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A regular set of 2<¢-hydroxymethyl)- and 2,7-di-hydroxymethyl)-1,8-bis(dimethylamino)naphthalenes

has been prepared. Their X-ray, NMR, and IR studies have demonstrated that in tertiary mono-alcohols
the orientation of free nitrogen electron pairs in crystals and solution corresponds to nonconventional
infout conformers stabilized by-€H---N intramolecular hydrogen bonding. For tertiary 2,7-dialcohols,

the superimposed equilibrating in/etdut/in nitrogen invertomers are observed in solution. Unlike this,
primary and secondary mono- and dialcohols commonly exist in the in/in form, which is typical for the
parent proton sponge and the majority of its derivatives.

Introduction

It is well known that the NMg groups in 1,8-bis(dimethy-
lamino)naphthalene (“proton spongd’adopt the so-called in/
in conformation with the nitrogen lone electron pairs pointing
to each other and with the two pairs of approximately axial
and equatorial methyl groups (Figure 1&)Such orientation
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strongly favorsperi-chelation, and indeed interaction bfvith
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2,7-Di(o-hydroxyalkyl)-1,8-bis(dimethylamino)naphthalenes
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FIGURE 1. Possible conformations of NM@roups in proton sponge
molecules.

around the N-C,, bond almost perpendicular to the naphthalene
ring plane (Figure 1b). In one instance, for the solid 1,8-bis-
(dimethylamino)-2,7-bis(trimethylsilyl)naphthaler®,(we ob-
served for the first time an in/out conformation with one inverted
NMe; group (Figure 1c}.It was assumed that this inversion is

caused by n,d-interaction between the free nitrogen electron pair

and unoccupied d-orbital of the silicon atom. Following this
observation, one could suggest that the in/out conformation
might be also stabilized by other types of nonvalent interactions,
for example, by intramolecular hydrogen bonding (IHB). To
check this idea, in the present work we have prepared and
studied a series of earlier unknown proton sponge alcahofs
containinga-hydroxyalkyl groups in the ortho-positiofis.

Me . Me
JH. Mel Mel
Me,N NMe, Me,N™ + "NMe, N TN
PN Me3Si\“/SIMe3
6 O
5 10 4
1 2 3
MeoN NMe, MeoN NMe,
“/! ! C(OH)R'R? R1R2(HO)C\“/! l C(OH)R'R?
4aR'=R?=H 5aR'=R%=H
4bR'=H,R?=Me 5bR'=H, R?=Me
4cR'=H,R?=Ph 5¢R'=H, R®=Ph
4dR'=R?=Me 5dR'=R%=Me
4eR'=R%=Ph 5e R'=R%="Pn
4f R' = Me, R? = Ph
MeoN NMe,
R\“/! l C(OH)Ph,
6aR=Br
6b R = CH,OH

6¢ R = C(OH)Me,

Results and Discussion

(1) SynthesisEasily accessibfeortho-dibromide7 was used
as a starting material in most preparations (Scheme 1). By
addition of an excess af-butyl lithium, the dibromider was
transformed into 2,7-dilithium derivativ& which after treatment
with carbonyl-containing electrophiles gave 2,7-disubstituted
proton sponge$, sometimes with an admixture of monosub-
stituted product (Table 1). In those cases when electrophile

(7) Pozharskii, A. F.; Ryabtsova, O. V.; Ozeryanskii, V. A.; Degtyarev,
A.V.; Kazheva, O. N.; Alexandrov, G. G.; Dyachenko, O.JAOrg. Chem.
2003 68, 10109-10122.

(8) Preliminary report on this topic: Pozharskii, A. F.; Ryabtsova,
0. V.; Ozeryanskii, V. A.; Degtyarev, A. V.; Starikova, Z. A.; Sobczyk,
L.; Filarowskii, A. Tetrahedron Lett2005 46, 3973-3976.

(9) Pozharskii, A. F.; Ozeryanskii, V. ARuss. Chem. Bulll988 47,
66—73.
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SCHEME 1
Me;N - NMe, Me;N - NMe,
\“/Bf "BuLi \“/L' electrophile
THF, -30 °C OO

MezN NM62 MezN NMe2

RR ) R

5b R=CH(OH)Me 4d R = C(OH)Me;
5¢c R=CH(OH)Ph  4f R = C(OH)MePh

5d R=C(OH)Me, 4gR = CHO
5¢ R=C(OH)Ph,  4hR=COMe
5f R = CHO

5g R = COMe

5h R = COPh

TABLE 1. Organometallic Synthesis of 2,7-Disubstituted and
2-Substituted 1,8-Bis(dimethylamino)naphthalenes

bromide electrophile product 2(7)-substituents  yield (%)
7 MeCHO 5h CH(OH)Me 49
7 PhCHO 5c CH(OH)Ph 80
7 Me,CO 5d C(OH)Me; 11
4d 49
7 Ph(Me)CO af C(OH)MePh 21
7 Ph,CO 5e C(OH)Ph 68
7 PhCO 6a C(OH)Ph 80
7 HCOMe 5f CHO 40
4g 10
7 DMF 5f CHO 74
4g 24
7 MeCOCI 59 COMe 10
4h 30
7 PhCOCI 5h COPh 90
10 DMF 49 CHO 93
10 PhCOCI 4 COPh 74
10 MeCHO 4b CH(OH)Me 52
10 PhCHO 4c CH(OH)Ph 79
10 PhCO de C(OH)Ph 21
6a Me,CO 6¢c C(OH)Me; 21
6a (EtO)%CO 6b CHOH?2 24

a After LAH reduction of the ested, which was not isolated.

was aldehyde or ketone, the reaction led to the formation of
the corresponding alcohols in one preparative step. However,
their yields were high enough only when using benzaldehyde
and benzophenone. When the electrophile contained a CH-acidic
methyl group (acetaldehyde, acetone, and especially acetophe-
none), the yields of alcohols considerably decreased, evidently
due to protolysis of the dilithium compour@® In view of this,
some alcohols were alternatively prepared by LAH reduction
of certain aldehydes and ketones (Scheme 2).

For the preparation ofrtho-monoalcohols and mixed 2,7-
dialcohols, a different approach was also applied. Thus, 2,7-
dibromide 7 was monolithiated to yield 2-bromo-7-lithium
derivative9, which after quenching with water gave monobro-
mide 10, providing an alternative approach over the selective
monobromination of the proton spon#eLithiation of 10 and
subsequent treatment of the transient 2-lithium-1,8-bis(dim-
ethylamino)naphthalene with electrophiles led to the corre-
sponding 2-substituted derivativésn moderate to good yields.
Alternatively, after action of benzophenone, the bromolithium

(10) In accordance with a recent report, the monobroniidean be
also prepared by bromination of proton sporigeith 1 equiv of NBS in
dry THF at—78 °C: Farrer, N. J.; McDonald, R.; McIndoe, J. Balton
Trans 2006 4570-4579.
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SCHEME 2 the alcohols with sufficient solubility in nonpolar solvents, this
Me,N  NMe, Me,N  NMe, conclusion is supported by IR spectroscopy. Thus, in the IR
R(O)C COR  |iapy, RHOMHC CH(OH)R spectra of 2-hydroxymethyl- and 2,7-di(hydroxymethyl)-1,8-
OO T;* OO bis(dimethylamino)naphthalends and 5a in CHCl3;, a sharp
band of free OH groups is present at 3590 ¢ralong with a

g‘; ANV AR broad band of associated hydroxyl in the range of 358000
5h R = Ph 5¢ R = Ph cm L In the IR spectra of the solid samples, only the latter
band is observed in this region.
Me;N  NMe, Me;N  NMe, In one instance, for the didic, we were able to obtain crystals

COR | iaH CH(OH)R suitable for X-ray measurements. Their results are shown in
OO THE OO Figures 2 and 3 and in Table 4. One can see that the hydroxy
groups in this diol are indeed nonchelated, and both participate

:g : - ue :;EZ ne in the intermolecular hydrogen bonding. The crystal structure
4i R=Ph 4cR=Ph thus formed consists of the tetramers with neighboring naph-
thalene rings approximately perpendicular to each other (Figure

SCHEME 3 3). Although the dimethylamino groups in the dai still retain
MeN - NMe, MeN  NMe, the in/in conformation, they are essentially flattened and turned

Br OO DBl R around the g—N bonds as in many other 2,7-disubstituted
2) electiophie proton sponge$.0On average, the rotation angle is of°7and

::2:53((8:;;‘: the sum of the angles at the nitrogen atoms reache$ (358
H,0 46 R = C(OH)Ph, corresponding valugs for the proton qun]gearg 40 and
o | NMo 49 R = CHO 347")_.1v2 Stereochemistry of the ortho-substituentSadeserves
"Bl (1 oq) B" i 2 4i R=COPh special comments. Two phenyls, as well as two hydroxyls, are
7T — OO located at different sides of the mean naphthalene ring plane,
R so that the diobc consists of a racemic mixture &R- and
S,S-enantiomers without any admixture of the meso-fétt
thcoj the same time, both the-C—H and the G—N bonds are
Me;N  NMe, Me,N  NMe, partially eclipsed with the dihedral angle between the-8;—
Br\“/C(OH)PhZH“BuLl (1 eg) \“/C(OH)th C (“chemical” atom numbering is used throughout the text as
OO 2) electrophile O depicted in structurd) and G—C,—H planes of~10° that
6¢ R = C(OH)Me, minimizes steric repulsions (Figure A). Yet, such repulsions
BdR=COE ) ja, remain significant as manifested in a shortening of the Wl
6b R = CH,OH

distance to 2.747 A as compared to 2.804 A for diamine
This is the smallest separation of gheri-nitrogen atoms among
derivative9 gave alcohobain 80% yield, which was converted  all known proton sponge bases. Similar proximity (2.749 A)
into asymmetrical 2,7-dialcohol6b,c by similar procedures  was earlier observed only for 2,7-dimethyl-1,8-bis(dimethyl-
(Scheme 3, Table 1). amino)naphthalene, in which, as in molecbie the a-C—H

(2) Structure. All conclusions on fine structure of the  bonds of ortho-substituents are also in a neighborhood with the
alcohols obtained have been made using a combination of X-ray,NMe; groups’
NMR, and IR techniques. Some quantum chemical calculations Tertiary Alcohols. A remarkable peculiarity of all tertiary
have been also performed. monoalcohols4d—f and6a) is the appearance in théld NMR

Structurally, all of the alcohols are clearly divided onto three spectra in CDGl a one-proton singlet ad ca. 10.5 ppm
categories: (1) primary and secondary mono- and dialcohols, exchanging with RO (Table 3). Evidently, it can be assigned
existing in conventional in/in form, (2) tertiary monoalcohols to the chelated hydroxy group that supports realization of the
and mixed primary-tertiary and secondasntertiary diols for out conformation for the 1-NMegroup and the in/out confor-
which nonconventional in/out conformation of the NMgoups mation for the whole molecule (Scheme 4). Table 3 demon-
is typical, and (3) tertiary 2,7-diols rapidly interconverting in  strates that this chelation remains in DM8§Xsolution although
solution between two in/ottout/in forms. Let us consider them  in a weaker form. The weakening effect becomes smaller as
in the same order. the number of phenyl groups in the ortho-substituent increases.

Primary and Secondary Alcohols.As one can see from  Thus, Adon value, representing the chemical shift difference
Table 2, in the'H NMR spectra of all primary and secondary for hydroxyl in CDCk and DMSO#de, for monoalcohols4d,
alcohols in DMSO+dg, the peak of hydroxy group appearsdat 4f, and4e is equal to 2.24, 1.48, and 0.6 ppm, respectively.
5.0-5.8 ppm. In CDG, the OH signal is invisible for primary ~ The strengthening of the intramolecular-@&---N bond by the
(4a and 5a) and most secondary alcohols, apparently due to side phenyl groups seems to result from the following chaiges
their O—H---O association and rapid proton exchange inside in the OH-acidity: 4e > 4f > 4d (cf., data below for com-
associates. However, when the association is sterically hinderedpound6c).

the OH signal in nonpolar solvents arises a325 ppm moving D st Homical induct wally o St e of
r : : ereochemical induction actually observed at the synthesis o

to a low f'e"?' by I_owerlng the temperature. For example;, in the and the lowered stability ofmneseform is apparently caused by steric
spectra of diobcin CD,Cl; recorded at 25;-20, and—50 °C, hindrances fronperi-NMe, groups. The energetic difference between trans
the hydroxy protons resonate as a broadened pedék2af5, (RRor S9- and cis RS or SR)-forms calculated by us with the DFT
3.15, and 3.60 ppm, respectively. These values unambiguousl 3LYP/6-31G** approach is equal t80.9 kcal mottin favor of the trans

o ; ’ | S . (see the Supporting Information for details). Although this value is rather
testify an absence of the-@4-+*N chelation in the primary and  gmall, one can assume that the difference in energies between the

secondary alcohols both in polar and in nonpolar media. For corresponding transition states is much more.

3008 J. Org. Chem.Vol. 72, No. 8, 2007
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TABLE 2. 'H NMR and IR Spectroscopic Characteristics of Hydroxymethyl and Dimethylamino Groups in Proton Sponge Alcohols Existing
in In/In Form

d (ppm) IR dat
alcohol solverkt 1-NMe, 8-NMe, CH(OH)R CH(OH)R solvent von (cm™1)
4a CDClg 3.00 2.74 4.87 (s) Nuijol 3350 (br)
DMSO-ds 2.89 2.67 5.10 () 4.62 (d) CHel 3590 (sh);
3330 (br)
4b CDClg 2.99 2.63 5.35(q) film 3330 (br)
2.78
DMSO-ds 2.90 2.68 5.00 (d) 5.20 (m)
4c CDClg 2.85 2.65 6.25 (brs) film 3370 (br)
2.72
DMSO-ds 2.85 2.61 5.75 (d) 6.16 (d)
5a CDCl; 2.95 2.95 4.85 (s) Nujol 3320 (br)
DMSO-ds 2.89 2.89 5.14 (1) 4.64 (d) CHel 3590 (sh);
3350 (br)
5b DMSO-ds 2.90 2.90 5.01 (m) 5.11 (m) Nujol 3330 (br)
5¢c CDCls 2.96 2.96 6.31(s) Nuijol 3350 (br)
DMSO-ds 2.93 2.93 5.79 (d) 6.13 (d)

apDesignations: sh, sharp; br, broad; only the center of broad bands is indiated5 x 102 M. ¢¢c = 4 x 1072 M for CHClI; solutions.

FIGURE 2. Molecular structure of diobc.

As it follows from X-ray data for compoundde and 4f Thus, the naphthalene protons appear as two doublétg.&7
(Figures S1 and 5), the tertiary monoalcohols exist as in/out and 7.43 for5d and 6.63 and 7.25 ppm fdie with a spin-
conformers also in the crystal state. The in/out form is also spin coupling constani, = 8.7 Hz. The NMe groups give
typical for symmetrical 2,7-diolSd and5ein the solid (Figures one singlet at 2.91 and one singlet at 2.43 ppm, respectively.
6 and S2). Notably, along with IHB the intermolecular hydrogen Besides, in the spectrum 68, four methyls of twoo-hydroxy-
bonds C-H:---O are realized in their crystal lattice, in which  isopropyl groups are equivalent, resonating 4.76 ppm. All
the oxygen atom of the chelated OH group acts as a proton-of this indicates that the symmetrical tertiary diols rapidly
acceptor and the nonchelated hydroxyl as a proton-donor equilibrate in solution between a pair of degenerated in/out and
(Figures 7 and S3). In all tertiary alcohols, the chelated cycle out/in conformers (Scheme 4). Most clearly this is exhibited
is not perfectly planar. Because the 1-NMgoup is somewhat by the behavior of two hydroxyls, which interconvert between
turned around the £-N bond, an axis of its free electron pair  chelated or nonchelated states. In ¥RHeNMR spectra of diols
is directed under_ a certain angle to the mean naphthalene ringsq e the OH hydrogen atoms give a two-proton singletat
plane. To maintain the strength of the IHB, iftéhydroxyalkyl 6.19 and 6.94 ppm, respectively. Actually, these values are the
substituent also turns around the-&C, bond. This tuming is  arithmetical mean of the chemical shifts for OH protons in the
rather significant, and for alcohold, 5d, andSe it ranges  cpgjated alcoholdd,e and isomeric 4-alcoholé1ab, which

between 35and 45. As a result, the ©H bond gets off the o, 1o considered as appropriate models for the nonchelated
N;C1C,C,, plane (Figure 4B andB' at R= R’), and the IHB ate.

hus f h hthal i I . . .
thus formed crosses the average naphthalene ring plane under In DMSO solution, the averaged chemical shift for the OH

th le of 9-13°; oth trical t f the IHB
©ange o > Other geometrical parameters of the hydrogen atoms of diolSd,e is substantially higherdpy 6.72

are in Table 4. . . -
If this picture worked for solutions, a nonequivalence of the 2nd 8.32 ppm, respectively). This results from the interference

NMe, and OH groups as well as the naphthaleneta and of a strong &3 ppm) low-field displacement of the QH sigpal
para-protons would be observed in the NMR spectra of diols fOr the nonchelated hydroxyl (sé&ab) and lesser upfield shift
5d.e. In fact, their'H and 13C NMR characteristics in CDGI for the chelated form (see Table 3 and the above discussion).
are very simple as one can expect for a symmetrical structure. A more complex situation occurs for the unsymmetrical diol
6¢ containing o-hydroxyisopropyl ando-hydroxydiphenyl-

(12) Hine, J.; Hine, MJ. Am. ChemSo0c.1952 74, 5266-5271. methyl groups in positions 2 and 7. In ftsl NMR spectra in

J. Org. ChemVol. 72, No. 8, 2007 3009
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FIGURE 3. View along theb-axis on crystal packing of diddc showing the intermolecular H-bonding.

TABLE 3. 'H NMR and IR Characteristics of Hydroxymethyl and Dimethylamino Groups in Proton Sponge Alcohols Existing in In/Out
Form

0 (ppm)
compd solverit 1-NMe, 8-NMe, OH solven® von (cm™2)
4d CDCl3 2.94 2.67 10.70 CHGlI 3500-2500
film 3500—2500
3400 (s, br)
DMSO-ds 2.84 2.64 8.46
de CDCl3 2.5F 2.56¢ 10.56 Nujol 3500-2500
DMSO-ds 2.5 2.48 9.96
Af CDCl3 2.83 (3H, sh) 2.62 (3H, br) 9.55 CHLI 3500-2500
2.24 (3H, sh) 2.40 (3H, br)
DMSO-ds 2.67 (3H, sh) 2.36 (6H, br) 8.07
2.30 (3H, sh)
5d CDCl3 291 291 6.19 Nujol 34062500
3350 (s, by
DMSO-ds 2.82 2.82 6.72
5e CDCl3 2.43 2.43 6.94 cdal 3608 (sh, 9
Nujol 3340 (s, b9
DMSO-ds 2.34 2.34 8.32
6a CDCl3 2.83 2.54 10.47 CHGI 3500-2500
6c CDCly 255 2.79 7.83 Nujol 3330 (s, b9
5.13
6b CDCl; 2.51 2.78 10.69 Nuijol 3330 (s, b9
DMSO-ds 2.42 2.69 10.17
5.29

aca 3.6 x 102M. Pc=4 x 1072 M for CHCI; and CC}, solutions. Arbitrarily assigned? s, strong; for other designation, see footnote in Table 2.
€No band of chelated OH group is visibfeAverage positions for OH signals in FB(OH) and MeC(OH) groups$ OH signal in PRC(OH) group; hydroxyl
proton of CHOH is not seen OH signals for PEC(OH) and CHOH groups, respectively.

CDCls, two peaks of the different OH groups are observedl at 6c¢ on the NMR time-scale. However, a considerable upfield
7.83 and 5.13 ppm. The latter can be assigned to the C(OH)-shift of the OH peak for C(OH)Meand low-field shift for

Me, group because of its considerable broadening in comparisonC(OH)Ph group as compared to symmetrical diéld and5e

with the normally sharp OH signal for the C(OH)Pgroup. demonstrates that the concentrations of both forms in this case
The position of both signals, the average between that of are unequal. Using the corresponding chemical shift values and
chelated and nonchelated hydroxyls in model compounds, ordinary calculation scheme (see ref 13 for an example), we
reveals a rapid equilibrium of two in/out conformess and have estimated th6c/6c ratio in the equilibrium mixture at

3010 J. Org. Chem.Vol. 72, No. 8, 2007
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TABLE 4. Selected X-ray Structural Characteristics of ortho-Hydroxymethyl Derivatives of Proton Sponges

distances (A) angles (deg)
1-NMe; 8-NMe,

compd N--N O—H N---H SN(1)2 SN(8)2 ring? ring® N---H-O T (K)
de 2.921(2) 0.963 1.735 35¢.3 335.6 76 65 152 115
4fd 2.947(1) 0.933 1.761 35¢:.2 337.0 72 49 157 100

(2.980) (0.985) (1.781) (351 0) (359.0) (76) (54) (150)

5¢® 2.747(2) —f —f 352.4 352.9 72 72 —f 100
5d 2.918(2) 0.892 1.721 3499 348.5 84 81 160 120
5e 2.916(3) 0.840 1.799 3508 349.9 76 69 163 115

aSum of CNC-angles at nitrogen atom<Calculated on the basis of the torsion angles C;—N;—C and G—Cs—Ng—C, respectively® Chelated nitrogen.
d Calculated data are given in parenthesesverage data for two independent molecufeso intramolecular H-bonding.

a

\Me a \\Meb Me// M b

MemN e—N’ H H-"N" ©

c o lc,
Cley o'yl Sy
oS N I
R R R
A B B'

FIGURE 4. Relative orientation of 1-NMegroup and 2-substituent
in proton spongertho-alcohols (schematic side view along thg-€

C; bond): A, secondary alcohols (positions of R and OH group are
arbitrary); B, B', tertiary alcohols (two isoenergetic swinging conforma-
tions are shown).

FIGURE 5. Molecular structure of compoundf.

SCHEME 4
Me 'V'Me H _H. Mﬁ"e M,eMe,H

SNON o oO"N N*O

R ~R?  for 5d,e and 6¢ sz)\“/k\w

e < L™

4dR'=R*>=Me, R®=H 5d'R'=R’=Me

4eR'=R%=Ph R®=H 5¢'R'=R?=Ph

4f R'=Ph,R?=Me, R®=H 6cR" = Ph, R = Me

5d R' = R? = Me, R® = C(OH)Me,

5e R' = R? = Ph, R® = C(OH)Ph,

6aR'=R?=Ph,R®=Br

6c R' = R? = Ph, R® = C(OH)Me,

ambient temperature as equal to 63:37. The superiorit§cof
can be attributed to a higher acidityof the C(OH)Ph group
strengthening the IHB. In accordance with expectation, the
mixed primary-tertiary diol 6b exists in CDC{ with the

FIGURE 6. Molecular structure of diobd.

chelated C(OH)Phand free CHOH groups. This is confirmed
by the similarity ofdy of the OH groups iréb with those for
reference alcoholde and4a (for DMSO-ds solution).

In the infrared spectra of chelated monoalcohols, theHO
stretching vibrations produce a broad band at 352600 cnT?,
which is much more diffuse than that of associatedHOgroups
and sometimes hardly visible. There are several reasons for such
behavior. The first one is related to the fact that these bonds
are markedly bent and the OH bonds are not collinear with the
nitrogen n-electron axis. The second reason is connected with
some coupling of proton andr-electron motion that was
extensively discussed.Finally, we have to take into account
that the hydrogen-bonded rings are not rigid. There are several
low-frequency librational modes that couple with the bridge
vibrations. The IR spectra of the diols in Nujol show a strong
and broad band of the associate¢ i@groups, usually centered
at 3330 cm?, while in solution bein CCly), the “free” hydroxyl
band is well seen at 3608 crh

MeN  NMe;  compd. R Solvent  &(OH), ppm
11a Me CDCly 1.96
1b Ph CDCly 3.42
11b  Ph DMSO-ds 6.59

Appearance of peri-NMe, Groups in NMR Spectra. In
general, an appearance péri-NMe; groups in thetH NMR
spectra of thertho-alcohols is rather sensitive to the structural
changes and conditions, providing valuable information about
molecular conformation in solution (Figure 8). Let us take the
parent proton spongkas a reference compound. In CQ@hd

(13) Wofford, D. S.; Forkey, D. M.; Russel, J. G. Org. Chem1982
47, 5132-5137.

J. Org. ChemVol. 72, No. 8, 2007 3011
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Tee Hoo

FIGURE 7. Fragment of crystal packing of di&éld showing the inter- and intramolecular H-bonding.

281 Me, Me 281 297 Me, Me 297 271 Me, Me 298
Me=N N=Me Me=~N N=Me Me=~N N=Me
1 12 13
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FIGURE 8. Chemical shifts ofperi-NMe; groups in proton spongertho-monoalcohols and model compounds;,(CDCl).

temperatures above100°C,!® all four methyl groups irl are (see Figure 8 fob ye values for 2-iodidel3). The same is true
magnetically equivalent, absorbing@®.81 ppm. When bulky  for the monoalcohols with symmetrical ortho-substituent regard-
substituents are in the ortho-positions, the nitrogen atoms areless of their existence in in/in, &k, or in/out form, as4d,e.

markedly planarized, getting more?sgharacter. Thus, the sum A substantial upfield chemical shift for tié-methyl groups

of valent anglesy Nyg), in the 2,7-diiodidel2 is larger than in a-hydroxybenzhydryl derivativéle can be attributed to a
that in moleculel by 10°.7 Unsurprisingly, the NMgsignal in shielding of the methyl hydrogen atoms by the side phenyl rings.
12 moves downfield to 2.97 ppm. This view is supported by X-ray data for compoude(Figures

In the case of mono-ortho-substituted derivatives, only the S1 and 9). The phenyl ring nearest to the 1-Nligi@up is turned
1-NMe; group undergoes flattening; on the contrary, the 8-liMe  relative to the naphthalene system by an angle 6f8fsl faced
group due to a steric compression from its counterpart strongly one of the methyl groups. Its-€H vector points to the aromatic
pyramidalizes (Table 4). As a result, the signal of the 1-MMe ring under the €H---centroid angle of 145 The resulting

group is shifted downfield and that of the 8-NMgroup upfield H-+-centroid distance of 2.87 A normally should cause hydrogen
atom shielding equal to ca. 0.5 ppfnThe observedy. value

for the 1-NMe group in4e (2.56 ppm) as compared to that for

(14) Sobczyk, L.; Grabowski, S. J.; Krygowski, T. @hem. Re. 2005

105, 3513-3560. compound4d (2.94 ppm) is in satisfactory agreement with this
(15) Alder, R. W.; Anderson, J. B. Chem. Soc., Perkin Tran$973
2, 2086-2088. (16) Heigh, C. W.; Mallion, R. BOrg. Magn. Res1972 4, 203.
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FIGURE 9. Representation of the shielding of the methyl hydrogen atoms in the 1;/g§kdep of monoalcoholde (left) and 4f (right) (view
along the mean naphthalene ring plane).
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FIGURE 10. Temperature dependence of tRemethyl signals in théH NMR spectra ofdf (250 MHz, CDC}, ¢ = 5 x 1072 M).

estimation. A question can arise why both methyls of the signals at 2.2 and 2.8 ppm, while two others look like humps
1-NMe, group in4eare magnetically equivalent? In our opinion, atd 2.3 and 2.6 ppm (Figure 10). Obviously, such a picture is
a logical explanation might consist of a rapid NMR time-scale originated from asymmetry of the ortho-substituent in conjunc-
swinging of the hydrogen-bonded cycle averaging: ked Me tion with the dynamic behavior of one of the NMgroups.
groups when R= R’ (Figure 4,B andB'). We believe that the upfield peak at 2.2 ppm belongs to the Me
The situation is complicated for monoalcohols with an group, shielded by the-phenyl ring. Another sharp signal at

asymmetrical ortho-substituent. For example, in the spectrum 2.8 ppm can then be attributed to the Mgoup. Both of these
of compound4f, all four N-methyl groups display magnetic  methyls are rotationally nonactive because the 1-biteup
nonequivalence: in CDglat 8 °C, two of them give sharp s fixed by IHB. It is noteworthy that the upfield displacement

J. Org. ChemVol. 72, No. 8, 2007 3013



]OCAT’tiCle Pozharskii et al.

singlet atd 2.95, 2.91, and 2.43 ppm, respectively. Somewhat
complex is the spectral behavior of diokb and 5c. For
example H and*C NMR spectra obc, recorded in CRCly,

are evident of magnetic nonequivalence of fduimethyls,
clearly divided into two pairs at room temperature.-A20 °C,

the six-proton 2.98 ppm peak 6€ moves tad 2.86 ppm, while

a singlet at 3.02 ppm splits into two three-proton signals located
at 2.94 and 3.04 ppm. Lowering the temperature-t&0 °C
again gives two sharp peaks at 2.82 and 3.13 ppm. We believe
that such behavior is caused by the asymmetrical nature of ortho-
substituents ibc (5b) and their tendency to form intermolecular
FIGURE 11. Schematic representation of the imaginary cones made H-bonded associates on cooling (see above X-ray damor

by the rotatingperi-dimethylamino groups in compound®,c. Evidently, the molecule obc becomes nonsymmetrical at
—20°C with regard to the axis passing through theCbond

of the Me group in 4f is the largest among all known COmMmonN for two benzene rings. Additionally, the sharp singlet
naphthalene proton sponges. Although all of the details of this Of two CH(OH)Ph protons at 6.32 ppm separates into two one-
phenomenon are unclear, it should be noted that thel @ector proton peaks of two different CH(OH)Ph groups. On passing
of the Mé group in4f points to the phenyl ring centroid more  from CD.Cl> to DMSO<s, the dipolar solvent prevents the

precisely (the G-H-+-centroid angle is 153 than in the case intermolecular associates from being formed, coordinating with
of 4e (Figure 9). the hydroxyls of the ortho-substituents (efoH of 5c equal to

~3.0 ppm in CBCIl, and 5.8 ppm in DMSQlg). This, in
general, gives more freedom to the NMgoups, so that all of
although to a lesser extent. By a reason similar to the one 1€ N-methyls of diolsSb and 5c appear in DMSO as one
mentioned above for the 1-NMgroup, the more upfield peak ~ 12-Proton peak.
at 2.3 ppm can be assigned to theMjeoup due to its larger Theoretical Background. The central point of the present
proximity to the a-phenyl group than another methyl (RJe  study is: Why the primary and secondary proton spaorgjeo-
Both Me&f and Mé! signals are strongly temperature dependent alcohols adopt the in/in conformation whereas for their tertiary
and they narrow at freezing, with coalescence at warming counterparts the in/out form becomes highly preferable? To
already at ca. 18C (Figure 10). In our opinion, the dynamic ~ answer the question, consider first the parent compdurits
process, averaging the Kand Mé groups in4f, can be existence in the gas phase as a mixture of more stable in/in and
attributed to rotation of the 8-NMegroup around the &N less stable in/out conformers has been recently claimed by
bond!” Using an approximate relationship at the coalescence Szemik-Hojniak and co-workers on the basis of fluorescence
temperature (see ref 18 for an example), we estimated the barrielspectroscopy and ab initio calculatioffsThey estimated the
to rotation as equal taG* = 13.8 kcal mot™. energy difference between both forms as equal to 4.7 kcal'mol

Unlike alcohol4f, in the'H NMR spectra of asymmetrical ~ Obviously, to reverse the situation in favor of the in/out form,
secondary monoalcohod and4c both methyls of the 1-NMe this value should be overlapped at least twice. In general, there
group appear as a six-proton singlet. It is assumable that theare two principal ways to achieve the goal. The first one is to
nonchelated character and planarity of the 1-Migeoup for further destabilize the already strained in/in form; the second
these compounds allows its fast rotation that makes the methylsapproach is to stabilize the infout form, most likely via
magnetically equivalent in the NMR time-scale. In contrast, two Organization of the attractive interactions between the NMe
methyls of the 8-NMggroup in4b and4c, similarly to 4f, are groups and ortho-substituents.
magnetically different and temperature dependent (Figure S4). A priori, placement of any substituent in the ortho-positions
Their signals coalesce at 33 and 35 with AG¥ = 15.7 and should raise the energy of the in/in conformer due to a steric
15.8 kcal mot?, respectively. The higher barrier to rotation of compression on the adjacent NMgroup. Normally, this is
8-NMe, group fordb,c in comparison withdf can be attributed ~ accompanied by (1) shortening of the--NN distance, (2)
to (1) lesser N--N distance indb,c and (2) free rotation of flattening of the NMe groups, and (3) their additional rotation
1-NMe, group in4b,c that restricts spatial possibility for rotation  around the G—N bond. These changes are observed for the
of the more pyramidalized 8-NMaroup (Figure 11). Notably, majority of 2,7-disubstituted proton sponges, for example,
in DMSO-ds solution, the rotation of the 8-NMegroup is 14a—e with OMe (2.756), NMe (2.770), CI (2.768), Br (2.775),
considerably relieved, and under ambient conditions both of its and Me (2.749) groups (NN distances are given in brackets,
methyls in compoundsib,cf become averaged (Tables 2 A).” Notably,ortho-methyls, being the most bulky of all, cause
and 3). the largest NN shortening inl4e

An appearance of the NM@roups in the'H NMR spectra Surprisingly, introduction of more voluminous ortho-substit-
of the 2,7-diols with like alcohol functionSa—e is generally uents, such as | and SMe &2 and 14f, and especially SiMg
in accord with the above trends. As expected, all four methyl in 3, results in, instead of contraction, enlargement of the N
groups in compoundSa,d,e at temperatures from ambient up  -N distance to 2.82, 2.83, and 2.925 A, respectivelgcording
to —40 °C are magnetically equivalent, producing a 12-proton to X-ray measurements, the Nigroups in these cases become
almost flat (I, SMe) or even out-inverted (SihJewhich requires

(17) Of course, this does not exclude another type of dynamic activity, more space between the nitrogen atoms and ultimately increases
swinging of the hydrogen-bonded cycle as shown in Figure 4. However,
such movements at R R' cannot average the Mand Mé groups.

(18) Aganov, A. V.; Klochkov, V. V.; Samitov, YuRuss. Chem. Re (19) Szemik-Hojniak, A.; Zwier, J. M.; Buma, W. J.; Bursi, R.; Van der
1985 54, 931-947. Waals, J. HJ. Am. Chem. S0d.999 120, 4840-4844.

CH(OH)R

Apparently, an asymmetry of the 2-substituent4inhalso
exerts the nonequivalence of methyls of the 8-NMegoup
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the N---N distance. One can see that the above geometry vibrations (ZPE) using the Gaussian 98 program comgi&xr

distortions may induce the A~ d interaction between the
unshared electron pair of the NMeroup and the empty
d-orbitals of a heavyr-atom of the nearest ortho-substituent.
A possibility of such interaction is indirectly supported by the
fact that the N-«I, N+--S, and N--Si distances irl2, 14f, and

the method of gas-phase calculations of all potential energy
minima, see ref 21. The theoretical analysis has been carried
out atT = 0 K for rotational isomers ofib differing by the
dihedral angle ¢-C,—C,—0O (denoted a®), and the results
obtained are presented in Figure 12 and in Table 5.

3 are essentially less than the sum of the atomic van der Waals All conformers that are being discussed below correspond

radii.” Hence, one can conclude that for compougd$2, and

14f along with the destabilization of the in/in form, the
stabilization of the in/out form takes place. As a result, a pure
infout configuration is realized for molecul® while 12 and

14f stand for a border case betweBnand proton sponges
l4a—e.

14aR = OMe
14b R = NMe,
14cR=Cl
14d R = Br
14e R = Me
14fR = SMe
12 R=1

3 R=SiMe;

MesN NMe,

RR

infin

} border cases (almost flat N atoms)

infout

Let us now turn to the alcohols under consideration. Among
them, the secondary alcohols, for examgle, seem to be the
most common case. Faib, three distinct conformations are
possible. They differ by a fragment of the ortho-substituent
adjacent to the NMegroup: it is hydrogen atom fo#b(H),
methyl for 4b(Me), and hydroxy group fodb(OH) [for the
latter, both chelated and nonchelated fordis(OH) are
instructive]. Thedb(H) form structurally resembles the 2,7-
dimethyl derivativel4e and sterically is the most favorable.
Unsurprisingly, there is a similarity between structusesclose
analogue ofib, see above) an@l4e Respectively, their main
characteristics are 2.749 and 2.747 A{N distances), 352%
and 352.8 (average sum of the valence angles at N atoms),
and 72 and 70 (average rotational angle of the Nigroups).
Thus, thea-C—H bonds in the neighborhood with the NMe
groups are only able to compress the-N distance to 2.75 A,
leaving their in/in orientation principally intact.

Me Me M Me

Meal S e, S
ShooNeME Mo NG
wMe H
LT o ()

4b(H) 4b(Me)

Me Me

Me, Me 2 .H Me., 3
Me sz \—N\x 0 Me\,N N‘MS/H
mMe mMe
SOAINOGOA

4b(OH) 4b'(OH)

The conformatiortb(Me) looks sterically very unfavorable,
and the molecule can hardly exist as such keeping its in/in form;
also, the corresponding in/out conformer (unlike, for example,

to minima on the potential energy surface. At the same time,
no minimum was found for théb(Me), which confirms the
above speculations concerning instability of this form. As
expected, the conforméib(H) is the most stable, and its total
energy has been conveniently chosen as referenceEne=(

0.0 kcal mot1). Some characteristic features of the optimized
structuredb(H) are (1) the 1-NMggroup adjacent to the CH-
(OH)Me substituent is ideally planar and turned relatively mean
to the naphthalene ring plane e40°; in contrast, the 8-NMg
group being also acoplanar to the ring plane keeps a significant
extent of the pyramidality (Table 5); (2) the; Mitrogen atom
and the hydrogen of the hydroxyl group are eclipsed, and both
come out of the €-C,—C, plane on~12° in the same
direction; and (3) the oxygen atom also lies out of the plane
and the dihedral angle = 41° (Figure 12).

As rotation around the £-C, bond starts and the atoms N
and O are approaching, the energy of the conformers increases
and reaches its maximum (8.2 kcal m9lfor the structuretb,-
(OH). Obviously, this destabilization is caused by repulsion of
the N and O atoms and by absence of the IHB between them.
Indeed, a transition to the hydrogen-bonded conforrdéis
(OH) and4b,(OH) via rotation around the £&-OH bond (angle
y in Figure 12) is accompanied by nitrogen inversion for the
1-NMe, group and leads to a considerable decrease in energy.

One can assume that the energy difference of 7.2 kcat'mol
between the formdb,(OH) and4by(OH) reasonably reflects
the strength of the IHB in the formét.However, because the
calculated energy difference between #®(OH) and4b(H)
conformers does not exceed 1 kcal migfthe latter is slightly
more preferable), this is not enough for effective stabilization
of the chelated in/out form fotb and most likely for all other
secondary and primary proton sporg¢ho-alcohols. Notably,
the calculated geometry parameters of IHB for the fatg-
(OH) (N---H 1.782, O-H 0.982 A, —N--*H—0 152) are
generally in satisfactory agreement with those determined
experimentally for the in/out conformers of alcohdks 4f, 5d,
and5e (Table 4).

Unlike the primary and secondamytho-alcohols, their tertiary
analogues cannot exist in the forms likb(H) and hence are
much more adapted for the-NOH chelation. As it has been

(20) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrewski, V. G.; Montgomery, J. A., Jr.;
Stramann, R. E.; Buran, J. C.; Dapprich, S.; Millan, J. M.; Daniels, A. D;
Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.;
Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski,
J.; Peterson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K;
Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul,
A. G.; Stefanov, B. B.; Liu, G.; Liaschenko, A.; Piskorz, P.; Komaromi, |.;
Gomprets, R.; Martin, R. L.; Fox, D. L.; Keith, T.; Al-Laham, M. A.; Peng,

3) cannot be stabilized by any attractive interactions. BecausecC. Y.; Nanaykkara, A.; Challacombe, M.; Gill, P. M. W.; Jonson, B.; Chen,
of a steric and electrostatic repulsion between the oxygen andW-; Wong, M. W.; Anders, J. L.; Gonzalez, C.; Head-Gordon, M.; Replogle,

nitrogen atoms, the same may be true for the open non-

hydrogen-bonded conforméb’(OH). Concerning théb(OH)

E. S.; Pople, J. AGaussian 98revision A.9; Gaussian, Inc.: Pittsburgh,
PA, 1998.
(21) Ozeryanskii, V. A.; Milov, A. A.; Minkin, V. |.; Pozharskii, A. F.

form, a question arises whether its IHB stabilization can compete Agnew. Chem., Int. EC006 45, 1453-1456.

with the structuretb(H)? For a deeper insight into the problem,
we have conducted the DFT calculations on the B3LYP/6-
31G** level of theory with inclusion of zero-point energy

(22) The value of 7.2 kcal mot excellently agrees with commonly
accepted\H values for G-H---N bonds: Anslyn, E. V.; Dougherty, D. A.
Modern Physical Organic Chemistryniversity Science Books: Sausalito,
CA, 2006; p 173.
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4b(H,0OH)
E..=0.8
p=93~

4b,’(OH) 4b;'(OH)
Ere=4.0 Eo=8.2
=148

4b,(OH) 4b:(OH)

Ee=2.1 Ep=1.0
p=155" p=142"
y=76" y=98"

FIGURE 12. Calculated geometry (bond lengths and distances in A, angles in deg) and relative energies (in&&bntbe rotational conformers
of alcohol4b.

TABLE 5. Calculated N--:N and O—H Distances, Selected Valence Angles, Sum of Valence Angles at Nitrogen Atoriigy, and Total
Energies,E + ZPE, for All Stable Conformers of Alcohol 4b

conformer

parameter 4b(H) 4b(H,0OH) 4b4'(OH) 4b,'(OH) 4b1(OH) 4b,(OH)
N---N (A) 2.848 2.878 2.900 2.790 3.015 2.981
O-H(A) 0.967 0.967 0.967 0.966 0.975 0.982
ON1—C1—C2 1195 119.6 119.7 123.2 115.9 116.4
ONg—Cg—C7 120.0 120.4 120.8 117.9 119.4 120,2
SN 360.0 (in) 359.7 (in) 357.3 (in) 356.2 (in) 349.9 (out) 351.4 (out)
SNsg 341.6 (in) 341.6 (in) 334.3 (in) 340.3 (in) 337.8 (in) 338.1 (in)
E+ ZPE, au —807.31699 —807.31575 —807.31084 —807.30431 —807.31377 —807.31543

already mentioned, the transition from in/in to in/out conformers sponges, 4e, 4f, 5e and5d confirm this and reveal a surprising
should be accompanied with a strong enlargement of the closeness of the NN distances in their molecules (2:92.95
N---N distance. The X-ray data (Table 4) for the in/out proton A). Taking molecule4f as an example, we have shown that

3016 J. Org. Chem.Vol. 72, No. 8, 2007
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there is quite a good agreement between experimentally spongeortho-dialcohols is also rather low and apparently well
observed and calculated structures for the chelated alcohols (se&elow 10 kcal mot! (see also ref 26).
Table 4 and Supporting Information Figure S5). The matter is that, while the out-NM@roup in the tertiary
Two main mechanisms appear to be responsible for the 2,7-dialcohols remains intramolecularly hydrogen bonded and
enlargement of the NN distance in chelated alcohols. The somewhat stabilized, the in-NMegroup suffers from steric
first one operating for monoalcohols is based on the so-clled hindrance caused by the proximity of the second ortho-
“leaning effect”. Thus, in moleculde the chelated 1-NMe substituent. In the solid, this strain is compensated by the
group moves toward the 2-substituent that considerably de-intermolecular hydrogen bonding (in addition to the IHB) and

creases the N-C;—C; angle (116), while the 8-NMe group the formation of a tough crystal lattice. However, in solution,
does not move tNg—Cg—Cy = 120°) [cf., above similar the factor of intermolecular association seems to be less
calculation results for conformerh;(OH) and 4b,(OH)]. important; the molecule in attempt to avoid the steric strain

Contrary to this, in diol§d and5ethe leaning effect touches ~ Should actually choose between two equally nonfavorable
both NMe groups, which are equally shifted in the same conformations.
direction (—Nl—Cl—Cz = —Ng—C8—C9 = ’\’1150). The
N--N enlargement here occurs via another mechanism, en-Conclusions
hanced ring distortion. As is knowh?, in the proton sponge
moleculel, there occurs twisting along the centra=C bond
resulting in the appearance of a torsion angle d¢f hdtween
two benzene moieties. This distortion enforces the hiyfeups
to be more distant from each other, which decreases their
repulsion. In monoalcohale such twisting is the same as in

%boburte? glcciil\s/;d;nd Seitis much more expressed (1and caused by increasing steric repulsion of fourMe groups in
» respe Yr- ) i the infout form and steric and electrostatic repulsions of the
Interestingly, the “out-ness” (sum of the valence angles at 5giacent oxygen and nitrogen atoms. However, in the case of

the nitrogen atom) _of the inyerted NMgroup for all tertiary proton sponge derivatives with secondary and prinaiyy-
alcohols also remains practically constaptNg = 350°) and droxyalkyl groups in ortho-positions, there is realized an

substantially exceeds that for compouBd355.3). One can  gnergetically more favorable in/in conformation without IHB
conclude therefore that stabilization of the in/out conformation )t with the sterically less demandingC—H bonds close to

via the IHB is much more effective than that based on the \he pitrogen atoms. Normally, retaining the in/in form in the

— i i 2 X X X X
n — d interaction’ ortho-disubstituted proton sponges due to internal sterical
pressure is possible only at shortening of the-N distance
MQAE‘N*H\ (from 2.80 in1to 2.75 A), whereas transition to the in/out form

H H _H
o] H NS ) X . .
y "J‘/\N 'J“/\N is always accompanied by the strong increase of this parameter
@Apﬁh @@ @@ (up to 2.92-2.95 A). The structural behavior of tertiary 2,7-
diols depends on aggregate state. In the solid, their molecules
16a 16b

15 are fixed in the in/out conformation, in which the nonchelated
hydroxyl groups form hydrogen-bond chain associates with the

Another remarkable outcome of the present work is the above- 9Xygen atoms of the chelated OH groups. In solution, the tertiary
mentioned tandem nitrogen inversion existing in the tertiary 2 7-diols quickly equilibrate between two possible in/out forms.
proton sponge 2,7-dialcohols in solution (Scheme 4). To our The driving force for this equilibration seems to be a sharp
knowledge, this is the first example of such a kind observed competition between hydrogen-bond stabilization of the out-
for aromatic amines. A somewhat related analogue of this inverted NMe group and simultaneous steric destabilization of

In summary, it has been shown that placing any tertiary
o-hydroxyalkyl substituent(s) in 2(7)-positions of the proton
sponge molecule is an effective way for stabilization of its NMe
groups in nonconventional infout conformation. This resulted
from the formation of a rather strong intramolecular hydrogen
bond of the G-H-+*N type, which overweighs energetic losses,

S

phenomenon was reported earlier §gn1,6:8,13-diimino[14]- its in-inverted counterpart. This equilibration deserves further
annulenel6.25 Despite the stabilizing effect of the IHB i6a detailed study as a rare type of the tandem nitrogen inversion.
and16b, their exchange is very fast, and the inversion barrier, . )
AGin/*, does not exceed 6.5 kcal mél In our case, we still ~ Experimental Section

. Ty : :
could not exactly estimate theG;,,* value. At cooling a solution 1,8-Bis(dimethylamino)-2, 7-dilithionaphthalene (8)A solution

of 5ein CD,Cl; to —40 °C, no decoalescence was noticed by of BurLi (1.07 mL, 1.6 mmol) inn-hexane was added with stirring
means of NMR spectroscopy; further lowering the temperature to a solution of dibromid&? (300 mg, 0.81 mmol) in EO (2 mL)
was complicated by restricted solubility of the sample. Although under Ar at—20 °C. The resulting beige suspension of compound
we shall continue our efforts in this direction, even now it is 8 was kept at—20 °C for 10 min and was used in subsequent
possible to say that tHé-inversion barrier for the tertiary proton  reactions.
1,8-Bis(dimethylamino)-2-bromonaphthalene (10)A solution
o .y s
S G 0. Yo 0 G Ay { 54405 L 069 e mhexng s iy sinng
(’24) It might be of interest that the main characteristics of IHB for under Arat—20°C. The resulting yellow solution of compouSd
alcoholsdeand5eindicate that its strength markedly exceeds that for related Was kept at-=20 °C for 10 min, allowed to warm to rt, and poured
benzene alcohdl5. Thus, the IHB indeand5eis more linear and shorter  into water. The ethereal layer was separated, and the aqueous layer
than thatinl5 —O—H--*N =152.3, 162.7, and 145.9, O---N distances  was extracted with EO (3 x 5 mL). The solvents were removed,

are 2.63, 2.61, and 2.66 A, respectively. Al-Masri, H. T.; Sieler, J.; : ith GHG
Lonnecke, P.; Blaurock, S.; Domasevitch, K.; Hey-HawkinsT &rahedron and the residue was chromatographed with eluent. The

2004 60, 333-339.
(25) Destro, R.; Pilati, T.; Simonetta, M.; Vogel, E.Am. Chem. Soc (26) Mallpass, J. R.; Butler, D. N.; Johnston, M. R.; Hammond,
1985 107, 3185-3191. M. L. A.; Warrener, R. NOrg. Lett 200Q 2, 725-728.
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first yellow fraction was bromidelO eluted as yellowish oil,

Pozharskii et al.

1,8-Bis(dimethylamino)-2-formylnaphthalene (4g).Yellow oil.

191 mg (94%). The product has spectral properties identical to those'H NMR (250 MHz, CDC}): 6 2.77 (6H, s), 3.22 (6H, s), 7.01

reported in refs 7 and 10.

General Procedures for Preparation of Ortho-mono- and
-disubstituted 1,8-Bis(dimethylamino)naphthalenes 4ai. (A)
Organometallic Synthesis.The corresponding electrophile was
added to a solution of monolithium derivative prepared from 300
mg of 10 and BuLi (0.64 mL, 1 mmol) under Ar and at20 °C.
The resulting mixture was kept at20 °C for 30 min, allowed to

(1H, dd,J = 7.3, 1.2 Hz), 7.35 (5H, m), 7.67 (1H, d= 8.5 Hz),
10.22 (1H, dJ = 0.8 Hz). Anal. Calcd for gH;1gN,0: C, 74.36;
H, 7.51; N, 11.58. Found: C, 74.42; H, 7.43; N, 11.52.
2-Benzoyl-1,8-bis(dimethylamino)naphthalene (4i).Brown-
yellow oil. tH NMR (250 MHz, CDC}): ¢ 2.66 (6H, s), 2.75 (6H,
s), 7.00 (1H, ddJ = 6.4, 2.3 Hz), 7.25 (1H, d] = 8.5 Hz), 7.35-
7.43 (5H, m), 7.52 (1H, tJ = 6.6 Hz), 7.67 (2H, m). Anal. Calcd

warm to rt, and poured into water. The ethereal layer was separatedfor C,¢H,gN,O: C, 74.91; H, 7.86: N, 10.93. Found: C, 74.97; H,

and the aqueous layer was extracted witfOE(3 x 5 mL). The

7.82; N, 11.02.

combined organic extracts were evaporated, and the residue was 1 8-Bis(dimethylamino)-2,7-di(hydroxymethyl)naphthalene (5a).

purified by PTLC on A}O; to give the desired compounds with
the yields indicated in Table 1.

B. LAH Reduction of ortho-Aldehydes andortho-Ketones.
An 8-fold excess of a powdered LiAlHvas added over a period
of 15 min by small portions to a solution of the corresponding
carbonyl derivative in dry BO or THF (10 mL). The mixture was
stirred at rt for 12 h and then quenched with water (5 mL). The
precipitate was filtered and washed with,@t(3 x 5 mL). The
solvent was removed, and the residue was purified by PTLC on
AlOs.

1,8-Bis(dimethylamino)-2-hydroxymethylnaphthalene (4a).
Reduction of4g (method B) gavela (90%) as light-yellow oil*H
NMR (300 MHz, CDC}): 6 2.74 (6H, s), 3.0 (6H, s), 4.87 (2H,
s), 7.13 (1H, ddJ = 7.0, 0.8 Hz), 7.30 (1H, t) = 7.7 Hz), 7.39
(1H, d,J = 8.4 Hz), 7.43 (1H, ddJ = 7.6, 0.8 Hz), 7.52 (1H, d,
J = 8.4 Hz).'H NMR (300 MHz, DMSO#g): ¢ 2.67 (6H, s),
2.89 (6H, s), 4.62 (2H, dJ = 5.6 Hz), 5.1 (1H, tJ = 5.6 Hz),
7.01 (1H, d,J = 7.3 Hz), 7.24 (1H, tJ = 7.7 Hz), 7.38 (1H, d,
J = 7.9 Hz), 7.46 (1H, dJ = 8.4 Hz), 7.51 (1H, dJ = 8.5 Hz).
Anal. Calcd for GsHyoNoO: C, 73.74; H, 8.25; N, 11.47. Found:
C, 73.78; H, 8.21; N, 11.35.

1,8-Bis(dimethylamino)-2-@-hydroxyethyl)naphthalene (4b).
Colorless crystalline powder with mp 5%6 °C (acetone)H NMR
(250 MHz, CDC}): 6 1.57 (3H,dJ=6.3 Hz), 2.63 (3H, s), 2.78
(3H, s), 2.99 (6H, s), 5.35 (1H, d,= 6.3), 7.19 (1H, dJ = 7.3
Hz), 7.30 (1H, tJ = 7.7 Hz), 7.46 (1H, dJ = 7.7 Hz), 7.50 (1H,
d, J = 8.4 Hz), 7.57 (1H, dJ = 8.4 Hz).'H NMR (250 MHz,
DMSO-dg): 6 1.33 (3H, dJ= 6.5 Hz), 2.68 (6H, br s), 2.90 (6H,
s), 5.00 (1H, dJ = 3.9 Hz), 5.18 (1H, m), 7.12 (1H, d,= 6.8
Hz), 7.26 (1H, tJ = 7.6 Hz), 7.42 (1H, dJ = 6.8 Hz), 7.53 (1H,
d, J = 84 Hz), 7.57 (1H, dJ = 8.4 Hz). Anal. Calcd for
CigH22N20: C, 74.38; H, 8.58; N, 10.84. Found: C, 74.27; H, 8.51;
N, 10.90.

LAH reduction of ketoneth (method B) gave 74% of alcohol
4b, which was identical in properties to the pattern synthesized
according to method A.

1,8-Bis(dimethylamino)-2-p-hydroxybenzyl)naphthalene (4c).
Brownish-yellow oil.*H NMR (250 MHz, CDC}): 6 2.65 (3H,
s), 2.72 (3H, s), 2.85 (6H, s), 6.25 (1H, s), 7-1654 (10H, m).
IH NMR (250 MHz, DMSO¢): 0 2.61 (3H, s), 2.75 (3H, s), 2.85
(6H, s), 5.75 (1H, dJ = 4.5 Hz), 6.16 (1H, dJ = 4.5 Hz), 7.12-
7.19 (2H, m), 7.257.32 (5H, m), 7.4%7.52 (3H, m). Anal. Calcd
for C,1H.uNL,O: C, 78.71; H, 7.55; N, 8.74. Found: C, 78.79; H,
7.52; N, 8.67.

Reduction of ketoneli (method B) gave 71% of alcohdlc,
which was identical in properties to the compound synthesized
according to method A.

1,8-Bis(dimethylamino)-2-g-hydroxy-a-phenylethyl)naph-
thalene (4f).Colorless crystals with mp 194193°C (CHCk). H
NMR (300 MHz, CDC}): 6 1.93 (3H, s), 2.24 (3H, s), 2.4 (3H,
s), 2.62 (3H, s), 2.83 (3H, s), 7.2%.47 (7H, m), 7.57 (1H, dd,
J=7.7,1.5Hz), 7.68 (2H, br s), 9.55 (1H, $§ NMR (250 MHz,
DMSO-dg): 6 1.8 (3H, s), 2.3 (3H, s), 2.36 (6H, br s), 2.67 (3H,
s), 7.10-7.41 (7H, m), 7.62 (1H, dd) = 7.5, 1.7 Hz), 7.72 (1H,
d,J=8.6), 7.77 (1H, dJ = 8.9 Hz), 8.07 (1H, s). Anal. Calcd for
CoHa6NO: C, 79.04; H, 7.78; N, 8.38. Found: C, 79.12; H, 7.71;
N, 8.30.
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Reduction ofbf (method B) gavésa (90%) as yellow crystals, mp
113-114°C (MeCN).1H NMR (300 MHz, CDC}): ¢ 2.95 (12H,
s), 4.85 (4H, s), 7.44 (2H, dl = 8.4 Hz), 7.57 (2H, dJ = 8.4
Hz). *H NMR (250 MHz, DMSO#dg): ¢ 2.89 (12H, s), 4.63 (4H,
d,J=5.6 Hz), 5.14 (2H, t) = 5.6 Hz), 7.51 (2H, dJ = 8.5 Hz),
7.57 (2H, d,J = 8.5 Hz). Anal. Calcd for gH2.N,O,: C, 70.07;
H, 8.03; N, 10.22. Found: C, 70.13; H, 8.09; N, 10.14.

1,8-Bis(dimethylamino)-2,7-dii-hydroxyethyl)naphthalene (5b).
Pale-yellow crystals with mp 226227 °C (acetone)*H NMR (250
MHz, DMSO-g): ¢ 1.38 (6H, m), 2.90 (12H, s), 5.01 (2H, m,
J=4.4Hz),5.11 (2H, m), 7.51 (2H, d,= 8.4 Hz), 7.61 (2H, d,
J = 8.4 Hz). Anal. Calcd for GH2eNO,: C, 71.49; H, 8.67; N,
9.26. Found: C, 71.57; H, 8.72; N, 9.19.

Reduction of ketoné&g (method B) gave 69% of alcohdlb,
which was identical in its properties to the sample synthesized
according to method A.

1,8-Bis(dimethylamino)-2,7-di@-hydroxybenzyl)naphtha-
lene (5c).Pale-yellow crystals with mp 196191 °C (MeCN).'H
NMR (250 MHz, CDC}): ¢ 2.96 (12H, s), 6.30 (2H, s), 7.29
7.40 (12H, m), 7.56 (2H, dJ = 8.5 Hz).1H NMR (250 MHz,
DMSO-dg): 0 2.98 (12H, s), 5.79 (2H, d] = 4.5 Hz), 6.13 (2H,
d,J= 4.5 Hz), 7.21 (2H, dJ = 8.4 Hz), 7.277.32 (10H, m),
7.56 (2H, d,J = 8.4 Hz). Anal. Calcd for ggH3oN,0»*%/,MeCN:
C, 77.91; H, 7.10; N, 7.83. Found: C, 78.06; H, 7.12; N, 7.62.

Reduction of ketoné&h (method B) gave 73% of alcohdic,
which had properties identical to those of the pattern synthesized
according to method A.

1,8-Bis(dimethylamino)-2,7-di¢-hydroxyisopropyl)naphtha-
lene (5d).Light-beige crystals with mp 123125°C (acetone)H
NMR (300 MHz, CDC}): 6 1.76 (12H, s), 2.91 (12H, s), 6.19
(2H, s), 7.37 (2H, dJ = 8.7 Hz), 7.48 (2H, dJ = 8.7 Hz).'H
NMR (250 MHz, DMSOdg): 6 1.63 (12H, s), 2.82 (12H, s), 6.72
(2H, s), 7.45 (2H, dJ) = 8.6 Hz), 7.51 (2H, dJ = 8.6 Hz). Anal.
Calcd for GgHagN,O,: C, 72.73; H, 9.09; N, 8.48. Found: C, 72.79;
H, 9.18; N, 8.40.

The second yellow fraction gave 1,8-bis(dimethylaminop2-(
hydroxyisopropyl)-naphthalendd) as a brownish-yellow oil*H
NMR (250 MHz, CDC}): 6 1.67 (6H, s), 2.67 (6H, s), 2.94 (6H,
s), 7.32-7.43 (3H, m), 7.53-7.60 (2H, m), 10.72 (1H, sjH NMR
(250 MHz, DMSO¢dg): ¢ 1.59 (6H, s), 2.64 (6H, s), 2.84 (6H, s),
7.36-7.48 (2H, m), 7.56-7.71 (3H, m), 8.46 (1H, s). Anal. Calcd
for C17H24N,O: C, 74.96; H, 8.88; N, 10.28. Found: C, 75.00; H,
8.83; N, 10.32.

1,8-Bis(dimethylamino)-2,7-diformylnaphthalene (5f) Orange-
yellow crystals with mp 7879 °C (CHCk). 'H NMR (300 MHz,
CDCly): 6 3.17 (12H, s), 7.10 (2H, d] = 8.4 Hz), 7.67 (2H, d,
J=8.4 Hz), 9.97 (2H, s). Anal. Calcd for,gH:gN,0,: C, 71.11;
H, 6.69; N, 10.38. Found: C, 71.03; H, 6.74; N, 10.36.

The second yellow fraction gave 1,8-bis(dimethylamino)-2-
formylnaphthalene4g) as a yellow oil, identical in properties to
the aldehyde described above.

2,7-Diacetyl-1,8-bis(dimethylamino)naphthalene (5g)Pale-
yellow crystals with mp 116117°C (CHCk). 'H NMR (250 MHz,
CDCl): 6 2.52 (6H, s), 2.93 (12H, s), 7.23 (2H, d= 8.3 Hz),
7.32 (2H, d,J = 8.3 Hz). Anal. Calcd for gH2oN,0,: C, 72.46;
H, 7.43; N, 9.39. Found: C, 72.35; H, 7.49; N, 9.32.
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TABLE 6. Experimental Parameters and the Main Crystallographic Data for Alcohols 4f and 5c¢,d

compound
4f 5c 5d

empirical formula G2H26N20 ngHgoNgOz'lleeCN CoH30N202
formula weight 334.45 447.07 330.46
temperature (K) 100(2) 100(2) 120(2)
crystal system orthorhombic monoclinic orthorhombic
space group P2,212; C2lc Pbca
a(A) 10.5415(7) 26.108(2) 19.757(4)
b (A) 12.4658(8) 8.7845(6) 8.955(2)
c(A) 13.8618(9) 44.836(3) 21.234(4)
o (deg) 90 90 90
p (deg) 90 105.842(1) 90
y (deg) 90 90 90
V (R3) 1821.6(2) 9892(1) 3757(1)
z 4 16 8
2 A 0.71073 0.71073 0.71073
Dcalcd (g cn3) 1.220 1.201 1.169
wu(cm™) 0.075 0.076 0.075
reflections collected 20481 54 507 24566
reflections uniqueRin) 4362 (0.0252) 11911 (0.0641) 3760 (0.0545)
no. of parameters refined 226 627 217
reflections withl >20(1) 4198 5681 2349
(20)max (deg) 56 56 54
R1, WR; indices (all data) 0.0358, 0.0890 0.0582, 0.0919 0.0863, 0.0982
CCDC deposit no. 631914 619601 619602

The second yellow fraction was 2-acetyl-1,8-bis(dimethylamino)-
naphthalene 4h): brown-yellow oil. H NMR (250 MHz,
CDCl): 6 2.48 (3H, s), 2.78 (6H, s), 2.97 (6H, s), 7.00 (1H, dd,
J=5.4,3.3 Hz), 7.257.39 (4H, m). Anal. Calcd for ¢H,oN,O:
C, 74.97; H, 7.86; N, 10.93. Found: C, 75.06; H, 7.81; N, 10.98.

2,7-Dibenzoyl-1,8-bis(dimethylamino)naphthalene (5h)Yel-
low crystals with mp 94-95 °C (n-hexane)H NMR (250 MHz,
CDCl): 6 2.71 (12H, s), 7.28 (2H, dl = 8.4 Hz), 7.44 (6H, m),
7.57 (2H, tt,J = 7.3, 1.3 Hz), 7.78 (4H, ddJ = 8.3, 1.5 Hz).
Anal. Calcd for GgH26N-O,: C, 79.60; H, 6.20; N, 6.63. Found:
C, 79.56; H, 6.14; N, 6.60.

1,8-Bis(dimethylamino)-2-@.-hydroxybenzhydryl)-7-(a-hy-
droxyisopropyl)naphthalene (6c).The compound was prepared
from 6a,8 Bu'Li, and acetone at-20 °C according to method A.
Colorless crystals with mp 198199 °C (acetone)*H NMR (300
MHz, CDCL): ¢ 1.76 (6H, s), 2.55 (6H, s), 2.79 (6H, s), 5.13
(1H, s), 6.69 (1H, dJ) = 8.6 Hz), 7.26-7.32 (11H, m), 7.38 (1H,
d,J=8.8 Hz), 7.46 (1H, dJ = 8.8 Hz), 7.83 (1H, s). Anal. Calcd
for C3oH34N-0,: C, 79.26; H, 7.54; N, 6.16. Found: C, 79.40; H,
7.47; N, 6.22.

The second yellow fraction gave 52% of 1,8-bis(dimethylamino)-
2-(a-hydroxybenzhydryl)-naphthalendd), which has the same
spectral data as does the compound obtained previdusly.

1,8-Bis(dimethylamino)-2-¢-hydroxybenzhydryl)-7-hydroxy-
methylnaphthalene (6b).Diethyl carbonate (0.1 mL, 0.8 mmol)
was added to a solution of lithium derivative [prepared fréan
(363 mg, 0.8 mmol) and Bui (1 mL, 1.6 mmol)] at—20°C. The
reaction mixture was kept at20 °C for 30 min, and then allowed
to warm to rt and poured into water. The ethereal layer was
separated, and the aqueous layer was extracted with Btx 5

2.51 (6H, s), 2.78 (6H, s), 4.90 (2H, s), 6.75 (1HJd+ 8.5 Hz),
7.28-7.39 (11H, m), 7.47 (1H, d) = 8.1 Hz), 7.58 (1H, dJ =
8.5 Hz), 10.60 (1H, s)*H NMR (250 MHz, DMSOdg): 6 2.42
(6H, s), 2.69 (6H, s), 4.73 (2H, d,= 5.5 Hz), 5.29 (1H, t) = 5.5
Hz), 6.62 (1H, dJ = 8.7 Hz), 7.23-7.36 (11H, m), 7.48 (1H, d,
J = 8.7), 7.62 (1H, m), 10.17 (1H, s). Anal. Calcd for
CagH3oN202: C, 78.87; H, 7.04; N, 6.57. Found: C, 78.80; H, 7.11;
N, 6.54.

X-ray measurementsfor compoundgi and5c,d were carried
out with Bruker SMART 1000 CCD area detector, using graphite
monochromated Mo Kradiation ¢ = 0.71073 A w-scans with a
0.3 step inw and 10 s per frame exposure). The crystals of suitable
quality were obtained from CHgIl(4f), MeCN (5¢), or acetone
(5d). The main crystallographic data and some experimental details
are given in Table 6. Although compoudticrystallizes in a chiral
space groupPr2;2,2;, it was impossible to determine the absolute
configuration due to the absence of heavy atoms in the molecule.
Atomic coordinates, bond lengths, bond angles, and thermal
parameters fodf, 5¢c, and5d have been deposited at the Cambridge
Crystallographic Data Centre (CCDC). These data can be obtained
free of charge via www.ccdc.cam.uk/conts/retrieving.html (or from
the CCDC, 12 Union Road, Cambridge CB2 1EZ; fak44 1223
335 033; or deposit@ccdc.cam.ac.uk). Any request to the CCDC
for data should quote the full literature citation and CCDC reference
numbers.
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