino)naphthalene (DMAN) with Schlosser's superbase (n-BuLiet-BuOK)
in the presence of TMEDA in hexane was examined. It has been shown that, compared with previously
studied n-BuLieTMEDA or t-BuLieTMEDA mixtures, this reagent provides much more selective meta-
lithiation. A variety of 3-substituted and 3,6-disubstituted derivatives of DMAN has been prepared in a
good to reasonable yield after quenching the reaction mass with different electrophiles. A possibility of
further functionalization of thus introducedmeta-substituents to synthesize more complex 3-substituted
derivatives of DMAN is also demonstrated.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Direct meta-functionalization of arenes containing strong elec-
tron donating groups is still a challenge for modern organic
chemistry due to the fact that their reactions with electrophiles
yield mostly ortho- and para-substituted products [1]. Metal pro-
moted processes gradually become a way to solve this problem. A
number of copper [2], palladium [3] and zirconium [4] catalyzed
meta-CeH functionalization reactions were suggested in the last
decade, but all of them require a specific substrate with assisting
groups. Metallation itself normally cannot be used for meta-deriv-
atization of such compounds due to the DOM-effect [5] which fa-
vors the entry of metal into the ortho-position. Thus, on treatment
of N,N-dimethylaniline (DMA) with n-butyllithium in Et2O in the
presence of N,N,N,N-tetramethylethylenediamine (TMEDA) only 2-
lithium-N,N-dimethylaniline is formed in a good yield [6].

The situation considerably changes for naphthalene analogues
of DMA due to the emergence of peri-interactions (review [7]). The
latter often stabilize the transition state, leading to the formation of
an 8-lithio derivative, e.g. 1a/2, while a similar stabilization for
ortho-metallation (1b/3) is less effective (Scheme 1) [8]. At the
).
same time, the intrinsic acidity of ring CH-bonds can outweigh the
peri-stabilization factor in some cases. For example, 1-
methoxynaphthalene is preferably metallated by n-BuLi at posi-
tion 2 owing to the stronger acidifying ability of oxygen in com-
parison with nitrogen atom in 1 [9].

The present work is devoted to the metallation of 1,8-
bis(dimethylamino)naphthalene (DMAN, 4) in attempt to elabo-
rate a convenient method of its meta-functionalization. The matter
is that reactions of DMAN with various electrophiles occur exclu-
sively at the positions 2(7) and 4(5) and unavailability of its 3(6)-
substituted derivatives for a long time represents an unfortunate
gap in this area. Meanwhile, since the late 1960s, DMAN (trade
mark “proton sponge”) attracts a great interest as an aryl amine
with abnormally high basicity [10] and exciting chemistry, useful
organic reagent, platform for design of practically important com-
pounds and convenient model for studying short strong hydrogen
bonds and proton transfer in enzymic catalysis (reviews [11,12]).
Unlike our recent work in which n-butyllithium and tert-butyl-
lithium were employed for metallation of DMAN with rather
modest results [13], we now report a much more encouraging use
of a mixture of t-BuOKwith n-BuLi. Earlier, this reagent, also known
as LICKOR or Schlosser's superbase, was recommended for selective
ionization of low acidic CH bonds [14].
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2. Experimental section

2.1. Material and measurements

Commercial hexane was distillated over sodium and benzo-
phenone. Potassium tert-butoxide was prepared from commer-
cially available tert-butyl alcohol and potassium on the day of each
metallation experiment [15]. Commercial TMEDA was distillated
over KOH just before each metallation experiment. Liquid-state
NMR experiments were performed at 250MHz for 1H, 63MHz for
13C (Scientific and Educational Laboratory of Resonance Spectros-
copy, Department of Natural and High Molecular Compounds
Chemistry of Southern Federal University) and 500MHz for 1H and
126MHz for 13C (Centre for Magnetic Resonance, St. Petersburg
State University). Chemical shifts are referred to TMS for 1H and 13C.
The HR-ESI mass-spectra were obtained on a BRUKER maXis
spectrometer equipped with an electrospray ionization (ESI)
source; methanol was used as the solvent (Chemical Analysis and
Materials Research Centre, St. Petersburg State University). The
instrument was operated in positive mode using an m/z range of
50e1200. The capillary voltage of the ion source was set at 4000 V.
The nebulizer gas pressure was 1.0 bar, and the drying gas flowwas
set to 4.0 L/min. Melting points were determined in glass capillaries
on a Stuart SMP30 device and are uncorrected.
2.2. Metallation of 4

1,8-bis(dimethylamino)naphthalene (200mg, 0.9mmol) and
freshly prepared potassium tert-butoxide (418mg, 3.7mmol) were
placed in a flame-dried, round-bottomed flask. 25mL of freshly
distillated over sodium n-hexane was added. The flask was filled
with dry argon and closed with a serum cap. The mixture was
cooled to�20 �C for 30min, then freshly distillated TMEDA (0.6mL,
3.7mmol) and 1.6M solution of n-BuLi in hexanes (2.4mL,
3.7mmol) were added. The greyish reaction mixture was stirred
at �20 �C for 72 h. The resulting brown suspension (A) contains
about 75% of 3-lithio-1,8-bis(dimethylamino)naphthalene 5a.
2.2.1. 3-Formyl-, 4-formyl-, 3,5-diformyl- and 3,6-diformyl-1,8-
bis(dimethylamino)naphthalenes (6a-d)

The absolute N,N-dimethylformamide (0.3mL, 3.7mmol) was
added via syringe to the suspension A. The reaction mass was
additionally stirred for 12 h at �20 �C and treated with water
(10mL). The products were extracted with Et2O (2� 25mL), the
solvent was evaporated to dryness and the residue was chroma-
tographed on aluminium oxide with an EtOAcen-hexane 1: 50
mixture as the eluent. Yellow fractions with Rf¼ 0.6 (6a), 0.3 (6b),
0.2 (6d) and 0.1 (6c) were collected.

3-Formyl-1,8-bis(dimethylamino)naphthalene (6a): yellow-
orange oil; yield: 124mg (55%). Characterization data were
consistent with those reported in the literature [13].

4-Formyl-1,8-bis(dimethylamino)naphthalene (6b): dark-
orange oil; yield: 16mg (7%). Characterization data were
consistent with those reported in the literature [16].
3,5-Diformyl-1,8-bis(dimethylamino)naphthalene (6c): orange

crystals; mp 106e107 �C (n-hexane); yield: 3mg (1%). 1H NMR
(500MHz, d, CDCl3): 10.14 (s, 1H), 10.07 (s, 1H), 9.43 (d, J¼ 1.0 Hz,
1H), 7.78 (d, J¼ 8.2 Hz, 1H), 7.38 (d, J¼ 1.0 Hz, 1H), 6.97 (d,
J¼ 8.2 Hz, 1H), 2.99 (s, 6H), 2.82 (s, 6H). 13C NMR (126MHz, d,
CDCl3): 193.88, 191.37, 156.33,151.92, 139.96, 136.50, 135.64, 124.88,
123.15, 119.90, 110.87, 107.29, 43.23. IR (KBr), nmax/cm�1 1645, 1686
(C]O). HRMS (ESI): found 271.1449 [MþHþ], 303.1712
[MþMeOHþHþ], 335.1976 [Mþ2MeOHþHþ]; calculated for
C16H19N2O2[MþHþ] 271.1441, C17H23N2O2 [MþMeOHþHþ]
303.1703, C18H27N2O2 [Mþ2MeOHþHþ] 335.1965.

3,6-Diformyl-1,8-bis(dimethylamino)naphthalene (6d): orange
crystals; mp 127e128 �C (n-hexane); yield: 8mg (3%).1H NMR
(500MHz, d, CDCl3): 10.08 (s, 2H), 7.92 (d, J¼ 0.7 Hz, 2H), 7.46 (d,
J¼ 0.7 Hz, 2H), 2.84 (s, 12H). 13C NMR (126MHz, d, CDCl3): 192.38,
152.02, 136.78, 134.84, 128.82, 126.05, 110.53, 43.93. IR (KBr), nmax/
cm�1 1690 (C]O). HRMS (ESI): found 271.1451 [MþHþ], 303.1716
[MþMeOHþHþ], 335.1980 [Mþ2MeOHþHþ]; calculated for
C16H19N2O2[MþHþ] 271.1441, C17H23N2O2 [MþMeOHþHþ]
303.1703, C18H27N2O2 [Mþ2MeOHþHþ] 335.1965.
2.2.2. 3-Methylthio-1,8-bis(dimethylamino)naphthalenes (7)
Absolute dimethyldisulfide (0.4mL, 4.0mmol) was added via

syringe to the suspension A. The reaction mass was stirred addi-
tionally for 12 h at �20 �C and treated with water (10mL). The
products were extracted with Et2O (2� 25mL), the solvent was
evaporated to dryness and the residue was chromatographed on
aluminium oxide with an EtOAcen-hexane 1: 20 mixture as the
eluent. Yellow fraction (almost colourless on adsorbent) with
Rf¼ 0.6 was collected.

3-Methylthio-1,8-bis(dimethylamino)naphthalene (7): pale
yellow oil with a weak “sulfide” odour; yield 116mg (48%). Char-
acterization data were consistent with those reported in the liter-
ature [13].
2.2.3. 3-Bromo-1,8-bis(dimethylamino)naphthalene (8)
Bromine (0.2mL, 3.7mmol) was added via syringe to the sus-

pension A. The reaction mass was additionally stirred for
12 h at �20 �C and treated with water (10mL). The products were
extracted with hexane (2� 25mL), the solvent was evaporated to
dryness and the residuewas chromatographed on aluminium oxide
with n-hexane as the eluent. Pale yellow fraction with Rf¼ 0.9 was
collected.

3-Bromo-1,8-bis(dimethylamino)naphthalene (8): pale yellow
oil; yield: 57mg (21%). 1H NMR (500MHz, d, CDCl3): 7.49 (d,
J¼ 1.8 Hz, 1H), 7.31 (t, J¼ 7.7 Hz, 1H), 7.23 (d, J¼ 7.5 Hz, 1H), 6.95 (d,
J¼ 1.8 Hz, 1H), 6.92 (d, J¼ 7.1 Hz, 1H), 2.80 (s, 6H), 2.79 (s, 6H). 13C
NMR (126MHz, d, CDCl3): 152.19, 151.15, 138.72, 126.67, 123.33,
120.71, 119.71, 119.07, 116.02, 113.13, 44.36, 44.33. HRMS (ESI):
293.0662 (79Br); calculated for C14H17BrN2 (79Br) 293.0648.
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2.2.4. 3-Trifluoroacetyl-1,8-bis(dimethylamino)naphthalene (9)
Freshly distillated ethyl trifluoroacetate (0.4mL, 3.7mmol) was

added via syringe to the suspension A. The reaction mass was
additionally stirred for 12 h at �20 �C and treated with water
(10mL). The products were extracted with Et2O (2� 25mL), the
solvent was evaporated to dryness and the residue was chroma-
tographed on aluminium oxide with an EtOAcen-hexane 1: 30
mixture as the eluent. Yellow fraction with Rf¼ 0.3 was collected.

3-Trifluoroacetyl-1,8-bis(dimethylamino)naphthalene (9): dark
orange oil; yield: 96mg (33%). 1H NMR (500MHz, d, CDCl3): 8.09 (s,
1H), 7.49 (d, J¼ 7.8 Hz, 1H), 7.45e7.38 (m, 2H), 7.12 (d, J¼ 7.8 Hz,
1H), 2.85 (s, 6H), 2.82 (s, 6H). 13C NMR (63MHz, d, CDCl3): 180.93 (q,
J¼ 34.3 Hz), 151.77, 150.90, 136.82, 127.11, 126.88 (dd, J¼ 3.2 Hz,
J¼ 6.5 Hz), 124.12, 117.16 (q, J¼ 291.6 Hz), 116.75, 109.26, 44.21,
44.05. IR (liquid film), nmax/cm�11708 (C]O). HRMS (ESI): 331.1369
[MþHþ], 343.1632 [MþMeOHþHþ]; calculated for C16H18F3N2O
[MþHþ] 311.1366, C17H22F3N2O [MþMeOHþHþ] 343.1628.

2.2.5. 3-(2,2-Dimethylpropanonyl)- and 3,6-bis(2,2-
dimethylpropanonyl)-1,8-bis(dimethylamino)naphthalenes (10a,b)

Trimethylacetonitrile (0.4mL, 3.7mmol) was added via syringe
to the suspension A. The reaction mass was additionally stirred for
12 h at �20 �C and treated with water (10mL). The products were
extracted with Et2O (2� 25mL), the solvent was evaporated to
dryness and the residuewas chromatographed on aluminium oxide
with an EtOAcen-hexane 1: 30 mixture as the eluent. Yellow
fractions with Rf¼ 0.4 (10b) and 0.6 (10a) were collected.

3-(2,2-dimethylpropanonyl)-1,8-bis(dimethylamino)naphtha-
lene (10a): yellow waxy oil; yield: 67mg (24%). 1H NMR (500MHz,
d, CDCl3):7.77 (s, 1H), 7.41 (d, J¼ 7.8 Hz, 1H), 7.34 (t, J¼ 7.7 Hz, 1H),
7.22 (s, 1H), 7.00 (d, J¼ 7.4 Hz, 1H), 2.82 (s, 6H), 2.81 (s, 6H), 1.43 (s,
9H)$13C NMR (126MHz, d, CDCl3):209.33, 150.81, 150.78, 136.83,
134.98, 126.27, 122.83, 122.42, 121.73, 114.50, 111.55, 44.42, 44.34,
28.52. IR (liquid film), nmax/cm�1 1666 (C]O). HRMS (ESI):
299.2128 [MþHþ]; calculated for C19H26N2O[MþHþ] 299.2118.

3,6-bis(2,2-dimethylpropanonyl)-1,8-bis(dimethylamino)naph-
thalenes (10b): yellow waxy oil; yield: 18mg (5%). 1H NMR
(500MHz, d, CDCl3):7.80 (s, 2H), 7.28 (s, 2H), 2.84 (s, 12H), 1.45 (s,
18H). 13C NMR (126MHz, d, CDCl3): 209.04, 150.54, 135.75, 135.70,
122.88, 122.48, 112.95, 44.39, 44.11, 28.30. HRMS (ESI): 383.2703
[MþHþ]; calculated for C24H35N2O2 [MþHþ] 383.2693.
Table 1
Results of control experiments on DMAN metallation with LICKOR after quenching the r

Run RLi TMEDA, equiv. Time, h Products

1

1 n-BuLi 0 24 48
2 n-BuLi 4 24 42
3 n-BuLi 4 48 35
4 n-BuLi 4 72 11
5 n-BuLi 4 96 12
6 t-BuLi 4 24 78
2.2.6. 3-Benzoyl-1,8-bis(dimethylamino)naphthalene (11)
Benzoyl chloride (0.4mL, 3.7mmol) was added via syringe to

the suspension A. The reaction mass was additionally stirred for
12 h at �20 �C and treated with water (10mL). The products were
extracted with Et2O (2� 25mL), the solvent was evaporated to
dryness and the residuewas chromatographed on aluminium oxide
with an EtOAcen-hexane 1: 30 mixture as the eluent. Yellow
fraction with 0.6 was collected.

3-Benzoyl-1,8-bis(dimethylamino)naphthalene (11): yellow oil;
yield: 109mg (37%). 1H NMR (500MHz, d, CDCl3): 13C NMR
(126MHz, d, CDCl3): 7.92e7.86 (m, 2H), 7.71 (d, J¼ 1.3 Hz, 1H), 7.60
(t, J¼ 7.4 Hz, 1H), 7.51 (t, J¼ 7.6 Hz, 2H), 7.43 (d, J¼ 1.3 Hz, 1H),
7.41e7.32 (m, 2H), 7.06 (dd, J¼ 7.4, 1.1 Hz, 1H), 2.86 (s, 6H), 2.84 (s,
6H). 13C NMR (126MHz, d, CDCl3): 197.12, 151.25, 150.77, 138.34,
136.66, 134.17, 132.07, 130.06, 128.20, 126.37, 126.17, 122.91, 122.33,
115.06, 111.43, 44.28, 44.22. HRMS (ESI): 319.1796 [MþHþ]; calcu-
lated for C21H22N2O [MþHþ] 319.1805.

2.3. Functionalization of 3-formyl1,8-bis(dimethylamino)
naphthalene 6a

2.3.1. 3-Formyl-1,8-bis(dimethylamino)naphthalene oxime (12)
A solution of hydroxylamine hydrochloride (140mg, 2mmol) in

10mL of ethanol was added to the solution of 3-formyl-1,8-
bis(dimethylamino)naphthalene 6a (280mg, 0.9mmol) in 50mL
of ethanol. The reaction mixture was stirred at room temperature
for 24h. The solvent was removed in vacuum and the resulting
white powder was mixed with 10mL of aq. ammonia and 10mL of
chloroform. The organic layer was separated, and the water layer
was extracted with chloroform Et2O (2� 10mL). The combined
organic fraction was dried over sodium sulphate. The solvent was
removed, and the residue was chromatographed on aluminium
oxide with an EtOAcen-hexane 1:2 mixture as the eluent. Yellow
fraction with Rf¼ 0.5 was collected.

3-Formyl-1,8-bis(dimethylamino)naphthalene oxime (12): yel-
low oil; yield: 190mg (82%). 1H NMR (500MHz, d, CDCl3): 8.70 (s,
1H), 8.28 (s, 1H), 7.43 (s, 1H), 7.41e7.33 (m, 2H), 7.28 (d, J¼ 0.9 Hz,
1H), 7.01 (d, J¼ 6.3 Hz, 1H), 2.86 (s, 6H), 2.84 (s, 6H)$13C NMR
(126MHz, d, CDCl3): 151.38, 150.97, 150.92, 137.55, 129.06, 126.29,
123.22, 121.98, 121.37, 114.00, 108.27, 44.30, 44.20. HRMS (ESI):
258.1608 [MþHþ]; calculated for C15H20N3O[MþHþ] 258.1601.

2.3.2. 3-Cyano-1,8-bis(dimethylamino)naphthalene (13)
A solution of 3-formyl-1,8-bis(dimethylamino)naphthalene

oxime (200mg, 0.8mmol) in 10mL of acetic anhydride was
refluxed for 1h. The reaction mixture was poured on ice (50 g) and
neutralized with aq. ammonia. The product was extracted with
chloroform Et2O (3� 10mL). The solvent was removed, and the
residue was chromatographed on aluminium oxide with a
CH2Cl2en-hexane 2:1 mixture as the eluent. Yellow fraction with
0.9 was collected.

3-Cyano-1,8-bis(dimethylamino)naphthalene (13): yellow oil;
yield: 170mg (90%). 1H NMR (500MHz, d, CDCl3): 7.67 (d, J¼ 1.1 Hz,
eaction mixture with DMF.

yield (NMR), % Meta/para selectivity

6a 6b 6c 6d

32 11 4 5 3: 1
48 6 1 3 8: 1
51 6 3 5 7: 1
76 9 1 3 8: 1
75 8 2 3 9: 1
16 5 1 0 3: 1
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1H), 7.39 (t, J¼ 7.7 Hz, 1H), 7.34 (d, J¼ 8.0 Hz, 1H), 7.05 (d, J¼ 7.4 Hz,
1H), 6.95 (d, J¼ 1.1 Hz, 1H), 2.82 (s, 6H), 2.79 (s, 6H). 13C NMR
(126MHz, d, CDCl3): 151.51, 150.84, 136.85, 127.15, 126.81, 121.65,
121.60, 119.91, 115.38, 112.08, 108.80, 44.08, 43.95. IR (KBr), nmax/
cm�1 2227 (CN). HRMS (ESI): 240.1501 [MþHþ]; calculated for
C15H18N3 [MþHþ] 240.1495.
2.3.3. Ethyl 2-cyano-3-(1,8-bis(dimethylamino)naphthalen-3-yl)
acrylate (14)

Piperidine (0.04mL, 0.4mmol) and ethylcyanoacetate (0.04mL,
Fig. 1. 1H NMR spectra of the reaction mixture for run 4 (Table 1) and authentic comp
0.4mmol) were added to the solution of 3-formyl-1,8-
bis(dimethylamino)naphthalene 6a (100mg, 0.4mmol) in 10mL
of ethanol. The reaction mixture was stirred at room temperature
for 24h. The solvent was removed in vacuum and the residue was
chromatographed on aluminium oxide with a CH2Cl2en-hexane
1:1 mixture as the eluent. Red fraction with Rf¼ 0.5 was collected.

Ethyl 2-cyano-3-(1,8-bis(dimethylamino)naphthalen-3-yl)acry-
late (14): bloody red crystals; mp 107e108 �C (n-hexane); yield
70mg (51%). 1H NMR (500MHz, d, CDCl3): 8.31 (s, 1H), 7.74 (s, 1H),
7.68 (s, 1H), 7.41 (d, J¼ 7.6 Hz, 1H), 7.37 (t, J¼ 7.7 Hz, 1H), 7.06 (d,
onents (only aromatic area is shown; the indicator signals are marked by arrow).



Table 2
Application of the developed DMAN lithiation protocol for the synthesis of itsmeta-
derivatives.

Electrophilic reagent Product Yield (%)

DMF 55

A.S. Antonov et al. / Journal of Organometallic Chemistry 855 (2018) 18e2522
J¼ 7.3 Hz, 1H), 4.40 (q, J¼ 7.1 Hz, 1H), 2.86 (s, 6H), 2.82 (s, 6H), 1.42
(t, J¼ 7.1 Hz, 1H)$13C NMR (126MHz, d, CDCl3):163.09, 155.94,
151.55, 150.86, 137.08, 128.94, 128.85, 126.81, 122.78, 122.52, 116.10,
115.75, 110.18, 101.64, 62.52, 44.13, 44.03, 14.25. IR (KBr), nmax/cm�1

1726 (C]O), 2221 (CN). HRMS (ESI): 338.1867 [MþHþ]; calculated
for C20H24N3O2 [MþHþ] 338.1863.
1

3

MeSSMe 48

Br2 21
3. Results and discussion

At the beginning of this section, it is reasonable to briefly
summarize our previous experiments onmetallation of DMAN [13].
The use of n-BuLi and tert-BuLi for this aim has outlined the
following internal factors which seem to be especially important:
1) strong electron-donor effect of two NMe2 groups, 2) steric
shielding of ortho-positions by NMe2 groups, 3) the preference of
in/in conformation of the NMe2 groups 4a over in/out form 4b
(Scheme 2) and 4) exceedingly high basicity (yet not estimated
quantitatively) of 2-Li-DMAN. The first factor should promote the
reduction of acidity of all ring CeH bonds but possibly to a lesser
extent than that of meta-protons. This is the reason why in all
metallation experiments, a considerable amount of DMAN is usu-
ally regenerated even after a prolonged incubation period. The
factors 2e4 almost nullify the DOM-effect and hamper ortho-
metallation [17-19]. These simple estimates allow us to understand
why the ease of metallation of the ring CeH bonds in 4 changes in
the sequence C3(6)eH> C4(5)eH[ C2(7)eH. It is principally
different from those in N,N-dimethylaniline and N,N-dime-
thyl(naphthyl-1)amine.

The aforementioned internal factors are closely interrelated
with external ones, especially with a solvent used for metallation.
The reaction very poorly proceeds in diethyl ether or tetrahydro-
furan because of their participation in the protolysis of the formed
lithium derivatives, in particular 2-Li-DMAN. Those satisfactory
results can only be obtained in less acidic media such as hexane.
Thus, a total yield of metallation products in hexane varies between
70 and 75%, whereas in diethyl ether it reaches 35% at best (with a
fourfold excess of alkyllithium in the presence of TMEDA).
Fig. 2. Area of CHO groups in 1H NMR spectrum for run 4 (CDCl3, 250MHz), signals of
6a-6d are marked.

CF3COOEt 33

t-BuCN 24

5

PhCOCl 37
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Regrettably, by using both n-BuLi and tert-BuLi in hexane, 3- and 4-
lithium derivatives of DMAN are obtained in nearly the same yields.
This seriously weakens the preparative value of the method due to
the difficult separation of target products after quenching the re-
action mixture with an appropriate reagent. Until now, we were
successful only in the isolation of pure 3-formyl- and 3-methylthio
derivatives of DMAN in yields of about 32% each [13]. Here we
present a much improved procedure for selectivemeta-metallation
of DMAN, using a LICKOR reagent in conjunction with TMEDA
[20,21]. We reasoned that the enhanced basicity and stronger steric
demands of the reagent could discern a small difference in the
acidity of C3eH and C4eH bonds. Our hopes were also reinforced by
the fact that for N,N-dimethylaniline the D/H basic exchange is
about two times faster for meta-position than for para-position
[22,23].

First of all, we conducted a series of control experiments to
optimize the reaction conditions for the DMAN metallation with
LICKOR (Table 1). It was found that the reaction is best carried out
at �20 �C in hexane using 4M equivalents of a t-BuOKen-BuLieT-
MEDA mixture (runs 1,2). The process proceeds slowly; thus,
Fig. 3. Area of CHO groups in 1H NMR spectrum (CDCl3, 250MHz) for the DMA
metallation experiment.
prolonged stirring (run 2e4) with subsequent quenching of the
crude reaction mass with DMF results in the formation of 3- and 4-
monoaldehydes (6a, 6b) and 4,5- and 3,5-dialdehydes (6c, 6d)
(Scheme 3). A 72-h metallation is considered to be optimal (run 4)
and increasing the reaction time further did not significantly
change these results (run 5). The attempt to increase the selectivity
by using t-BuLi instead of n-BuLi failed: both total yield and meta-
selectivity decreased (run 6). The compounds 6a-d, along with
unreacted DMAN, were first registered by 1H NMR spectroscopy
and then separated by TLC on alumina. The simplicity of the NMR
spectra of previously unknown dialdehydes 6c,d allowed an un-
ambiguous assignment of their structure. The spectral yield of the
aldehydes 6a-d and indirectly their lithium predecessors 5a-d was
determined via intensities of aromatic proton signals characteristic
for each compound (Fig. 1). The use of aldehyde proton signals was
inconvenient due to their overlapping (Fig. 2).

To our satisfaction, no trace of ortho-metallation was fixed and
the selectivity of meta-over para-metallation considerably
increased to about 8: 1. The preparative yields of 3-aldehyde 6a
(55%) and 3-methylthio derivative 7 (48%) were also significantly
higher as opposed to using n-BuLi or t-BuLi only. The optimized
conditions were further used to synthesize other 3-substituted
proton sponges, in particular 3-bromo-, 3-trifluoroacetyl, 3-
benzoyl-DMAN (Table 2). There were no attempts to isolate mi-
nor products in these cases except for 3,6-dipivaloyl derivative 10b
[24,25]. The latter along with dialdehyde 6d are the only 3,6-
disubstituted derivatives of DMAN known to date. Their forma-
tion reflects the possibility of the ring dilithiation of DMAN with
Scheme 5.
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LICKOR, which was also previously noted for naphthalene itself
[26].

The method we have developed provides practically unlimited
possibilities for obtaining other 3-substituted proton sponges
through the functionalization of the meta-substituent. To illustrate
this oxime 12, cyanide 13, and the product of Knoevenagel
condensation with ethyl cyanoacetate 14 were prepared, starting
from aldehyde 6a (Scheme 4).

We also tested our metallation method on N,N-dimethylaniline
(DMA, 15). As it can be seen in Fig. 3, the reaction of DMA with the
LICKOR-TMEDA mixture after quenching with DMF leads to the
formation of ortho-, meta- and para-aldehydes 17a-c (Scheme 5)
with a relative yield of 10: 4: 1, respectively, which nicely correlates
with the relative acidities of the ring CH bonds [22].

The availability of meta-substituted proton sponges made it
possible to compare some of their physical properties with those of
their ortho- and para-isomers. Most clearly, corresponding differ-
ences are manifested for carbonyl derivatives due to the absence of
direct conjugation between the carbonyl and peri-NMe2 groups in
3-aldehydes and ketones. Due to this, for example, the frequency of
stretching vibrations, nC]O, in IR spectra of 3-trifluoroacetyl-1,8-bis
(dimethylamino) naphthalene, equal to 1708 cm�1, is noticeably
higher in comparison with its 2- (1616 cm�1) [27] and 4-isomers
(1660 cm�1) [28]. Obviously, for the same reason, the difference
in 1H and 13C chemical shifts, Dd, for 1- and 8-NMe2 groups for
meta-substituted derivatives is much less than compared with their
2- and 4-counterparts (Table 3).

4. Conclusions

It has been proven, that the preferable in/in conformation of
NMe2 groups provides the unique DMAN behavior towards met-
allation. First, it prevents the realization of the DOM-effect upon
treatment with the n-BuLieTMEDA mixture. Secondly, it sterically
Table 3
Comparison of chemical shifts for 1- and 8-NMe2 groups in 1H and13C NMR spectra
(CDCl3) of some ortho-, meta- and para-1,8-bis(dimethylamino)naphthalenes.

Compound d (1H), ppm d (13C), ppm Ref.

1-NMe2 8-NMe2 Dd 1-NMe2 8-NMe2 Dd

4 (X¼H) 2.93 2.93 0 44.8 44.8 0 [29]
18 3.25 2.80 0.45 -a -a -a [19]
6a 2.81 2.79 0.02 44.6 44.5 0.1 [13]
6b 2.96 2.77 0.19 43.2 43.3 0.1 [16,30]
19 3.13 2.73 0.40 46.0 43.6 2.4 [27]
9 2.85 2.82 0.03 44.2 44.1 0.1 b

21 2.90c 2.68c 0.22 -a -a -a [28]
20 3.00 2.75 0.25 45.7 43.4 2.3 [31]
8 2.80 2.79 0.01 44.4 44.3 0.1 b

22 2.76 2.74 0.02 43.9 43.8 0.1 [32]

a No data available.
b This work.
c In CCl4.
hinders the C2(7)eH bond from deprotonation by bulky LICKOR.
This hampering of ortho-lithiation allowed us to develop an effec-
tive technique for the meta-derivatization of 1,8-
bis(dimethylamino)naphthalene, based on the selective metal-
lation of DMAN in position 3(6) with a LICKOR-TMEDA reagent. The
method opened a way for the preparation of a wide range of 3-
substituted and in some cases 3,6-disubstituted derivatives of
DMAN, either via quenching the lithium intermediates with
appropriate electrophiles or by the further functionalization of an
already introduced 3-substituent.
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