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Tahle 1. Preparation of Ketones fram A-Methyl- A -{2-Pyridinyl)}-
A -Prapylene lirea and Grignard/ Organalithium Reagents

Step 10 Step 2 Reaction conditions® |gqlated
RMgBr. R R'Lior R'MgRr  temp.°C  time h vield. %'

CH,4 CHHCH.,C=Cli  Qwrr 1 50
CaHs(CH FtMgRr rt. | 63
n-Rul.i n 04 86

CHA{CHy,C=C t-BuLi 0 ] 48
by n-HuLi 0 0.3 77
sec-Buli r.t. 0.5 43

CeHs CH, = CHCH,MgRr rt. 05 71
Csll;MgBr O-~roe. 2 93

n-Bul.i Q0 0.2 93

n-Ruli (2 eq) 0 02 78

4-C-CeH, CH,Li fore. 05 76
CeH-MgRr 0-rt 2 80

CellsLi O=rr. 05 74

4-Me-C4H, CH.Li 0-rt. 03 78
sec-Buli 0 0.5 79

i-Buli 0 1 71

4-MeO-CgHy  CHACH,),MgRr e 2 77
n-Bul.i a 0.2 90

~-Rul. n 1 74

“The Grignard reagent was added aver a periad af 15-20 min at
(°C. Reaction conditions indicate step 2. ¢ The numbers indicate
averall yield ef two steps and all the praducts, purified by Kugeirohr
distillatinn, were identilied hy camparison nf their physical and spec-
tral properties with reparted data.

nificantly, the reaction was not limited to primary organoli-
thium reagents and the \-acylaziridine intermediates react
effectively with secandary and tertiary argannlithiums. How-
ever, the steric hindrance of aliphatic Grignard reagents in
the first step has fairly influenced the yield. and thus sequen-
tial reaction af cyclohexyl-magnesium hromide and see-
butyl lithium gave the corresponding ketane in 43% yield.

A representative experimental pracedure is as foliows. To
the salution of A-methyl-\N-{2-pyridiny])- \"-propyiene
urea (306 mg, 1.6 mmol) in dry THEF {3 m{) was added 6.4 m{
of phenylmagnesium bromide (0.25 M in THFE, 1.6 mmol)
drapwise over a periad of 15-20 min at 0°C. After comple-
tion of the addition. stirring was continued far an additinnal
=14 min at the same temperature, and then 1 m{ of n-butyl
lithinm {1.6 M in hexane, 1.6 mmol) was added to the reac-
tian mixture at 0°C. After being stirred for (1.1 h, reactinn
mixture was guenched with 3% agueous HCl and extracted
with methylene chloride {30 m{) three times. The combined
arganic layers were washed with hrine. dried aver anhydrous
MgS0),, and concentrated under vacuum. The crude product
was purified by Kugelrohr distillation (95-100°C/5 mm, lit.™
90-91°C/2.8 mm) ta give 259.3 mg (93%) of valerophenane:
'H NMR (CDCl;) 1.01(t. 3H, ) = 7 Hz), |.15-2,08 (m, 4H),
2.98(t. 2H, 1 =7 Hz), 7.35-7.67 (m, 3H), 7.85-8.15{m, 2H),
IR (neat) 1680 cm™ (C = Q).
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Convenient Synthesls of Carhoxylic Anhydrides
Using ¥-Methyl-2-Pyridinecarbamoyl Chlaride

Jin Hee Kim and Jae In Lee*
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Seowd 132-714

Recerwed Feovuay 24, 1990

One-step synthesis aof carboxylic anhydrides {from the
corresponding acids is usually accomplished by dehydration
‘This can be generally carried aut with various dehydrating
agents. They include N, A"-carbonyldiimidazole,! N A'-di-
cyclohexylcarbadiimide,? tetracyanoethylene,” ar thionyl
chlaride.? It has alsa been reported that triethylamine salts of
carbaxylic acids can be converted ta anhydrides by reaction
with phosgpmﬂ,ﬁ N.N-diphenylcarbamayl chloride.” argano-
phospharus reagents,’ chlorosulfonyl isocyanate.® NN, A,
N*-tetramethylchlaraformamidmium chlaride,’ mesyl chio-
ride. ' or phasphanium anhydride.!’ The advantage of these
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Table 1. Preparation of Carbaxylic Anhydrides fram Carboxylic
Acids and N-Methyl-2-Pyridinecarbamoy! Chloride”

2 RCOOH + Q-CO-N(CH4-2-Py + EtgN

THE. r.t.
RCOGCH Isalated M.p. or hop., "Cltorr
R yield, %? Found Lit.

CH4{CH,)4 90 90-95/1.0 170-173/ 157
~CgHy, B? 180-188/035  200/0.39
(CHY).C 96 A0-85/13 781127
1-Adamantane Q92 139141 140-14213
C H:CH = CH g1 134-137 1351348
C:Hs uq 40-41 40-427
4-CH;-C:H, 94 94-96 yq4
4-Cl-CgHy 92 192-184 193-194.57
4-CH;0-C4H, a5 96-97 yg-gyd
2.4.6-(CHy)-CgH; 44 103-104 103-1047
Nicotinic 78 120-122 122-1235

2The reaction was narmally completed within 1.5 h at room tem-
perature. *The numbers indicate phrified yield after crystallization
ar distillation {Kugelrahr) and all preducts had identical spectral pro-
perties with reported data.

methads is direct canversinn of the acids ta the anhydrides,
however same methods suffer from the disadvantage of
separatian of side praducts, heating conditions. and
unstableness of dehydrating agents.

We now report that carboxylic anhydrides can be can-
veniently prepared fram their corresponding acids by using
N-methyl-2-pyridinecarhamaylt chloride in the presence of a
catalytic amount of 4-dimethylaminapyridine {IJMAP). The
reagent was prepated hy a modification of a known method'?
and thus hy addition of an eqnimniar solntion of 2-(methyl-

i EtaN i
€1-C-C1 }IIH —CLT Cl-C-N
" CHaCl2, .!‘

e

THF, r.t. 'L

amino)pyridine and triethylamine in methylene chloride to a
toluene solution af 2 equiv of a phosgene at 0°C aver periad
of 15 min. Since the reagent was decomposed during
aqueaus work-up in ca. 5%, it was separated by dissolving in
n-hexane after evaporatian of methylene chloride and exress
phasgene, followed by filtering off triethylamine hydrochle-
ride. N-Methyl-2-pyridinecarbamaoyl| chloride was obtained
in 92% yield after vacuum distiltation and could be stared in a
refrigeratar for several weeks without any decompasition.
The effect of solvents and bases was examined for the
dehydration of benzoic acid with A-methyl-2-pyridinecar-
hamanyl chloride and triethylamine to find out optimum can-
ditions. When tetrahydrofuran, methylene chloride, diethyl
ether, and acetonitrile were employed as a solvent in the
presence af 0.01 equiv af DMAP, reaction was campleted in
1.5h, 8h, 12 h, and 14 h, respectively. Furthermore. the use
of 0.1 equiv of DMAP in tetrahydrofuran required 0.3 h for
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the completion of the reaction, whereas the use of 0.5 equiv
of pyridine, 0 5 equiv af 1,8-diazabicycln{5.4 0Jundec-7-enc.
and 0.1 equiv of tetramethylguanidine required 2 h, 1.5 h,
and 7 h, respectively. However, reaction of benzoic acid with
A-methyl-2-pyridinecarbamayl chloride in the presence af
0.1 equiv of DMAP without triethylamine did not give ben-
zoic anhydride to an observable extent, even alter 24 h at
room temperahire.

As shown in the Table 1, various structurally different
carboxylic anhydrides can be conveniently prepared withaut
side products in high yield hy rhis methad. The reaction
warks well with hoth aliphatic and aromatic carboxylic acids,
including the hindered acids such as pivalic, 1-adamantane-
carboxylic, and mesitoic acid. Significantly, reaction of car-
baxylic acids with A-methyl-2-pyridinecarbamoyl chlaride
did naot give the carrespanding N-methyl-A-(2-pyridyl)-
carhaxamides ta an observahle extent in contrast to the re-
sults ohtained fram the reaction of acids with A\ A ~carbanyl-
diimidazole. di-2-pyridyl carbonate, ar di-2-pyridyl sulfite,
where the corresponding A-acylimidazales or 2-pyridyl
esters are produced as hy-products. Furthermore, the pre-
sence of electran-withdrawing ar electroan-donating group in
substituted benzoic acid does nat affect the efficiency of the
reactinn under the present reaction canditions.

The typical experimental pracedure is as follows. To a
solution of 4-chlorobenzoic acid {313.1 mg. 2 mmol) and tri
ethylamine (1394 x4, | mmal) in tetrahydrofuran (2 mf) at
room temperature was added A-methyl-2-pyridinecarba-
moyl chloride (170.6 mg. 1 mmol) in tetralhydrafuran (3 mi),
and then DMAP (1.2 mg, (.01 mmal), After being stirred for
1.5 h at raam temperature, the reaction mixture was diluted
with methylene chlaride, washed with 5% NallCQ,, 0.025 M
oxalic acid, and saturated NH,Cl. The organic phase was
dried over anhydrous MgSQ,, filtered, and evaporated to
drymess under vacuum. The crude prduct could be crysta)
lized from acetonitrile to afford 4-chlarobenznic anhydride in
92% yield. M.p. 192-194°C [lit.” 193-194.5°C}; 'H NMR
(CDCLyY)  7.52{d. 2H, ] = 8.4 Hz), 8.12(d, 2H. ] =84 Hz);
IR (KBr) 1715, 1780 em™ ' {C = O).
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Kinetic Isotope Effects in Bimolecular
Nucleophilic Displacement af Ethyl and Phenacyl
Derivatives by Deuterated Anillne Nucleaphlles.
Evidence lor Resonance Shunt Phenomenon

Ikchoan Lee®. Han Joang Koh. and Hai Whang Lee
Department o) Chemisiry, Inha Unicorsity, Inchon 402-751
Reeeived Varch 8, 1950

Kinetir isotope effects (KIE) observed with deuterated
aniline nucleaphiles in §,2 reactions can he a versatile tool in
the elucidation of the transition state (TS) structure.! We
repart here the KIE determined for the assoaciative S,2 reac-
tions of ethyl (ERS) and phenacyl henzenesnlfanates (PAR)
with deuterated aniline nucleophiles in acetonitrile, presen-
ting evidence for the TS variation predicted by cross—inter-
actian constants. g, and g, in eqs. m.?

ICIR {ku/‘km‘l]=P:D’¢+PJ£T,+,O;J€!,U_, (13]
=B ApK+B,APK, + 8, ApK.ApK, (1b)

where i) and / represent the substituents in the nucleophile,
suhstrate or leaving group (L.G3).

The sign and magnitude aof the cross-interaction cons-
tant, 25, {(and fA,,). between substituents X in the
nucleophile and Z in the leaving group have indicated that
the reactions of EBS" and PAB™ with anilines are very
similar; they proceed by an associative 5,2 mechanism with
large positive oy, {and fgy,) rcflecting relatively tight TS
compared to a dissociative S,2 reaction e.g., the reaction of
henzyt henzenesulionates (RBS) with anilines™ far which
Pxy (Bx7 is not only negative hut also is smaller in
magnitude { Table 1). The dissociative and assgciative nature
of the S,2 TS_far the reactions of BBS and EBS. respective-
ly, are indeed evidenced by the magmitude of the inverse
secondary n-deuterium KIE observed {Table 1) with
deuterated aniline nucleophiles. Reference to Table 1 reveals
that the inverse secondary KII are greater, j.o. the byl
values are smaller, for the reactions of ERBS than for those af
BBS carrectly reflecting the greater degree of band forma-
tion for EBS. Moreover, far a stroanger nucleaphile
(X = p-CH,0) and a hetter .G (Z - p-NOQ,) the I, /8, values
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Tahle 1. KIE Observed for Reactions:

MeCN
(1) 'XCeH NHAD,) + YCoH CH,050,CeH,Z i gac™
(2) XCgH NHA D) + CH50S0,CH, 2 %EUC—,EL-
i MeCN
(3) XCsH NHAD,) + YCH,COCH;080,CeHZ g™
. . Reactions
Suhbstituents an (2] a)
X Z kidhn
p-CH;0 p-NO, 089+0.007* 086¢+0.009 1.02¢+0.008
p-CH;0 p-CH; 04955+ 0.007 0.86,+ 0.008 1.034+0.009
m-NO; p-NO; 08540007 085440006 1.05,40.008
m-NO, p-CH; 087,14 00058 085,40010 1.075+0.008
Pyd Hxpthd
-0.1{-0.06) 0.33(0.19) 0.32(0.19)
*Y = H for reactions 1 and 3. *Standard error
+ -
B e XNRY + Lz
)({g) + Lz Products (P)
v
g
> E
g ¢
G 6€ X
) i e
o G s
8 4 Py | .~ 2
A P,
-~ 'I,
Reactants (R) ——— (A)
bond formation o
XN + YRLZ YRLZ

éx

Filgure 1. The patential energy surface diagram tor an asaociative
5S4 reactions. X, ¥ and Z are the substituents in the nucleaphile N.
substrate K and leaving group L: OF = QE = OH. OF'>0E or (OH.

are smaller with BBS but are greater with FRS as the op-
posite sign af Pg; requires; a negative py; in eq. (2) indicates
that a more electron-withdrawing substituent in the 1.G e,
a better LG, {do22>0) leads ta a greater negative 0 (d.0y,<0)
e, to alater TS with a greater degree of bond farmation as

_D'logke: _ 3px._ Bor, {2)
fxr doy3d, do: de

required by the TS variation predicted by the quantinm
mechanical (QM) model **5 whereas if the £y, value is
positive, a hetter 1.G leads ta an earlier TS with a less degree
of bond formation in accordance with the TS variation
predicted by the patential energy surface (PES) diagrams.”
Figure 1. In this PES model an electron—withdrawing substi-
tuent in the LG (Z = p-NO,) stabilizes the upper comers, P
and D), so that the TS shifts to G. f.e.. bond formatian is less,
if the Hammaond and anti- Hammond (or Thornton) effets are



