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BENZAMIDINIUM BENZOATES
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Various p-substituted benzamidinium benzoates (III), and benzamidinium p(m)-substituted
benzoates (IV) were prepared and the nature of the amidinium - carboxylate interactions was
examined by 'H and '3C NMR spectra. Based on the simple semiempirical quantum-chemical
EHT method a presumption was made that the mutual influence between both counter-partners
is substantially stronger compared to similar aliphatic compounds. The spectroscopic data are
consistent with this presumption and exhibit good correlation between chemical shifts and
Hammett’s ¢ values.

Arginine plays an important role in carboxylic substrates fixation in numerous
enzymatic reactions as was demonstrated e.g. for lactate dehydrogenase'*2, carbo-
xypeptidase®, malate dehydrogenase* and other enzymes®. The mentioned fixation
consists in the formation of two parallel hydrogen bonds between two nitrogens of
the arginine guanidinium group and two oxygens of the carboxylate (Scheme 1).
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In our previous communication® we have applied an MO approach to understand
the basic characteristics of this interaction between simple counter-ions of a different
chemical nature and we also tried to find the mutual influence between the carboxylic
and amidinium parts of more complex p-substituted benzamidinium carboxylates’.
We did not succeed in finding any substitution effect at all in the case of simple
counter pairs® and only slight mutual influence was found in more complicated
structures’ where one of the molecule components was aromatic. In our previous
non-empirical calculations made on 4—31G level® for very simple compounds we
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found that frontier molecular orbitals HOMO (Highest Occupied MO) and LUMO
(Lowest Unoccupied MO) were exclusively located in one of the counter-partners.
To realize whether searching for the substitution effect in more complicated com-
pounds would be worth the effort we carried out the distribution comparison of the
frontier orbitals in a series of three compounds with increasing complexity. Semi-
empirical quantum-chemical method EHT (ref.®) was chosen for this purpose and
formamidinium formate (I), benzamidinium formate (II) and benzamidinium
benzoate (II1a) were investigated. As we reported earlier® at simple amidinium
carboxylates the HOMO is not delocalized over the complete molecule at all, EHT
calculation exhibit qualitatively the same result (Fig. 1) for formamidinium formate
(7). When the amidinium part is aromatic (II) HOMO also slightly involves the
carboxylic part and for benzamidinium benzoate (I11a), both parts being aromatic,
the localization of HOMO on the carboxylate is substantial. Therefore the presump-
tion that a stronger substitution effect might be observed in benzamidinium benzoates
seems to be reasonable. The results depicted on Fig. 1 encouraged us in the synthesis
of two benzamidinium benzoate series: IIla—IIIh and IVa—IVyg, respectively
(Scheme 2).
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Compounds IIIa—1I1le, I11h were prepared from the corresponding p-substituted
benzamidinium chlorides and sodium benzoate; for I1lg preparation p-cyanobenza-
midinium acetate was used. For the synthesis of compound IIIf the reaction of ethyl
p-bromobenzenecarboximidate with ammonium benzoate was utilized. Compounds
IVa —1Vg resulted from the reaction of p-substituted sodium benzoate with benzami-
dinium chloride.

EXPERIMENTAL

Temperature data are not corrected. Melting points were determined on a Boetius apparatus.
NMR spectra were measured on Bruker AM 400 in (CD;3),SO or D,O solutions related to
tetramethylsilane or sodium 4,4-dimethyl-4-silapentasulfonate, respectively. Experimental para-
meters were: for 'H NMR 400-13 MHz, 64 K data points, digital resolution 0-2 Hz/point,
pulse width 4 us, temperature (depending on the solubility) 27— 80°C; for 13C NMR 100-61 MHz,
64 K data points, digital resolution 1 Hz/point, used APT (Attached Proton Test), two-dimensional
spectroscopic technique HETCOR, pulse sequence, temperature 27— 80°C.

Fig. 1

HOMO distribution in the molecules of formamidinium formate I (@), benzamidinium formate
II (b) and benzamidinium benzoate IIla (c) calculated by the EHT method. HOMO is slightly
unsymmetrical because of compound Illa geometry®
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TaBLE 1
Melting points and elemental analyses for compounds III and IV

Formula Calculated/Found
Compound M M.p., °C
M.w.) o/C oH o/N
Hla C;14H 4N,0, 2502529 69-42 5-83 11-56
(242-3) 69-72 592 11-53
IIIb C,4H;5N;0, 238—240° 6535 5-87 16:33
(257-3) 65-18 577 16:14
IlIc C,gH,,N,0, 245—248° 7246 743 9-39
(298-4) 7203 7-41 9-33
111d C,sH,;¢N,0, 233—236 70-29 629 10-93
(256-3) 70-21 6-42 10:91
Ille C,oH;N,0, 2532557 7545 570 8-80
(318:4) 74-91 5-81 8-88
urf C,4H 3N,0,Br°  263—265° 5236 408 872
(321-2) 51-84 413 8-44
Illg C,ysH{3N30, 267--269° 67-40 490 15-72
(267-3) 67-42 4-80 15-58
1Ih C,4H;;3;N;0, 268—270° 5853 456 1463
(287-3) 5851 4-69 14-64
1Va C,4H;5N;0, 192—193 6535 5-87 1633
(257-3) 65-50 5-87 15-90
Vb C,sH,,N,0, 253—255° 72:46 7-43 9-39
(298-4) 71-89 7-19 9-43
IVe C,4H,5N;0, 206—209° 6535 5-87 1633
(257-3) 64:97 5-49 15-87
vd C,0H;gN,0, 198—199° 75-45 570 880
(318:4) 75-39 5-75 8:63
IVe C14H 3N,0,C1¢ 2442457 6077 474 10-12
(276°7) 60-25 4-52 10-16
vy Cy4H{3N,0,Br®  247—249° 5236 408 872
(321-2) 52-68 412 877
Vg C,4H,3N;0, 2822847 5853 456 1463
(287-3) 58-62 4-60 14-53

9 Exhibits sublimation before melting; ? ref.!1 m.p. 230°C. € calculated 24-88%Br, found
25-02%Br; ¢ calculated 12:81%Cl, found 12:91%Cl; € calculated 24-88%Br, found 24-65% Br.
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General Procedure for the Preparation of Compounds IIla— IIle, IITh, IVa—IVyg

The mixture of equimolar amounts of (substituted) benzamidinium chloride and corresponding
sodium (substituted) benzoate in water was heated to 60°C. The precipitate obtained after cooling
was recrystallized from ethanol — water or ethanol-chloroform solution. Melting points and
elemental analyses are given in Table I.

TaBLE 11
NMR spectra (6, ppm) of compounds ITla— IITh (amidinium parts)

IH 13C
Compd. - e e -—- — -
A o m NH, A Cl  C2 C3  C4 Cimiain
1lla 771  7-85 7-61 1065 —_ 129-39 12883 127-54 133-07 16631
b 617 665 760 849 — 113-45 129-28 11270 153-86 164-85
11-:20
IIc 129 779 7-63 10-40 3069 12644 127-44 12569 15633 166-03

1Ild 241 775 743 1048 2095 126-34 127-49 12935 143-59  165-92
a b

IIe 7-95 795 1053 128-12  129-04 12825 14466 165-79
uif — 785 778 1067 — 12869 131-86 129-66 126-83  165-44
g — 812 801 1081 117-83  134-03 12861 132:67 11515 165-13
Hin — 809 843 1090 — 135-53  129-43  123-71 14994  164-98

97.53 (0 + m protons), 7-46 (p protons); ® 138-52 (C-1), 12695 (C-2 + C-3), 128-44 (C-4).

TaBLE III
NMR spectra (J, ppm) of compounds IIla— IIITh (carboxylate parts)

1y 13¢
Compd. e -
0 (m + p) Cearbox C-1 C-2 C-3 C-4
Hla 7-93 7-36 171-59 138-50 128-88 127-31 129-45
i 7-90 7-33 171-09 138-86 128-85 127-22 129-28
Ilc 7-92 7-35 171-51 138:50 128-89 127-31 129-46
id 791 7-36 171-43 138-60 128-87 127-28 129-39
Hle 7-95 7-37 171-54 138-59 128-91 127-31 129-45
uiy 7-91 7-35 171-57 138-35 128-89 127-34 129-53
g 7-93 7-37 171-71 138:25 128-92 127-38 129-61
i 7-92 7-36 171-68 138-05 12891 127-40 129-69
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p-Bromobenzamidinium Benzoate IIIf

To the solution of 1 g (5 mmol) p-bromobenzonitrile was dissolved in 25 ml of dry dioxane,
0-5 ml (0-4 g, 8 mmol) of absolute ethanol was added and the mixture was saturated with dry
hydrogen chloride. After 12 h the solvent was evaporated under reduced pressure and crystalline

TaBLE IV
NMR spectra (J, ppm) of compounds IVa— IVg (amidinium parts)

IH 13C
Compd. — - C—— -
o m p NH, C-1 C-2 C-3 C-4 Camidin
IVa 7-83 7-59 7-69 10-70 129-81 128-76 127-43 132:83 166:09
Ivh 7-85 7-60 7-70 10-63 129-51 128-81 127-54 133-01 166-28
Ive 7-86 7-60 7-70 10-58 129-42 12878 127-55 133:00 166-11
1vd 7-87 7-62 7-72 9-06 129-33  128:86 127-59 133-14 166-39
12-24
1Ve 7-86 7-62 7-72 10-56 129-28 12884 127-60 13314 16631
vy 7-86 7-62 7-72 9-08 129-21 128-85 127-60 13317 166-35
11-99
Vg 7-86 7-63 773 10-40 129-15 128-87 127-63 13324 166-31
TABLE V

NMR spectra (6, ppm) of compounds IVa— IVg (carboxylate parts)

IH 13C
Compd. ~—— — — —_— -
B 0 m B Cearbox ~ C-1 Cc-2 C-3 C-4
IVa 530 761 647 — 172:36 12566 13043 11223 150-21
IVb 129 785  7-35 3428  171-72 13587 12877 12401 151-99
31-08

IVe 496 721 697 — 17229 13936 11516 14773 115-08°

7:09  6-58°
Ivd e 802 767 d 170-75 13648 12962 12885 141-60
IVe — 791 739 — 17027 13421 13075 127-34 137-62
vy — 784 754 — 17033 13758 13106 130-36 12332
Vg — 821 8§12 — 169-27 14503 12996 122:73 14814

9 C-5127-55, C-6 117-04; ¢ protons p-; € protons o- 7-71, m- 7-48, p- 7-38; 4c-1 139-82, C-2 125-87,
C-3 12669, C-4 127-52.
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residue made alkaline with sodium hydroxide with cooling in ice bath. Ethyl p-bromobenzene-
carboximidate was then extracted with ether and immediately mixed with the saturated ethanolic
solution of 0-7 g (5 mmol) ammonium benzoate. The precipitated crystals were crystallized from
the ethanol-chloroform mixture (1 : 1).

For quantum chemical calculations the EHT method® was used. Coordinates for the fragment
-C(NH,),0,C- were selected from X-ray data®, geometry for the rest of molecule was
standard!®.

RESULTS AND DISCUSSION

Elemental analyses and melting points of compounds IIIa—II1h and IVa—1Vyg are
summarized in Table 1. Melting points of all 15 prepared compounds fall into a rela-
tively narrow interval of about 90°C. Both aminoderivatives IIIb and IVa and
benzamidinium p-phenylbenzoate IVd melt below 200°C, high melting points are
exhibited by both nitroderivatives II1h and IVg. The majority of the prepared com-
pounds sublime.

The substitution effect was followed by 'H and !3*C NMR spectroscopy. Spectra
of the compounds [Ila—IITh and IVa—IVyg, measured in hexadeuteriodimethyl-
sulfoxide, are summarized in Tables II-V. As follows from the Tables chemical
shifts changes of the acidic part of 111 and of the benzamidinium part of IV, respective-
ly, are relatively small (004 to 0-06 ppm for 'H NMR and 0-4 to 1:8 ppm for
13C NMR, respectively) but well attributable and comparable among each other for
different compounds. With the change of substituents all traced signals are shifted
with a quite defined mode The generalized scheme of the shifts is depicted on Fig. 2
and may be compared with the sense of HOMO distribution change (cf. Fig. 1).

005 0:04
081 041 a
A 062 004
006 018
004 0-04
041 -0:66, -e T
004 024 b
020 0 B

FiG. 2

NMR shift differencies of unsubstituted parts of compounds IIla—IIIh (a) and IVa—1Vg (b)
(extreme differencies given). The negative values are given for decreasing chemical shift in the
dependence on Hammett o, constants
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For two different dependencies of chemical shifts on the Hammett ¢ constants the
respective plots are shown in Fig. 3.

"H NMR experiments helped us to go deeper into the problems of solvation and
dissociation of amidinium carboxylates in dimethylsulfoxide and aqueous solutions,

TABLE VI
1H NMR spectra (8, ppm) of compounds IIla, IIIb and IITh (carboxylate part) in D,O

Compd. o m p
Illa 7-858 7-462 7-536
IIIb 7-860 7-464 7-530
IITh 7-862 7-468 7-539

TaBLE VII
1H NMR spectra (6, ppm) of compounds IIla and IVe (amidinium part) in D,0

Compd. o m P
Ila 7-758 7-603 7-749
IVe 7-760 7-603 7-750
1390 ™ T
b
s L A
ppm 5 i
1384 -
1380

FiG. 3
Dependence of '3C NMR chemical shifts
(d, ppm) on Hammett op (or oy, for 1IVc) 1330
constants for: 1 benzoate C-1 in compounds L Dwa
Illa—IIIk (¢ —0-5); 2 benzamidinium C-4 28 . ]
in compounds IIIa and IVa—IVg (g 0-3) -05 0 10

1332
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respectively. In Table VI there are 'H NMR signals of the carboxylic parts of
compounds IIIa, I11b and I11h, measured in D,O and in Table VII similar informa-
tion for the amidinium component of compounds I11a and IVe is given. As follows
from the Tables VI and VII maximal deviation of the signals is 0-009 ppm, in most
cases only 0-002 ppm, this value being behind the accuracy of the 'H NMR measure-
ment. This observation could be interpreted as if in all D,O measurements the
spectra of dissociated and probably solvated counter-parts of the molecules. are
recorded. The substitution on one counter-partner has no influence on the proton
chemical shifts of the other. Thus the conclusion that non-dissociated amidinium
carboxylates remain in dimethylsulfoxide solutions but not in the aqueous ones
seems to be justified. Dimethylsulfoxide appears as a suitable solvent for amidinium-
carboxylates properties investigation.

The authors thank Dr F. Paclikovd, Central Research Laboratories, Prague Institute of Chemical
Technology, for the 1H and 13C NMR measurements.
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