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Complexation of Primary Alkylammonium Salts
and Secondary Dialkylammonium Salts by
N,N-Dimethyl-1,7-diaza-4,10-dioxacyclododecane
Sir:

Since the discovery by Pedersen! that dibenzo-18-crown-6
forms complexes with ammonium and primary alkylammo-
nium cations, as well as with metal jons, the design of highly
structured molecular complexes has attracted the attention
of several groups of investigators.2-® Recently, our own in-
terests have been directed toward the search for a ligand which
will form strong complexes with secondary dialkylammonium
cations. Examination of Corey-Pauling-Koltun (CPK) mo-
lecular models led us to the belief that 12-crown-4 (1)7 should
bind secondary dialkylammonium cations through participa-
tion of their two acidic hydrogens on nitrogen in hydrogen
bonding with a pair of diametrically opposed oxygens in 1
leaving the other two oxygens of 1 to act efficiently in the
stabilization of the positive charge on nitrogen, Thus, the
two-point binding model we propose for the cationic complex
can be visualized to have structure 2.

o
J

Rl g2

A

\N’
.H/ \H.

1, X
3, X = NMe

X" = NH

We have tested our hypothesis employing the N,N-di-
methyldiaza-12-crown-4 (3)3 as the complexing ligand because
(i) it is easily obtainable in reasonable yield (61%) from the
known® macrocyclic diamine (4) on, treatment (100 °C, 16
h) with HCHO-HCO,H; !0 (ii) it contains suitable probes for
rapid 'H NMR spectroscopic investigation; and (iii) nitrogen
containing crowns of large ring size are known3!! to form
strong complexes with primary alkylammonium cations. We
now report that 3 does indeed complex in organic solvents with
secondary dialkylammonium perchlorates and thiocyanates8
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derived from Me,NH (5), (Me,CH),>NH (6), (PhCH,),NH
(7), and piperidine (8). Moreover, the primary alkylammo-
nium perchlorates and thiocyanates® derived from MeNH; (9),
MeCH,NH; (10), Me,CHNH; (11), MesCNH, (12),
PhCH,NH; (13), and (S)-PhCHMeNH; ((S)-14) are also
complexed by 3 in organic solvents.

Formation of 1:1 complexes with the amine salts 5-(S)-
14-HCIO4 and 5-(S)-14-HSCN in CD,Cl, was accompanied
by significant chemical shift changes'? in the 'H NMR spec-
trum of 3 which exhibits a singlet at 6 2,42 for the NMe protons
and triplets at 2.54 and 3.53 for the NCH; and OCH, protons,
respectively. We have examined (Table I) the temperature
dependences of the 'lH NMR spectra of all of these 1:1 com-
plexes!? as well as the “2:1 complexes” |3 formed between 3
and the amine salts 7-HCIOg4, 7-HSCN, 12.HCIO,, (S)-14.
HCIOy, and (S)-14.HSCN. The kinetic and thermodynamic
data obtained from these two sets of experiments have been
interpreted in terms of two exchange processes: (i) the ex-
change of cations between opposite faces of 3 (examination of
CPK space-filling molecular models indicates that such an
exchange process must involve ring inversion of 3 as well as
inversion at both nitrogens;'4 complete or partial dissociation
of the complex must also occur; this exchange process is
measured by the temperature-dependent !H NMR spectra for
1:1 complexes (see Table I) leading to AG*, values which we
equate with free energies of activation (AG¥ 4my) for a
face-to-face equilibration involving both dissociative and
conformational inversion components); (ii) the exchange of
cations with a single face of 3 in a process which must involve
complete or partial dissociation of the complex (this exchange
process may be measured by the temperature-dependent 'H
NMR spectra for “2:1 complexes” |3 leading to AG*, values
which we equate with free energies of activation (AG*,) for
dissociation of complexes).

The temperature-dependent 'H NMR spectra of the 1:1
complexes formed between 3 and the R'RZNH,*X~ salts
5-8-HX are consistent with complexes having C,, symmetry
as represented by the general structure 15. At low tempera-
tures, the signal (A,) for the NCH; protons in all of these
complexes separates into two signals (AB) of equal intensity
reflecting the diastereotopic nature of the protons in the
face-to-face complex 15. The fact that the OCH; protons re-

Cay symmetry
15

main isochronous despite their diastereotopicity suggests that
the hydrogen bonding in the complexes involves the nitrogens
of 3 leaving the more electronegative oxygens free to partici-
pate in electrostatic stabilization of the charge on nitrogen in
the cation. The two NMe groups are homotopic in 15 and so,
not surprisingly, resonate as a singlet at low temperatures.
However, the singlet for the NMe protons separates into two
equal intensity singlets at low temperatures in the *“2:1 com-
plexes” involving 3 and 7-HX reflecting equimolar proportions
of complexed and uncomplexed 3.
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Table L. Temperature-Dependent |H NMR Spectral Data and Kinetic and Thermodynamic Parameters for the Complexation of Secondary
Dialkylammonium Salts and Primary Alkylammonium Salts with 34

Molar AG.¥F,
ratioof 'H NMR Spectral T.,°C Av(°C) £2 +0.3
RIRINH,*X~ R! R2 C:sS probes changes +3 Hz ke, s~! kecal/mol Process
5.HC1O4 Me Me 1:1 NCH;, AB — A, -20 29 (~26) 64 126  d+rni
5.HSCN Me Me 1:1 NCH; AB — A, ~50 30 (~-60) 67 11.0 d+ru
6-HClO4 CHMe;, CHMe, 1:11  NCH; AB — A, -60 21 (—68) 47 107 d+rni
6-HSCN CHMe, CHMe; 1:11  NCH; AB — A, -82 44 (~90) 98 93 d+rni
7.HClO4 CH,Ph CH;Ph  1:1 NCH, AB — A, —44 33 (~60) 73 112 d+rni
2:1  NMe AB — A, —84 124 (~90) 276 87 d
7-HSCN CH,Ph CH,Ph  1:1  NCH; AB — A, ~55 33 (=70) 73 108  d+rui
21 NMe AB — A, —-90 124 (~100) 276 84 d
8:HClO4 -(CHy)s- I:1 NCH; AB — A, -6 29 (~12) 64 133 d+ri
2 X CH;¢ AB — A, —-54 93 (~70) 207 104 ri’
8-HSCN -(CHj)s- 1:1 NCH; AB — A, —48 45 (~60) 100 11.0 d+runi
2 X CH;¢ AB — A, —-63 95 (~80) 211 100 r’
9.HClO4 Me H 1:1 NCH, AB — A, —64 44 (~70) 98 102 d+rni
9.HSCN?® Me H 1:1  NCH, AB — A, -50 38 (~60) 84 110 d+ru
10-HCIO4 CH;Me H 1:1 NCH, AB — A, -20 48 (~30) 107 124  d+rn
10-HSCN CH;Me H 1:1 NCH, AB — A, ~-12 50 (~24) 111 128  d+rni
11-HClO4 CHMe, H 1:1  NCH,CH,0 ABCDI} A, v 50 (~10) 111 134 d+ru
ABCD2 M2 124 15(~40) 33 134 d+rni
11.HSCN? CHMe, H 1:1  NCH;CH,O ABCD — A,C, ~17¢ 60 (~30) 135 124 d+rni
—28¢ 16 (~530) 36 125 d+rn
12-HC1O4® CMe3 H 1:1 NCH;CH,O ABCD — A;C, —10/ 48 (~20) 107 127 d+rni
~21/ 20 (~30) 44 128  d+rni
2:1  NCH, AB— A, —64 52 (—80) 116 101 d
12.HSCN? CMes H 1:1 NCH;CH;O ABCD — A;C, —352 38 (~45) 84 1.7 d+rn
~382 32 (~60) 70 11.6 d+rn
13-HC1O4® CH,Ph H I:1  NCH; AB — A, ~30 64 (~50) 142 117 d+rni
13:HSCN? CH,Ph H 1:1  NCH;CH;0 ABCD — A,C; 0h 46 (~10) 102 134 d+rn
—~8h 19 (~20) 42 135 d+rani
($)-14-HC104% (S)-CHMePh H 1:1 NCH,CH,0 ABCDI}_, Ac, U 46 (—6) 102 134 d+rn
ABCD2 22 gi 31 (~12) 69 132 d+rani
—10¢ 18 (~40) 40 134  d+rai
2:1 NMe AB— A, —52 124 (~90) 276 103 d
(S)-14-HSCN? (S)-CHMePh H 1:1  NCH,CH;0 ABCDI}_) ALC —5/  48(~10) 107 131 d+ru
ABCD2 -2 10/ 25(=20) 56 132 d+rui
—13/  17(~40) 38 132 d+rai
21 NMe AB — A, —47 110 (~80) 244 102 4

@ All spectra were recorded in CD,Cl; at 220 MHz on a Perkin-Elmer R34 spectrometer with MesSi as *“lock” and internal standard. Ab-

breviations used are C:S, molar ratio of crown to salt; T, coalescence temperatures; Ay, frequency separation for the appropriate 'H NMR
probe with the temperature at which it was measured indicated in parenthesis; k., exchange rate constant at T, calculated from the expression,

o = wAp/2Y/2(G. Binsch, Top. Stereochem., 3,97 (1968); 1. O. Sutherland, Annu. Rep. NMR Spectrosc., 4,71 (1971)); AG¥,, free energy
of activation at 7 calculated from the Eyring equation; d, dissociation of the complex; rni, ring and nitrogen inversion of 3; ri’, ring inversion
of the piperidy! ring in the complexes 3-8-HC1O4 and 3-8-HSCN. # Kindly supplied by Mr, D. A. Laidler. ¢ The C-3 and C-5 methylene protons
separate into two signals at low temperatures. ¢ At T, 0 °C, AB — A for the NCH; protons; at 7, =12 °C, A1A2 — A for the NCH} protons.
¢ At T, ~17°C, AB — A; for the NCH; protons; at T, =28 °C, CD — C; for the OCH, protons. / At T, —10 °C, AB — A, for the NCH,
protons; at T, —21 °C, CD — C, for the OCH; protons. & At T, =35 °C, AB — A, for the NCH; protons; at 7, ~38 °C, CD — C; for the
OCH; protons. # At T, 0 °C, AB — A for the NCH, protons; at 7, —8 °C, CD — C; for the OCH, protons. ! At 7. —~1 °C, AB — A, for
the NCH; protons; at 7. ~8 °C, CD — C, for the OCHj protons; at 7, —10 °C, A1A2 — A for the NCH, protons. / At T, ~5°C, AB — A,

for the NCH; protons; at T, ~10 °C, CD — C; for the OCHj protons; at 7. ~13 °C, A1A2 — A for the NCH, protons.

The temperature-dependent 'H NMR spectra of the 1:1
complexes formed between 3 and the R'NH;*tX~ 9-13.HX
are consistent with complexes having C; symmetry as repre-
sented by the general structure 16. In particular, the signal
(A,C,) for the NCH,CH,O protons of 3-11.-HCIOy, separates
into two ABCD systems (1 and 2) at low temperatures. This
feature also characterizes the signal for the NCH,CH,0
protons in the asymmetric complexes 3-14-HX at low tem-
peratures even although the diastereotopic NMe groups remain
isochronous.!S As a result, the separation of the NMe proton
singlet into two equal intensity singlets at low temperatures
in the “2:1 complexes” involving 3 and (S)-14-HX may be
interpreted in terms of equimolar proportions of complexed
and uncomplexed 3.

The results in Table I may be summarized as follows. (i) The
barrier heights (AG*;4,,) for dissociation plus inversion

processes are higher by 2.4-3.1 kcal/mol compared with those
(AG#*,) for dissociation. Thus, the contribution to AG¥* 44,
from inversion processes is larger in 3 than has been observed
previously (cf. ref 5b). If it is assumedS®!6 that the relative
values of AG¥ ;4. can be correlated directly with relative free
energies of complexation then (ii), for the R'R2NH,*tX " salts,
the perchlorates are more stable than the thiocyanates. This
observation probably reflects the greater stability of the salt
ion pair when the anion is SCN~ and therefore can form strong
hydrogen bonds with the cation. Consequently complex 15 will
be destabilized in the presence of SCN~ ions. (iii) For the
RINH;*X~ salts the thiocyanates are the more stable when
R!is Me, CH;Me, and CH,Ph, whereas the perchlorates are
the more stable when R! is CHMe,, CMe;, and CHMePh.
Clearly, complex 16 will be stabilized when the anion can hy-
drogen bond to form a tight complex ion pair. This is most
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Rl, Achiral — (g symmetry

Rl, Chiral —— ¢; symmetry
16

likely to occur when the anion is SCN~ and the “available”
hydrogen on the positively charged nitrogen is sterically ac-
cessible and relatively more acidic (i.e., when R! is Me,
CH,Me, and CH,Ph rather than when R! is CHMe,, CMe;,
and CHMePh),
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An Inhibitor for Aldolase
Sir:

Compound 1 was synthesized in order to determine if rabbit

muscle aldolase would catalyze the elimination reaction shown

in

Scheme I in a manner similar to that found for primary

amines in aqueous solution with a a-acetoxy or §-hydroxy
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0 ENZ\ITJ/H
|
O,NPhOCH,CH,CCH,0(p) 220kee, H\H\/C’@
1 ~
0
Hk/o®
|
2 .
ENZ_ 4 M ENZ. H
“)k/o® -~ H P O®
O,NPhO
S
ENZ~
A O0®
NUC

Communications to the Editor



