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The reaction of 1,8-bis(dimethylamino)naphthalene Cproton sponge") with trifluoroacetic 
anhydride afforded new derivatives of naphtho[l,8-c,dlpyran, viz., trans- (4) and cis- 
1,3-dihydroxy-6,7-bis(dimethylamino)- 1.3-bis(trifluoromet hyl)- I H,3lt-naphtho[ 1,8-c, dlpyran 
(5) and symmetrical 3.4,10,1 I-tetrakis(dimethytamino)-7,14-bis(trifluoromethyl)-7,14-epoxy- 
dinaphtho[1,8-a,b;l',8 '-eJ]cyclooctane (3l, which belongs to a new type of double "proton 
sponges," along with the expected 1,8-bis(dimethylamino)-4-trifluoroacetylnaphthalene. The 
structures of compounds 3 and 4 were established by spectral studies and X-ray diffraction 
analysis. 

Key words: 1,8-bis(dimethylamino)naphthalene, "proton sponge," naphtho[ 1,8-c.dlpyran, 
cis- and trans-diols, trifluoroacetic anhydride, C-acylatioa, covalent hydration, X-ray dif- 
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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 trifluoro- 
acetic anhydride (TFAA) in CH2C[ 2 at -30  ~ aflorded 
1,8-bis(dimethylamino)-4-t rifluoroacetylnapht halene 12) 
m 48% yield. Because a demand has ariseq tbr 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 a = 12.34, in H20) 3 "proton sponge." 

In the hope of increasing the yield of compound 2 
(Scheme I), we used a one-and-a-half-fold molar ex- 
cess of TFA.% the temperature being increased to -20 ~ 
and the duration of the reaction being increased to 48 h. 
Surprisingly, the reaction perl'ormed under these condi- 
tions afforded ketone 2 only in trace amounts and 

" For Part 25. see I~,ef. I. 

produced a very.' high-melting (m.p. > 330 ~ and 
chromatographically labile yellow compound, which was 
soluble both in polar and nonpolar organic solvents, as 
virtually the only reaction product (the yield was -53%). 
This compound gave a simple IH NMR spectrum, which 
indicates that it belongs to symmetrical para-disubsti- 
tuted derivatives of the "proton sponge." The NMR 
spectrum has a singlet (6 2.74) corresponding to the 
methyl groups of the equivalent dimethytamino groups 
as well as two doublets of the aromatic ortho-protons 
(J = 7.9 Hz) at ~ 6.82 and 7.61, which were assigned, 
by analogy with the parent compound 1, to the ortho- 
and recta-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)naphthalene 
(I) 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 CHCt 3 was used instead of CH2C12, the yield 
of compound 3 decreased to 11%. In addition, 4-tri- 
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Reagents and conditions: i. 0.6 equiv, of TFAA, CH2CI 2, 
-30.--~.0 ~ 30 rain. ii. 1.5 equiv, of TFAA, CH2CI2, -15 ~ 
30 rain; ~20 ~ 48 h. iii. 1.5 equiv, ofTFAA, CtCH2C|I2CI, 
-20 ~ 15 rain. 

fluoroacetyl- (2) and 2,4-bis(trifluoroacetyl)-substituted 
derivatives (6) were isolated from the reaction mixture 
in 19 and 2% yields, respectively. At the same time, 
storage of the reaction mixture in CICH2CH2Cl at ~20 ~ 
for 48 h led to an increase in the yield ofcompound 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,31t- 
naphtho[ 1,8-c,dlpyrans. When the duration of the reac- 
tion was no more than 30 rain, the total yield of 4 and 5 
was I1% and the ratio of compounds 4 and 5 was 
~2 : 1. We succeeded in separating both diols because 
trans-isomer 4 is less polar and differs somewhat from 
the cis form in solubility. The structures of both isomers 
were coqfirmed by the data of IR and NMR spectros- 
copy and mass spectrometry. The trans isomer was also 
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 IH NMR spectra of all three 
naphtho{ 1,8-c,dlpyran derivatives 3, 4, and 5 are very 
similar The only difference is that tile spec t raofd io l s4  
and 5 have an additional two-proton signal of the OH 
groups ob~,erved at 3 -8.2 in DMSO-d~, and al 3 ~3.7 in 

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

The mechanism of formation of naphthopyrans 3--5 
is not entirely clear. The most plausible suggestion is 
that diols 4 and 5 wcre formed as a result of hydration of 
intermediate 1,8- bis(dimethylami no)-4,5-bis(t  rifuoro- 
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 ~ colorless crystals gradually turned or- 
ange-red and gave a melt at ~!45--165 ~ which so- 
lidified upon cooling to form a bright-yellow caramel. 
According to tile IH NMR spectral data, the latter 
compound was diketone 7. Actually, this product ap- 
peared to be a vcry hydrophilic compound, which was 
rapidly converted into an equimolar mixture of diols 4 
and 5 upon storage in air and, particularly, in moist 
solvents in the presence of AI20 3. 
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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 tile above mechanism is the following fact. 
When 1,8-bis(dimethylamino)-4- t  rifluoroacetyhtaph- 
thalene (2) was kept with one equivalent of TFAA in 
dichloroethane at - 15  ~ over a short period, the 
2,4-bis(trifluoroacetyl)-stJbstituted derivative of "proton 
sponge" 6, rather than peri-diketone 7 or diots 4 and 5, 
was obtained as the major reaction product (the yield 
was 22%). in this case, the yield of compouqd 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,,, 
iutramolecular hydrogen bond. 8 I11 Me.,N § ,'NMe 2 
this compo,nd,  the positi,~e charge ..,,Q. / . ~  
is localized predominantly on tile 
N(S) atom. as a result of which the 
benzene ring containing tile trifluoro- 
acetic group is deactivated to a lesser COCF~ 
degree (all ;.lllalogoJlS phenolllellOU 9 
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was also observed in the case of nitration of 1,8-bis(di- 
methylamino)-4-nitronaphthalene).  9 On the whole, it is 
presently impossible to unambiguously choose between 
the two above-discussed mechauisms 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 ,mcleophilic addition of two molecules of 
monoketone 2 to each other through the carbonyl groups 
(high nt,cleophilicity of the ortho and para positions of 
tire "proton sponge" is well known 4) followed by in- 
tramolecular dehydration 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 ~ 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- 
estingty, the action of other Lewis :acids (AICI3, AIBr> 
BF 3 �9 Et20, or Ac20 ) on ketoue 2 in CH2CI 2 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 
-rFAA consists presumably in O-acylation of monoketone 
2 to tbrm equilibriunl amounts of cationic intermediate 
I !, two molecules of which add to each other to give 
finally compound 3. 
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An alternative scheme of formation of compound 3 
may consist in the nucteophilic addition of "protou 
sponge" I as such to diketone 7 or to diols 4 or 5. 
However. altempts to model the latter reactions under 
conditions of fusion of the reagents or upon hc;.tthlg of 

these reagents in CH2CI 2 1El the presence of catalytic 
amount~ of TFA were unsuccessfill. 

It is wo~hy of note that trifluoroaeetylation 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 l:avored by an increase in the 
duration of the reaction, higher temperature (room tem- 
perature was optimum), and, apparently, the use of 
solvents, such as tetrahydrofuran, 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 tile process was 
increased. This suggests that the second acylation of 
monoketone 2 was reversible, as a result of which the 
system of equilibriums 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. I and 2, 
respectively. The atomic coordinates and the principal 
geometric characteristics are given in Tables 1--7. As 
can be seen from Fig. I, 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(I) and C(2) atoms 
at approximately the same angle ( - I I  2~ The geometric 
parameters of the 1,8-bis(dimethylamino)naphthalene 
fragments in both compounds differ only slightly from 
the corresponding characteristics of the parent molecule 
1. i~ Thus, the distances between the peri-nitrogcn atoms 
in compounds 1, 3, and 4 are 2.79, 2.82 (2.86), and 
2.835 .a., respectively, in all three compounds, the per# 
dimelhy[amino groups substantially deviate from the 
mean plane of the naphthalene rings and the rings are 
distorted due to strong repulsions between the NMe 2 
groups. The character of these distortions closely re- 
sembles that observed in molecule I 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 are substantially different. Thus, the 
distances between the carbon atoms linked via the oxy- 
gen bridge (C(1)...C(2) m 3 and C(7)...C(7") in 4) are 
2.348 a!! d 2.5!4 A, resPeCtbely, The C(1 ) -70 (1 ) ,C(2 )  
and C(7)--O(1)--C(7") bond angles are 112.1 and 124.9'. 
respectively. The Oi l )  atom deviates from tire mean 
C(5)--C(6)--C( 7)--C(8 )--C(9)--C( 10)--C( l 1 l--C(12)--  
C(13)--C(14)--C(1)--C(2) plane in 3 by 0.608 ,-k and 
from the mean C(I) - -C12)--C(31--C(4)--C(5)--C(6)--  
N(1) -C(7)  plane in 4 by 0336 A. Evidently, the large 
distortions of the pyran dug in compound 3 arc gov- 
erned by tile necessity of reducing strong angular defor- 
mations that occur upon fusio,1 of the cyclooctane rin3 
with the peri positions of two naphthalene rings. ('rystal~ 
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ofnaphthopyran 4 contain two DMSO molecules, which 
form hydrogen bonds with the protons of both hydroxyl 

groups of molecule 4, The O--H.,.O angle is 167(3) ~ 
and the O...O distance is; 2.642(2) A. 

Table 1. Atomic coordinates (x 10 4) and isotropic 
structure of 3 

Atom x y 7_ Beq 

O(1)  9t39(2} -9(2} 168612) 59(I) 
C(I) 8 5 3 8 ( 4 )  -275(3) 994(3) 55(1) 
C(2 )  8612(4) 734(3) 2037(2) 54(I) 
C ( 3 )  9383(4)  -1011(3) 695(4) 71(1) 
C(41 9340(5) 792(4) 2790~3) 75(2) 
F(I) 9515131 -1614121 I251(21 1081l) 
F(21 10458(3) -670(2) 565(2) 9211) 
F(31 9047(3) -1394(21 32(2) 8811) 
F (4 )  9256(3), 79(2) 3224(2)  102111 
F(5)  10480(3) 919121 2645(2) 9211) 
F(6) 9024(3) 1443(2)  3276(2) 90111 
N(I) 3691(4)  -107413)  1560(4) I02{2) 
N(2} 3954 (4 )  -214(4) 3026(3)  10412) 
C(5 )  7324 (4 )  -638(3) 1218(31 5911) 
C(6 )  6756(5)  -1289(3) 854(4) 78(2) 
C171 556115) -1462(41 979(5) 91(2) 
C(81 4 9 2 2 ( 4 )  -985(3) 151414) 75(2) 
C19) 5 5 3 1 ( 4 )  -363(3) 2018131 66(I) 
C(IO) 4995(4) 70(4) 2664(3) 76(2) 
C(ll) 5525(6) 797(6) 2945(4) 81121 
C(12) 6676 ( 5 )  1050151 2707(3) 71(2) 
C(131 7296(4) 547(3) 2216(3) 58(11 
C(141 6736(4)  - 153131  1828(31 57111 
C(15) 3169(6)  -1805(4) 1117(7)  t47(41 
C(16) 2966(5)  -288(4) 1470(51 90(2) 
C(t7) 331817) 348(8) 3538(5)  127{3) 
C(18) 3946(7)  -1115(8) 3305(71 161(5) 
N(I') 7813(3 )  2547(2) -1164(2) 50(I) 
N(2") 9434(3 )  3478(2)  -177(2) 471t) 
C15") 8440(4) 458(3) 398(3) 48(I) 
C16') 8135141 326(3) -384(3) 5911) 
C(7") 7962 (4 )  1015131 -898(3) 55111 
C18') 8137(31 1858131 -667(2) 44111 
C(9"t 8620(3 )  2023(2) 111(2) 39(1) 
C(10") 908113) 2855(2) 375(2) 41(I) 
C(tI ' )  914414) 3002(3) 1169(21 48111 
C(12') 8952(4)  2337(3 )  1726(3) 52(11 
C(13") 8773(3)  151013) 148612) 47(11 

equivalent Br (isotropic Bis o for hydrogen atoms) temperature factors in tile 

A tom x y Z B eq/ Bis o 

C(14') 8631(3)  132213) 66412} 40111 
C(15") 7544(7)  2344(5) -199113) 75(2) 
C(16') 6987(5)  3187131 -826(4) 60111 
C117") 9734(6)  4335(3) 13013) 66111 
C(18") 10211(4) 3210141 -808(3) 58(11 
H(6) 7240(89) -1620(631 350(60) 212142) 
H(7) 5t16(57) -1911(43) 371141) 131(23) 
11(111 53211471 1170(311 3169130) 561191 
H(12) 7035141) 14671291 2970(27) 53(14) 
11(1511 2327(611 -18061291 1190(411 1451221 
tt(152) 3492(56) -2341(37) 1310(34) 109(171 
H(153) 3347(47) -17441,11) 563(27) 115(311 
H(161) 21771501 -375(33) 1843131) 84(161 
11(1621 33721511 345(37)  1800(34) t02119) 
1t(163) 2705(59) -286(41) 888(40) 109(23) 
1t(17l) 4009(80) 404(51)  4254(54) 187132) 
H(172) 2375(77) -15(5l) 3571143) 158(25) 
H(173) 3229(48) 971(341 3515(341 72(19) 
tt(181) 4583(57) -1399135) 3126(33) 86(191 
H(182) 31881901 -1376(571 3280(56) 183136) 
H(183) 4354(73) -883(53) 4039(53) 163(30) 
H(6") 7979(54) -319(43) -523(37) 123(23) 
H(7") 7656(44) 807(33) -1457132) 85115) 
}t111') 9374(35) 3509(26) 13791231 461121 
H(I2') 8988(42) 2476(30) 2279(30) 70(141 
H(15A) 6773(49) 1935136) -2078(33) 921171 
H(15B) 82011441 2027(32) -2272(29) 68(t61 
H(15C) 7542(68) 2887(49) -2229(46) 145130) 
H(t6A) 7064(43) 3596(32) -11751301 70(16) 
H(16B) 6949(48) 32181341 -2411361 88(181 
H(16C) 6043(76) 3049(50) -891(49) 1711301 
1t(17A) 10489(43) 4258(29) 430(26)  62(13) 
HIlTB) 9010(45) 4596(30) 419(28)  67(14) 
1t(17C) 9873(48) 4681(35) -342(34) 88(171 
tt(18A) 11128(58) 3346(36) -636(35) 1071201 
tI(18B) 10001(561 3497(41) -1312(401 tl51221 
H(18C) 10116(48) 2634(38) -923(32) 89119) 

Table 2. Bond lengths (d) in the smJcturc of 3 

Bond d/A Bond d/A 

O(-t-)--C( 1 ) 1 .410(51 C(4-)~F{51 1-.32716) 
O(I)--C{2) 1,421(5) C(4)--F(61 1,344(7) 
C(I)--C(5') 1 .5 t516 )  N(I)--C(8) 1.401(61 
C(1)--C151 1.531161 N(I).-C(t6) 1,472(7} 
C(I)--C13) 1.56S{7) N(I)--C(15) I 47519) 
C(2)--C(41 1.516(7) N(2}--C(10)  1396171 
C(2)--C(13") 1.525161 N12)--C(17) 14181111 
C(2)--C(13) 1.546161 N(2)--C{ 18) 1.466(11} 
C13)--F(3~ 1.318(61 C(51--C(61 1.341(7) 
C(3)--- F(I) 1,32q(6) C15)--C{ 14) I ,,134(7) 
C{3t--F12) 1.343(6) C(6) -C(7) f.393i81 
C14}-F14) 1 32-1(6) C{7}- C(N) 1.371(S) 

Bond d/ A Bond d/ A 

C(8)~-C(9} 1 . 4 5 5 ( 8 )  N(2')--C(17 ") 1.459(6) 
C19}--C(111) 1413181 C(5 ')--C(6') 1.377171 
C19}--C(14} 1.43816) C(5')--C(14') 1,422161 
C(IO)--C(I 1) 1.356(10) C(6 ")--C(7") 1.385(7) 
C(I I)--C1121 1,417(8)  C(7")--C18') t.371161 
C{121--C(13} 1.334(71 C(8 ')--C{9') 1.443161 
C(13)--C(14) 1 .41317)  C19")--C(14") 1.427151 
NIl ")--C(8') 1.402151 C(9')--C(10') 1.45415) 
Nil ')--C(I 5 ') 1.459(61 C(10')--C{I I ') 1.359(6} 
N(I')--Cll6') 1,472171 C(11")--C(12") 1.40616) 
N(2')--C(I0') 1.394(5) C(12')--C(13") 1.353161 
N(2')- C(18") 1.440161 C(13"1-('(14") 1.424161 
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Table 3. Bond anglcs (0) in the structure of 3 

Angle O/deg Angle e/deg 

C(t)--O(t)--C(2) i 12 .1(3)  
O(1)--C(1)--C(5') 111.5(4) 
O(  I )--C( 1 )--C(5) 109.6(4) 
C(5 ")--C(I)--C(5) I I 1.7(3) 
O(  I )--C( l )--C(3) 100.5(4) 
C(5")--C(I)--C(3) 111.8(4) 
C(5)--C(I)--C(3) I11.2(4) 
O(1)--C(2)--C(4) 99.7(4) 
O(I)--C(2)--C(13') 109.2(3) 
C(4)--C(2)--C(13") 11Y5(4) 
O(I)--C(2)--C(13) I09.6(4) 
C(4)--C(2)--C(13) 1tl.8(4) 
C(I 3")--C(2)--C(13) 112.3(3) 
F(3)--C(3)-- F(1) 108.5(4) 
F(3)--C(3)--F(2) 107.3(4) 
F(I)--C(3)--F(2) 106.7(4) 
F(3)--C(3)--C(I ) 114.9(4) 
F(1)--C(3)--C(I) 110.3(4) 
F(2) --C(3)--C( I ) 108.7(4) 
F(4)--C(4)-- F(5) 107.1 (4) 
F(4)--C(4)-- F(6) 105.3(4) 
F(5)--C(4)--F(6) 105.2(5) 
F(4)--C(4)--C(2) 112.0(5) 
F(5)--C(4)--C(2) 112.5(4) 
F(6)--C(4)--C(2) 114.1(4) 
C(8)--N(I)--C(16) 117.9(5) 
C(8)--N(I)--C(15) 116.4(6) 

C(16)--N(I)--C(15) 110.7(5) 
C(10)--N(2)--C(17) 120.2(7) 
C(10)--N(2)--C(18) 116.2(6) 
C(17)--N(2)--C(18) 112.4(7) 
C(6)--C(5)--C(14) 119.7(5) 
C(6)--C(5)-C( 1 ) 126.3(5) 
C(14)-C(5)-C(1) 113.7(4) 
C(5)-C(6)--C(7) 122�9 
C(8)-C(7)-C(6)  120.6(6) 
C(7)--C(g)--N( 1 ) 120.5(6) 
C(7)--C(8)-C(9) 119.2(5) 
N(1)--C(8)--C(9) 120.2(6) 
C(t0)-C(9)-C(14)  118.2(5) 
C(10)--C(9)--C(8) 123.9(57 
C(14)-C(9)-C(8) 117.9(5) 
C(I I)--C(10)--N(2) 118.6(6) 
C(I 1)--C(10)--C(9) 118.0(5) 
N(2)--C(10)--C(9) 123.4(6) 
C(10)--C(I I)--C(t2) 122.4(7) 
C(13)--C(12)--C(1 I) 119.9(7) 
C(12)--C(13)--C(14) 119.7(5) 
C(12)--C(I 3)--C(2) 121.3(5) 
C(14)--C(I 3)--C(2) 119.0(4) 
C(13)--C(14)-C(5) 121.5(4) 
C( 13)--C(14)--C(9) 1 t9.6(5) 
C(5)--C(14)--C(9) 118.8(5) 
C(8")IN(I ' ) - -C(15 ") 117.5(4) 

Angle O/deg 

C(8")--N(~ ')--C(~6") 
C(15')--N( I ")--C(16') 
C(10")--N(2")--C(18') 
C(10")--N(2")--C(17") 
C(18")--N(2")--C(17") 
C(6")-C(5")--C(14') 
C(6')- C(5')--C(1) 
C ( 1 4 " ) - - C ( 5 " ) - - C ( i )  
C(5")--C(6')--C(7") 
C(8 ')--C(7')--C(6") 
C(7")--C(8")--N(1 ') 
C(7 ")--C(8")--C(9") 
N( 1 ')--C(8 ")--C(9") 
C(14")--C(9")--C(8') 
C(14')--C(9")--C(10') 
C(g' ) -c(9")--C(10")  
C(I I ')--C(10")--N(2") 
C(II ")--C(10 ')--C(9')  
N(2')--C(I0")--C(9") 

16.2(4) 
12.4(4) 
18.0(4) 
17.0(4) 
12.3(4) 
18.5(4) 

122.9(4) 
118.6(4) 
121.4(5) 
121.9(4) 
120.7(4) 
118.6(4) 
120.6(4) 
117.6(3) 
117.7(3) 
124.7(4) 
121.8(4) 
117.8(4) 
120A(4) 

C(IO')--C(II')-C(12') 121.9(4) 
C(I 3 ")--C(I 2 ')--C(I 1 ")120.7(4) 
C(12")--C(13")--C(14") 120.0(4) 
C(12")--C(13")--C(2) 125.1(4) 
C(14")--C(13 ")--C(2) 114.8(4) 
C(5")--C(14")--C(13') 120.9(3) 
C(5")--C(14') - -C(9")  120.1(3) 
C(13 ')--C(14 ')--C(9") 118,8 

034o N(2) 

0 198 

-0.124 

-0 310 ( 
-0.351 ~ 

0015 
0.337 
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N(I) -o2~s 
) 

-0 060 
~ 0.008 

0044 
~0040 

~) -0 009 

~ 0 043 

-0.0 I0 
-0053 

N( I ) -o.2za 

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

Selected properties of  double "proton sponge" 3. In 
the IH NMR spectrum of compound 3 (Fig. 4) at room 
temperature, as in the spectrum of  the parent compound 
1, the methyl groups of all dimethylamino fragments 
appear as a singlet, i.e., these groups are magnetically 
equivalent. However, dfis signal splits into two singtets 
upon cooling. In the case of  compound I, this splitting 
occu rs at - 120 ~ 1 while in the case of double "sponge" 
3. coalescence is observed even at 10 ~('. It is believed 

that cooling of "proton sponges" results in "freezing" of 
the molecules in the conlormat ion containing two mag- 
netically nonequivalent Me groups, viz., the external 
groups, which are located approximately in the plane of 
tl]e ring, and the internal groups, wtlich deviate substan- 
tially from the r ing  It was suggested tt that the 
interconversion of the methyl groups has a "narcissistic 
character" and proceeds through an intermediate planar 
state with the symmetry CXL ,. We calculated the &G n 
value for compound 3 (61.9 kJ tool-J) ,  which appeared 
to be twice as large as that for "proton sponge" 1 
(31.4 kJ mol - l ) .  It 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 naphthalene ring. In the case of com- 
pound 1, flattening occurs wittlout substantial internal 
hindrances, while this flattening in molecule 3 is, appar-  
ently, hindered due to the fixing effect of the central 

MebXN/M% M%__N/Mea 

~ Mea\ /Me' ~ 
�9 . m N I N m  'J . 

M % r  \ Me a 
N... /N--Meb 

Mea// Met, Me:~ 
C 2 C2~ C:~ 
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Table 4. Atomic coordinates (x I0 4) and isotropic equivalent Beq 
strt,cturc of 4 

Atom .x y z Beq 

S(l) 2502(I) 4675(I) 448(1) 40(1) 
N ( I )  -844(1) 2888(2) 2295(1) 32(1) 
F( I )  -832(1) 8050(2) 4331(1) 52(l) 
F(2) -253(1) 9751(I) 4058(1) 41(I) 
F(3) 384(1) 7987(2) 4223(1) 62(I) 
O(1) 0 8873(2) 25 51(1) 
0(2) -1296(1) 8904(2) 2618(1) 37(1) 
O(3) 2753(I) 3525(2) 1024(i) 42(1) 
C(I) -653(1) 6845(2) 2689(1) 23(I) 
C(2) -1315(1) 6198(2) 2797(1) 29(I) 
C(3) --1377(1) 4886(2) 2663(2) 30(I) 
C(4) -750(I) 4178(2) 2486(1) 24(I) 
C(5) 0 4809(2) 25 21(1) 
C(6) 0 6164(2) 25 21(1) 
C(7) -584(1) 8252(2) 2866(1) 25(1) 
C(8) -320(1) 8511(2) 3878(1) 3I(I) 
C(9) -672(2) 2421(2) 1465(2) 42(t) 
C(IO) -1530(2) 2257(3) 25(3) 50(I) 

(isotropic B~,~,, for hydrogen atoms) temperature factors in the 

Atom x y z B eq/ Bis o 

C(II) 1503(2) 4360(4) -140(2) 56(1) 
C(12) 2957(2) 4504(4) -485(2) 57(I) 
tt(1) -1565(20) 8702(32) 2051(24) 57(9) 
1t(2) -1731(15) 6625(24) 2948(17) 30(6) 
H(3) -1863(16) 4449(25) 2731(17) 33(6) 
H(91) -265(15) 2950(25) 1229(17) 30(6) 
H(92) -500(20) 1571(34) 1527(23) 57(9) 
H(93) -1222(20) 2431(33) 936(23) 61(9) 
tt(1011 --1432(19) 1372(35)  2501(22) 59(9) 
H(102) -1593(19) 2489(31) 3099(23) 53(9) 
tt(103) -2028(23) 2451(33) 2109(24) 60(9) 
I1(11l) 1498(22)  3516(39) -489(26) 73(ll) 
I1(112) 1193(26)  4283(40) 280(30) 84(13) 
|t(113) 1356(22)  5067(37) -608(26) 67(10) 
H(I21) 2712(19) 5165(30) -930(22) 48(8) 
1t(122) 3523(27) 4569(41) -234(29) 86(13) 
H(123) 2758(23) 3682(38) -783(25) 70(11) 

cight-membered ring (c f  analogous data o,1 the double 
binaphthyl "proton sponge"R). 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 (d) in the structure of 4 

Bond d/ A Bond d/A 

S(I)--O(3) 1.505(2) O(2)--C(7) 1.384(2) 
S(I)--C(12) 1.784(3) C(I)-C(2)  1.372(3) 
S(I)--C(II)  1 . 7 8 5 ( 3 )  C(1)--C(6) 1.420(2) 
N(I)--C(4) 1 . 3 9 5 ( 3 )  C(I)--C(7) 1511(3) 
N(I)--C(9I 1.454(3) C(2)-C(3) 1.400(3) 
N(I)--C(IO) 1.452(3) C(3)--C(4) 1.391(3) 
F(I)--C(8) 1.331(3) C(4)--C(5) 1.450(2) 
F(2)--C(8) 1.338(2) C(5)--C(6) 1.431(4) 
F(3)--C(8) 1.329(3) C(7)--C(8) 1.535(3) 
O(I)--C(7) 1.417(2t 

tion band, which is responsible for the yellow color, is 
observed at 389 nm (lg~. 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" I (ikma x 341 rim, 
Igc 4.09), t3 in which the transition to the protonated form 
is accompanied by a substantial hypsochromic shift of the 
long-wavelength absorption band (Lma x 288 nm, Ige 
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 ,-t-antibonding orbital of the naph- 
thalene ring. Since the NMe 2 groups in compound 3 
contribute insignificantly to absorption, the presence of a 
particular x-interaction between the naphthalene rings 
can confidently be ~Lssumed. Taking into account the 
strongly bent conformation of molecule 3 (Fig. t), this 
interaction occurs, most likely, directly through space 
rather than via the saturated bridges that link both rings. 

Table 6. Bond angles (0) in the structure of 4 

Angle O/deg 

O(3)--S(I)--C(t2) 105.47(t4) 
O(3)--S(1)--C(11) 105.11(14) 
C(I 2)--S(I)--C(1 I) 97.3(2) 
C(4)--N(1)--C(9) t18.6(2) 
C(4)-N(I  )--C(10) 117.7{2) 
C(9)--N(I)--C(10) l l 1.7(2) 
C(7).-O(I )--C(7)* 124.9(2) 
C(2)-C(1)--C(6) I t9.4(2) 
C~2)--C(11--C(7) 120.2(2) 
C(6)--C(1)--C(7) 1200(2) 
C(1) -C(2)~-C(3) 1209(2) 

Angle 0/deg Angle 0/deg 

C(4) --C(3)--C(2) 1 2 1 . 6 ( 2 )  0(2)--C(7)--C(I) 114.3(2) 
C(3)--C(4)--N(I ) 1 2 0 . 5 ( 2 )  O(I)--C(7)--C(I) 114.8(2) 
C(3)--C(4)--C(5)* 1 1 8 . 7 ( 2 )  O(2)--C(7)--C(8) 103.2(2) 
N( l )--C(4)--C(5)" 120.9(2) O(f )--C(7)--C(8) 104.0(2) 
C(3)--C(4)--C(5) 118.7(2) C( I )--C(7)--C(8) 110.4(27 
N( l )--C(4)--C(5) 1 2 0 . 9 ~ 2 )  F(3)--C(8)--F(I ) 107.1(27 
C(6)--C(5)--C(4) tl7.35(I 2) F(3)--C(8)--F(2) 107.3(2) 
C(4).-C(5~--C(41" 1253(2) F(II--C(8)--F(2) 106.7(2) 
C(I )*--C(6)--C( I ) 1 1 9 . 1 ( 2 )  F(3)--C(8)--C(7) t i  1.2(2) 
C( I )--C((,~--C(5~ 120.44(12) F( t )--C(8)--C(7) 112.3(2) 
O(2)-C(7)--O(1) 1 0 9 . 1 ( 2 )  F(2)--C(8)--C(7) 1120(2) 

;%'nte Atoms geHclated l ron l  the basi,~ :Hon;s by the synHnetQ., o[.~craliol~ --.v, y. I /2 - ,i afe marked wi th asterisks 
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Fig. 4. Signals of the N-methyl groups of compotmd 3 in the 
lit NMR spectrum (in CDCI 3) depending on the tempera- 
ture/~ -60 (1), -40 (2), -20 (3), 0 (4), 10 (5), 20 (6), and 
40 ( ~ .  

We prepared diperchlorate 12 by the reaction of base 3 
with an excess of HCIO4. The ~H NMR spectrum of 12, 
like that of the cation 1. H+, 3.4 has the signal of the 
protons of the NH group as a broadened singlet at low 
field (8NH 18.43 in DMSO-d 6 and 18.61 in CD3CN) due 
to the formation of a strong intramolecular hydrogen 
bond. However, it is most il]teresting that the methyl 
groups mdicat ion 12 {unlike those in the cation I - H +, 
which give one signal that splits into a doublet with the 
spin-spin coupling constant JNH--Me = 2.3--2.5 FIz) give 
two different signals (at 8 3.08 and 3.14 in Cl)3CN ) with 
smaller and nonequivalent  0udging forln the peak 
heights) spin-spin coupling constants (JNH--Me < 2 Hz). 
This unambiguously indicates that the hydrogen bridges in 
dication 12 are asymmetrical, which results in the appear- 
ante of two types of NMe 2 groups. Apparently, this 
as.~mmetw provides more substantial spatial separation 
mid. conscqttently, weaker electrostatic repu l s ion  between 

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

Although we failed to obtain monoperchlorate 13 
preparatively, its tH NMR spectrum was recorded when 
an equimolar amount of base 3 was added to a solution 
of diperchlorate 12 in DMSO-d 6. 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 8 18.52. It is particularly remarkable that 
tim hydrogen bridge in monocation 13 is asymmetrical. 
This is evidenced by the fact that the IH NMR spec- 
trum has two signals of the nonequivalent NMe 2 groups 
at 8 3.05 and 3.10, each being split into a doublet with 
spin-spin coupling constmlts of 1.98 and 1.87 Hz, re- 
spectively. It can be seen that the degree of asymmetry.' 
of the hydrogen bond is low, and the relatively small 
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 I ' H  + 
(cf  Ref. 8). It is worthy of note that when equimotar 
amounts of diperchlorate 12 and base 3 were mixed to 
form monosalt 13, 25% of the initial compounds re- 
mained in the solution. The latter fact indicates that the 
first and second ionization constants of compound 3 
have relatively close values. The difference ApK a be- 
tweeq these constants in a DMSO-d 6 solution was ~1.9. 
The ionization constants of compound 3 in MeCN, 
which were determined potentiometrically, are as fol- 
lows: PKa I = 16.6 and pKa 2 = 14.0. Therefore, the 
basicity of 3 is approximately one-and-a-ha l f  orders of 
magnitude lower than that of the parent compound 1 
(pK a = 18.18, MeCN), 13 which is attributable to the - I  
effect of the CF 3 groups. 

H 2 C[O 4 H �9 % 

M e 2 ~  "NMe 2 Me2N'- 

3 ,. F3 C CF 3 it i ,~ F3 c . 

0 1 0 4  

, lMe 2 

) 
C F,~ 

D 
Me2N * NMe,;, M e..,N NMe  2 

H 

1 2  1 3  

i. 2 HCIO 4. ii. 1 equiv, of  3. 

Exper/menta! 

The tH, I;C, and I'~f-' NMR spectra were recorded on a 
Unit.,,-300 insmmlen{ (300, 75.4, and 282.211 MHz, respec- 
tively) with Me4Si as the hlternal ,.;talldard for tl+e Ill and 
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I3C NMR spectra and with C6HsCF3 as the internal standard 
for the IqF NMR spectrum. The UV spectra were measured 
on a Specord M40 spectrophotometer. The IR spectra were 
recorded on a UR-20 spectrometer. The mass spectra were 
obtained on an M X-1321A i nsmm~ent with direct introduction 
of the sample into the ion source; the temperature of the 
ionizat ioq chamber was 50--100 ~ the ionizing voltage was 
70 eV. The melting points were determined in sealed glass 
capillaries on a PTP instrument and were not corrected. 
Chromatography was performed with the use of AI203 
(Brockmann It). 

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

&G n = 19.14Tc(9.97 + tog(Tc/&V)), kJ tool -I, (I) 

where Av is the difference between the chemical shifts of the 
internal and external methyl groups and T c is the temperature 
of coalescence. 

The data for cornpoi lnd 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 isothem~al evaporation 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 smmtures 
were solved by direct methods and refined by the least-squares 
method based on F2hld with anisotropic thermal parameters 

Table 7, Crystallographic characteristics and details of X-ray 
diffraction studies of compounds 3 and 4 

Parameter 3 4 

Molecular tbrmula C321t32F6N40 C221430FsN2OsS2 
Molecular weight 602.62 580.60 
Space grou p /r212l 21 C2/c 
a/A 1 i.314(2) 17.240(5) 
b/A 15.414(3) 10.563(3) 
c/A 16851(3) 15.289(6) 
r 90.0 90.0 
i~,/deg 90.0 103.07(3) 
y'/deg 900 90.0 
V/A 3 2939( I ) 2712(2) 
Z 4 4 
dcalc/g cm -3 1.362 1.422 
F(000) 1256 1208 
~/cm -I 1.10 2.72 
Diffractometer CAD4 Siemens P3/PC 
Tempe rature/K 293 15 t 
Scanning mode 0/(5/3)0 0/20 
0max/deg 26.0 28.1 
Number of reflections 3382 3333 
Number of independent 

reflections 3235 3230 
Number of reflections 

with I >- 2a(l) 1059 2787 
R 1 (based on F for 

reflections with 1~ 2a(/)) 0.0421 0.0412 
wR, (based on F 2 for all 

'~'~'onc reflections) 0.1326 0.2139 
Nc,,,,c 3210 3212 
Number of refinable 

parameters 505 229 
GOOF 1.05,'-; 1092 

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 5 program package (gamma 
version). ~6 

3,4,10,  ! I -Tetrakis(dimethylamino)-7,14-bis(trif luoro- 
me thyl)- 7,14-epoxydinaphtho[ 1,8-a,b; 1 ',8"-e4] cyclooeta ne 
(3).* A. A soh]tion of TFAA (I.5 g, 7 retool) in anhydrous 
CH2CI 2 (I0 eL)  was added dropwise to a vigorously stirred 
solut ionofcompound 1 (I g, 4.7 mmol) inanhydrovsCH2Cl 2 
(30 mL) cooled to -15 ~ The reaction mixture turned red- 
orange and was stirred at -15  ~ for 30 min. Then the flask 
containing the reaction mixture was closed with a stopper and 
kept at -20 ~ for 48 h. The white precipitate that formed 
(~ 1 g), which was visually pure trifluo,-oacetate of compound 
3, was filtered off, washed with CH2CI 2 and hexane, and 
dried. Then the precipitate was suspended in EtOll (25 mL) 
and base 3 was precipitated with stirring by adding a 20% 
KOH solution (~1 eL)  to pH 12. The yellow suspension that 
formed was diluted with water (50 m[.) 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 ~ (from octane), Rr = 0.82 
(A1203, CHCI3), 0.17 (A[203, hexane). Found (%): C, 63.3; 
tl, 5.25; N, 9.61. C32H32F6N40. Calculated (%): C, 63.79; 
H, 5.35; N, 930. UV (MeOH),)'-u~ax/nnt (lgE): 350 sh. (4.43), 
390 (4.54). IR (Nujol mulls), v/cm-I:  2780 s (C--H); 1573 
v.s, 1513 m (ring). IH NMR (30 ~ CDCI3), 6 :2 .72  (s, 
24 H, 4 NMe2); 6.81 (d, 4 H, t1(2), H(6), H(9), H(13), do = 
8.20 Hz); 7.59 (dq, 4 H, H(3), 1t(5), H(10), H(12), Jo = 
8.20 Hz, 5Jff_ F = 1.10 Hz). 13C NMR (20 ~ CDCI3), fi: 
43.8 (Me, IJc_ H = 133.3 IIz); 111.7 (C{2), C(6), C(9), 
C(13), IJc_ H =157.4 ttz); II9.8 (C(7a), C(14a)); 120.9 (C(3), 
C(5), C(10), C(12), J J r - I t  = 158.9 Hz); 123.2 (CF3); 123.9 
(C(4), C(II));  127.6 (C(7b), C(14b)); 130.2 (C(3a), C(4a), 
C(10a), C(lla));  150.6 (C(I), C(7), C(8), C(14)). 19F NNIR 
(25 ~ CDCI3), 6 : - 6 9 . 5  (2 CF3). MS, m/z (lrd (%)): 602 
[M]-" (100), 587 [M - Me]" (5), 558 [M - NMezl + (3), 533 
[M - CF3I + (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 CHCI 3, and 
made basic with a 10% KOH solution (to pH 12). The 
chloroform layer was separated, dried over CaCI2, and filtered 
through a column with AI203 (h = 20 cm, d = 2 cm) using 
CHCl 3 as the eluent. First, 4-trifluoroacety[ derivative 2 was 
collected (Rr 0.95, the yield was 0.15 g, 10.4%) as a viscous 
oil, which slowly solidified in a refrigerator to form orange-red 
ctystals, m.p. 74--75 ~ (from hexane). 19F NMR (25 ~ 
CDCI3), 6 : -68 .97  (q, CF3CO, 5Jv_ H = 2.1 Hz, 6Jv_ H = 
1.2 Hz). The spectral characteristics of the resulting com- 
pound are identical with those of the known sample. 2 Then 
unconsumed compound I was elated (Rf 0.47, the yield was 
0.20 g, 20%). 

B. TFAA (0.037 g, 0.176 retool) was added portionwise 
(00075 g) at t0-h intervals with stirring to a solution of 
compound 2 (0.10 g. 033 retool) in anhydrovs CH2CI 2 (3 eL) .  
Within 10 h after the addition of the last portion of TFAA, the 
precipitate that formed was filtered off, washed with CH2CI 2 
(I mL), dried, suspended in EtOH (1 eL) ,  and made basic 
with a 10% KOH'soh,tion (0.5 eL) .  The yellow precipitate of 

" The arbitra;y numbering scheme showu 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 trdluoroacetate of compound 3 
as described for procedure A, in a yield of 0.032 g (32%). 

C. TFA, h (0.085 mL, 0.6 retool) was added dropwisc to a 
stirred soh,tion of compound I (0.100 g, 0.047 mmol) in 
anhydrous THF (2 mL)  Then the flask containing the reac- 
tion mixture was sealed with a stopper and kept at ~20 ~ for 
96 h. The white precipitate of the trifluoroacetate 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 
virlually pure product was obtained in a yield 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 CHCI 3 (2• mL) and the extract was chromatographed 
oct a cohmm with AI203 (h = 25 cm, d = 2 cm); CHCI 3 was 
used as tim eluent. Monoketone 2 (Rf 0.95), double "proton 
sponge" 3 (Rf 0.82), and the initial compotmd 1 (Rf 0.47) were 
successively isolated in yields of 9 mg (6.2%), 8 mg (5.7%), 
and 14 rag(14%), respectively. The total yieldofcompound 3 
was 0.094 g (66.7%). 

Diperehlorate 12.* A 72% perchloric acid solution 
(0.3 m L  3.7 mmol) was added dropwise with stirring to a 
solution of base 3 (0.1 g, 0.17 retool) in CHCI 3 (20 mL). The 
yellow solution was rapidly decolorized and yielded a white 
flocculent precipitate. The precipitate was separated, washed on 
a filter with CHCI 3 and hexane, and dried in air. The yield was 
0.1 g (75%), m.p. 276--278 ~ (from MeCN). Found (%): 
C, 47.49; H, 4.52, C[, 8.55; N, 6.69. C321-134C12F6N409. Cal- 
ct, lated (96): C, 47.83; H, 4.26; Cl, 8.82; N, 6.97. UV 
(MeCN), ;'.,,ax/mn (tga): 346 (4.53). 389 (4.53). IR (Nujol 
mulls), v/crn-t: 3437 iN--H) ,  2713 (C--H), 1600 (ring). 
)1| NMR (25 ~ CD3CN), 8: 3.08 (s, 12 H, 2 NMe2); 314 (s, 
12 H, 2 NMe~): 8.09 {d, 4 It, H(3), H(5), H(10), H(12), Yo = 
6.81 Hz); 8.24 (d, 4 [t, I-1(21, H(6), H(95, H(13), Jo = 
6.20 Hz); 18.61 is, 2 H, 2 Nil). II-t NMR(25 ~ DMSO-df), 
8:3.05 (s, 12 H, 2 NMe2); 3.12 (s, 12 H, 2 NMc2); 8.23 (d, 
4 H, H(3), H(51, H(10), H(12), Jo = 8.13 Hz); 8.31 (d, 4 H, 
H(21, H(6), I-I(9), H(131, do = 7.90 Hz); 18.45 (s, 2 1-1, 2 Nit). 

Monoperehlorate 13 was prepared in a solution by adding 
an equimolar amount of base 3 to a solution of diperchlorate 
12 in DMSO-d 6. IH NMR (30 ~ DMSO-df), 8:15 the 
protonated portion of the cation: 3.05 (d, 6 H, NMe 1, .1NH- 
r~t~ = 2.0 Hz); 3.10 (d, 6 H, NMe> -/ NH--.~t~ = 1.9 Hz); 
8.10 (d. 2 H, m-H, -/o = 8.1 Hz); 8.15 (d, 2 H, o-It, do = 
8.2 Hz); 18.52(br.s, I H, Nit); 2) the nonprotonated portion: 
269 (br.s, 12 H, 2 NMe25; 6.93 (d, 2 H, o-H, .1o = 8.4 Hz); 
7.72 (br.d, 2 H, m-It,  Jo = 8.1 ttz). 

Trifluoroaeetylation of compound I in diehloroethane. A. A 
solution of T-FAA (0.85 mk, 6. retool) ira CICH2CH2CI (2 mL) 
was added dropwise to a solution of compound ! (1.07 g, 
5 retool) in CICH,CH~CI (10 mL). The mixture was stirred at 
-20 "C for 15 ram. Then the mixture was concentrated to 
dryness in air in a porcelain dish. The residue was triturated 
with water (20 mE), filtered off ,  and washed on a filter ~,ith 
water (-40 roLl. The aqtlcous solution and the water-insoluble 
residue were worked t:p separately 

" The arbitral' nttmbcring scheme shown in Scheme I was 
u',ed for the descripti,m of the NM R spectra ofcompom)d 12 

The aqueous soh,tion was made basic with a 10% KOH 
solution (to pH 14). The yellow precipitate that formed was 
extracted with CHCI 3 (2x20 mL) and the chloroform extract 
was concentrated to -15 mL and chromatographed on a col- 
umn with AI203 (h = 20 cm, d = 2.5 cm); CHCI 3 was used 
as the elucn[. Ketone 2 (& 0.95), double "sponge" 3 (R t 0.82), 
and the initial compound 1 (Rf0.47) 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 tile heavy white precipitate, insoluble 
in acetone, was filtered off, washed on a filter with acetone 
(2• mL), dried, and recrystallized from MeCN. The mixttn-e 
was suspended in water (3 mL) and treated with concentrated 
aqueous ammonia (2 mL). The reaction mixture was extracted 
with CHCI 3 (3x20 mL), the solvent was evaporated, and 
trans-diol 4 was obtained in a yield of  0.16 g (7.5%) as slightly 
yellowish needle-like crystals, Rf 0.05 (AI203, CHCI3) , which 
can be recrystallized from DMSO or toluene. Upon heating, 
the crystals turned yellow (beginning from 75 ~ At 130 ~ 
the habitus of the crystals changed and orange inclusions 
appeared. Fusion afforded a transparent red melt in the tern- 
perature range of 156--t62 ~ IR (Nujot mulls), v/era-I: 
3550--3350 (associated OH); 2780, 27t5, 2653 (C--I-t); 1580, 
1560 (ring). Found (%5: C, 51.05; H, 4.70; N, 6.49. 
CIsHIgF6N203. Calculated (%): C, 50.95; H, 4.28; N, 6.60. 
IH NMR (30 ~ DMSO-d6), 8 :2 .78 (s, 12 H, 2 NMe2); 
6.98 (d, 2 H, H(5), H(8), ./5,4 = "/8,9 = 8.3 Hz); 7.52 (dq, 
2 H, H(4), H(9), .I4,6 = J9,8 = 8.20 Hz, 5JH_ F = l.l Hz); 
8.06 (br.s, 2 tl, 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 CHCI 3 (17 mL). After concentration of the 
organic extract, 1.8-bis(dimcthylamino)-2,4-bis(tr if luoro- 
acetyl)naphthalene (6) was obtained in a yield of 0.028 g 
(1.4%) as yellow crystals, m,p. t80--182 ~ (from octane). 
Found (%): C, 53.01; H. 4.22; N, 6.59. CtgHt6FfN20> Cal- 
culated (%): C, 53.21; H, 3.94; N, 6.89. Itt NMR (30 ~ 
CDCI3), 8:2.78 (s, 6 II, C(8)NMe2); 3.30 (s, 6 It, C(1)NMe2); 
6.95 (d, 1 H, H(7), ,/7,6 = 7.9 Hz); 7.52 (dd, I 1t, 1t(6), 
-/6.7 = 7.9 Hz, "16,5 = 8.3 llz); 8.43 (d, 1 H, H(5), 25, 6 = 
8.3 Hz); 8.48 (br.s, 1 H, H(3)). 

The pale-yellow precipitate, which was obtained after wash- 
ins with a hexane--CHCI 3 n-dxture, was treated with a 10% 
KOtt solution (2 mE) and extracted with CtlCI 3 (3xt0  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 Rf0.01 (A1203, CHCI3) can be recrystallized from DMSO. 
When heated above 148 ~ the crystals gradually turned 
yellow and melted with decomposition in the temperature 
rangeof150--153 ~ Fot, nd (%) :C ,  51.17;H, 4.55;N, 6.37. 
CIsI-I~gFfN203. Calculated (%): C, 50.95; H, 4.28; N, 6.60. 
IR (Nujol mulls), v/cm-I: 3455, 3310 (OH); 2770 (C--H); 
1575, 1550 (ring). tH NMR (30 ~ CDCI3), ,5:2.84 (br.s, 
12 H-,-.2 NMe2); 3.75 is,  2 H, OH); 6.93 .(d, 2 H, H(55, 
H(8), J5,4 = -/8,9 = 8.1 Hz); 7.67 (dq, 2 H, H(4), H(9), 
-/4.5 = J9.8 = 8.1 Hz, 5JH_ v = 12 ttzS. tH NMR (30 ~ 
DMSO-d6), 15:2.78 (br.s. 12 H, 2 NMe2); 7.01 (d, 2 H, H(5), 
1t{81, ']5.4 = "]8,9 = 8. i Uz); 756 (dq, 2 11, H(41, H(9), 
J-~.S =-19.8 = 81 tlz, JH-F = l.I l lz);  8.26 is. 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 initial compound I were 
obtained in yields of 55%, 2%, and 40%. respectively The 
total yield of cis- (4) and trans-diols (51 was lower than I%. 
Ketone 2 was not detected in the reaction mixture 
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C. When the ~eaction mixture was kept for 7 days, the 
yicMs of tile reaction products were as follows: 10% (2), 57% 
(3), and 19% (the initial "proton sponge" 1). 

Trifluoroacetylalion of compound 1 in chloroform. A solu- 
t ionofTFAA(0.31 g, 1.5 mmol) inCHCI 3 (5 mL) wasadded 
dropwise to a vigorously stirred solution of compound 1 
(0.21 g, 1.1 retool) in freshly distilled CtICI 3 (15 mL) cooled 
to -15 ~ Then the mixture was stirred at -15 ~ for 
30 rain, the reactor flask was sealed with a stopper, and the 
reaction mixture was kept at -20 ~ for 48 It. The solvent was 
evaporated to dryness and tile residue was suspended in water 
(10 mL) and made basic with a 10% aqueous solution of KOH 
(to ptl -13). The suspcnsion that formed was extracted with 
CHCI 3 (3x 15 mL). The conlpottnds, which were present in 
the chloroform extract, were separated by preparative TI.C 
(AI203, CHCI3). Monoketone 2 (Rf 0.95), double "proton 
sponge" 3 (Rf 0.82), diketone 6 (R r 0.80), and the initial 
compound I (R c0.47) 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 retool) in CH2CI 2 (5 mL) was added dropwise 
with stirring to a solution of ketone 2 (0.3 g, 10 retool) in dry 
CH2CI 2 (10 ml+) cooled to -15 ~ Then the mixture was 
stirred at ~20 ~ for 15 rain, poured into a porcelain dish, and 
concentrated to dryness. The dry residue was washed with 
water (4x10 mL) and the aqueous extracts were combined, 
treated with a 10eb KOtt solution to pH M3, and extracted 
with CHCI 3 (3x I0 rnL). The chloroform extracts were com- 
bined and concentrated in air and the residue was separated by 
preparative TLC (A1203, CHCI3). The initial ketone 2 (Rf 
0.957, double "proton sponge" 3 (Rf 0.82), dike.tone 6 (Rf 
080), and diol 5 (Rf 0.01) were isolated in yields of 0+172 g 
(55.5%), 0029 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 rain and 
white crystals of the triflnoroacetatc of diol 4. which were not 
dissolved in acetone, were fihcred off. The yield was 0.003 g 
(0.7%). 

1,8-Bis(dimethylamino)-4,S-his(trifluoroaeetyl)naphlhalene 
(7). Comgound 5 (0.2 g, 0.47 retool) 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 Tort for 15 rain. After cooling, 
diketone 7 was obtained as a solid orange-red amorphous 
product in a yield of 0.19 g (~100%). IH NMR (30 ~ 
CDCI3), ~: 2,96 (s, 12 H, 2 NMe2); 6.75 (dt, 2 H, H(2), 
tt(7), J2.3 = J7.6 = 8.7 Hz); 7.86 (dq, 2 H, [1(3). ft(6), 
JL2 = ,/6.7 = 8.7 Hz. 5Jt+_ I. = 1.9 t-|z). 

The N M R  spectra were measured  at the Party C e n -  
ter  o f  the " N o r t h - C a u c a s i a n  Regiona l  Labora to ry  
o f  N M R Spectroscopy."  

This work was financially suppor ted  by the Russian 
Foundat ion  for Basic Research (Project  No. 96-03-  
32153a). 
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