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26.* Unexpected formation of naphtho[1,8-c,d]pyran derivatives in the reaction
of 1,8-bis(dimethylamino)naphthalene with trifluoroacetic anhydride.
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The reaction of 1,8-bis(dimethylamino)naphthalene ("proton sponge”) with trifluoroacetic
anhydride afforded new derivatives of naphtholl.8-c,d)pyran, viz., frans- (4) and cis-
1.3-dihydroxy-6,7-bis(dimethylamino)- | .3-bis(trifluoromethyl)- 1 4,3 f{-naphtho[{,8-c,d]pyran
(5) and symmetrical 3.4,10,11-tetrakis(dimethylamino)-7, 14-bis(trifluoromethyt)-7, 14-cpoxy-
dinaphtho|1.8-a.b;1" .8 -eflcyclooctane (3). which belongs to a new type of double "proton
sponges,” along with the expected 1,8-bis(dimethylamino)-4-trifluoroacetvinaphthalene. The
structures of compounds 3 and 4 were established by spectral studies and X-ray diffraction

analysis.
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In one of the previous publications of this series, 2 it
was reported that the reaction of 1,8-bis(dimethyl-
amino)naphthalene (1) ("proton sponge”) with tritluoro-
acetic anhydride (TFAA) in CH,Cl; at =30 °C aftorded
1.8-bis(dimethylamino)-4-trifluoroacetylnaphthalene (2)
in 48% yield. Because a demand has arisen for a large
amount of ketone 2, we attempted to modify the reac-
tion conditions with the aim of increasing the yield of 2.
However, we obtained quite unexpected reaction prod-
ucts along with ketone 2, which revealed new aspects of
the reactivity of the “proton sponge.” In the present
work, we summarize the results of these studies.

Trifluoroacetylation of the "proton sponge.” Previ-
ously,2 compound 2 was prepared starting from 1 and
TFAA taken in a molar ratio of 1 : 0.6, which was
governed by the necessity of trapping trifluoroacetic acid
(TFA) that was eliminated with an excess of the highly
basic (pK, = 12.34, in H,0)3 "proton sponge.”

In the hope of increasing the vield of compound 2
(Scheme 1), we used a on¢-and-a-half-fold molar ex-
cess of TFAA, the temperature being increased to ~20 °C
and the duration of the reaction being increased to 48 h.
Surprisingly, the reaction performed under these condi-
tions afforded ketone 2 only in trace amounts and

* For Part 25, sec Ref. |

produced a very high-melting (m.p. > 330 °C) and
chromatographically labile yellow compound, which was
solublc both in polar and nonpolar organic solvents, as
virtually the only reaction product (the yicld was ~53%).
This compound gave a simple 'H NMR spectrum, which
indicates that it belongs to symmetrical para-disubsti-
tuted derivatives of the “"proton sponge.” The NMR
spectrum has a singlet (8 2.74) corresponding to the
methyl groups of the equivalent dimethylamino groups
as well as two doublets of the aromatic ortho-protons
(/= 7.9 Hz) at 8 6.82 and 7.61, which were assigned,
by analogy with the parent compound 1, to the orrho-
and meta-protons, respectively.4 In this case, each peak
of the doublet of the meta-protons is additionally split
into a quartet with a spin-spin coupling constant of
1.1 Hz. This suggests that the molecule under consider-
ation contains two trifluoromethyl groups, at the fluo-
rine atoms of which splitting occurs. Based on the data
of elemental analysis and mass spectrometry (a molecu-
lar ion peak at m/z 602), as well as in view of the fact
that the R spectra of 1,8-bis(dimethylamino)naphthalenc
(1) and the compound under study are very similar, the
structure of double "proton sponge” 3 was assigned to
the latter compound. This structure was confirmed by
X-ray diffraction analysis (see below).

When CHCI; was used instead of CH,Cly. the yicld
of compound 3 decreased to 11%. In addition, 4-tri-
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Scheme 1

Me,N NMe.
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Reagents and conditiens: i 0.6 cquiv. of TFAA, CH,Cl;,
-30-»0 °C, 30 min. ii. 1.5 cquiv. of TFAA, CH,Cl,, —15 °C,
30 min; ~20 °C, 48 h. jii. 1.5 equiv. of TFAA, CiICH,CH,CI,
=20 °C, 15 min.

fluoroacetyl- (2) and 2 .4-bis(trifluoroacetyl)-substituted
derivatives (6) were isolated from the reaction mixtuse
in 19 and 2% vyields, respectively. At the same time,
storage of the reaction mixture in CICH,CH,Cl at ~20 °C
for 48 h led to an increase in the yield of compound 3 to
57%. In the latter case, ketone 2 and diketone 6 were
also isolated in small amounts. An important feature of
the reaction in dichloroethane is the unexpected forma-
tion of trans- {(4) and cis-isomeric (5) 1,3-dihydroxy-
6,7-bis(dimethylamino)-1,3-bis(trifluoromethyl)-1 H,3 /-
naphthol | ,8-¢,d]pyrans. When the duration of the reac-
tion was no more than 30 min, the total yield of 4 and 5
was 11% and the ratio of compounds 4 and 5 was
~2 1 1. We succeeded in separating both diols because
trans-isomer 4 is less polar and differs somewhat from
the ¢is form in solubility. The structures of both isomers
were confirmed by the data of IR and NMR spectros-
copy and mass spectrometry. The frans isomer was alse
studied by X-ray diffraction analysis (see below). Crys-
tals of the cis isomer were changed in the course of
X-ray diffraction analysis and we failed to obtain struc-
tural data on this compound.

As expected, the '"H NMR spectra of all three
naphtho( ! 8-c.d]pyran derivatives 3, 4, and 5 are very
similar. The only difference is that the spectra of diols 4
and § have an additional two-proton signal of the OH
groups obscrved at 6 ~8.2 in DMSO-d, and at 6 ~3.7

CDCl;3 (for the cis isomer, this peak is substantially
broadened).

The mechanism of formation of naphthopyrans 3—5
is not entircly clear. The most plausible suggestion is
that diols 4 and 5 were formed as a result of hydration of

_intermediate [,8-bis(dimethylamino)-4,5-bis(trifuoro-

acetyl)naphthalene (7), by analogy with hydration of
peri-dialdehydes of the naphthalene series 5~7 We suc-
ceeded in preparing diketone 7 by thermal vacuum
dehydration of cis-diol 5 (thermolysis of trans-diol 4
proceeded with complications). Both isomeric alcohols
have no characteristic melting points. When heated
above 115 °C, colorless crystals gradually turned or-
ange-red and gave a melt at ~145—165 °C, which so-
lidified upon cooling to form a bright-yellow caramel.
According to the 'H NMR spectral data, the latter
compound was diketone 7. Actually, this product ap-
peared to be a very hydrophilic compound, which was
rapidly converted into an equimolar mixture of diols 4
and § upon storage in air and, particularly, in moist
solvents in the presence of Al,Oj3.
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Theoretically, the formation of alcohols 4 and 5 can
be represented as a result of intramolecular acylation of
intermediate 8 that appeared upon addition of a TFAA
molecule to the "proton sponge.” Indirect evidence in
favor of the above mechanism is the following fact.
When 1,8-bis(dimethylamino)-4-tritfluoroacetylnaph-
thalene (2) was kept with one equivalent of TFAA in
dichloroethane at —15 °C over a short period, the
2. 4-bis(trifluoroacetyl)-substituted derivative of "proton
sponge” 6, rather than peri-diketone 7 or diols 4 and 5,
was obtained as the major reaction product (the yield
was 22%). In this case, the vield of compound 3 was no
higher than 10%. The formation of compound 6 can be
explained by the fact that ketone 2
exists in an acidic medium as cation
9 with an essentially asymmetrical H.
intramolecular hydrogen bond.8 In
this compound, the positive charge
is localized predominantly on the
N(8) atom, as a result of which the
benzene ring containing the triffuoro-
acetic group is deactivated to a lesser
degree (an analogous phenomenon 9
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was also observed in the case of nitration of 1,8-bis(di-
methylamino)-4-nitronaphthalene).® On the whole, it is
presently impossible to unambiguously choose between
the two above-discussed mechanisms of formation of
diols 4 and 5.

The mechanism of formation of compound 3 is also
an intricate question. Formally, it can be represented as
a result of nucleophilic addition of two molecules of
monoketone 2 to each other through the carbonyl groups
(high nuclcophilicity of the ortho and para positions of
the “"proton sponge” is well known?) followed by in-
tramolecular dchydration of a possible intermediate,
viz., diol 10 (Scheme 3). Actually, we succeeded in
modeling this reaction. It was found that the addition of
even a small amount of TFAA to monoketone 2 at
~20 °C initiated the formation of compound 3. This
process gradually slowed down as monoketone 2 was
converted into cation 9 {(due to trapping of the acid that
was eliminated). When base 1 was added to salt 9 in the
presence of TFAA, the formation of 3 resumed. Inter-
estingly, the action of other Lewis acids (AICl;, AlBr;,
BF;- Et;0, or Acy0) on ketone 2 in CH,Cl, under
various conditions as well as prolonged storage of a melt
of ketone 2 in a wide temperature range did not give the
desired result. All the aforesaid indicates that the forma-
tion of double "sponge” 3 is governed by a fine mecha-
nism that involves the catalytic action of TFAA with a
certain template effect. Although the detailed mecha-
nism calls for thorough investigation, the function of
TFAA consists presumably in O-acylation of monoketone
2 to form equilibrinm amounts of cationic intermcdiate
11, two molecules of which add to each other to give
finally compound 3.

Scheme 3
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An alternative scheme of formation of compound 3
may cousist in the nucleophilic addition of "proton
sponge” 1 as such to diketone 7 or to diols 4 or 5.
However. attempts to model the latter reactions under
conditions of fusion of the reagents or upon heating of

these reagents in CH,Cl, in the presence of catalytic
amounts of TFA were unsuccessful.

It is worthy of note that trifluoroacetylation of the
"proton sponge” essentially depends on the solvent, the
temperature, and the reaction time. Thus, the reaction
performed at subzero temperature afforded predomi-
nantly mono- (2) and diketone (6). The formation of
double "sponge” 3 was favored by an increase in the
duration of the reaction, higher temperature (room tem-
perature was optimum), and, apparently, the use of
solvents, such as tetrahvdrofuran, in which the rate of
formation of compound 3 increased substantially and
the yield of 3 increased to 66%. It is also interesting that
the yields of diols 4 and 5 were decreased to virtually
trace amounts when the duration of the process was
increased. This suggests that the second acylation of
monoketone 2 was reversible, as a result of which the
systent of equilibrivms was gradually shifted to double
"proton sponge” 3, which is characterized by high ther-
modynamic stability.

X-ray diffraction analysis. The molecular structures
of compounds 3 and 4 are shown in Figs. | and 2,
respectively. The atomic coordinates and the principal
geometnc characteristics are given in Tables {--7. As
can be seen from Fig. 1, molecule 3 has a butterfly-like
conformation whose wings (the naphthalene rings) form
an angle of ~106.5°. The central eight-membered ring is
folded along the line between the C(1) and C(2) atoms
at approximately the same angle (~112°). The geometric
paramcters of the 1,8-bis(dimethylamino)naphthalene
fragments in both compounds differ anly slightly from
the corresponding characteristics of the parent molecule
1.7% Thus, the distances between the peri-nitrogen atoms
in compounds I, 3, and 4 are 2.79, 2.82 (2.86), and
2.835 A, respectively. In all three compounds, the peri-
dimethylamino groups substantially deviate from the
mean plane of the naphthalene rings and the rings are
distorted due to strong repulsions between the NMe,
groups. The character of these distortions closely re-
sembles that observed in molecule 1 and is shown in
Fig. 3 (solid and empty circles represent atoms located
on the opposite sides of the mean plane of the naphtha-
lene ring).

The geometric parameters of the pyran rings in com-
pounds 3 and 4 arc substantially different. Thus, the
distances between the carbon atoms linked via the oxy-
gen bridge (C(1)...C(2) in 3 and C(7)...C(7") in 4) are
2.348 and 2.514 A, respectively. The C(1)—0(1)—C(2)
and C(7)—O(1)—C(7") bond angles are 112.1 and 124.9°,
respectively. The O(1) atom deviates from the mean
C(5)—C(6)—C(7)—C(8)—C(N—C(10)—C(I H—C(12)—
C{13)—C(14)—C(1)—C(2) plane in 3 by 0.608 A and
from the mean C(1)—C(2)—C(3)—C(H--C(5)—C(6)~
N(1)—C(7) plane in 4 by 0.336 A. Evidently, the large
distortions of the pyran ring in compound 3 are gov-
erned by the necessity of reducing strong angutac defor-
mations that occur upon fusion of the cyclooctane ring
with the peri positions of two naphthalene rinas. Crystals
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Fig. 2. Molecular structure of rrens-diol 4.
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of naphthopyran 4 contain two DMSQ molecules, which groups of molecule 4. The O—H.. O angle is 167(3)°
form hydrogen bonds with the protons of both hydroxvi and the O...0 distance is 2.642(2) A.

Table 1. Atomic courdinates (x10%) and isotropic equivalent B.q (isotropic B, for hydrogen atoms) temperature factors in the
structure of 3

Atom x 5% z Beq Atom X ¥y z Beq /B,
O 9139(2) -9(2) 1686(2) 5%¢1) C(147) 8631(3) 1322(3) 664(2) 40(1)
C() 8538(4) =275(3) 994(3) S3(h) C(159) 7544(7) 2344(5) —1991(3) 75(2)
C() 8612(4) 734(3) 2037(2) 54(1) C(16") 6987(5) 3t87(3) —826(4) 60(1)
C(3) 9383(4) =101 1(3) 695(4) 7 C(77) 9734(6) 4335(3) 130(3) 66(1)
C(# 9340(5) 792(4) 2790(3) 75(2) C(187)  10211(4) 3210(4) —808(3) 58(1)
F(t) 9515(3) ~1614(2) 1251(2) 108(1) H(6) 7240(89) —1620(63) 350(60)  212(42)
FQ) 10458(3) —670(2) 565(2) 92D H(7) SHI6(STy  —1911(43) 3714 131(23)
F(3) 9047(3) —1394(2) 32(2) 88(H H(11) 5321(47) 1170031) 3169(30) 36(19)
F(4) 9256(3) . 79(2) 3224(2) 102(1) H(12) 7035¢41) 1467(29) 2970(27) 53(14)
F(5) 10480(3) 919(2) 2645(2) 92(1) H(1S1)  2327(61)  —1806(29) 1190(41) 145(22)
F(6) 9024(3) 1443¢(2) 3276(2) 90(1) H(152)  3492(56) —2341(37) 1310(34) 109(17)
N 3691(4) —1074(3) 1560(4) 102(2) H(153) 3347(47) —1743(41) 363(27) 115(31)
N(2) 3954(4) —-214(4) 3026(3) 104(2) H(tél) 2177(50) —375(33) 1843(31) 84(16)
C(5) 7324(4) —638(3) 1218(3) 59(1) H{162y  3372(51) 3435¢37) 1800(34) t02¢19)
C(6) 6756(5) —1289(3) 854(4) 78(2) H(163) 2705(59) —286(41) 888(40) 109(23)
C(7) 5561(5) ~1462(4) 979(5) 91(2) H(171)  4009(80) 404(51) 4254(5%) 187(32)
C(8) 4922(4) —985(3) 1514(4) 75(2) H(172) 2375(77) —=15(31) 3571(43) 138(25)
C(h 5531(4) —363(3) 2018(3) 66(1) H(173) 3229(48) 971(34) 3515(34) 72(19)
C(10) 4995(4) 70(4) 2664(3) 76(2) H{181) 45383(57) —1399(33) 3126(33) 86(19)
C(in 5525(6) 797(6) 2945(4) 81(2) H(182) 3188(90) -1376(57) 3280(56) 183(36)
C(12) 6676(5) 1050(5) 2707(3) 71(2) H(183) 4354(73) —883(53) 4039(53) 163(30)
C(13) 7296¢4) 547(3) 2216(3) 38(D H{6") 7979(54) —319(43) =523(37) 123(23)
C(14) 6736(4) —153(3) 1828(3) 57(1) H({7") 7656(44) 807(33) —1457(3)) 85(13)
C(15) 3169(6) —1805(4) 1117(7) 147(4) H(11)  9374(35) 3509¢26) 1379(23) 46(12)
C(16) 2966(5) —288(4) 1470(3) 90(2) H(I12") 89S88(42) 2476(30) 2279(30) 70(14)
Cin 3358(7) 348(8) 3538(3) 127¢3) H{I5A) 6773(49) 1935(36) —2078(33) S2017)
C(18) 3946(7) = 1115(8) 3305(7) 161(5) H(15B) 8201(44) 2027(32)  —2272(29) 68(16)
N(t") 7813(3) 2547(2) ~1164(2) 50(1) HS5C)  7542(68) 2887(49) —2229(46) 145(20)
N2 9434(3) 3478(2 —177(2) 47¢1) H{16A) 7064(43) 3596(32) ~1175(30) 70(16)
C(5) 8440(4) 458(3) 398(3) 48(1) H(16B) 6949(48) 3218(34) —241(36) 88(18)
C(6") 8135(4) 326(3) —384(3) SH) H(16C) 6043(76) 3049¢50) —891(49) F7130)
C(77) 7962(4) 1015(3) —898(3) 55(1) H(17A) 10489(43) 4258(29) 430¢26) 62(13)
C(87) 8137(3) 18538(3) —667(2) 44(t) H(17B) 9010(45) 4596¢30) 419(28) 67(14)
()] 8620(3) 2023(2) H1(2) 39(1) H(17C) 9873(48) 4681(35) —342(34) 88(17)
C(to") 9081(3) 2855(2) 375(2) 41(1) H(18A) 11128(38) 3346(36) —636(395) 107(20)
C{tty 9144(4) 3002(3) 1169¢2) 48(1) H(18B) 10001¢56) 3497¢(41)  —1312(40) 115¢22)
C(129) 8952(4) 2337(3) 1726(3) 52(1) H(18C) 10116(48) 2634(38) —923(32) 89(19)

C(13) 8773(3) 1510(3) 1486(2) 471

Table 2. Bond lengths (&) in the structure of 3

Bond d/A Bond d/A Bond d/A Band dfA

O)—C(1) I.410(5) C)—F(5) 1:327(6) C(RY=C(9) 1.455(8) NQ2Y=C(17)  1.459(6)
o(N—C2) 1.421(5) C(4)—F(6) 1.344(7) C(9)—C(10) 1.413(8) C(5H)—-C(6") 1.377(7)
C(H—C(5") 1.515(6) N{1)—C(8) 1.401(6) C(9)—C(14) 1.438(6) C(53)—=C{14") 1.422(6)
C(H)—C(S 1.531(6) N{1)-C(16) 1.472(7) CI)--C 1.356(10) C(6)—C(7") 1.385(7)
C(1)—-C(3) 1.568(7) N{(—C(15) 1.475(9) CnH—Ca 1.417(8) C(7)—C(R") 1.371(6)
CH—C(4) 1.516(7) N(2)—C(10) [.396(7) CUD=C(13)  1.334(7) CEI=COY  1.443(6)
Ciy—C@3nH 1.825(6) N{Q)—C(17) 1.418(11) C(13)—C(14) 1L413(7) C(9)—C(14") 1.427(3)
C—Cd | 546(6) N(2)—C{18)  1.466(11) NOIY—C(8")  1.402(5) COHY—CUO")  1.454(5)
C(3)—-F(3» 1.318(6) C({5)—~C(6) 1.341(7) N{1)}—C(15") 1.439(6) CHO)—C(11 7y 1.359¢6)
C(3)--F(ly 1.3249(0) C(5)—CH AT N(1)—=C(16") 14727 C(17y—-C(127)  1.406(6}
Ci—(D) 1.343¢6) C{6)y—C(N {.393048) NEZOY—=C(197) 1.394¢5) C(129)—C(137) 1.353(6)
C(H —F) 13246 C(7)- C(s) 1.3THS) N{2y--C(187) 1.440(0) CiI3nN-=C(t47y  1.4246)
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Table 3. Bond angles (8) in the structure of 3

Angle 6/deg Angle 8/deg Angle 8/deg
C(H—=0O(H—-C) [12.1(3) C(16)—-N(1)—C(15) 110.7(5) C8)—=N{1)—=C(l6") 116.2(4)
O(H—C(1)-—-C(5") 111.5(4) CI)—N(2)—C(17) 120.2(7) CUS)—NUDY—=C(167) 112.4(4)
O(1)—C(1H—C(5) 109.6(4) C(10)—N(2)—C(18) 116.2(6) C(107)—NQ2)—=C(18") 118.0(4)
C(5)=C(1)—C(5) 111.7(3) C(17)—NQ2)—C(18) 112.4(7) C10)—N@2)—-C17") 117.04)
O(1)—C(1)—C(3) 100.5(4) C(6)—C(5)—C(14) 119.7(5) C(18 ) —=N(2)—C(17) 112.3(4)
C(5)—C(1)—C(3) 111.8(4) C(6)—C(5)—C(1) 126.3(5) C(6)—C(5)—C(14")  118.5(4)
C(5)—C(1)—~C(3) H1.2(4) C(14)—-C(5H—-C() 113.7¢4) C(6")—-C(5)—C(1) 122.9(4)
Oo()—C(2)—-C4) 99.7(4) C(5)—C(6)—C(T) 122.6(6) C(I14)—C(5)—C(1) 118.6(4)
o —-C(2)—C(13") 109.2(3) C(8)—C(7)—C(6) 120.6(6) C(3HY—C(6"H)—C(79) 121.4(5)
C(4)—C(2)--C(13" 113.5¢4) C(T)—C(8)—~N(l) 120.5(6) C(8)—C(7)—C(6") 121.9(4)
O(H—C(2)—~C(13) 109.6(4) C(N)—C(8)—C(9 119.2(5) C(7)—C(8")—=N(1") 120.7(4)
C(4)—-C()—C(13) 111.8(4) N(DH—C(8)—C(%) 120.2(6) C(7)—C@EBH—-C9’) 118.6(4)
C(13)—C(2)—C(13) 112.3(3) C(10)—C(9)—C(14) 118.2(5) N(1)—C(8)H—CH9") 120.6(4)
Fi3)—C(3)—F(1) 108.5(4) C(10)—C(9)—C(B) 123.9(5) C(14")—C(9")—C(8") 117.6(3)
F(3)—C(3)—F(2) 107.3(4) C(14)—C(9)-C(8) 117.9(5) C(14)—C(9"H)—C(10") 117.7(3)
F(1)—C(3)—F(2) 106.7(4) CIDN—=C0)—N) 118.6(6) C(8)—C(9)—C(10") 124.7(4)
F(H—-C(3)—-CH 114.9(4) C1H—C(10)—C(9) 118.0(5) CUI)—C0)—N(2") 121.8(4)
F(1)—C(3)—C(1) 110.3(4) N(2)—C(10)—C(9) 123.4(6) C(11)—C(10)=C(9") 117.8(4)
F(2)—C(3)—C(1) 108.7(4) C(10)—~C(11)—C(12) 122.4(7) NQRHY—=C(10)—C(") 120.4(4)
F(4)—C(4)~F(5) 107.1(4) C(13)—~CU2)—C(11)  119.9(7) CUOY—C(117)=C{127) 121.9(4)
F(4)—C(4)—F(6) 105.3(4) C(12)—C(13)—C(14)  119.7(5) C13)--C(12)—C(117y 120.7(4)
F(3)—C(4)—F(6) 105.2(5) C(12)—C(13)—C(2) 121.3(5) C(12)—C(13)—C(14") 120.0(4)
F(4)—C(4)—C(2) 112.0(5) C(14)—-C(13)—C(2) 119.0(4) C(12)—~C(137)—C(2) 12511
F(5)—C(4)—C(2) 112.5¢4) C(13)—-C(14)y—C(5) 121.5(4) C(14)~C(13)—-C(2) 114.8(4H
F(6)—C(4)—C(2) 114.1(4) C(13)—C(14)—C(9) 119.6(5) C(5)—C(14)—C(13")  120.9(3)
C(8)—-N(H—C(16) 117.9(5) C(S)—C(14)—C(9) 118.8(5) C(5)—C(14)—C(9") 120.1(3)
C(8)—N(1)—C(15) 116.4(6) CB)—N({)H—=C(15") 117.5(4) C(13)—C(14)—-C(9") 118.8
0.249 N(2) that cooling of "proton sponges”™ results in "freezing” of

0.36 N(2)

Fig. 3. Deviations (A) of selected nonhydrogen atoms in
molecule 3 from the mean planc of the corresponding naph-

thalene ring.

Selected properties of double "proton sponge” 3. In

the "H NMR spectrum of compound 3 (Fig. 4) at room
temperature, as in the spectrum ot the parent compound
1. the methyl groups of all dimethylamino fragments
appear as a singlet, i.e., these groups are magnetically
cquivalent. However, this signal splits into two singlets
upon cooling. In the case of compound I, this splitting
occurs at =120 °C. M while in the case of double "sponge”
3. coalescence is observed even at 10 °C. It is believed

the molecules in the conformation containing two mag-
netically nonequivalent Me groups, viz., the external
groups, which are located approximately in the plane of
the ring, and the internal groups, which deviate substan-
tially from the ring. It was suggested!! that the
interconversion of the methy!l groups has a “narcissistic
character” and proceeds through an intermediate planar
state with the symmetry C,,. We calculated the AG”
value for compound 3 (61.9 kJ mol™!), which appeared
to be twice as large as that for "proton sponge” 1
(31.4 kJ mol™1).1! The fact that the interconversion in
the case of double “proton sponge” 3 is more hindered
can be explained as follows. Apparently, the transition
to the planar state should also be accompanied by
flattening of the naphthalenc ring. In the case of com-
pound I, flattening occurs without substantial internal
hindrances, while this flattening in molecule 3 is, appar-
ently, hindered due to the fixing effect of the central

Meb N /Mei Mea
NT Me,—N
Me, Me,
S 7 NN e
Mey Me,
N N—Me,
Me 1/ “Me, Me 1/

G Cav G
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Table 4. Atomic coordinates (x10%) and isotropic equivalent 8,4 (isotropic B, for hydrogen atoms) temperature factors in the

structure of 4

Atom X ¥y z ch Atom X v z ch/ Bim
S(1) 2502(1) 4675(1) 448(1) 40(1) C(Il) 1503(2) 4360(4) —140(2) S6(1)
N(D) —844(1) 2888(2) 2295¢1) 32(1) C(12) 2957(2) 4504(4) —485(2) 57(1)
F(l) —832(1) 8050(2) 4331(1) 52(1) H(1) —~1565(20) 8702(32) 2051(24) 57(9)
F(2) =253(1) 9751(1) 4058(1) 41(1) H(2) =1731(15) 6625(24) 2948(17) 30(6)
F(3) 384(1) 7987(2) 4223(1) 62(1) H(3) —1863(16) 4449(25) 2731(17) 33(6)
o) 0 8873(2) 25 Si(l) HOD —265(15) 2950(25) 1229(17) 30(6)
O2) —1296(1) 8904(2) 2618(1) 37(1) H(92) ~500(20) 1571(34) 1527(23) 57¢9)
0(3) 2753(1) 3525(2) 1024(1) 42(1) H(93) —1222(20) 2431(33) 936(23) 61(9
C(h —653(1) 6845(2) 2689(1) 23(1) H(101y  —1432(19) 1372(35) 2501(22) 59(9)
C(2) —1315(1) 6198(2) 2797(1) 29(1) H(102) —1593(19) 2489(31) 3099(23) 5$3(9)
C(3) —1377¢1) 4886(2) 2663(2) 30(1) H(103) —2028(23) 2451(33) 2109(24) 60(9)
C4) =750(1) 4178(2) 2486(1) 24(1) ML) 1498(22) 3516(39) —489(26) 73(11)
C(5) 0 4809(2) 25 21(1) H{i12) 1193(26) 4283(40) 280(30) 84(13)
C(6) 0 6164(2) 25 21D H(113) 1356(22) 5067(37) —608(26) 67(10)
C(N —=584(1) 8252(2) 2806(1) 25(1) H(121) 2712(19) 5165(30) -930(22) 48(8)
C(8) —=320(1) S511(2) 3878(1) 3 H(122) 3523(27) 4569(41) —234(29) 86(13)
C(9 ~672(2) 2421¢2) 1465(2) 42(D H(123) 2758(23) 3682(38) —783(25) 70011
C(10) —-1330(2) 2257(3) 25(3) S0(1)

eight-membered ring (¢f. analogous data on the double
binaphthyl "proton sponge”'?). The signals of the aro-
matic protons in molecule 3 are virtually insensitive to a
change in the temperature.

The electronic absorption spectrum of compound 3 is
of interest. The maximum of its long-wavelength absorp-

Table 5. Bond lengths (4) in the structure of 4

Bond d/A Bond d/A
S(1H)—0(3) 1.505(2) O2)--C(7) 1.384(2)
S(H—C2) 1.784(3) C(H—C2) 1.372(3)
S(H—C(11) 1.785(3) C(H—Ci6) 1.420(2)
N(H—C(h) 1.395(3) C(H—C() 1.STH3)
N{H—C(9) 1.454(3) C(2)—C(3) 1.400(3)
N(1)-~C(10) 1.452(3) C(3)—C(4) 1.391(3)
F(1)—C(8) 1.331(3) C(4)—C(5) 1.450(2)
F(2)—C(8) 1.338(2) C(5)--C(6) 1.43144)
F(3)—C(8) 1.329(3) C(7)—C®) 1.335(3)
O(1)~C(7) 1.417(2)

Table 6. Bond angles (9) in the structure of 4

tion band, which is responsible for the yellow color, is
observed at 389 nm (lge 4.09), the character of absorption
remaining virtually unchanged on going to the corre-
sponding dication 12. Compound 3 differs sharply in this
property from colorless "proton sponge” 1 (Ay,, 341 nm,
lge 4.09),13 in which the transition to the protonated form
is accompanied by a substantial hypsochromic shift of the
long-wavelength absorption band (X, 288 nm, lge
3.85)4 This suggests that the latter band in the two
compounds differs in nature. It is believed that in the case
of "proton sponge” 1, this band is associated with the
transfer of the electron density from the n-orbital of the
nitrogen atoms to the w-antibonding orbital of the naph-
thalene ring. Since the NMe, groups in compound 3
contribute insignificantly to absorption. the presence of a
particular n-interaction between the naphthalene nngs
can confidently be assumed. Taking into account the
strongly bent conformation of molecule 3 (Fig. 1), this
interaction occurs, most likely, directly through space
rather than via the saturated bridges that link both rings.

Angle 0/deg Angle G/deg Angle 0/deg
O3)—=S(1H—-C(12) 105.47(14) C(H--C(3)—~C(D) 121.6(2) G(2)—C—-C(1) 114.3(2)
O3)—S(—C(11y 105.11(1$) C(3)—C(H—-N(1) 120.5¢2) O(H—C(7)—-C(1) 114.8(2)
C(I)—=S(1)—C(1 1) 97.3(2) C(3)—C()—C(5)* LI8.7() 0(2)—C(7)—C(8) 103.2(2)
C(4)—N(1)-—C(9) 118.6(2) N(1)—C(4)=C(3)* 120.9(2) O(1H—C(NH—C(8) 104.002)
C{4)—-N(H—C(1H) 17.7(2) C3)—CH—C(H 118.7(2) CihH—~C(M—C(8) 110.4(2)
C(9)—N1)—C(10) 1H.7(2) N(—C(H—C(5) 120.9(2) F(3)—C(8)—F(1) 107.1¢2)
C(7y=0()—-C(7)* 124.9(2) C(6)--C(3)—C(4y  117.35(12) F(3)—C(8)—F(2) t07.3¢2)
CY—-C(H—C(6) 119.4(2) C(4)-C{5H)—Ct4* 125.3(2) F(H—C(8)—F(2) 106.7(2)
CY)—-C(—=C(7) 120.2¢2) C{1y*—C(6)—C1) 119.1¢2) F(3)—C(8)—~C(7) HEUD
C(6)—C{1H—C(7) 120.0(2) C(H=Cer—Ci3) 12044012 F(1)—-C(8)—C(7) 1123
C—C{)—C(3) 120.902) O(2)—C(7y--0(1) 109.1¢2) F()—C(8) -C(7) 112.002)

Nore. Atoms gencrated trom the basis atoms by the symumetiy operation —x, v, 172 — ;are marked with asterisks.
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Fig. 4. Signals of the N-methyl groups of compound 3 in the
'H NMR spectrum (in CDCI3) depending on the tempera-
ture/°C: —60 (), —40 (2, —20 (3), 0 (N, 10 (5), 20 (6), and
40 (7).

We prepared diperchiorate 12 by the reaction of base 3
with an excess of HCIO,. The 'H NMR spectrum of 12,
like that of the cation 1-H™,?4 has the signal of the
protons of the NH group as a broadened singlet at low
field (8NH 18.43 in DMSO-dg and 18.61 in CD;CN) due
to the formation of a strong intramolecular hvdrogen
bond. However, it is most interesting that the methyl
groups in dication 12 (unlike those in the cation 1- H”,
which give one signal that splits into a doublet with the
spin-spin coupling constant Jypy_pe = 2.3—2.5 Hz) give
two different signals (at § 3.08 and 3.14 in CD;CN) with
smatler and nonequivalent (Judging form the peak
heights) spin-spin coupling constants (/yp_me < 2 Hz).
This unambignously indicates that the hydrogen bridges in
dication 12 are asymmetrical, which results in the appear-
ance of two types of NMe, groups. Apparently, this
asymmetry provides more substantial spatial separation
and. consequently, weaker electrostatic repulsion between

the two positive charges. It seems likely that this phenom-
enon has a general character for dications of double
"proton sponges” (¢f- Refs. 12 and 14).

Although we failed to obtain monoperchlorate 13
preparatively, its 'H NMR spectrum was recorded when
an equimolar amount of base 3 was added to a solution
of diperchlorate 12 in DMSO-d4. In the NMR spec-
trum, the signals of the protonated and nonprotonated
portions of molecule 13 are clearly distinguished. These
signals are very similar to those of dication 12 and base
3, respectively. For example, the signal of the NH group
is observed at & 18.52. It is particularly remarkable that
the hydrogen bridge in monocation I3 is asymmetrical.
This is evidenced by the fact that the 'H NMR spec-
trum has two signals of the nonequivalent NMe, groups
at & 3.05 and 3.10, each becing split into a doublet with
spin-spin coupling constants of .98 and 1.87 Hz, re-
spectively. It can be seen that the degree of asymmetry
of the hydrogen bond is low, and the relatively smail
spin-spin coupling constants indicate that the proton of
the NH group is at a larger distance from the nitrogen
atoms compared to that observed in the cation 1-H”
{c/. Ref. 8). It is worthy of note that when equimolar
amounts of diperchlorate 12 and base 3 were mixed to
form monosalt 13, 25% of the initial compounds re-
maiited in the solution. The latter fact indicates that the
first and second ionization constants of compound 3
have relatively close values. The difference ApK, be-
tween these constants in a DMSO-d; solution was ~1.9.
The ionization constants of compound 3 in MeCN,
which were determined potentiometrically, are as fol-
lows: pK,! = 16.6 and pK,? = 14.0. Therefore, the
basicity of 3 is approximately one-and-a-half orders of
magnitude lower than that of the parent compound 1
(pK, = 18.18, MeCN),!3 which is attributable to the —/
effect of the CF; groups.

H_2ci0,~ H.  Clo,”
Me, N NMe, Me N NMe,
3 —w F,C CF, i, F,C CF,
Me2N_‘ ;NMe2 Me,N NMe,
“H
12 13

i. 2 HCIO,4. i1, 1 equiv. of 3.
Experimentat
The "H. BC, and "F NMR spectia were recorded on a

Unity-300 instrument (300, 754, and 282.211 MHz, respec-
tively) with Me,Sioas the internal standard for the 'H and
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13C NMR spectra and with CgH;CFj as the internal standard
for the %F NMR spectrum. The UV spectra were mcasured
on a Specord M40 spectrophotometer. The R spectra were
recorded on a UR-20 spectrometer. The mass spectra were
obtained on an MX-1321A instrument with direct introduction
of the sample into the ion source; the temperature of the
ionization chamber was 530—100 °C; the jonizing voltage was
70 eV. The melting points were determined in scaled glass
capillaries on a PTP instrument and were not corrected.
Chromatography was performed with the use of ALO;
{Brockmann 11).

The barrier to rotation of the dimethylamino groups in
compound 3 was determined by Eq. (1)15

AG" = 19.14T(9.97 + log(T./av)). kJ mol™', (1)
where Av is the difference between the chemical shifts of the
internal and externat methy! groups and 7, is the temperature
of coalescence.

The data for conpound 3 are as follows: Av = 15.2 Hz,
T. =283 K.

Crystals of compounds 3 and 4 suitable for X-ray diffrac-
tion study were grown by isothermal evaporsation from solu-
tions in acetone and dimethyl sulfoxide, respectively. The
crystallographic characteristics and the principal details of
X-ray diffraction studies are given in Table 7. Both structures
were solved by direct methods and refined by the least-squares
method based on F2,, with anisotropic thermal parameters

Table 7. Crystallographic characternistics and details of X-ray
diffraction studies of compounds 3 and 4

Parameter 3 4
Molecular formula CyyHy,FNJO €y H 3 FN,O58,
Molecular weight 602.62 580.60
Spacc group 2,22, C/c
a/A 10.314(2) 17.240(5)
b/A 15.414(3) 10.563(3)
c/A 16 851(3) 15.289(6)
a/deg 90.0 90.0
B/deg 90.0 £03.07(3)
y/deg 90.0 90.0
V/A3 29391 2712(2)
VA 4 4
degte/s €m™3 1.362 1.422
F000) 1256 1208
p/em™! 1.10 2.72
Diffractometer CAD4 Siemens P3/PC
Temperature/K 293 131
Scanning mode 0/(3/3)0 0/20
0,12,/dC8 26.0 281
Number of reflections 3382 3333
Number of independent

reflections 3235 32390
Number of reflections

with /2 2a(D 1959 2787
R, (based on Ffor

reflections with /= 2a(f)) 0.0421 0.0412
wR, (based on F? for all

Neone reflections) 0.1326 0.2139
Noone 3210 3212
Number of refinable

parameters 5035 229
GOOF 038 1.092

for nonhydrogen atoms. The positions of the hydrogen atoms
were located from difference electron density syntheses and
refined isotropically. All calculations were carried out with the
use of the SHELXTL PLUS $§ program package (gamma
version).!6

3,4,10,11-Tetrakis(dimethylamino)-7,14-bis(trifluoro-
methyl)-7,14-epoxydinaphtho[1,8-a,b;1",8 -¢,flcyclooctane
(3).* A. A solution of TFAA (1.5 g, 7 mmol) in anhydrous
CH,Cl; (10 ml) was added dropwise to a vigorously stirred
solution of compound 1 (1 g, 4.7 mmol) in anhydrous CH,Cl,
(30 mL) cooled to —15 °C. The reaction mixture turned red-
orange and was stirred at —15 °C for 30 min. Then the flask
containing the reaction mixture was closed with a stopper and
kept at ~20 °C for 48 h. The white precipitate that formed
(~1 g), which was virtually pure trifluoroacetate of compound
3. was filtered off, washed with CH,Cl, and hexane, and
dricd. Then the precipitate was suspended in EtOH (25 mlL)
and base 3 was precipitated with stirring by adding a 20%
KOH solution (~1 mL) to pH 12. The vellow suspension that
formed was diluted with water (50 mL) and kept for 2—3 h to
obtain crystals. The precipitate was filtered off, washed with
water, and dried in air. Yellow crystals were obtained in a yield
of 0.72 g (51%). m.p. 338—339 °C (from octane), Ry = 0.82
(A1,03, CHCly), 0.17 (Al,04, hexane). Found (%): C, 63.3;
H, 5.25; N, 9.61. C3;H3;F¢N4O. Calculated (%): C, 63.79;
H. 5.35; N, 9.30. UV (MeOH), A/nm (lge): 350 sh. (4.43),
390 (4.54). IR (Nujol mulls), v/em™!: 2780 s (C—H); 1573
vs, 1513 m (ring). 'H NMR (30 °C, CDCl,), & 2.72 (s,
24 H, 4 NMej); 6.81 (d, 4 H, H(2), H(6), H(9), H(13), J, =
8.20 Hz); 7.59 (dq, 4 H, H(3), H(), H(10), H(12), J, =
820 Hz, 3Jy_g = 1.10 Hz). 13C NMR (20 °C, CDCly), &:
438 (Me, Me_y = 1333 Hz);, 1117 (CQ2) C(6), C9),
C(13), We_y =157.4 Hz); 119.83 (C(7a), C(14a)); 120.9 (C(3),
C(5), C(10), C(12), "Je_y = 158.9 Hz); 123.2 (CFy); 123.9
(C4), C(11)); 127.6 (C(7b), C(14b)); 130.2 (C(3a), C(4a).
C(10a), C(11a)); 150.6 (C(1). C(7), C(8), C(14)). 1F NMR
(25 °C, CDCly), & =69.5 (2 CF3). MS, m/z (4, (%)) 602
[M]™ (100), 587 (M — Mec]" (5). 358 [M — NMe,y}™ (3), 533
M - CF}* (9.

The filtrate, which was obtained after isolation of the
trifluoroacetate of compound 3, was concentrated to dryness
in vacuo, suspended in a minimum amount of CHCl;, and
made basic with a 10% KOH solution (to pH 12). The
chloroform layer was separated, dried over CaCl,, and filtered
through a column with AlLO; (A = 20 cm, d = 2 cm) using
CHCl; as the eluent. First, 4-trifluoroacetyl derivative 2 was
collected (Ry 0.95, the yield was 0.15 g, 10.4%) as a viscous
oil, which slowly solidified in a refrigerator to form orange-red
crystals, m.p. 74—7S °C (from hexane). '9F NMR (25 °C,
CDCly), 8: —68.97 (q, CFyCO, %p_y = 2.1 Hz, SJp_y =
1.2 Hz). The spectral characteristics of the resulting com-
pound are identical with those of the known sample.2 Then
unconsumed compound 1 was eluted (R 0.47, the yield was
0.20 g, 20%).

B. TFAA (0.037 g, 0.176 mmol) was added portionwise
(0.0075 g) at 10-h intervals with stirring to a solution of
compound 2 (0.10 g. 0.33 mmol) in anhyvdrous CH,Cl, (3 mL).
Within 10 h after the addition of the last portion of TFAA, the
precipitate that formed was filtered off, washed with CH,Cl,
(1 ml), dried, suspended in EtOH (I mL), and made busic
with a 10% KOH solution (.5 mL). The yellow precipitate of

* The arbitrary mumbering scheme shown in Scheme | was
used for the description of the NMR spectra of compound 3.
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compound 3 that formed was washed with water and dried in
air. The yield was 0.057 g (57.3%).

The initial ketone 2 was isolated from the filtrate that
remained after isolation of the trifluoroacetate of compound 3
as described for procedure A, in a yield of 0.032 g (32%).

C. TFAA (0.085 mL, 0.6 mmol) was added dropwise to a
stirred solution of compound 1 (0.100 g, 0.047 mmol) in
anhydrous THF (2 mL). Then the flask containing the reac-
tion mixture was scaled with a stopper and kept at ~20 °C for
96 h. The white precipitate of the tnfluoroacetate of com-
pound 3 that formed was separated, washed on a filter with
THF (2 mL), suspended in EtOH (2 mL), and treated with a
20% KOH solution (0.5 mL). Yellow crystals of base 3 were
filtered off, washed with water (2 mL), and dried in air. The
virtnaily pure product was obtained in a vyield of 0.086 g
(61%). The tetrahydrofuran mother liquor was diluted with
water (5 mL) and made basic with a 20% aqueous NaOH
solution (to pH 14). The emulsion that formed was extracted
with CHCl; (2%3 mL) and the extract was chromatographed
on a column with Al3O3 (A = 23 cm, d = 2 cm); CHCIj was
used as the eluent. Monoketone 2 (Ry 0.93), double "proton
sponge” 3 (R 0.82), and the initial compound 1 (R; 0.47) were
successively isolated in yiclds of 9 mg (6.2%), 8 mg (5.7%).
and 14 mg (14%), respectively. The total yield of compound 3
was 0.094 g (66.7%).

Diperchlorate 12.* A 72% perchloric acid solution
(0.3 mL, 3.7 mmol) was added dropwise with stirring to a
solution of base 3 (0.1 g, 0.17 mmol) in CHCly (20 mL). The
yellow solution was rapidly decolorized and yielded a white
flocculent precipitate. The precipitate was separated, washed on
a filter with CHCl;y and hexane, and dried in air. The yield was
0.1 g (75%), m.p. 276—278 °C (from MeCN). Found (%)
C, 47.49; H, 4.52; Cl, 8.55; N, 6.69. Cy;H;34,CLF¢N,4Oy. Cal-
culated (%): C, 47.83; H, 4.26, CI, 8.82; N, 6.97. UV
(MeCN), %, /nm (ige): 346 (4.53). 389 (4.33). IR (Nujol
mulls), v/em™l 3437 (N—=H), 2713 (C—H). 1600 (ring).
TH NMR (25 °C, CD;CN). & 3.08 (s, 12 H, 2 NMey); 3.14 (s,
12 H. 2 NMec,): 8.09 (d, 4 H, H(3), H(3), H(10), H(12). J, =
6.8t Hz); 824 (d, 4 H, H(2), H(6), H(), H13), J, =
6.20 Hz): 18.61 (s, 2 H, 2 NH). 'H NMR (25 °C, DMSO-dy).
3 3.05 (s, 12 H, 2 NMe,); 3.12 (s, 12 H, 2 NMej); 8.23 (d,
4 H, H(3), H(5), H(10), H(12), J, = 8.13 Hz), 831 (d, 4 H,
H(2), H(6), H(9), H(13), J, = 7.90 Hz); 18.45 (s, 2 H, 2 NH).

Monoperchlorate 13 was prepared in a solution by adding
an equimolar amount of base 3 to a solution of diperchlorate
12 in DMSO-d¢. '"H NMR (30 °C, DMSO-dg). &: 1) the
protonated portion of the cation: 3.05 (d, 6 H, NMe,, Iny-.
Me = 2.0 Hz); 3.10 (d, 6 H, NMea. J Nnu—me = 1.9 H2);
8.10 (d, 2 H, m-H, J, = 8.1 Hz); 8.15(d, 2 H, o-H, 4, =
$.2 Hz): 18.52 (br.s, t H, NH); 2) the noaprotonated portion:
269 (brs, 12 H, 2 NMey): 6.93(d, 2 H, o-H, J, = 8.4 Hz);
7.72 (brd, 2 H. m-H, J, = 8.1 Ho).

Trifluoroacetylation of compound 1 in dichloreethane. 4. A
solution of TFAA (0.85-mL, 6. mmo}) in CICH,CH,CL(2 mL)
was added dropwise to a solution of compound 1 (1.07 g,
5 mmol) in CICH,CH,C) (10 mL). The mixture was stirred at
~20 °C for 15 min. Then the mixture was concentrated to
dryness in air in a porcelain dish. The residue was triturated
with water (20 mb). filtered off, and washed on a filter with
water (~40 mL). The aqucous solution and the water-insolubic
residue were worked up separately

* The arbitrary numbering scheme shown in Scheme | owas
used for the deseription of the NMR spectra of compound 12

The aqucous solution was made basic with a 10% KOH
solution (to pH 14). The yellow precipitate that formed was
extracted with CHCl3 (2x20 mL) and the chloroform extract
was concentrated to ~{5 mL and chromatographed on a col-
umn with Al,O3 (& = 20 cm, ¢ = 2.5 cm); CHCl; was used
as the elucnt. Ketone 2 (Ry 0.95), double "sponge” 3 (R, 0.82),
and the initial compound 1 (R, 0.47) were isolated in yields of
0.10 g (6%), 0.21 g (14%). and 0.42 g (41%), respectively.

The water-insoluble precipitate was stirred in acetone
(30 mL) for ~1 h. Then the heavy white precipitate, insolublc
in acetone, was filtered off, washed on a filter with acetonce
(2x5 mlL), dried, and recrystallized from MeCN. The mixture
was suspended in water (3 mL) and treated with concentrated
aqueous ammonia (2 mL). The reaction mixture was extracted
with CHCl; (3%20 ml), the solvent was evaporated, and
trans-diol 4 was obtained in a vield of 0.16 g (7.5%) as slightly
yellowish needle-like crystals, Ry 0.05 (Al,05, CHCI,), which
can be recrystallized from DMSO or toluene. Upon heating,
the crystals turmed yellow (beginning from 75 °C). At 130 °C;
the habitus of the crystals changed and orange inclusions
appeared. Fusion afforded a transparent red melt in the tem-
perature range of [56—162 °C. IR (Nuyjol mults), v/em™h
3550—3350 (associated OH); 2780, 2715, 2653 (C—H); 1580,
1360 (ring). Found (%): C, 51.05; H, 4.70; N, 6.49.
C,gH sF¢N,05. Caleulated (%): C, 50.95; H, 4.28; N, 6.60.
'H NMR (30 °C, DMSO-dg), & 2.78 (s, 12 H, 2 NMe,);
6.98 (d, 2 H, H(5), H(8), f54 = Jg9 = 8.3 Hz); 7.52 (dq.
2 H, H4), H9), /46 = Jgg = 8.20 Hz, 5J4_g = L1 Hz);
8.06 (brs, 2 H, OH).

The acetone extracts were concentrated and a yellow pow-
der was obtained. The powder was washed with a 6 : 1 mixture
of hexane and CHCl; (17 mL). After concentration of the
organic extract, [,8-bis(dimcthylamino)-2,4-bis(trifluoro-
acetyl)naphthalene (6) was obtained in a yield of 0.028 g
(1.4%) as yellow crystals, m.p. 180—182 °C (from octanc).
Found (%): C, 533.01; H. 4.22; N, 6.59. C;3gH 4F4N,0;. Cal-
culated (%): C, 53.21; H, 3.94; N, 6.89. 'H NMR (30 °C,
CDCl3), 8:2.78 (s, 6 H, C(8)NMe,): 3.30 (s, 6 H, C(1)NMe,);
695 (d. I H, H(D), S = 7.9 Hz); 7.52 (dd, | H, H(6),
Js7 = 79 Hz, Jo5 = 8.3 Hz); 843 (d, | H, H(5). 56 =
8.3 Hz): 8.48 (brs, | H, H(3)).

The pale-yellow precipitate, which was obtained after wash-
ing with a hexane—CHCI; mixture, was treated with a (0%
KOH solution (2 mL) and extracted with CHCl; (3x10 mL).
The solvent was evaporated to dryness and cis-diol 5 was
obtained in a yield of 0.08 g (3.75%). Pale-yellow crystals
with R 0.01 (Al;03, CHCI3) can be recrystaliized from DMSO.
When heated above 148 °C, the crystals gradually turned
vellow and melted with decomposition in the temperature
range of 150—153 °C. Found (%): C. 51.17; H, 4.55; N, 6.37.
CsHy5FgN>O5. Calcutated (%) C, 50.95; H, 428, N, 6.60.
IR (Nujol mulis), v/em™}: 3455, 3310 (OH); 2770 (C—H);
1575, 1550 (ring). 'H NMR (30 °C, CDCly), &: 2.84 (brs,
12.H,.2 NMey)i 375 (s, 2. H, OH);- 6.93..(d, 2 H, H{5).
H(8), J54 = Jgg = 8.1 Hz); 7.67 (dg, 2 H, H(@), H().
Jis = Jyg = 8.1 Hz, SJu—r = 1.2 Hz). 'TH NMR (30 °C,
DMSO-dg), 8:2.78 (brs. 12 H, 2 NMe,); 7.01 (d, 2 H, H(5),
H(8), Js4 = Jyg = 8.1 Hz) 756 (dg, 2 H, H{4)., H(9).
Jis = Jog = 81 Hz, Jy_r = 1.1 Hz) 8.26 (s. 2 H, OH).

B. When the reaction mixture was kept at ~20 °C for 48 h
after the addition of the total amount of TFAA, double "proton
sponge” 3, diketone 6, and the imtial compound 1 werc
obtained in yields of 35%, 2%, and 40%. respectively. The
total vield of cis- (4) and trans-diols (5) was lower than 1%.
Ketone 2 was not detected in the reaction mixtuce.
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C. When the reaction mixture was kept for 7 days, the
viclds of the reaction products wese as follows: 10% (2), 57%
(3), and 19% (the initial "proton sponge” 1).

Trifluoroacetylation of compound 1 in chloroform. A solu-
tion of TFAA (0.31 g, 1.5 mmol) in CHC!3 (5 mL) was added
dropwise to a vigorously stirred solution of compound 1
(0.21 g, 1.1 mmol) in freshly distilled CHCl; (15 mL) cooled
to —15 °C. Then the mixture was stirred at —15 °C for
30 min, the reactor flask was sealed with a stopper, and the
reaction mixture was kept at ~20 °C for 48 h. The solvent was
evaporated to dryness and the residue was suspended in water
(10 mL) and made basic with a 10% aqueous solution of KOH
(to pH ~13). The suspension that formed was extracied with
CHCly (3x15 mL). The compounds, which were present in
the chloroform extract, were separated by preparative TLC
(Al,O;, CHCl3). Monoketone 2 (Ry 0.95), double "proton
sponge™ 3 (R 0.82), diketone 6 (R; 0.80), and the initial
compound 1 (R; 0.47) were isolated in yields of 0.06 g (19.4%),
0.033 g (10.8%), 0.009 g (2.1%). and 0.083 g (39.4%), re-
spectively.

Trifluoroacetylation of compound 2. A solution of TFAA
(0.14 ml., 10 mmol) in CH,Cl, (5 mL) was added dropwise
with stirring 10 a solution of ketone 2 (0.3 g, 10 mmol) in dry
CH>C1; (10 ml) cooled to —15 °C. Then the mixture was
stirred at ~20 °C for 15 min, poured into a porcelain dish, and
concentrated to drvness. The dry residue was washed with
water (4x10 mL) and the aqueous extracts werc combined,
treated with a 10% KOH solution to pH ~13, and extracted
with CHCl3 (3x10 mL). The chloroform extracts were com-
bined and concentrated in air and the residue was separated by
preparative TLC (AL O;, CHCl3). The initial ketone 2 (Ry
0.95). double “proton sponge” 3 (R 0.82), diketone 6 (R
0.80), and diol 5 (R; 0.01) were isolated in vields of 0.172 g
(55.5%), 0.029 g(9.7%), 0.092 g (22.4%), and 0.002 g (0.5%),
respectively.

The water-insoluble rose-tinted crystalline compound that
formed was stirred with acetone (30 mL) during 30 min and
white crystals of the trifluoroacetate of diol 4, which were not
dissolved in acetore, were filtcred off. The yield was 0.003 g
(0.7%).

1,8-Bis(dimethylaming)-4,5-bis(triftuoroacetyl)naphthalene
(7). Compound 5 (0.2 g. 0.47 mmol) was heated on an oil
bath to 150 °C during 10—15 min, the pressure in the reac-
tion tube being gradually reduced to 2 Torr. The orange melt
was kept at 150 °C and 2 Torr for 15 min. After cooling,
diketone 7 was obtained as a solid orange-red amorphous
product in a yicld of 0.19 g (~100%). 'H NMR (30 °C,
CDCly), 8 2.96 (5, 12 H, 2 NMe,); 6.75 (dt, 2 H, H(2),
H{7). /o3 Ji6 = 87 Hz), 7.86 (dq, 2 H, H(3). H(6),
./_1‘2 = ‘16.7 8.7 H/. S./H,__[. = 19 HI,)

[T

The NMR spcctra were measured at the Party Cen-
ter of the "North-Caucasian Regional Laboratory
of NMR Spectroscopy.”
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