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The rate constants for the hydronium ion, hydroxide, and water-catalyzed breakdown of N-(hydroxymethyl)benzamide (1), 4-chloro-N-
(hydroxymethyl)benzamide (2), and 2,4-dichloro-N-(hydroxymethyl)benzamide (3) in H,O, at 25 °C, | = 1.0 (KCI), have been determined. The
reactions of 1, 2, and 3 were found to be specific acid and specific base catalyzed with a first-order dependence on hydronium and hydroxide
ions. At higher hydroxide concentrations, the reactions were found to be pH independent for each compound studied.

Carbinolamides have traditionally been used as sources ofN-(hydroxymethyl)benzamide (3) in®, 1 = 1.0 (KCI), at
electrophilic carbon for aromatic substitution via acid- 25 °C.

catalyzed breakdown producing amidinium ion intermedi-  The carbinolamides studied were synthesized and purified
ates! More recently, carbinolamides have been found to be using a known procedufée’. The conversion ofl, 2, and3

intermediates in the peptidylglycireamidating monooxy-  into their respective benzamides was followed by UV
genase (EC 1.14.17.3) mediated transformation of glycine Spectroscopyand HPLC analysesNo detectable catalysis
extended precursor peptides to the biologically activami- of the reaction by buffers<0.05 M), used to maintain pH
dated peptide hormones and glyoxylic a¢ifihe carbinol- (2) (a) Eipper, B. A.: Mains, R. EAnnu. Rew. Physioll988,50, 333—

amide functionality has also been proposed to play a critical 344. (b) Burgus, R.; Dunn, T. F.; Desiderio, D. M.; Ward, D. N.; Vale, W.;
Guillemin, R.; Felix, A. M.; Gillessen, D.; Studer, R. &ndocrinology

role in the activity of bicyclomycin, a commercially used 1970 86, 573-582. (c) Rittel, W.; Maier, R.; Brugger, M.; Kamber, B.;

antibiotic2 Considering the important role this functionality ~ Riniker, B.; Sieber, PExperiential976,32, 246—-248. (d) Fournier, A;
. . . . . Couture, R.; Magnan, J.; Gendreau, M.; Regoli, D.; St. Pierr&€a. J.
plays in various biological venues, a thorough understanding gjochem.1980, 58, 272- 280. (e) Young, S. D.; Tamburini, P. R.Am.

of the mechanism of reaction and the factors affecting the Chem. Soc1989 111, 1933-34. (f) Francisco, W. A.; Merkler, D. J.;

. . . . . Blackburn, N. J.; Klinman, J. FBBiochemistry1998,37, 8244—8252. (g)
carbinolamide reaction became an interesting problem.W"COX, B. J.; Ritenour-Rodgers, K. J.; Asser, A. S.; Baumgart, L. E.;

Herein, we describe our investigation of the acid and base- lI3Jau|5|ngart,MM.EA.;KBogeLr, ?/i Li<;l DeEIa/_s\si% JL; delaorllzg, g.lﬁ.; E_Iujfkg,

H H ., Aenz, M. E.; KIng, L.; Merkler, K. A.; atterson, J. E.; Robleski, J. J.;
catalyzed reaction ofN-(hydroxymethyl)benzamide (1),  Vegeras' 3. C.; Merkler, D. Biochemistry1999, 38, 3235-3245. (h)
4-chloroN-(hydroxymethyl)benzamide), and 2,4-dichloro- Kulathila, R.; Merkler, K. A.; Merkler, D. JNat. Prod. Rep1999, 16,
145-154. (i) Merkler, D. J.; Glufke, U.; Ritenour-Rodgers, K. J.; Baumgart,
L. E.; DeBlassio, J. L.; Merkler, K. A.; Vederas, J. £.Am. Chem. Soc.
(1) Zaugg, H. E.; Martin, W. BOrg. React.1965,14, 52-269. 1999,121, 4904—4905.
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Figure 1. pH-rate profile for the aqueous reaction of-

(hydroxymethyl)benzamidew(), 4-chloroN-(hydroxymethyl)-ben-

zamide @), and 2,4-dichlordN-(hydroxymethyl)benzamiddm) in
H,O, 1 = 1.0 (KCI), at 25°C.

during the course of the reaction, was observed. No

The mechanism for the acid-catalyzed breakdown of the
carbinolamides studies here (shown in Scheme 1) involves
a preequilibrium protonation of the carbonyl oxygef), (
followed by rate-limiting cleavage of the carbenitrogen
bond to form protonated formaldehyde and the tautomeric
form of the product amide. This proposed mechanism is
supported by the observed first-order dependence e@fH
and the lack of buffer catalysis ([buffegd 0.05 M).

intermediates were detected by HPLC analysis, and the rate In principle, protonation in the acid-catalyzed reaction

constants (ks S1) for the appearance of product and the
disappearance of starting material (by HPLC) were found
to be the same.

Shown in Figure 1 is the relationship between pH and the
log kopsafor the reaction ofl, 2, and3in H,O, | = 1.0 (KCI),
at 25°C. Each carbinolamide studied has a domain that is
first order in O™ and HO'; however, the reaction becomes
hydroxide independent at higher pH (more clearly observed
in Figure 2). In addition,l and 2 have a pH-independent
reaction occurring between pH 3 and 6.
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Figure 2. Effect of increasing hydroxide concentration (M) on
the observed rates of reactiokydss 1) for N-(hydroxymethyl)-
benzamide (¥), 4-chloro-N-(hydroxymethyl)-benzamide (®), and
2,4-dichloro-N-(hydroxymethyl)benzamide () in,®, | = 1.0
(KCI), at 25°C.
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could occur on either the carbonyl oxygen or the nitrogen.
It is generally accepted in acid-catalyzed amide hydrolysis
studies that the thermodynamically favored position of
protonation is the carbonyl oxygenKp of O-protonated
amide 0 to—3;’ of N-protonated amide-7 to —8%). The
addition of a methylene unit bearing a hydroxyl group should

(3) (@) Miyoshi, T.; Miyari, N.; Aoki, H.; Kohsaka, M.; Sakai, H.;
Imanaka, HJ. Antibiot.1972 25, 569-575. (b) Miyamura, S.; Ogasawara,
N.; Otsuka, H.; Niwayama, S.; Takana, H.; Take, T.; Uchiyama, T.; Ochiali,
H.; Abe, K.; Koizumi, K.; Asao, K.; Matuski, K.; Hoshino, T. Antibiot.
1972,25, 610—612. (c) Williams, R. M.; Durham, C. &hem. Re»1988,

88, 511-540. (d) Park, H.-g.; Vela, M.; Kohn, Bl. Am. Chem. S04994,
116, 471—478. (e) Vela, M.; Kohn, Hl. Org. Chem1992,57, 5223—
5231. (f) Williams, R. M.; Tomizawa, K.; Armstrong, R. W.; Dung, J.-S.
J. Am. Chem. S04987,109, 4028—4035. (g) Abuzar, S.; Kohn, H.Am.
Chem. Soc1988 110, 4089-4090. (h) Abuzar, S.; Kohn, H. Am. Chem.
S0c.1990,112, 3114—3121. (i) Santillan, A.; Zhang, X. D.; Widger, R.;
Kohn, H.J. Org. Chem1998,63, 1290—1298. (j) Santillan, A.; Park, H.;
Zhang, X. D.; Lee, O. S.; Widger, W. R.; Kohn, B. Org. Chem1996,
61, 7756—7763. (k) Park, H.; Zhang, X. D.; Widger, W. R.; Kohn,H.
Org. Chem.1996,61, 7750—7755. (I) Park, H.; Zhang, Z. M.; Zhang, X.
D.; Widger, W. R.; Kohn, HJ. Org. Chem1996,61, 7764—7776. (m)
Tanaka, H.Antibiotics (N.Y.)1979, 5, 18-25. (n) Sorel, R. H. A;
Roseboom, Hint. J. Pharm.1979,3, 93-99. (0) Cho, H. J.; Park, H. G.;
Zhang, X. D.; Riba, I.; Gaskell, S. J.; Widger, W. R.; Kohn, H.Org.
Chem.1997,62, 5432—5440.

(4) Nair, B. R.; Francis, J. DJ. Chromatogr.1980,195, 158—161.

(5) The reactions of, 2, and3 were monitored spectrophometrically
by following the decrease in absorbance at 227, 238, and 230 nm,
respectively, for the disappearance of starting material.

(6) Slower reactions were followed by HPLC until the reaction was
complete or for the first 4% reaction. The disappearanck 2f and3 and
the appearance of the respective amide products were monitored at 238
nm with a correction factor used to adjust peak areas for differences in
their molar extinction coefficients.

(7) (a) Arnett, E. M.Quantitatve Comparisons of Weak Organic Bases;
Cohen, S. G., Streitwieser, A., Jr., Taft, R. W., Eds.; Interscience
Publishers: New York, 1963; Vol. 1, pp 22303. (b) Caplow, M.; Jencks,
W. P.Biochemistry1l962,1, 883—893. (c) Guthrie, J. B. Am. Chem. Soc.
1974,96, 3608—3615. (d) Modro, T. A.; Yates, K.; Beaufays,Gan. J.
Chem.1977,55, 3050—3057. (e) Yates, K.; Riordan, J.@an. J. Chem.
1965,43, 2328—2335. (f) Yates, K.; Stevens, J. Ban. J. Chem1965,

43, 529—-537.

(8) (a) Williams, A.J. Am. Chem. So&976 98, 5645-5651. (b) Fersht,

A. R.J. Am. Chem. S0d.971,93, 3504—3515.
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Table 1. Dissociation and Rate Constants for the Hydronium lon, Hydroxide, and Water-Catalyzed Breakdby#) ahd3 in H,O

(T=25°C,| = 1.0 (KCI))

kn? (M~1s71) Krown (s71) kiP(s™) Krel® pKaP
1 (7.3 +0.2) x 10-6 (1.7 +0.1) x 10-° 0.042 + 0.003 1 13.05 + 0.05
2 (5.7 +0.2) x 106 (1.6 + 0.1) x 10-° 0.068 + 0.005 16 13.04 + 0.05
3 (2.6 £0.13) x 1077 0.19 +0.01 4.5 13.04 4+ 0.05

aErrors obtained from linear least-squares analysis of the pligmafvs [HsO™]. ? Errors obtained from nonlinear least-squares fitk@gqvs [HO]
according to eq 1¢Calculated by dividing for 1 into thek; value for each amide studied.

lower the pK of the lone pair electrons on the nitrogen

Using the mechanism outlined in Scheme 2, the observed

further, thereby increasing the thermodynamic preference for rate for the hydroxide reactionkifsg"'°) can be defined as

protonation on the carbonyl oxygen and leading to the
mechanism proposed in Scheme 1.

in eg 1. The solid line in Figure 2 shows the nonlinear least-
squares fitt of the our results for the hydroxide-catalyzed

The proposed mechanism (Scheme 1) is further supportedreactions ofl, 2, and3 to eq 1, wheré is the dissociation
by Perrin’s studies of the acid-catalyzed proton exchange constant of the hydroxyl groups af 2, and3 andk; is the

on nitrogen for amide$wherein it was shown that proton
exchange occurred by O-protonation when electron-with-

drawing groups were attached to the carbonyl carbon or the
nitrogen. In the case of the carbinolamides studied here, two

of the compounds?, 3) have electron-withdrawing groups
attached to the amide portion of the molecule and all have
the hydroxy group attached to the methylene unit on the

nitrogen, as was discussed above. The mechanism in Scheme
1 was proposed on the basis of these arguments; howeve[(H
the results presented here cannot distinguish between the twi

mechanisms (O-protonation vs N-protonation) and further
study of the acid-catalyzed reaction is necessary.

Figure 2 shows the relationship betwekfsq and the
[HO] for the conversion ofl, 2, and3 into their respective
benzamides and formaldehyde in®] | = 1.0 (KCI), at 25
°C. At lower and intermediate [HQ, there is a first-order
dependence between tHensq and the concentration of
hydroxide (Figures 1 and 2). At higher hydroxide concentra-
tions, kopsg beCOmes independent of [HD Coupling these
observations with the absence of buffer catalysis yields a

first-order rate constant for the breakdown of the deproto-
nated carbinolamide (5, Scheme 2).

(kopsd™ = Ky el

K, T KJHO] )

The lines in Figure 1 were generated using eq 2, where
is the rate constant for the acid-catalyzed reacttdnon

%S the rate for the water-catalyzed reaction, and the hydroxide

relationship has been explained for eq 1.

N K HO]
log Kopsg= 10g| Ky[H '] + ko + Ky

K, + KJHO ] @)

Given in Table 1 are the rate constants for the hydroxide-
catalyzed reactions df, 2, and3 in H,O, | = 1.0 (KCI), at
25°C. It is clear, from the data in Table 1, that the addition

mechanism wherein specific base-catalyzed deprotonation ofof electron-withdrawing groups to the aromatic ring has very

the hydroxyl group is followed by rate-determining break-
down of the anionic form of the carbinolamid®g, (Scheme
2). As the carbinolamide becomes fully ionizég),(at high

Scheme 2
O OH Kq o O
+ Hz0*
Ay BAPEL
H 5 H
ki
o) O o)
_ HOH L S
HO ———
RJ\II\I'H ¥ R™ °N ¥ HJ\H
H H

[HOT], the overall reaction becomes hydroxide independent.
These results are in agreement with other studies involving
the hydroxide-catalyzed reaction of carbinolamitfes.
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little effect on the K, of the hydroxyl group but there is an
increase in the rate-determining breakdown5ofk;) (see

kel in Table 1). The increases K are attributable to the
decreased basicity of the amide anion which is a result of
the addition of the electron-withdrawing groups. These
observations support the mechanism shown in Scheme 2
where the addition of electron-withdrawing groups should
inductively stabilize the developing negative charge on the
nitrogen in the transition state and lead to an increase. in

(9) (a) Perrin, C. L.; Arrhenius, G. M. L1. Am. Chem. S0d982,104,
6693—6696. (b) Perrin, C. L.; Lollo, C. B. Am. Chem. Sod 984,106
2754-2757. (c) Perrin C. LAcc. Chem. Re4989 22, 268-275. (d) Perrin,
C.L.; Chen, J.-H.; Ohta, B. KI. Am. Chem. S0d999,121, 2448—2455.

(10) (a) Ross, D.; Farmer, P. B.; Gescher, A.; Hickman, J. A.; Threadgill,
M. D. Biochem. Pharmacol1983 32, 1773-1781. (b) Bundgaard, H.;
Johansen, Mint. J. Pharm.1980,5, 67—77. (c) Bundgaard, H.; Johansen,
M. Int. J. Pharm.1984,22, 45-56. (d) Bundgaard, H.; Buur, Ant. J.
Pharm.1987 37, 185-194. (e) Johansen, M.; Bundgaard,Aich. Pharm.
Chem. Sci. Ed1979,7, 175—192.

(11) The values ok; andK, were determined by fitting the data in Figure
2 to eq 1 using the nonlinear least-squares curve fitting program associated
with SigmaPlot 2000 from SPSS Science.

(12) Obtained from linear plots dpsaVs [H3O™].
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Also included in Table 1 are the second-order rate addition of the electron-withdrawing substituents to the
constants for the acid-catalyzed reaction of the compoundsaromatic ring (see Table 1).
studied here. The effect of the electron-withdrawing groups  The results presented here represent the first complete pH
on Kopsg iS the opposite of what is observed fer of the rate study for carbinolamides derived from formaldehyde and
hydroxide-catalyzed reaction. That is, the overall rate of the benzamide derivatives. As with previous studiese found
reaction decreases with the addition of electron-withdrawing that, at intermediate pH, the reaction was specific base
substituents. The exact nature of the effect of the substituentscatalyzed. In addition, we determined the rate constants for
is difficult to quantify asky (eq 2) consists of both a rate the hydroxide-in(_jepend_ent_ reactions, where the hydroxyl
constant for the breakdown of the protonated form of the 9roup of the carbinolamide is fully deprotonated, and found
carbinolamide (4k') and the dissociation constant for the that the addition of electron-withdrawing groups to the amide

protonated form of the carbinolamidi’g) (see Scheme 1 increases the nucleofugality of the amidic group, as evi-
and eq 3). denced by the increaseskn(k. in Table 1). The hydronium

ion catalyzed reactions were also investigated, and it was
— determined that this reaction occurred by a preequilibrium
(ko = KyH'T _ K H] 3) protonation of the carbinolamide followed by rate-limiting
S K', breakdown to the amide and protonated aldehyde. The
addition of electron-withdrawing groups to the amide portion
of the carbinolamide slowed the acid-catalyzed reaction

In principle, the effect of the electron-withdrawing groups presumably through changes in ti of the O-protonated
on K'y should be smaller than those observed for the -5rpinolamide (4).

hydroxide reactionk}) because, in the case of the hydroxide

reaction, it is necessary to stabilize the developing negative Acknowledgment. This research was supported by an
on the amide leaving group, whereas in the acid-catalyzed@ward from Research Corporation. The authors thank the
reaction the leaving group is neutral. The role that the Department of Chemistry, lllinois State University, for its
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