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Kinetic studies of the reaction of Z-aryl cyclopropanecarboxylates with X-pyridines in acetonitrile & 55.0

have been carried out. The reaction proceeds by a stepwise mechanism in which the rate-determining step is
the breakdown of the zwitterionic tetrahedral intermedidtel fese mechanistic conclusions are drawn based

on (i) the large magnitude pk andpz, (ii) the positive sign gbxz and the larger magnitude @f; than normal

S\2 processes, (i) a small positive enthalpy of activati’?, and a large negativAS’, and lastly (iv)
adherence to the reactivity-selectivity principle (RSP) in all cases.
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Cross interaction constant, Reactivity-selectivity principle

Introduction and the intermediate,*Tand the electronic effect can be
either inductive or resonance delocalized, or both. This is the
Although the kinetics and mechanisms of the acetaté  reason why it is rather difficult to predict the mechanism
benzoaté esters, and diarfy/land alkyl aryl carbonatésre  simply by taking account of the stereoelectronic effect of the
well documented, only few reports have delt with the kineticsacyl group, RY.
of the same reactions of small ring cyclo ester compounds. In view of the importance of predicting the effects of the
We have recently studied the kinetics of the aminolysis of aryacyl group on the mechanism of aminolysis of carbonyl
cyclopropanecarboxylatésind aryl cyclobutanecarboxylafes. compounds, we have used many different acyl groups in our
We have found that the reactions of aryl cyclopropancarboxylatestudies of the aminolysis mechanisf®® In previous
and the aryl cyclobutanecarboxyldtggoceed through a work, we investigated the effect of the mechanism of the
stepwise mechanism with the rate-limiting expulsion of areaction of a cyclopropane grouRY= cyclo— CsHs, with
leaving group (aryl oxides) from a tetrahedral intermediatepenzylamines in acetonitri@and found that the cyclopropyl
T*, with a hydrogen-bonded, four-center transition state.  group leads to stepwise aminolysis with the rate-limiting
The Bipnsted type plots for the aminolysis of carbonyl breakdown of the intermediate?. Tn this paper, we extend
compounds are often curved with a change in slope from aur work to the pyridinolysis of aryl cyclopropanecarboxylates,
large BGuc= 0.8) to a smallf.uc < 0.3) value, which can be I, with pyridines (Py) in acetonitrile eq. 1.
attributed to a change in the rate determining step from
breakdown to formation of a tetrahedral zwitterionic
intermediate (%) in the reaction path as the amine basicity is [>—'c'——oc(_n4z +  XCsH,N .
increased. The stepwise mechanism with the rate-limiting nee

expulsion of leaving group (LZ) from*Tl) is more likely to 1
be observed in the aminolysis of a carbonyl compound with o
%C_NH_;CSX + ZC(,H40_
o
XN —C—L7 X=p-CHz0, p-CHz, mCHz, H, mC¢Hs, m-CH3CO,
mBr, p-CHz:CO, p-CN orm-CN
RY Z=m-CN, m-NO, p-CHzCO, p-CN orp-NO; @

1
The purpose of the present work is to further explore the

(i) a stronger electron acceptor acyl group, RW) a poor  effect of the acyl group on the pyridinolysis mechanism
leaving group, LZ and (iii) a more weakly basic (or by investigating the structure-reactivity behavior of aryl
nucleophilic) amine (XN§*¢However, the effect of the acyl cyclopropanecarboxylates in acetonitrile. We are interested
group, RY, on the mechanism is subtle and is not quitén the effects of the small ring acyl group on the mechanism,
straight-forward, since the effect can be both on the substratspecially on the sign and magnitude of the cross-interaction
constant? pyz in egns. 2a and 2b, where X and Z are the
"Corresponding author: E-mail: hankoh@jnue.ac.kr substituents
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log(kxz/knn) = pxOx + P70z + PxzOx Oz (2a) thatthere is a constant pKa differencAika = ;Ka (MeCN)

Pxz = 0Pzl dox = dpxldoz (2b) - pKa(H0) = 7.7 due mainly to the *Hon solvation free
in the nucleophile, pyridine, and leaving group, aryl oxide energy difference of 10.5 kcal-mblbetween acetonitrile
' ' ’ 'and water. The plot offa(MeCN)vs pKa(H.O) exhibited a

respectively. Furthermore, the activation paramet&ks, . : .
andAS', are also determined since they can provide valuablg[ralght line of near unity (1.02) slope so that thenBted

. . ) " coefficients determined by the plot of lagiMeCN) against
information regarding the transition state (TS) structure. pKa(H,0) should be almost the same as those agaitast p
(MeCN)*?

A similar invariance of Bmsted coefficient for the reactions

The rate law obtained in the present reactions is qiven bof para-nitrophenylsulfonate in chloroform with eight pyridines
egns. 3 and 4, where ArGs thepleavin roukobs is %he as been reported usinga(H0) and Ka(CHCN) values
qns. 5 and 4, 99 bs with 8= 0.32:0.02(r =0.985) an@ = 0.3G0.02(r = 0.994),
pseudo-first-order rate constard, and ky are the rate . 5 o
. D X respectively’? Moreover, the plots of pKg) (in five solvents
constants for solvolysis and pyridinolysis of the substrate ; T
. o ncluding water) v gave the slopegs(g), which is linear
respectively, and [Py] and [S] represent the pyridine and . . . )
) . with the Onsager dielectric functioa € 1)/(2¢ + 1), eq. 5
substrate concentrations, respectively. The value ofas . . g PPl
- : o with correlation coefficient of 0.99% & 5).* This means that
negligible in acetonitrile,k, 10. The second-order rate

constants for pyridinolysis«() were obtained as the slopes the specific hydrogen bonding solvation component is not

of plots of eq. 4. These values, together with those of th ‘lsmportant in the solvation effect on the ionization equilibria

oKa of the conjugate acids of the pyridines, are summarizeaf pyridinum ions in water. The slogm, is thus solely dependent

Results and Discussion

i Table 1 on the bulk solvent effea( and for = 78.8%(water) and =
' 37.9° (acetonitrile) theos values are quite similar being 8.9
d[ArO7)/dt = kopdS] 3 and 9.1, respectively. This provides evidence in support of
Kobs = ko + Kn[PY] @) correlating the rate data determined in acetonitrile with the

pKa values measured in water.

No third-order or higher-order terms were detected, and no e-1
complications arising from side reaction were found in the Ps = 14'({25 T J -16.1 (5)
determination ok.psand also in the linear plots of eq. 4. This
suggests that the overall reaction follows cleanly the route Using theky and fKa values in Table 1, the Bronsted plots
given by eq. 1. for the reactions under study were obtained as shown in

The gKa values of pyridines (Table 1) used in therBted  Figure 1. The excellent linearities found in thepisted
plots were determined in water. Thus therBted coefficients  plots using ten nucleophiles# 0.997), standard devatian
in Table 1 Bxmuc) could be in error since the rate data in 0.02) in Figure 1 lend more credence to our procedure. In
Table 1 (in acetonitrile) should be plotted usitdapralues  figure 1 is demonstrated a@@isted-type plot for the reaction
measured in acetonitrile. However our recent theoreticabf aryl cyclopropanecarboxylates with pyridines run in
studies of solvent effects on the basicity of substitutedacetonitrile.
pyridines at the IPCM/B3LYP/6-31G* levélhave shown The linear Bensted-type slope should correspond to

Table 1 Rate constantgy (x 10* M™s™), for the reactions of Z-aryl cyclopropanecarboxylates with X-pyridines in acetonitrile &C55.0

X pKaf Z=mCN m-NO, p-CHsCO p-CN p-NO, oz P B°
p-CH:0 6.58 18.6 34.7 12C 204 - 2.67 -1.79
p-CHs 6.03 6.17 10.5 50.1 91.2 447 2.72 -1.31
m-CHs 5.67 4.07 6.31 28.€ 47.8 24C 2.76 -1.25
H 5.21 1.55 1.74 15.E 245 174 3.06 -1.49
m-CeHs 4.92 0.933 0.955 7.94 13.2 117 3.11 -1.81
m-CH;CO 3.17 0.0178 0.0550 0.41.7 1.01 12.¢ 3.80 -1.84
m-Br 2.85 - 0.0275 0.26¢ 0.834 8.32 3.87 -1.71
p-CHsCO 2.38 - - 0.141 0.347 4.07 3.82 -1.72
p-CN 1.86 - - 0.0562 0.16- 2.45 4.14 -1.43
m-CN 1.35 - - 0.0251 0.0776 1.26 4.29 -1.47
oY -4.62 -4.04 -3.8C -3.48 -2.97 Pxz'=2.00
B¢ 0.8¢ 0.72 0.71 0.65 0.54

*The Ka values of pyridines water at 230 were taken from: Fischer, A.; Galloway, W. J.; Vaughai, Ghem. Sod.964 3591. Hong, S. W.; Koh,

H. J.; Lee, 1J. Phys. Org. Chem1999 12, 425 PSigma ¢ ando™) values were taken from: Hansch, C.; Leo, A.; Taft, ROWem. Rev1997, 91, 165.
Correlation coefficients are better than 0.993 in all c&%es. (Ka values are taken from: Albert, A.; Serjeant, E. P. The Determination of lonization
Constants, '8 ed., Chapman and Hall, Londd984 p. 45. Z =p-CH:CO is excludediThe source ob is the same as for footnote b. X=CN is
excluded. Correlation coefficients are better than 0.993 in all é&smeelation coefficients are better than 0.997 in all c&8estelation coefficient is
better than 0.991.
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Figure 1. Bronsted plots fx) for the pyridinolysis of Z-aryl
cyclopropanecarboxylates with X-pyridines in MeCN at 38.0
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Figure 3. Bronsted plots @) for the pyridinolysis of Z-aryl
cyclopropanecarboxylates with X-pyridines in MeCN at 3&.0

45, and 55.0C. These are comparable to those corresponding

the mechanism change does not occur in the presentlues for the reactions of aryl cyclopropanecarboxylates

pyridinolysis®*°*We therefore think that oynug values

with benzylamines in acetonitrife.

in Table 1 represent reasonable and meaningful values. TheRates are faster with a stronger nucleopldés  0) and

Hammett coefficientgox(= pnug andpz (=pg) (Figures 2 and
3), and the cross-interaction constart, is also presented.
The activation parameterdAH* and AS" (Table 2), were

nucleofuge §o; > 0) as is expected from a typical nucleo-
philic substitution reaction. The rates a9 times slower
than those for benzylamirtlashder the same reaction conditions.

determined based on thg kalues at three temperatures, 35, This could be due to a larger basicity of the benzylamine
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Figure 2. Hammett plots @) for the pyridinolysis of Z-aryl
cyclopropanecarboxylates with X-pyridines in MeCN at 38.0

(pKa = 9.38) relative to that of the pyridineKgo= 5.21) in
the nucleophiles.

The results in Table 1 reveal that the magnitudpxab
quite large; it ranges fror2.97 to—-4.63 (the corresponding
values are-0.76 to-1.90(phenyl benzoates + benzylamirfés))
-2.85 to-4.83(phenyl carbonates + benzylamiffes)ter
allowing for a fall-off factor of 2.8 for the non-conjugating
intervening group CHin benzylamine(relative to pyridine).
This large magnitude ofx(B.wo is also reflectedn the
similarly large magnitude ofx(Bwe = 0.540.89 (the
corresponding values are 0250 (phenyl benzoates +
benzylamines), 1.08-1.17 (phenyl carbonates + benzylamifes)
and 1.06-1.83 (phenyl furoates + benzylamifieahd 1.33-
2.09 (aryl cylopropanecarboxylates + benzylamihes)d
1.33-2.09 (aryl cyclobutanecarboxylates + benzylamfes).
These large magnitudes pk and Bx are indicative of a
stepwise mechanism with a rate-limiting breakdown of a
zwitterinonnictetrahedral intermediate*2*°5(Scheme 1).

Figure 3 shows the Hammett plots for variations of
substituent in the leaving groug; (7). The importancef
the leaving group departure in the rate-determining step is
reflectedin the better Hammettorrelations witho; than
with gz and large magnitudef pz (= 2.67-4.29) suggesting
a strong negative charge development in the aryl oxide
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o K, o acetonitrile for the reactions of Z-aryl cyclopropanecarboxylates
XCHN + D_C_OC‘SH“Z *"k”_ D—-c-—ocsmz with X-benzylamies deuterated on the nitrogensPkCHND,).>
We noted that thiei/kp values were all greater than dagko
1.0, indicating that the rate-determining step was not a
T simple concertedn2 process (TS1), or a stepwise mechanism
with a rate-limiting formation of a tetrahedral intermediate

NCsH,X

kg
+

8" I &
XC¢H,CH,NH,------ C------ OCH,Z

o]
I o
[>—‘c—*NC5H4x + TOCJLZ

Scheme 1

TS 1
leaving group with a relatively large extent of bond cleavage

in the TS B;=-1.251.84). Also these large; () values  (TS2) since in such cases inverse kinetic isotope dfféks,
are again indicative of the stepwise mechanism with a ratewere expected due to an increase in the N-H vibrational
limiting breakdown of a zwitterionic tetrahedral inter- frequency as a result of steric congestion of the N-H moiety
mediate, T (Scheme 13*%For rate-limiting formation of the in the bond making step. The kinetic isotope effects
tetrahedral intermediatgd, values of between 0 aneD.5  observed, ku/kp = 1.21-1.38, were larger than those
were obtained for the aminolysis of the aryl esters andxpected from a stepwise acyl transfer mechanism, but were
carbonates and ethyl S-aryl dithiocarbonate®n the other  smaller than normal primary kinetic isotope effé€tsThe
hand, for the concerted aminolysis reactions of O-ethyl S-anku/ko values were smaller for a stronger nucleophile and
thiocarbonates, thé values of-0.2 is reported in watéf? nucleofuge. Since in the intermediate, T, both a stronger
The rate constant&y = kxz) in Table 1 are subjected nucleophile and nucleofuge facilitate the leaving group
multiple regression analysis using eq. 2. We note that thdeparture, less assistance was needed in the rate-limiting
correlation is satisfactory with the cross-interaction constantgaving group departure by the hydrogen bonding of the
Pxz, of +2.00. This values is also similar to that for theamine hydrogef*"!°
reactions of aryl cyclopropanecarboxylates with benzylamines
(oxz = +1.06); under the same reaction conditions. The cross- o
interaction between the substitueXt® the nucleophile and XCeH 4CHZNH;___(lg__.oCbH Z
Z in the substrate is reduced by a factor of two due to an
intervening non-conjugative GHgroup in benzylamines,
albeit transition state may be similar for the two séties
Previously we have shown that in th@$rocess or in the
rate-limiting formation of an intermediate tjpe, is negative,
but in a stepwise mechanism with a rate-limiting breakdown
of the tetrahedral intermediate it is large pos?tﬂ@he Cross-  Table 2. Activation parametefsfor the reactions of Z-aryl
interaction constanpxz obtainedwas positive and large at cyclopropanecarboxylates with X-pyridines in acetonitrile

TS2

+2.00. This provides further strong sup_p_ort for the. proposed Temp ke AH AS
mechanism comes from a large positive cross-interaction X z °C) (x10*M™s?) (kcal mol?) (cat mol*K™?)
constanpxz.>*°'Since an electron acceptor in the nucleophile;
dox > 0 (in the nucleofugeloz > 0) leads to an increase in 3 221

X g0z pCH: mCN 45 2.95 477 55

Pz, 90z > 0 Opx > 0), pxz is positive, eq. 2B:297 55 389
Also, the size opxz isconsidered to represent the intensity

of interaction in the TS between the two substituents in the 35 211

nucleophile X) and the leaving grougZ), and hence the P CHe PNO: gg g?; 523 e

larger thepxz , the stronger is the interactiare., the closer

are the two fragments, the nucleophile and leaving group, in 35 0.00429

the TS. mBr mCN 45 0.00571 5.09 67
We also note in Table 1 that the rate increase is invariably 5 0.00759

accompanied by a decrease in skéectivities p(ox or pz), 35 1l4g

and hence the reactivity-selectivity principle (R88lps*¢8 m-Br p-NG, ‘5"2 g'gf 584 53

.Oc

This adherence to the RSP is considered another necessary

condition for a stepwise acyl transfer reaction with rate-aciﬁuéat?(wk))/ the Eygn% ﬁquaﬂlog- Maxirgtém errtors \tlfvz’s_lllculalt\tled (\l(Jy lt(he
- : . . 18 method of Wiberg, K. B. Physical Organic Chemistry; Wiley: New York,
limiting expulsion of the leaving group (aryl oxidé&)’ 1964: p. 378) are0.7 kcal Mol and+2 calfmol K- for AH* andAS,

We have recently studied the kinetic isotope effégtkd) in respectively.
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Activation parameters for the reactions of aryl cyclopro- m-Nitroaryl cyclopropanecarboxylate: Mp 52-53°C, &y
panecarboxylates with pyridines are shown in Table 2. Th¢400 MHz, CDC}4), 8.10 (1H, d, p-HJ = 8.06), 8.01 (1H, o-
values of H, and S were obtained from the slope and intercept, J = 2.20), 7.55 (1H, t, m-H} = 8.06), 7.46 (1H, d, o-H,
respectively, of Eyring plots, by least-squares analysis. Although 5.86), 1.83-1.89 (1H, m, CH), 1.04-1.22 (4H, m, 2CH
the relatively low positive H and large negative S values ar&max (KBr)/cm 2900 (CH, aromatic), 1720(C=0); m/z = 207
in line with the stepwise mechanidfii?*°they can also be (M*) (Calc. for GoHsNOy; C, 58.0; H, 4.35. Found: C, 57.1;
interpreted as supportive of a concerted mechanism. H, 4.36%).

Castroet al?° have argued and Lest al'® have shown p-Acetylaryl cyclopropanecarboxylate Mp 91-92°C, &4
theoretically that a tetrahedral intermediate cannot be forme@00 MHz, CDC}), 7.98 (2H, d, m-HJ = 8.06), 7.20 (2H, d,
for a substrate with a strong electron donor acyl groap, o0-H, J = 8.79), 2.60 (3H, s, G 1.83-1.88 (1H, m, CH);
C:Hs0, due to the kinetic instability brought about by the 1.03-1.21 (4H, m, 2Cht Vmax (KBr)/cm 2900 (CH, aromatic),
large values ok, andk,*% (Scheme 1). Thus a concerted 1720 (C=0); m/z = 204 (N} (Calc. for G-H1:0s; C, 70.6;
mechanism is enforcé@?° However, for the reaction systems H, 5.88. Found: C, 70.7; H, 5.86%).
investigated in this work, the cyclopropane group has a Rate Constants Rates were measured conductimetrically
relatively low resonance donor effeckr(= -0.15vs.-0.44  at 55.0 + 0.05C. The conductivity bridge used in this work
for C;HsO group§* so that the T intermediate seems to bewas a self-made computer automatic A/D converter conductivity
stable enough to lead to the proposed stepwise mechanisnbridge. Pseudo-first-order rate constakids, were determin-

In summary, the reactions of aryl cyclopropanecarboxylatesd by the curve fitting analysis of the computer data with a
with pyridines in acetonitrile proceed by a stepwise mechanisrmodified version of the Origin program, which fits conduc-
in which the rate-determining step is the breakdown of theéance vs. time data to the equatidrF A. + (Ao — Ax)exXp
zwitterionic tetrahedral intermediate. (—kobs X t), whereA is the observed conductivity ad, A—

These mechanistic conclusions are drawn based on (i) th&,, and ks are iteratively optimized to achieve the best
large magnitude afix andoz, (i) the positive sign opxzand  possible least-squares fit with a large excess of pyridine (Py);
the larger magnitude opxz than that for normal 2 [aryl cyclopropanecarboxylate} 1x10° M and [Py] =
processes, (iii) a small positive enthalpy of activatii’, 0.03-0.24 M. Second-order rate constakitsyvere obtained
and a large negative entropy of activatibs,, and lastly (iv)  from the slope of a plot d&ss vs [Py] with more than five
adherence to the reactivity-selectivity principle (RSP) in allconcentrations of pyridine, eq. 4, and Figure 4. khealues
cases. in Table 1 are the averages of more than three runs and were

reproducible to within 3%.
Experimental Section Product Analysis. p-Nitroaryl cyclopropanecarboxylate
was refluxed with excegsmethylpyridine for more than 15
Materials. Merck GR acetonitrile was used after three

distillations. The pyridine nucleophiles were purchased fron 4.0
Aldrich. The substituted phenols (Aldrich) were purified either
by distillation or recrystallization. Reacting phenols with 3.5 4
cyclopropanecarbonyl chloride prepared aryl cyclopropane
carboxylates. The substrates synthesized were confirmed | 304
spectral analyses as follows. '
p-Cyanoaryl cyclopropanecarboxylate Mp 41-42°C, &4
(400 MHz, CDCY), 7.68 (2H, d, m-H) = 8.79), 7.24 (2H, d, o 257
o-H, J = 8.80), 1.82-1.89 (1H, m, CH), 1.05-1.21 (4H, m, ug
2CH,); Vmax (KBr)/cm 2900 (CH, aromatic), 2300 (CN), T 204
1720 (C=0); m/z = 187 (KJ (Calc. for GiHgNOy; C, 65.8; Xﬂ
H, 4.80. Found: C, 65.7; H, 4.81%). S
m-Cyanoaryl cyclopropanecarboxylate Mp. 41-42°C
& (400 MHz, CDG), 7.69 (1H, d, p-HJ = 8.70), 7.60 (1H,
t, 0-H,J = 2.20), 7.29 (1H, t, m-Hl = 8.06), 7.20 (1H, d, o- 1.0
H, J = 5.86), 1.82-1.89 (1H, m, CH), 1.05-1.21 (4H, m,
2CH,); Vmax (KBr)lcm 2900 (CH, aromatic), 2300 (CN), 0.5
1720 (C=0); m/z = 187 (KJ (Calc. for GiHgNO;; C, 65.8;
H, 4.80. Found: C, 65.7; H, 4.79%). 0.0 ‘ . . . .
p-Nitroaryl cyclopropanecarboxylate: Mp 102-103°C, 000 005 010 015 020 025
& (400 MHz, CDCY), 7.68 (2H, d, m-H, J 8.79), 7.24 (2H, [XCsH,N], Mole

d, 0-H,J =8.80), 1.83-1.89 (1H, m, CH), 1.04-1.22 (4H, m, Fi )
) ; _ .. Figure 4. Plots of pseudo-first order rate constarits9( vs
2CHy); vmax (KBr)/cm 2900 (CH, aromatic), 1720 (C=O); pcleophile concentration, 8N, for reaction of m-cyanoaryl

m/z = 207 (M) (Calc. for GoHoNO4; C, 58.0; H, 4.35.  cyclopropanecarboxylate with X-pyridine (X=H) in acetonitrite a
Found: C, 57.1; H, 4.36%). 55.0°C.
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half-lives at 55.0 in acetonitrile. Acetonitrile was evaporated J.; Han, K. L.; Lee, H. W,; Lee, J. Org. Chem199§ 63, 9834.
under reduced pressure, and the product mixture was treated (2912 *sz;v '(*f) JK he‘a JJ- WK '—eecv)H-SWt '—eeﬂbvv‘(/lfhaﬁghwr
H . : H . on, A. J.; Kim, O. 5.7 Lee, A. V.; LeeJl.rPnys.
with ether and water for workup; during workup, dilute Org. Chem1997 10, 725. (g) Koh. H. J.. Kim, T. H.: Lee, B. S.:
hydrpchlorlc acid was tregted to remove exgessethyl- Lee, I.J. Chem. Red996 (S) 482, (M) 2741.
pyridine and after workup dried over anhydrous MgSIhe 10. (a) Lee, 1Adv. Phys. Org. Cher992 27, 57. (b) Lee, IChem.
product was isolated by evaporating the solvent under reduced Soc. Rele?S 24, 223. (c) Isaacs, N. Shysical Organic
pressure after filtration. The physical constants after column EheT_:St\;\)/’g "edt-? éonglf]“?:“r; Harlcow, 1?199599%2 féz(g) Lee, I.;
HA ee, M. Ww.Collect. Czecn. em. Comm y .
chromatography (silica gel/ethyl acetate-hexane) were as 11. Lee, 1. Kim, C. K.: Han, 1. S.: Lee, H. W.: Kim, W. K.. Kim, Y. B.
follows. . J. Phys. Chem. B999 103 7302.
Cyclopropyl-C(=O)N*CsH4-p-CHs: Mp 138-140°C, &4 12. Spillane, W. J.; Hogan, G.; McGrath, P.; King, J.; BrackJ.C
(400 MHz, CDCJ), 7.13-7.18 (4H, m, aromatic), 2.33 (3H, Chem. Soc., Perkin Trans1296 2099.
s, CHy), 1.65-1.69 (1H, m, CH), 0.73-1.32 (4H, m, 2gH 13 Reichardt, CSolvent and Solvent Effects in Organic Chemistry
1 1 . . 1 1 1 - . 1 1 nd . . . .
Vmax (KBr)/cm 2900(CH, aromatic), 1720 (C=0); m/z = 162 _ 2. ©d: VCH, Weinheim, 1988; Table A-1, p 408.

) i . _ 14. (@) Lee, I.; Choi, Y. H.; Lee, H. W.,; Lee, B.JSChem. Soc. Perkin
(M"). (Calc. for GoH12NO; C, 74.1; H, 7.41. Found: C, 74.0; Trans. 21988 1537. (b) Gilliom, R. DIntroduction to Physical

H, 7.42%). Organic ChemistryAddison-Wesley: Reading, MA, 1970; p. 148.
(c) Jacobson, B. M.; Lewis, E. $.0rg. Chem1988 53, 446. (d)
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