(2.98 mmol) of active R-(+)-1ain 10 mL af dry hydrocarbon-stabi-
lized chloroform was added over 50 min (22 °C) to a solution of 820
mg (6.0 mmol) of phosphorus trichloride, with a vigorous stream of
nitrogen to carry off the liberated HCL.> This was followed by the
addition of 10 mL ml chloroform over 2 h (22 °C). The solution was
heated to 46 °C for 19.3 h. Rotary evaporation left 791 mg (ca. 99%)
of a mixture of 85% R-(—)-3a and 15% of the propargyl chloride. This
mixture was dissolved in enough dioxane to make 5.00 mL,; its rotation
is given in the text. The dioxane solution was added dropwise over 3
min to 5 mL of 50% aqueous dioxane at 0 °C. This solution was stirred
for 15 minat 0 °C, then 90 min at room temperature. Rotary evapo-
ration (to 0.05 mm) left 570 mg (83%) of crude R-(—)-4a (melting
point and rotation given in the text). This was recrystallized twice from
2 mL of 1:1 (v/v) acetone-acetonitrile to give optically pure material
with melting point and rotation given in the text.
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Abstract: Rate constants for cyclization of 2-aminomethylbenzamide to phthalimidine have been determined in H,O at 30 °C
and g = 0.5. Hydroxide ion catalysis takes place at high pH with ko = 0.16 M~!s~!, which is approximately the same as kon
for cyclization of 2-hydroxymethylbenzamide to phthalide but 10%-fold less than kop for cyclization of methyl 2-aminometh-
ylbenzoate to phthalimidine. Thus, as in the case of aliphatic esters, the rate constants for intramolecular cyclization of amides
are nearly independent of the nature of the nucleophilic group, but are highly dependent on the leaving group, i.e., whether the
compound is an ester or an amide. The magnitude of ko is 10# greater than kop for hydroxide ion catalyzed hydrolysis of
benzamide, illustrating the facility of the intramolecular reaction. Below pH 9 the cyclization reaction becomes nearly pH in-
dependent, but at approximately pH 7, kqpsa begins to decrease markedly, indicating a change in rate-determining step and,
as a consequence, an intermediate in the reaction. Hydronium ion catalysis is observed from pH 2-5, but k opsq is constant from
pH 2 to 5 M HCI. Pronounced buffer catalysis occurs which is both general acid and general base catalysis or their kinetic
equivalents. Bronsted plots of log kg for general base catalyzed cyclization of the neutral species and log k! for general base
catalyzed cyclization of the protonated species vs. the pK, of the catalyst have slopes of 0.4, implying that in these reactions
proton transfer and bond making or breaking are concerted processes.

Chemical intramolecular reactions bear a striking resem-
blance to enzymatic reactions proceeding through an en-
zyme-substrate complex.!3 An understanding of intramo-
lecular catalysis is therefore of crucial importance in attempts
to understand how enzymes function. Ester substrates acylate
the enzyme a-chymotrypsin much more rapidly than do am-
ides.!* This dissimilarity could reside in alignment in the en-
zyme-substrate complex, or in mechanistic differences for the
two types of substrates. Furthermore, it appears that the rate
constants for acylation of the enzyme by amide substrates are
completely explainable in terms of intracomplex nucleophilic
attack by the hydroxyl group of serine-195 along with general
base catalysis by histidine-57,%6 but this may not be the case
for acylation by esters where other mechanistic factors may

be involved.’ Thus, it is important to determine how esters and
amides differ quantitatively in susceptibility to intramolecular
nucleophilic attack by various nucleophiles and whether sig-
nificant mechanistic differences exist.

A neighboring hydroxymethyl group is an excellent nu-
cleophile in cyclization of the ethyl ester® and amides7 of 2-
hydroxymethylbenzoic acid to phthalide. Rate constants for
apparent hydroxide ion catalysis are 103 greater than for hy-
droxide ion catalyzed hydrolysis of ethyl benzoate and benz-
amide. We have recently investigated the intramolecular
aminolysis of the sterically similar methyl 2-aminomethyl-
benzoate.® Important similarities were found with the cycli-
zation reactions of ethyl 2-hydroxymethylbenzoate, but sig-
nificant mechanistic differences were observed in comparison

Fife, DeMark | Intramolecular Aminolysis of Amides
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log ko sec™
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Figure 1. Plot of log &, vs. pH for cyclization in H,O of 2-aminomethyl-
benzamide to phthalimidine at 30 °C and ¢ = 0.5 M with KCL.

with previously studied bimolecular aminolysis reactions of
aliphatic esters. The only previous reports of intramolecular
aminolysis of an amide concerned cyclization of glutamine,®
but with this amide the nucleophile is not rigidly held with
respect to the carbonyl. In continuing a comparative study of
various nucleophilic groups in sterically similar intramolecular
reactions we have determined the rates of cyclization of 2-
aminomethylbenzamide (I) to phthalimidine (eq 1).

o]
[l

: C-—NH2
CH2 NH2

[o]
1
[o3

_— @[ >NH + NHy (:
CH,

2

Experimental Section

Materials. 0-Cyanobenzamide was obtained from ICN. 2-Ami-
nomethylbenzamide hydrochloride was prepared by catalytic re-
duction of the nitrile in ethanol-chloroform using platinum oxide as
the catalyst by the method of Secrist and Logue.!? Hydrogenation was
carried out on a Parr apparatus for 15 h at 85 psi Ha. After filtration,
the solvent was removed by rotary evaporation. The product was re-
crystallized from an ethanol-ethyl acetate mixture, yielding white
crystals melting at 195-197 °C. Anal. Calcd for CgH11N,OCL: C,
51.48; H, 5.94; N, 15.01. Found: C, 51.43; H, 6.24; N, 14.72.

Buffers were prepared from reagent grade materials. Amine buffer
components were freshly distilled or recrystallized prior to use.

Kinetic Methods. The rates of cyclization of 2-aminomethylben-
zamide to phthalimidine in H,O were measured spectrophotometri-
cally by following the increase in absorbance at 278 nm. The spectrum
of the product was invariably identical with that of an equivalent
concentration of synthetically prepared phthalimidine.!!!? Tem-
perature was maintained constant at 30 & 0.1 °C by circulating water
from a Precision Scientific Lo-Temptrol 154 circulating bath around
the cell compartment. A Gilford 2000 or a Beckman 25 recording
spectrophotometer was employed. A 45 pL sample of I in methanol
(5 X 102 M) was injected into 3 mL of buffer (x = 0.5 with KCI) to
initiate the reactions. Phthalimidine is sufficiently stable to hydrolysis
at all pH values that its breakdown does not interfere with the kinetic
measurements.

Reaction solution pH values were measured with a Radiometer pH
meter Model 22 and GK 2303C combined electrode standardized with
Mallinckrodt standard buffer solutions. Pseudo-first-order rate con-
stants were calculated with an Olivetti-Underwood Programma 101
or an IBM 360 computer.

Product Isolation. A 0.15-g sample of 2-aminomethylbenzamide
in 35 mL of pH 12 solution was allowed to stand at room temperature
until reaction was complete. The mixture was extracted with ether,
and the ether extracts were dried over anhydrous sodium sulfate.
Removal of the ether yielded material with an identical melting point
(mp 148.5-150 °C) and UV spectrum as an authentic sample of
phthalimidine.!1.12

pK, Determination. The pK, of 2-aminomethylbenzamide at 30
°C and u = 0.5 was determined spectrophotometrically, employing
a Beckman 25 spectrophotometer. A series of 23 buffers in the pH

Kopa X 10° sec

10+

1 L L L 4'

01 02 03 04 05 06 07 08 098 10
(TRIS} total M

Figure 2. Plot of kybsq vs. total Tris buffer concentration for cyclization
of 2-aminomethylbenzamide to phthalimidine at 30 °C and 4 = 0.5 M with
KCl.

range 7.6-11.1 was utilized. A plot of initial OD at 245 nm for iden-
tical concentrations of substrate vs. pH was sigmoidal. The pK,
thereby determined was 9.22.

Results

In Figure 1 is shown a plot of log k, vs. pH for cyclization
of 2-aminomethylbenzamide to phthalimidine at 30 °C and
u = 0.5M, where k, is kopsq at zero buffer concentration. At
pH values greater than 9 the slope of the plot is 1.0, indicating
hydroxide ion catalysis (kon = 0.16 M~!s~!). At about pH
9 a change in slope occurs to approximately zero. The line in
Figure 1 at pH values above 7.5 is generated by

ko = [k1 + kon(OH")] [—K—KT;] + ks [K_ iHaH] ®)

where k1 is the rate constant for uncatalyzed or water-cata-
lyzed reaction of the neutral species (k| = 2.0 X 1073s71), k3
is the rate constant for uncatalyzed or water-catalyzed reaction
of the protonated species (k2 = 4.0 X 107¢s7!), and K, is the
dissociation constant of the conjugate acid of 2-aminometh-
ylbenzamide (pK, = 9.2). The observed rate constants again
begin to decline with decreasing pH at pH 7, which must sig-
nify a change in rate-determining step and, as a consequence,
an intermediate in the reaction (see Discussion). Hydronium
ion catalysis is observed from pH 2-5 (ky = 1.6 X 1072 M ™!
s~1). The values of kopsa are independent of HCI concentration
in the concentration range 0.01-5 M (kobsa = 1.22 X 1073 s7").
This pH-independent reaction is slower in DO than in H,O
(koH20/ kP20 = 1.55 £ 0.15).

Pronounced buffer catalysis is observed in the cyclization
reaction. The slopes of plots of kqbsg Vs. total buffer concen-
tration increase as the pH increases as shown in Figure 2 for
Tris catalysis. This may indicate that the base species of the
buffer catalyzes the reaction. However, the slopes of plots of
kobsg V. base concentration decrease as the pH increases, also
indicating general acid catalysis or a kinetic equivalent. If the
reaction is considered to involve general base catalysis of the
cyclization of the neutral and protonated substrate, then the
minimum equation for k,pss Would be given by the following

equation:
_ K. I _4H
kows = ko + ko[B] [K—a +aH] + k'[B] [Ka +aH] 3)

Plotting the slopes (kg total) of plots of kobsd vs. buffer base
concentration vs. K,/(K, + an) gives straight lines. The in-
tercept of such plots at K,/ (K, + an) = 1.0 is kg, while kg
is obtained as the intercept at K,/ (K, + @) = 0. The values
of the rate constants are given in Table 1. This procedure could
not be applied below pH 7 to separate the rate constants be-
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Figure 3. Plot of kb vs. total imidazole concentration for cyclization of

2-aminomethy!benzamide to phthalimiding at 30 °C and ¢ = 0.5 M with
KCL

Table I. Values of the Rate Constants for Buffer-Catalyzed
Cyclization of 2-Aminomethylbenzamide to Phthalimidine at 30
°Cand ¢ = 0.5 M with KCl

kg X 104, kg' X 104,

Base pK. M-ts! M-!s!
Piperidine 11.1 12,1 287.0
n-Butylamine 10.54 8.90 91.9
Ethanolamine 9.60 5.08 10.6
Morpholine 8.60 1.36 3.10
Tris 8.10 0.85 1.65
Imidazole 7.05 3.02¢
Cacodylate 6.28 0.67°
Acetate 4.60 0.21¢
Chloroacetate 2.80 0.054%
Water -1.74 0.00072¢

@ Average value. ® Determined at one pH value. ¢ k2/55.5 M.

cause of the extremely small percentage of unprotonated
species. The rate constant kg! was then obtained directly from
the slope of a plot of kpsq vs. buffer base concentration at high
buffer concentration and at constant pH, or if determined at
more than one pH, the values were averaged. Values of kg total
for imidazole and acetate are reasonably constant at two pH
values. Due to the small magnitude of kg at appropriate low
pK, values, negligible error will be introduced into kg! by the
above procedure. Downward curvature was detected in plots
of kobsd vs. imidazole, acetate, or chloroacetate concentration
at total buffer concentrations less than 0.1 M. This curvature
is illustrated in Figure 3 in which kpsq is plotted vs. total im-
idazole concentration. In the cases where a curved plot was
obtained, the value of kg total was determined from the linear
portion of the plot at buffer concentrations greater than 0.1
M. A detailed analysis of the curved plots at low buffer con-
centrations was not attempted.

In Figures 4 and 5 are presented Bronsted plots of log kg and
log kg' vs. the pK, of the conjugate acid of the general base
catalyst. The slope, 8, of Figure 4is 0.39 (» = 0.986). A straight
line through all of the points of Figure 5 has a least-squares
slope of 0.40 with a correlation coefficient of 0.978. If the point
for HyO catalysis (k»/55.5 M) is omitted from the correlation
of Figure 5, the slope is 0.42 (r = 0.954). The plot shows a
possible change of slope at about pK, 8 with 8 = 0.75 (» =
0.991) at high pK, and 0.39 (» = 0.995) at low pK..

Discussion

At high pH, 2-aminomethylbenzamide cyclizes to phthali-
midine with apparent hydroxide ion catalysis (kop = 0.16 M~/
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Figure 4, Plot of log kg vs. pK. of the conjugate acid of the catalyst for
cyclization of 2-aminomethylbenzamide to phthalimidine at 30 °C and
u =0.5 M with KCI.

PIPERIDINE O
20 n-BUTYLAMINE O

ETHANOLAMINE

log kg M sec

) L 1 "

-2.0 0 20 40

60 80 100 120
PKy
Figure 5. Plot of log k' vs. pK, of the conjugate acid of the catalyst for

cyclization of 2-aminomethylbenzamide to phthalimidine at 30 °C and
u = 0.5 M with KCI.

s~1). This kon value is approximately 10* greater than the
second-order rate constant for hydroxide ion catalyzed hy-
drolysis of benzamide (koy = 1.13 X 1073 M~1 57! at 25
°C),13 illustrating the great facility of the intramolecular re-
action. Reasonable reaction schemes involve preequilibrium
formation of the amine anion (eq 4), or initial attack of the

't [
C—NH,

)
C—NH, Ko +
o O -
+
CH, NHy CHzNH2
'OH\ 4y

"o NH,
N2 ¢ —NH,

o]
¢

NHy + Oi>~n.—©i>w.-=-. ©i + H;0
CH, CH, CH,NH™

2

neutral amine group on the carbonyl, followed by rate-deter-
mining breakdown of an anionic tetrahedral intermediate to
products (eq 3). The magnitude of koy is approximately the
same for cyclization of I and 2-hydroxymethylbenzamide.
Thus, as with aliphatic esters,® the rate constants are nearly
independent of the nature of the nucleophilic group, even
though the amine and hydroxyl group nucleophiles must differ
greatly in basicity. There is, however, a large dependence of
the rate constants on the leaving group. Cyclization of methyl
2-aminomethylbenzoate to phthalimidine has a kop of 7 X 103
M~1s~1at 30 °C, which is greater than that for cyclization
of the amide I by a factor of 4 X 104
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The behavior of 2-aminomethylbenzamide at pH values
below the pK, of the amine is quite different than that of the
corresponding methyl ester.® Hydroxide ion catalysis is ob-
served at all pH values investigated in cyclization of the methyl
ester. At pH values above its apparent pK,, the slope of a plot
of log ko, vs. pH is +1.0, but at pK,,, (8.6) there is a change
of slope to +2.0. Thus, the protonated species is unreactive, and
cyclization occurs exclusively through the neutral species. On
the other hand, the profile for amide cyclization at pH values
below 9 becomes nearly pH independent, indicating the inci-
dence of a reaction of the protonated compound or a kinetically
equivalent acid-catalyzed reaction of the neutral species (eq
6). The break in the profile occurs close to the thermodynamic

[o} [o}
1 [} HO ~NH;
C_NHz C_NH2 C\
_— _ NH
SO L,
HZ NH. CH2 NH2 o] >
+
" +
H
H* /
(6}
-
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pK, of I (9.2) and the near pH-independent reaction extends
to pH 7. As seen in Figure 1, the rate constants k, give a good
fit above pH 7.5 to eq 2 in which uncatalyzed or water-cata-
lyzed reactions of the neutral and protonated species are as-
sumed. Nucleophilic attack at the carbonyl should not take
place when the neighboring amino group is protonated;
therefore, the reaction of the protonated species is best con-
sidered to be an acid-catalyzed cyclization of the neutral
compound. Intramolecular attack by neighboring imidazole
on v-(4-imidazoyl)butyramide has a pH-rate constant profile
showing dependence of the reaction on the protonated
species.'# This could also reflect attack of neutral imidazole
on the protonated amide. Reasons for the difference in behavior
of the amide I and the corresponding methyl ester below pH
9 must lie in the greater basicity of the amide function and in
the very poor leaving group of the amide which will, as a con-
sequence, have a requirement for protonation in decomposition
of the tetrahedral intermediate to products. It is of interest that
while the methyl ester cyclizes much more rapidly than the
amide at high pH, because of the differently shaped pH-rate
constant profiles, the rates are of comparable magnitude in the
neutral pH range (6-7).

The downward bend in the pH-rate constant profile at ap-
proximately pH 7 can be considered evidence for a change in
rate-determining step and, consequently, as evidence for the
existence of an intermediate in the reaction. Hydroxide ion
catalyzed reaction of the fully protonated compound or
water-catalyzed reaction of the neutral species would give rise
to the line of slope 1.0 in Figure 1 in the pH range 5-7, but
assumption of such reactions in that pH range would not allow
fit of a theoretical line to the experimental data above pH 7 if
the rate-determining step is unchanged. Curvature was also
detected in plots of kobsq vs. imidazole, acetate, or chloroacetate
concentration, showing that the rate-limiting step also changes

with increasing buffer concentration. The identity of the
rate-determining steps can be ascribed to formation of a tet-
rahedral intermediate at low pH (2-7) and decomposition of
a tetrahedral intermediate to products at high pH (>7). It
would reasonably be expected that formation of a tetrahedral
intermediate would be retarded at low pH where the amino
group is predominantly in the protonated form. At the same
time, C-N bond breaking to give products should be favored
at low pH because decomposition of a neutral or protonated
tetrahedral intermediate should be facile in comparison with
breakdown of the anionic intermediate required at high pH.
Cyclization of 2-hydroxymethylbenzamide has been shown
to proceed with rate-determining formation of a tetrahedral
intermediate at low pH and rate-determining breakdown at
high pH.!3

Apparent hydronium ion catalysis is observed from pH 2-5.
The second-order rate constant kp is 1.6 X 1072 M~!s~"at
30 °C which is much larger than the second-order rate constant
reported for hydronium ion catalyzed hydrolysis of benzamide
(kg =7 X 107*M~Is7" at 109 °C).!6.17 If the ground state
at pH 5 is considered to be the fully protonated compound I1,
then acid catalysis would imply the presence of a second proton
in the transition state. A reaction with concerted nucleophilic
attack by the amine group and C-N bond breaking can be
ruled out since the curved plots of kopsg vs. acetate and chlo-
roacetate concentration show that an intermediate is being
formed in the pH range 2-5. If formation of a tetrahedral in-
termediate is rate determining, then a reasonable mechanism
would be that of eq 7, where a proton is being transferred from

H
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the amine group in the transition state. Considering the pK,
values of protonated amides,!3!® a rate constant of 1072 M~!
s~! is less than might be expected for rate-determining pro-
tonation of the carbonyl of II by hydronium ion, but such
protonation could, of course, be partially rate limiting in a
concerted cyclization. The extremely small concentration of
I1I (eq 8) at any pH value might prevent the cyclization re-
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action from proceeding rapidly via a discrete stepwise pathway
in which preequilibrium transfer of a proton from nitrogen to
the carbonyl oxygen is followed by nucleophilic attack by the
neutral amine. The ratio of (111/11) would be given by K,Keq
from eq 8 and would have an approximate value of 10712.17
The rate of the reaction becomes constant from pH 2 to 5
M HCI. This pH-independent reaction is slower in D,O than
in Hy0 (k,H29/k,P20 = 1.55 + 0.15) which is consistent with
a proton transfer reaction. The change in slope of the profile
at pH 2 would occur if at that pH only one proton is present
in the transition state as well as the ground state. Since for-
mation of the tetrahedral intermediate is acid catalyzed and
decomposition of the intermediate to products at low pH should
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not be acid catalyzed, then an acid concentration must be
reached where the rate-determining step undergoes a change
back to tetrahedral intermediate breakdown. The rate constant
for the pH-independent reaction is, in fact, slightly larger than
the value of k; assumed to give the best fit to the experimental
data at higher pH.20 It may be noted in Figure 1, however, that
extrapolation of the line for the pH-independent reaction to
higher pH intersects the theoretical line obtained from eq 2
precisely at pH 9.2.

Pronounced buffer catalysis is observed in the cyclization
of I to phthalimidine, which is general base catalyzed reaction
of the neutral and protonated species or kinetically equivalent
possibilities. Plots of the logarithms of kg and kg' from eq 3
vs. the pK, of the catalyst (Figures 4 and 5) have slopes, 8, of
0.4. These values correspond to « values for the kinetically
equivalent general acid catalyzed reactions of 0.6 (a = 1 — 8).
If it is assumed that Bronsted coefficients of 0 and 1.0 are
characteristic of rate-determining proton transfer reactions,?!
and Bronsted coefficients between 0 and 1.0 imply a reaction
in which proton transfer is concerted with bond making or
breaking, then buffer-catalyzed cyclization of I is best con-
sidered to be a concerted process. Concerted general base ca-
talysis in decomposition of a tetrahedral intermediate could
result from partial proton transfer from the neutral interme-
diate in eq 5 or the more likely kinetically equivalent proton
donation to the leaving group. These possibilities are shown
in IV and V. The apparent buffer-catalyzed reaction of the

" .
N s &

protonated species could correspond to a general acid catalyzed
reaction of the neutral substrate (VI) or general base catalyzed
breakdown of a protonated tetrahedral intermediate (VII).
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Bronsted coeff1c1ents of 0.4 for general base catalyzed cycli-
zation of 4- and 6-amino-2-hydroxymethylbenzamides?? again
suggest a concerted reaction in cases where a hydroxymethyl
group acts as a nucleophile toward an amide.

Bimolecular aminolysis of simple amides has not been ex-
tensively studied because of the unreactivity of such com-
pounds. Jencks and coworkers?324 have made a thorough in-
vestigation of the aminolysis reactions of the reactive amide
N-acetylimidazole, and its conjugate acid where the pK’s of
the leaving groups are 14.2 and 7.0, respectively. Some of their
pertinent conclusions can be summarized as follows: (1) nu-
cleophilic attack on /N-acetylimidazolium ion by strongly basic
amines is unaided by general base catalysis; (2) attack of
strongly basic amines on N-acetylimidazole is general acid
catalyzed; (3) attack of weakly basic amines on N-acetylim-
idazole is assisted by general base catalysis in which a proton
is partially removed from nitrogen in the transition state; and
(4) the reactions appear to be characterized by the necessity
to have the leaving group fully or partially protonated so as to
avoid expulsion of an amine anion.

Rigorous mechanistic conclusions about intramolecular
reactions cannot be drawn from a consideration of similar bi-
molecular reactions. For example, intramolecular aminolysis
of the methyl ester, methyl 2-aminomethylbenzoate,? proceeds
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with significant mechanistic differences in comparison with
bimolecular aminolysis of aliphatic esters.?® However, it is
chemically reasonable that certain important features of bi-
molecular aminolysis will also be important in the intramo-
lecular reaction of 1. Thus, it would not be expected that "N H-
would be an adequate leaving group, but would require com-
plete or partial protonation. Consequently, transition state IV
is less likely than V., The observed general base catalysis at high
pH is best considered to be general acid catalyzed breakdown
of an anionic tetrahedral intermediate. Likewise, transition
state VII is more likely than VI since the microscopic reverse
of VII would be general acid catalyzed attack of a highly basic
amine whereas that of VI would be general base catalyzed
attack of a strongly basic amine on a protonated carbonyl.

The curvature in plots of k4psg vs. buffer concentration at
pH values less than 7 in cyclization of I indicates that both steps
in the reaction are catalyzed by buffer, but that catalysis is
greatest for the step that is rate limiting at low buffer. If, as
seems likely, the rate-limiting step for the spontaneous reaction
(ko) at pH values below 7 is formation of a tetrahedral inter-
mediate, then the rate-determining step in imidazole, acetate,
and chloroacetate buffers must change with increasing buffer
concentration from formation to breakdown of the interme-
diate. The absence of a downward bend in the Bronsted plot
of Figure 5 shows that the rate constants k', obtained at high
buffer concentration, represent the same rate-determining step.
A change in rate-limiting step with increasing buffer concen-
tration was previously observed in the hydroxylaminolysis of
formamide.26

In view of the Bronsted coefficient of 1.0 for general base
catalyzed cyclization of methyl 2-aminomethylbenzoate
implying rate-determining proton transfer, and the Bronsted
coefficients much less than 1.0 for cyclization of 2-ami-
nomethylbenzamide, implying a concerted reaction, it is clear
that intramolecular nucleophilic attack by amines on esters
and amides, assisted by general acid-base catalysis proceeds
through different mechanistic pathways or with different
rate-determining steps.

With the exception of reactive N-acylimidazoles, the only
amides that serve as reasonably good substrates for a-chy-
motrypsin are those of the specific amino acids, tyrosine,
phenylalanine, and tryptophan. In contrast, esterase activity
is encountered with a variety of esters.'-> Thus, it is probable
that precise alignment of substrate in the active site is of par-
ticular importance in the reactions of amide substrates. This
could reflect the importance of protonation of the leaving group
by a general acid in the enzymatic reactions of amides as in the
analogous nonenzymatic reactions.
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Abstract: Cyclopropyl phenyl sulfide undergoes complete metalation with #-butyllithium at 0 °C inabout | h. The correspond-
ing anion shows no inversion on the NMR time scale. It adds to the carbonyl group of saturated and «,8-unsaturated aldehydes
and ketones. The stereochemistry, regiochemistry, and chemoselectivity of the addition is discussed. The effect of a 3-methyl
group on the metalation and carbonyl additions is examined. The question of nonclassical stabilization of the cyclopropyl anion

Is raised.

The generation of quaternary carbon atoms with stereo-
chemical control is an important problem in organic synthesis.
The replacement of the two carbon-oxygen bonds of a carbonyl
group with two carbon-carbon bonds as a direct geminal al-
kylation has promise for organic synthesis.! The ability to in-
corporate these two bonds into a cyclobutyl ring has the virtue
that the strain energy of the product can provide a driving force
for further skeletal reorganization and the generation of a
myriad of useful carbon frameworks.?3

ooo—

Wagner-Meerwein rearrangements of cyclopropyl systems
offer a potential for accomplishment of such an overall process
provided that the reaction can be made unidirectional for
formation of the four-membered ring system.* Several reports
in the literature suggested the ability to achieve this goal by
placing an oxygen substituent on the cyclopropyl carbon atom.’
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In ours?? and other related work® this type of substitution was
achieved by the formation of oxaspiropentane intermediates.
Their accessibility directly from ketones via diphenylsulfonium
cyclopropylide has offered a host of potential new approaches
to the elaboration of organic molecules of theoretical and bi-
ological significance. Three limitations suggested the need for
an alternative. (1) The ylide undergoes conjugate addition
rather than carbonyl addition with «,8-unsaturated carbonyl
compounds. (2) Very sterically hindered ketones react very
sluggishly. (3) Silver salts are required in the preparation of
the precursor sulfonium salt.

Cyclopropyl phenyl sulfides offered a potential for over-

coming these limitations. Three questions that must be resolved
are: (1) the ability to metalate directly; (2) the nucleophilicity
of the resultant organometallic; and (3) the ability of sulfur

Qo= Rpe R

H S
Li
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to direct the carbonium ion rearrangement. Metalation on
carbon adjacent to sulfur had been reported for thioanisole’
and allyl phenyl sulfide,® although rather drastic conditions
had been employed for the latter case. On the other hand,
thiophenetole had been reported not to metalate on the ethyl
group.® In the case of thioanisole metalation occurs initially
on the aromatic ring and subsequent rearrangements lead to
the side chain metalation. The ability of oxygen to activate
ortho positions in aryl ethers toward metalation further rein-
forced the idea that abstraction of Ha in 1 might be a very
favorable process. On the other hand, it is reasonable to an-
ticipate that the ability of sulfur to stabilize a-carbanions might
overcome the unfavorable differences in hybridization of the
C-Li bond between 2 and 3 to favor the formation of 3 at least
in a thermodynamic, if not a kinetic, process. At the time this
work was begun, the metalation of phenyl vinyl sulfide had not
been reported. We found that metalation does proceed with
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sec-butyllithium at the a-vinyl position.'? Recently this me-
talation has also been accomplished with n-butyllithium-
potassium zert-butoxide!! and a related metalation of 1-eth-
oxy-2-phenylthioethene has been reported.!? It is interesting
to note that phenyl vinyl ether does metalate in the aromatic
ring, which subsequently rearranges to the product of side
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