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Conventional Wisdom Hammett Plot for Reaction (0=0) Attempts to Determine Kinetic Order Effects of Solvent
160 with Respect to Butylamine |
* The conventional wisdom is that the o e Attempts to explore effect of the concentration of the
e so  heterocyclic ring of N-arylnaphthalimides is | . Reactions were to be carried out at 7.5 M. 5.0 M. and 2.5 M amine using alcohol cosolvents resulted in acceleration
OO resistant to nucleophilic attack (Stewart, Lucifer 1.20 butylamine (all pseudo-first order conditions) of the displacement reaction.
Yellow anhydride, 1981). 5 1.00 * Using dichloromethane (dielectric constant close to that of  We studied four alcohols to examine the solvent
o N0 * Nucleophilic attack on the heterocyclic ring was 2 butylamine) as a cosolvent gave very complex kinetics effects:
© successful only when both the naphthalimide 5 | * Using methanol as cosolvent resulted in an increase in the — methanol (pk, 15.54)
ring and the N-aryl group carried two strongly X 0.60 value of the observed rate constant — 1-propanol (pK. 16.0)
Me electron-withdrawing sulfonyl groups. E: — hydrogen bonding? bTop P8
1 o 2 040 — something else? — 2-propanol (pK, 16.5)
) Sub.sﬁeque:c\'i:nclzl\;nﬁlfhla; a8 haloﬁ;: T,t t:Ie 4 0.20 * Used a series of alcohols as cosolvents — tert-butyl alcohol (pK, 17.0)
E::cljilor;ios Ia:ed-s Zr;qi;;]iileoa;?else 'S 000 * Tested results using a Brgnsted Law plot: log(k,,) =C - a(pK,) * The trend in reaction rates appears to correlate with
y disp Y P ' 0.45 the alcohols’ ability to act as a hydrogen bond donor.
o Sigma
But... Conventional Wisdom is not
| ) ht Bronsted Law Plot for Alcohol Cosolvents
dIWadys Il . - : . .
y> s Deductions from Kinetic Data ; ; Kinetic data for alcohol solvents
Cl NMe; :Nj _ f Alcohol k. (min™) logy, k
e Hammett p constant = +3.3 PK, 0 ob 10 Kops
Y - O BuNH, OO nmeLp | 1554  4.97x10° -2.304
— significant negative charge development at N - 15.54 506x10~°  -2.296
07 >N Yo 07 NS0 07 NS0 — comparable to Hofmann elimination (E1lcb-like E2) é 16.5 1.97x10°  -2.706
5 Z 16.5 2.16x10°  -2.666
s P 1 ° 16 3.03x10°  -2.519
SO2NH; SO2NH; bl 2 T /_ﬁ 16 3.09x10°  -2.510
oLE N 17 1.07x10°  -2.971
=05 17 1.21x10°  -2.917
Bond Reactant Activated Complex
P onm po (pKa)
Preparation of Dye and Unexpected 2
Reactivity with Primary Amines Brensted Law Results
* We prepared the N-aryl-4-chloroimide 3 by heating .
§u||£am|am1(dg| and 4-chloro-1,8-naphthalic anhydride (2) Is the Effect of the N-Phenyl Ring » Specific Acid Catalysis
in benzonitrile. , ,
* When imide 3 was heated in hexylamine, the product Slmply Steric? —o=1
isolated was N-hexyl-4-hexylamino-1,8-naphthalimide . : :
(5). * The N-cyclohexyl analogue was General Acid Catalysis
* Even at room temperature, the reaction gave 4-chloro- prepared —O<axl1
N-hexyl-1,8-naphthalimide (6). o * |t was treated with butylamine. e Our results:
* This shows that the substitution of the aromatic amine _
is faster than the displacement of the halogen. * The displacement of the halogen — Slope = +0.43
was the only reaction that occurred. — R2=0.993
* Thus, the N-aryl group is essential — Consistent with General Acid Catalysis
for substitution of the heterocyclic
nitrogen. Replacement by a similar
: : : bulky alkyl group is not sufficient.
What is the Scope of this Reaction?
Cl Cl NHBuU . .
S N Nos What About the Substituent at the 4- Conclusions Acknowledgments
" h Position?
07 NS0 07 NS0 07 NS0 | | | * The aromatic ring on the heterocyclic nitrogen is  We are happy to acknowledge the support of
- Bu Bu * The reaction of the 4-dimethylamino essential for this reaction (not steric in origin) o
) X= pSONH,, mCl, p-Br, m-OMe, H, pMe, p-OMe derivative at right with butylamine was + Electron-donating (amine) substituents at the 4- — the Petroleum Research Fund, administered by
| o . S Sﬁgﬁﬂfgfsé?s\g'l;Cnedn:gﬁiﬁ %?(Iey the position completely suppress the reaction. the American Chemical Society
Edizlélfferrrﬁsnt of arylamine is faster for electron-withdrawing dimethylamino group. e The Iarge positive slope of the Hammett plot i — the UW-Eau Claire Office of Research and
¢ Displacement of ha|0gen becomes Compel‘iﬁve with disp|acement ° NO d|sp|acement Of the phenyl ring was CO”S'Stent Wlth the generaUOn Of d SUbSta ntlal Sponsored PrOgramS
of the aTryIamine for elect.ron-relea.sing subsFituents observed partial negative charge on the nitrogen. e Lewis Group alumni
e i hale e er ey dlsplacement ot the + An electron-releasing group at the 4- * When the same reaction takes place with an
position bearing a lone pair and capable alcohol as a co-solvent the kinetic data clearly — Ryan P. McKenney
of conjugating with the imide carbonyl demonstrate general acid catalysis of the — Leah L. Groess
groups suppresses substitution of the reaction
heterocyclic nitrogen. '




