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tablish the applicability of calculations on H,SO, to sulfate diesters
(Table IV). Steric interactions involving the methyl groups are
expected to be dominant in determining conformational energy.
Nevertheless, the global minimum energy conformation is again
+sc,+sc (72°,72°). Molecular models and minimal basis set ab
initio calculations?! predict that the +sc,~sc (90°,-90°) local
minimum will be sterically destabilized. No minimum was located
in this region. The relative energies and electron distribution of
the other partially optimized conformers of dimethyl sulfate are
consistent with the presence of similar stereoelectronic effects as
postulated for H,SO,.
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Abstract: Equilibrium acidities in Me,SO are reported for six ketimines of the type Ph,C=NCH(R)CO,Et and five aldimines,
ArCH=NCH(R)CO,Et. Changing R in the ketimine from H to Ph increased the pK, by 2.2 units. This surprising acidity
decrease for Ph substitution points to a substantial increase in steric effect, as do the increases in pK, of 3.8 and 4.2 units
observed for the replacement of hydrogen by Me and PhCH,, respectively. Phase-transfer alkylation of the Ph,C=NCH,CO,Et
ketimine gave over 90% of monoalkylate whereas, under similar conditions, the aldimine 4-CIC;H,CH=NCH,CO,Et gave
a mixture of mono- and dialkylate. The difference is that the pK, of the monoalkylated aldimine is essentially the same as
that of the parent, which leads to rapid equilibration with the parent anion and consequent dialkylation. The rates of alkylation
in Me,SO of these parent and monoalkylated anions did not differ greatly, showing that the relative pKjs of the parent acid
and its monoalkyl derivative, rather than the relative rates of the mono- and dialkylation reactions, is the principal factor that
determines the extent of the competition between monoalkylation and dialkylation.

Introduction

Alkylation of derivatives of the simplest amino acid, glycine,
has received considerable recent attention as a preparative route
to higher amino acids. The overall strategy involves removal of
an a-proton from a protected glycine derivative to give an a-anion
of glycine, equivalent to 1, which is then reacted with an elec-
trophile such as an alkyl halide to form a new carbon—carbon bond.
The final step in the sequence involves removal of the protecting
groups to yield the desired amino acid. Protection of a primary
amino group by reaction to form a Schiff base has the added bonus
of acidifying the proton alpha to the nitrogen, thereby allowing
for the use of milder basic conditions to effect deprotonation. The
resulting carbon—nitrogen double bond stabilized carbanion (2)
has been used in several routes to a-substituted primary amines.!
In conjunction with the carboxyl or equivalent protecting group
it has been used extensively in the synthesis of a-amino acids.2"1°

HzNCHCO,H ——cl:z_—N——cl:——
1

2

One of us has reported the phase-transfer alkylation of ben-
zophenone Schiff base derivatives of glycine ethyl ester (3) and
aminoacetonitrile (4) as a particularly attractive route to higher
amino acids.!"1? Phase-transfer alkylations are often carried out
in mixtures of aqueous sodium hydroxide and a nonpolar solvent,

*Indiana-Purdue University at Indianapolis.
! Northwestern University.
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such as PhMe or CH,Cl,, in the presence of a tetraalkyl-
ammonium salt. The simple reaction procedure, mild conditions,

(1) (a) Bradamante, S.; Ferraccioli, R.; Pagani, G. A. J. Chem. Soc.,
Perkin Trans. 1 1987, 515-518. (b) Mostamandi, A.; Remizova, L. A,
Pavlenkova, A. L.; Favorskaya, I. A. J. Org. Chem. USSR (Engl. Transl.)
1982, 18, 850-852. (c) Hoppe, D.; Beckmann, L. Liebigs Ann. Chem. 1980,
1751-1764. (d) Asai, T.; Aoyama, T.; Shioiri, T. Synthesis 1980, 811-812.
(e) Arrowsmith, J. E.; Cook, M. J.; Hardstone, D. J. J. Chem. Soc., Perkin
Trans. 1 1979, 2364-2368 and references cited therein.

(2) Schiff base esters: (a) Duhamel, P.; Eddine, J. J.; Valnot, J.-Y. Tet-
rahedron Lett. 1987, 28, 3801-3804. (b) Mkairi, A.; Hamelin, J. Tetrahedron
Lett. 1987, 28, 1397-1400. (c)Schollkopf, U.; Tdlle, R.; Egert, E.; Nieger,
M. Liebigs Ann. Chem. 1987, 399-405. (d) Genet, J. P.; Ferroud, D.; Juge,
S.; Montes, J. R. Tetrahedron Lett. 1986, 27, 4573-4576. (e¢) Calmes, M.;
Daunis, J.; Jacquier, R.; Nkusi, G.; Verducci, J.; Viallefont, P. Tetrahedron
Lett. 1986, 27, 4303-4306. (f) Ikegami, S.; Hayama, T.; Katsuki, T.; Yam-
aguchi, M. Tetrahedron Let:. 1986, 27, 3403-3406. (g) Joucla, M,; El
Goumzili, M.; Fouchet, B, Tetrahedron Lett. 1986, 27, 1677-1680. (h)
Tsushima, T.; Kawada, K. Tetrahedron Lett. 1985, 26, 2445-2448. (i) Be-
lokon’, Y. N.; Chernoglazova, N. L.; Kochetkov, C. A.; Garbalinskaya, N. S.;
Belikov, V. M. Chem. Commun. 1985, 171-172. (j) Bey, P.; Ducep, J. B,;
Slfhirlin, D. Tetrahedron Lett. 1984, 25, 5657-5660 and references Cited
therein.

(3) Amidine esters: (a) Kolb, M.; Barth, J. Liebigs Ann. Chem. 1983,
1668-1688. (b) Fitt, J. J.; Gschwend, H. W. J. Org. Chem. 1977, 42,
2639-2641 and references cited therein.

(4) Lactim ethers: (a) Schéllkopf, U.; Hinrichs, R.; Lonsky, R. Angew.
Chem., Int. Ed. Engl. 1987, 26, 143-145. (b) Subramanian, P. K.; Woodard,
R. W. J. Org. Chem. 1987, 52, 15-18. (c) Holler, T. P.; Spaltenstein, A.;
Turner, E.; Klevit, R. E.; Shapiro, B. M.; Hopkins, P. B. J. Org. Chem. 1987,
52, 4420~4421. (d) Schollkopf, U. In Organic Synthesis: An Interdisciplinary
Challenge; Streith, J., Prinzbach, H., Schill, G., Eds.; Blackwell: Oxford,
1985; pp 101-112. (e) Schéllkopf, U. Pure Appl. Chem. 1983, 55, 1799-1806.
(f) Schéllkopf, U. Top. Curr. Chem. 1983, 109, 65-84 and references cited
therein.
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inexpensive and safe reagents and solvents as well as the ready
availability of starting substrates and the ability to scale-up the
reaction all combine to widen the scope and applicability of the
phase-transfer technique.!> The method has been extended to
the alkylation of aldimine derivatives 5, as well as phase-transfer
alkylations under a variety of mild, basic conditions.!* Several

PhoC==NCH,CO,Et  Ph,C==NCH,CN  ArCH==NCH,CO,Et
3 4 5

interesting amino acids, such as a-methyl amino acids,*® 1-
aminocyclopropane-1-carboxylic acid,'® and 3-fluorophenyl-
alanine, !¢ have also been prepared by using this procedure. A
general observation in these reactions is that, whereas the aldimine
esters § can be readily djalkylated at the a-carbon, the corre-
sponding benzophenone Schiff base esters are readily mono-
alkylated but do not generally undergo dialkylation at the a-
carbon., Since monoalkylation of active methylene compounds
is a long-standing synthetic problem,!” the possibility of selectively
introducing a single alkyl group on the a-carbon of a protected
glycine derivative (3 or 4) is of considerable synthetic potential.'#4°

(5) Oxazolinones: (a) Mukerjee, A. K. Heterocycles, 1987, 26, 1077-1097.
(b) Gelmi, M. L.; Pocar, D.; Rossi, L. M. Synthesis 1984, 763-765. (¢)
Kiibel, B.; Gruber, P.; Hurnaus, R.; Steglich, W. Chem. Ber. 1979, 112,
128-137 and references cited therein.

(6) Imidazolones: Schollkopf, U.; Hausberg, H.-H.; Segal, M.; Reiter, U.;
Hoppe, 1.; Saenger, W.; Lindner, K. Liebigs Ann. Chem. 1981, 439-458 and
references cited therein.

(7) Oxazinones: Schéllkopf, U.; Scheuer, R. Liebigs Ann. Chem. 1984,
939-950.

(8) Alkyl oxazolinecarboxylates: (a) Seebach, D.; Aebi, J. D.; Gander-
Coquoz, M.; Naef, R. Helv. Chim. Acta 1987, 70, 1194-1216. (b) Reider,
P. J,; Conn, R. S. E.; Davis, P.; Grenda, V. J.; Zambito, A. J.; Grabowski,
E. J. J. J. Org. Chem. 1987, 52, 3326-3334.

(9) Benzodiazepinones: Decorte, E.; Toso, R.; Sega, A.; Sunjic, V.; Ruz-
ic-Toros, Z.; Kojic-Prodic, B.; Bresciani-Pahor, N.; Nardin, G.; Randaccio,
L. Helv. Chim. Acta 1981, 64, 1145-1149.

(10) Isonitrile esters: (a) Ito, Y.; Sawamura, M.; Matsuoka, M.; Matsu-
moto, Y.; Hayashi, T. Tetrahedron Lett. 1987, 28, 4849-4852. (b) Schollkopf,
U.; Hupfeld, B.; Gull, R. Angew. Chem., Int. Ed. Engl. 1986, 25, 754-755.
(c) Matsumoto, K.; Moriya, T.; Suzuki, M. J. Synth. Org. Chem. Jpn. 1985,
43, 764-776. (d) Pirrung, M.; McGeehan, G. M. Angew. Chem., Int. Ed.
Engl. 1985, 24, 1044-1045. (e) Kalvin, D.; Ramalingam, K.; Woodard, R.
Synth. Commun. 1988, 15, 267-272 and references cited therein.

(11) (a) O’Donnell, M. J.; Boniece, J. M.; Earp, S. E. Tetrahedron Lett.
1978, 2641-2644. (b) O’Donnell, M. J.; Eckrich, T. M. Tetrahedron Lett.
1978, 4625-4628.

(12) Other syntheses of amino acids involving phase-transfer alkylations:
(a) Schollkopf, U.; Hoppe, D.; Jentsch, R. Chem. Ber. 1975, 108, 1580~-1592.
(b) Beck, W.; Girnth, M. Chem. Ber. 1976, 109, 965-969. (c) Schéllkopf,
U.; Hausberg, H. H.; Hoppe, 1.; Segal, M.; Reiter, U. Angew. Chem., Int. Ed.
Engl. 1978, 17, 117-119. (d) Kolodziejczyk, A. M.; Arendt, A. Pol. J. Chem.
1980, 54, 1327-1329. (e) Reference 5b. (f) Reference 2i. (g) Bram, G;
Galons, H.; Farnoux, C. C.; Miocque, M. Pharmazie 1987, 42, 199 (Chem.
Abstr. 1988, 108, 112906¢). (h) Jiang, Y.; Zhou, C.; Wu, S,; Chen, D.; Ma,
Y.; Liu, G. Tetrahedron 1988, 44, 5343-5353.

(13) Monographs concerning the phase-transfer process: (a) Starks, C.
M. Phase Transfer Catalysis: New Chemistry, Catalysts and Applications;
ACS Symposium Series 326; American Chemical Society: Washington, DC,
1987. (b) Keller, W. E. Phase Transfer Reactions: Fluka-Compendium;
Georg Thieme Verlag: Stuttgart, 1987; Vol. 2. (c) Keller, W. E. Phase
Transfer Reactions: Fluka-Compendium; Georg Thieme Verlag: Stuttgart,
1986; Vol. 1. (d) Makosza, M.; Fedorynski, M. In Advances in Catalysis;
Pines, H., Ed.; Academic Press: New York, 1986; Vol. 35, pp 375-422. (¢)
Dehmlow, E. V.; Dehmlow, S. S. Phase Transfer Catalysis, 2nd ed; Verlag
Chemie: Weinheim, 1983. (f) Starks, C. M.; Liotta, C. Phase Transfer
Catalysis: Principles and Techniques; Academic Press: New York, 1978.
(g) Weber, W. P,; Gokel, G. W. Phase Transfer Catalysis in Organic Syn-
thesis; Springer-Verlag: Berlin, 1977. (h) Brandstrdm, A. Preparative Ion
Pair Extraction. An Introduction to Theory and Practice; Apotekarsocieteten:
Stockhoim, 1974.

(14) (a) Ghosez, L.; Antoine, J.-P.; Deffense, E.; Navarro, M.; Libert, V.;
O’Donnell, M. J.; Bruder, W. A.; Willey, K.; Wojciechowski, K. Tetrahedron
Lert. 1982, 23, 4255-4258. (b) O’Donnell, M. J.; LeClef, B.; Rusterholz, D.
B.; Ghosez, L.; Antoine, J.-P.; Navarro, M. Tetrahedron Lett. 1982, 23,
4259-4262. (c) O’Donnell, M. J.; Wojciechowski, K.; Ghosez, L.; Navarro,
M.; Sainte, F.; Antoine, J.-P. Synthesis 1984, 313-315,

(15) O’Donnell, M. J; Bruder, W. A_; Eckrich, T. M.; Schullenberger, D.
F.; Staten, G. S. Synthesis 1984, 127-128.

(16) O’Donnell, M. J.; Barney, C. L.; McCarthy, J. R. Tetrahedron Lett.
1985, 26, 3067-3070.

(17) (a) Leuchs, H. Ber. Dtsch. Chem. Ges. 1911, 44, 1507-1511. (b)
Pearson, R. G. J. Am. Chem. Soc. 1949, 71, 2212-2214. (¢) Makosza, M.
Tetrahedron 1968, 24, 175-183.
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Table I. Equilibrium Acidities in Dimethyl Sulfoxide Solution at
25 °C

compd structure pK,*°
3 Ph,C=NCH,CO,Et 18.7
4 Ph,C=NCH,CN 17.8
6 Ph,C=NCH,Ph 24.3 (24.1%)
7

@ 14.5
. NCH,Ph

8  Ph(EtO)C=NCH,CO,Et 22.1
9  PhCH=NCH,CO,Et 19.5
10 4-CICgH,CH—=NCH,CO,Et 18.8
11 Ph,C=NCH(CH,)CO,Et 228
12 4-CIC(H,CH=NCH(CH,)CO,Et 19.2¢
13 Ph,C—=NCH(CH,Ph)CO,Et 23.2¢
14 4-CICgH,CH=NCH(CH,Ph)CO,Et  19.0
15  Ph,C=NCH(Ph)CO,Et 21.2¢
16  4-CIC¢H,CH=NCH(Ph)CO,Et 17.2

9Determined by the method described in ref 21. The anions derived
from the Schiff bases are colored and pK, measurements were gener-
ally made against two (colorless) standard acids with the Schiff bases
as indicators. The values are reproducible to %0.05 pK, unit.
bCorrected for tautomerism; see ref 39. Equilibrations in these titra-
tions were slow (due to steric hindrance in these systems), but the val-
ues are reproducible.

The success of these phase-transfer alkylations depends on the
protected amino compound being acidic enough so that sufficient
proton removal can be brought about by the base to allow the
reaction to proceed at a practical rate. Most substrates for
phase-transfer alkylations have acidities in the range of pK, =
16-23: e.g., dimethyl malonate and fluorene have pK, values in
Me,SO of 15.7% and 22.6,2" respectively. Fluorene has historically
been cited as the weakest carbon acid that can be deprotonated
and alkylated under phase-transfer conditions involving an in-
terfacial mechanism.?22}

To better understand the processes involved in the alkylation
of protected amino acid derivatives, the pK, values of 3-5 and
related compounds have been measured in dimethyl sulfoxide.2*25
Since the acidity of the product plays a key role in determining
whether or not dialkylation will compete with monoalkylation,
acidities of several alkylation products have also been measured
for selected examples. Relative steric effects in two substrates
and their monoalkyl derivatives have been compared by measuring
rate constants of their alkylation in Me,SO.

Results and Discussion

Acidities in Dimethy] Sulfoxide Solution. Most substrates al-
kylated under phase-transfer conditions are too weakly acidic for

(18) For recent applications of this technique of selective monoalkylation
with derivatives of 3, see: (a) References 11, 14¢, and 16. (b) Reich, H. J,;
Jasperse, C. P.; Renga, J. M. J. Org. Chem. 1986, 51, 2981-2988. (¢)
Kinoshita, H.; Inomata, K.; Hayashi, M.; Kondoh, T.; Kotake, H. Chem. Lett.
1986, 1033-1036.

(19) The formation of 1-aminocyclopropane-1-carboxylic acid (see ref 15)
does involve a,a-dialkylation of 4. In this case, the second alkylation is
intramolecular.

(20) Bordwell, F. G. Pure Appl. Chem. 1977, 49, 963-968.

(21) Matthews, W. S.; Bares, J. E.; Bartmess, J. E.; Bordwell, F. G.;
Cornforth, F. J.; Drucker, G. E.; Margolin, Z.; McCallum, R. J.; McCollum,
G. J.; Vanier, N. R. J. Am. Chem. Soc. 1975, 97, 7006-7014.

(22) Makosza, M. Pure Appl. Chem. 1975, 43, 439-462.

(23) Rabinovitz, M.; Cohen, Y.; Halpern, M. Angew. Chem., Int. Ed. Engl.
1986, 25, 960-970.

(24) Equilibrium CH acidities in DMSO of four Ni(II) complexes of
amino acid Schiff bases have been reported: Terekhova, M. 1.; Belokon’, Y.
N.; Maleev, V. I.; Chernoglazova, N. I.; Kochetkov, K. A.; Belikov, V. M;
Petrov, E. S. Izv. Akad. Nauk SSSR, Ser. Khim. 1986, 905-909 (Chem.
Abstr. 1987, 106, 23953j).

(25) For acidity studies of the proton « to the imine carbon of aldimines
and ketimines, see: Fraser, R. R.; Bresse, M.; Chuaqui-Offermanns, N.;
Houk, K. N.; Rondan, N. G. Can. J. Chem. 1983, 61, 2729-2734. Such
systems are synthetic equivalents of a-anions of aldehydes and ketones,
whereas the compounds discussed in this paper are synthetic equivalents of
primary amines.
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pK, values to be determined in water, but their acidities can be
measured in the dipolar nonhydroxylic solvent dimethyl sulf-
oxide.2?6 Table I presents pK, values for the benzophenone imine
of ethyl glycinate (3) and related compounds that are of interest
for the preparation of amino acid derivatives by phase-transfer
alkylations.

Examination of Table I shows that most of the imines have pK,
values in the range 14-23, where phase-transfer alkylation should
be successful. The acidities of 3 and 4 are 3.2 and 4.1 pK, units
greater, respectively, than that of PhACH,CN (pK, = 21.97). (The
larger acidifying effect of CN than CO,Et has been observed
previously, e.g., PACH,CN is 0.8 pK, unit more acidic than
PhCH,CO,Et.28) The larger acidifying effect of the Ph,C=N
function, relative to Ph, is due primarily to its superior ability to
delocalize the negative charge in the anion. The electronegativity
of nitrogen also plays a role as shown by the fact that Ph,C=
NCH,Ph (6)% is 1.3 pK, units more acidic than its carbon ana-
logue, Ph,C—=CHCH,Ph (pK, = 25.6).2! The relative acidities
are reversed, however, in more crowded systems such as Ph,C=
NCHPh, (pK, = 26.5)* and its carbon analogue, Ph,C=
CHCHPh, (pK, = 25.8). Here the greater stabilizing effect
of the sp? nitrogen atom in the anion of 1,1,3,3-tetraphenyl-2-
azapropene than the sp? carbon atom in the anion of 1,1,3,3-
tetraphenylpropene is offset by the greater crowding of the phenyl
rings in the 1,1,3,3-tetraphenyl-2-azapropenide ion. This more
severe crowding (a consequence of the shorter C—=N bond) causes
the phenyl rings to twist farther out of planarity and results in
inhibition of both resonance and solvation. The increased twisting
also manifests itself in a slower rate of SN2 reaction for the
1,1,3,3-tetraphenyl-2-azapropenide ion than for the 1,1,3,3-
tetraphenylpropenide ion,?® despite the higher basicity of the
former.

Attempts were made to measure the acidities of the aldimines
derived from benzylamine and either benzaldehyde (PhCH=
NCH,Ph) or 4-pyridinecarboxaldehyde (4-CsH,NCH=
NCH,Ph), but the absorbances attributed to these anions were
not stable, thereby making acidity measurements unreliable.

The difference in acidity (9.8 pK, units) between the structurally
similar benzylamine ketimines derived from fluorenone (7) and
benzophenone (6) is large. This is not unexpected since fluorene
itself is 9.6 units more acidic than Ph,CH,?® due to the enforced
coplanarity of its benzene rings and the aromatic character of the
14-r-electron system present in its anion.??

Replacement of a Ph group in 3 by OEt to give the imidate
ester 8 causes a 3.4 pK, unit decrease in acidity. This is likely
to be associated with the stabilizing effect of OEt on the undis-
sociated acid, since the inductive effect on the anion would be
expected to be acid strengthening. The cyclic analogue of 8,
2-phenyl-2-oxazolin-5-one, gave an unstable anion on attempted
pK, measurement. Similarly, anions of both amidine esters Ph-
(Me;N)C=NCH,CO,Et and Me,NCH=NCH,CO,Et were
unstable in Me,SO, so that accurate measurements of their
acidities were not possible. With the latter compound it was
necessary to use the conjugate base of a standard acid with a pK,
in the range of 26-27 for any color change to occur, which implies
that this derivative is the least acidic of the compounds being
studied. This result is reasonable since the possibility of phenyl
group resonance has been removed and, in addition, the Me,N
group is known to be one of the best electrically neutral species
for resonance electron donation,?* which would stabilize the un-

(26) Bordwell, F. G.; Branca, J. C.; Hughes, D. L.; Olmstead, W. N. J.
Org. Chem. 1980, 45, 3305-3313 and references cited therein.

(27) Bordwell, F. G.; McCollum, G. J. J. Org. Chem. 1976, 41, 2391-2395.

(28) Bordwell, F. G.; Fried, H. E. J. Org. Chem. 1981, 46, 4327-4331.

(29) Bordwell, F. G.; Hughes, D. L. J. Org. Chem. 1983, 48, 2216-2222.

(30) The pX, values of fluorene and diphenylmethane, in Me,SO, are
22.67 and 3223 respectively.

(31) Bordwell, F. G.; Bares, J. E.; Bartmess, J. E.; McCollum, G. J.; Van
Delr Puy, M.; Vanier, N. R.; Matthews, W. S. J. Org. Chem. 1977, 42,
321-325.

(32) Bordwell, F. G.; Drucker, G. E.; Fried, H. E. J. Org. Chem. 1981, 46,
632-635.

(33) Hine, J.; Linden, S.-M.; Wang, A.; Thiagarajan, V. J. Org. Chem.
1980, 45, 2821-2825.
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dissociated acid as discussed above for ethoxy compound 8.

There is only a small acidifying effect (0.8 pK, unit) associated
with the second phenyl ring* in the benzophenone-derived Schiff
base of glycine ethyl ester (3), as revealed by comparing the acidity
of 3 with that of compound 9 (the Schiff base derived from
benzaldehyde). Presumably steric interactions require the second
phenyl group in the conjugate base of 3 to lie almost orthogonal
to the plane of the C==N==C" anion system, or more likely, require
both rings to be twisted out of this plane. The situation is similar
to that for PhyCH; and Ph;CH in which the additional phenyl
ring in6the triphenylmethane increases its acidity by only 1.9 pK,
units.>

Resonance delocalization into the benzene ring, as shown in
contributor 9¢, for the anion derived from 9 and similar delo-
calization for its p-Cl derivative (10) must be substantial, judging
by the 0.7 pK, unit greater acidity of the latter (this corresponds
to a Hammett p of about 3) (the p-NO, derivative, 4-
NO,C(H,CH=NCH,CO,Et, gave an unstable anion on at-
tempted pK, measurement). Similar charge delocalization must
also be important in the conjugate base of 7 and no doubt occurs
to some extent in all of the anions derived from the compounds

in Table 1.
@—0H=N6Hcozat @—éHN:GHcozst

9a 9b

- ©=CHN=CHcozat

gc

Alkylation of 3 and 10, which have essentially the same acidity,
gives rise to a-alkyl derivatives (11, 13 and 12, 14) that have quite
different acidities.>” The lower acidities of 11 and 13 (Ph,C=
NCH(R)CO,Et) than 12 and 14 (4-CIC(H,CH=NCH(R)-
CO,Et) by about 4 pK, units must be caused by steric crowding
between Ph and R in the conjugate bases of the a-alkyl substituted
ketimines (11a and 13a) that inhibits both solvation and resonance
into the ester and = imine systems.>’® These 1,3-steric interactions
can be classified as Al strains.?® Steric crowding is evidently
less severe in the conjugate bases of the a-alkylaldimines (12a
and 14a) since the acidities of 12 and 14 differ but little from that
of their parent (10) when statistical corrections for the number
of acidic hydrogens are taken into account.’’

)\ Q

C==N C=N
\: VAR
/C——COzEt H /C——COzEt
R R
11a: R =CHg 12a: R =CHj
13a: R =CH,Ph 14a: R =CHyPh
15a: R =Ph 16a: R =Ph

Large acidifying effects as a result of an a-phenyl substitution
are expected in the absence of steric crowding.3! When R = Ph,

(34) This contrasts sharply with the 4.7 pX, unit effect of an additional
phenyl group on the acidity of phenylacetonitrile (the pX, of diphenylaceto-
nitrile in Me,SO is 17.531:3),

(35) When comparing the acidities of two compounds (A and B) that do
not have the same number of potentially acidic hydrogens (such as PhnCH,CN
and Ph,CHCN), it is appropriate to make a statistical correction to the
difference between their acidities. This is done by using the following equa-
tion:

difference in acidity =

|(pK, of A) — (pK, of B) + log

no. of acidic hydrogens in A
no. of acidic hydrogens in B

(36) The pK, values of triphenylmethane and diphenylmethane in Me,SO,
are 30.6 and 32.2, respectively.’1S

(37) (a) Bordwell, F. G.; Bartmess, J. E.; Hautala, J. A. J. Org. Chem.
1978, 43, 3095-3101. (b) Bordwell, F. G.; Bausch, M. J. J. Am. Chem. Soc.
1983, 105, 6188—-6189.

(38) Johnson, F. Chem. Rev. 1968, 68, 375413 (see pp 397-8).
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Table II. Product Studies in the Alkylation of Schiff Base Esters of
Alanine by Different Phase-Transfer (PT) Methods

PhaC==NCHCO,Et

CHg CH,Ph
11 1. PhCH2Br
or PT alkylation CHgCHCOH + CH3TCOZH
2.hydrolysis
4-CICgH4,CH=NCHCO,E! NH, NH
17 18
CHg
12
PT alkylation
experiment imine method” % 17° % 18*
a 11 IPE 82 (98) 0(2)
b 12 IPE 5(6) 91 (94)
c 11 PTC 63 (91) 23 (9)
d 12 PTC 7(8) 94 (92)

9IPE = ion-pair extraction; PTC = phase-transfer catalysis. See
text for discussion. ®Values from amino acid analyses of product
mixtures. Values in parentheses calculated from elemental analyses of
product mixtures based on % carbon and assuming % 17 + % 18 =
100%. See the Experimental Section.

the a-substituted ketimine 15 is 2.2 pK, units /ess acidic than the
parent 3 while aldimine 16 is 1.9 pK, units more acidic than the
parent 10,34

Tautomerization of Schiff Bases during pK, Measurements. The
pK, values reported in Table I assume that the structure shown
is strongly favored at equilibrium. This is not always true. For
example, when 6 is dissolved in Me,SO in the presence of a
catalytic amount of z-BuOK, equilibration to a mixture containing
a predominant amount of tautomer 6’ (67% by NMR analysis)
occurred rapidly (eq 1). This means that the true pK, of 6 is

KO'Bu (cat.)
Ph,C=NCH,Ph ————— Ph,CHN=CHPh (1)
6 (33%) DMSO 6 (67%)

24.1 rather than the value of 24.3 recorded in Table I, and that

6’ has a pK, of 24.4%° A similar equilibration of the carbon

analogue of ¢/, PhCHCH=CHPA, revealed that the equilibrium

position was in the reverse direction (eq 2). Therefore, the Schiff
KO'B_u(ﬁa!.)

Ph,C—CHCH,Ph Ph,CHCH=CHPh (2)
85% (pK, = 25.7) 15% (pK, = 25.0)

bases 6 and 6’ are more acidic than their carbon analogues by
1.6 and 0.6 pK, unit, respectively. Comparable equilibration
studies with 3, 4, and 10 showed that only the tautomeric forms
shown in Table I were present.

Schiff Base Alkylation Studies. Alkylation of Ph,C=
NCH,CO,Et (3) with alkyl halides using LDA in THF/HMPA
at =78 °C,!!® phase-transfer conditions with n-Bu,N*HSO,”/
NaOH/CH,Cl,,''* or t-BuOK/Me,SO* gave good yields of
monoalkylation products in which the alkyl group is & to the ester
function.#! Similarly, only monoalkylation was observed for the
phase-transfer alkylation of PhC—=NCH,CN (4).!'"> However,
treatment of 4-CIC{H,CH=NCHCO,ELt", the conjugate base of
10, with 1 equiv of PhCH,Cl] in Me,SO gave roughly equal
amounts of mono- and dialkylation.!4

(39) The value of the pK, of a tautomer A can be calculated by using the
following equation:

pK, of tautomer A =

pK, of mixture + | (X of tautomer B) log (M)]

tautomer B

in which pX, of mixture is the equilibrium acidity of the tautomer mixture,
X of tautomer B is the mole fraction of tautomer B at equilibrium with
tautomer A and log (tautomer A/tautomer B) is the log of the ratio of the
two tautomeric forms at equilibrium. The acidity of tautomer B can be
calculated by an analogous equation.

(40) Bordwell, F. G.; Hughes, D. L. J. Org. Chem. 1980, 45, 3314-3320.

(41) We have not observed v alkylation in the reaction of alkyl halides with
Schiff base esters. For an example of v alkylation, see: Harris, C. J. Tet-
rahedron Lett. 1981, 22, 4863-4866.
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Table III. Rate Constants for the Alkylation Reaction of the
Conjugate Bases of Imines with Benzyl Chloride in Me,SO at 25 °C

imine pKo kMgt
Ph,C—=NCH,CO,Et (3) 18.7 2.11 % 0.02
Ph,C=NCH(CH,)CO,Et (11) 228 7.13 % 0.03
4-CIC4H,CH=NCH,CO;Et (10) 188 7.6 % 0.2¢
4-CIC,H,CH=NCH(CH;)CO;Et (12)  19.2 8.5 0.2

4Values taken from Table 1. ®Average and standard deviation of
three or more runs with varied pseudo-first-order excess concentrations
of benzyl chloride. “Value taken from the first half-life of the alkyla-
tion reaction. The ratio of 10 to its conjugate base was roughly two
while the benzyl chloride concentration was >10 times the concentra-
tion of the nucleophile.

These observations have been confirmed by additional product
studies (see Table II) in which the benzophenone and 4-chloro-
benzaldehyde Schiff base esters of alanine (11 and 12, respectively)
were alkylated with benzyl bromide under ion-pair extraction
(IPE) conditions!!# and the phase-transfer catalysis method (PTC)
with K,CO; in refluxing CH,CN.!% To facilitate product iden-
tification, the crude alkylation mixtures were hydrolyzed to the
amino acids, which were then analyzed by amino acid as well as
elemental analysis. These reaction conditions could represent the
second alkylation step (resulting in “dialkylation™) when the glycine
derivatives 3 and 10 are used as the starting substrates in the
alkylation procedure. In both the IPE and PTC methods, the
aldimine ester of alanine (12) was readily alkylated a second time
(“dialkylation™) to yield a-methylphenylalanine (18) as the major
product after hydrolysis. In contrast, the benzophenone imine
ester of alanine (11) did not undergo any “dialkylation” in the
IPE reaction and only a minor amount of “dialkylation” with the
PTC method. In both cases with the benzophenone imine 11, the
major amino acid product, alanine (17), resulted from hydrolysis
of unreacted starting substrate 11.

Rates of alkylation of the conjugate bases of 3, 10, and their
monomethyl derivatives (11, 12) were measured in Me,SO solution
to determine the effect of an a-methyl group on the relative
reactivities of the carbanions (see Table III). The rate of reaction
of the carbanion derived from 3 with benzyl chloride in pseudo-
first-order excess (>10-fold) in Me,SO was measured by following
the disappearance of the anion absorbance at 505 nm. Excellent
kinetics were obtained over 3-3.5 half-lives (R? values for plots
of In (absy/abs,) vs time were 0.999 or better, k = 2.11 £ 0.02
M5 at 25 °C for three runs with benzyl chloride). Excellent
kinetics were obtained for over 3 half-lives for the reaction of the
Ph,C=NC(CH;)CO,Et anion (11a) with benzyl chloride (re-
action followed at 530 nm, k = 7.13 £ 0.03 M~! s at 25 °C for
three runs with benzyl chloride).

Similarly, clean kinetics for at least 90% of the reaction were
obtained for the anion derived from 4-CIC,H,CH=NCH-
(CH;)CO,Et (12) with benzyl chloride (reaction followed at 500
nm, k = 8.5 £ 0.2 M™! 57! at 25 °C with benzyl chloride in
pseudo-first-order concentrations: 6.3, 14.0, and 14.7 mM).
However, poor kinetics were obtained for reaction of the conjugate
base of 4-CICsH,CH=NCH,CO,Et (10) with benzyl chloride.
This is due to rapid proton transfer between the monoalkylated
product (14) and the anion derived from 10 (eq 3). The anion
derived from 14 can then react to yield dialkylated Schiff base
(eq 4). By starting the reactions with large initial concentrations

- Ken 128 -
ArCH==NCHCO,Et + 14 10 + ArCH==NCCO,Et (3)
108 CHaPh
14a
CH,Ph
- PhCH,C)
ArCH==NCCO,Et ArCH==NCCO,Et (4}
CH2Ph CH,Ph

14a

of 10, the proton-transfer equilibrium (eq 3) is shifted to disfavor
the complicating side reaction.!”” Under these conditions good



8524 J. Am. Chem. Soc., Vol. 110, No. 25, 1988

kinetics were obtained for the first half-life, yielding a rate constant
of 7.6 £ 0.2 M1 5L,

Comparison of the rates of benzylation for these four Schiff
bases shows that the more sterically hindered a-methyl anions
(11a and 12a) react faster than their less hindered parent anions
(3a and 10a) due to their higher basicities. Similar results have
been obtained for the reactions of ArC(R)CN~ and ArC(R)-
SO,Ph™ anions with n-BuCl in Me,SO, in which the a-methyl
anions (R = CH,;) react 1.3 and 8 times faster that the unsub-
stituted (R = H) phenylacetonitrile and benzyl phenyl sulfone
anions, respectively.*?

Since the rate constants for Sy2 reaction of a-methyl-substituted
carbanions (11a and 12a) are not greatly different from the rate
constants for Sy2 reactions of the parent carbanions (3a and 10a),
the formation of dialkylated material upon alkylation of 10a, but
not of 3a, cannot be attributed to differences in steric hindrance
in the Sy2 reactions of 3a and 10a, but rather to differences in
the pK,s of the alkylated products. The alkylated products 12
and 14 (from 10a) have pK,s only slightly higher than that of 10,
which means that during alkylation of 10a appreciable concen-
trations of 12a (or 14a) are present and can be alkylated. On
the other hand, the alkylation products from 3a (11 and 13) have
pK, values much higher than that of 3, so that only small con-
centrations of 11a (or 13a) (see eq 5) are present and dialkylation
is slow.

-5

- Keg=8.3x10 -

PhaC==NCHCO,Et + 13 —_ 8 + Ph,C==NCCO,Et
3a CH,Ph
132 (5

CH,Ph

. PhCH,CI

Ph,C==NCCO,Et Ph,C==NCCO,Et (6)

CH,Ph CH,Ph

13a

These results suggest that one should be able to anticipate the
extent of competition to be expected between mono- and dial-
kylation of anions of weak acids from a knowledge of the acidities
of the parent acid and its monoalkyl derivative. Information of
this kind is available for a number of carbon acids. a-Methylation
is known to increase the acidities of nitroalkanes, but decreases
the acidities of most other carbon acids. The decrease is 0.6 unit
from acetone to 3-pentanone and 1.1 from the latter to 2,4-di-
methyl-3-pentanone. Such relatively small changes are typical
of ketones and account for the well-known competition between
monoalkylation and dialkylation for most enolate ion alkylations.
The problem of dialkylation is of course exacerbated by the
presence of a- and o’-hydrogen atoms in many ketones. 3-
Methylpentane-2,4-dione is 1.7 units less acidic than pentane-
2,4-dione, so the problem is alleviated somewhat in alkylation of
the former. The acidities of nitriles and sulfones appear to be
decreased by over 2 units by a-substitution. It is not surprising
then to find that alkylation of these weak acids gives primarily
monoalkylation.!1®

Experimental Section

Instruments and Analyses. Melting points are uncorrected. Proton
NMR spectra were determined on a Varian EM-390 spectrometer with
CDCl, as solvent and Me,Si as internal standard. Infrared spectra were
recorded on a Beckman IR-8 spectrophotometer. Product samples were
analyzed by HPLC with a C18 HPLC column (Waters uBondapak, P/N
27324) and 70:30 MeOH/H,0 (v/v) containing NaHCO; (0.1 g per
cach 1000 mL of mixed solvent) as the mobile phase at a flow rate of
2.0 mL/min and UV detection at 254 nm. Elemental analyses were
performed by Midwest Microlab, Ltd. of Indianapolis, IN. High-reso-
lution mass spectra were conducted at Eli Lilly and Co. in Indianapolis.
Amino acid analyses were performed in the laboratory of Dr. R. Roeske
at the Indiana University School of Medicine on a Beckman 119CL
amino acid analyzer.

(42) (a) Cripe, T. A. Ph.D. Dissertation, Northwestern University, 1986.
(b) Bordwell, F. G.; Hughes, D. L. J. Org. Chem. 1983, 48, 2206-2215.

O’Donnell et al.

Materials and Syntheses. General Data. All reagents were commer-
cially available reagent-grade chemicals unless otherwise noted. Purity
of pK, samples was ascertained by HPLC, TLC, NMR, IR, and melting
point or boiling point, whenever applicable. The preparation and prop-
erties of Schiff bases 3, 4, 11, 13, and 15 have been reported.*?

Equilibrium acidity measurements were carried out by the method
described earlier.?!

Kinetics. Rates of reactions in Me,SO were determined spectropho-
tometrically, as previously described.*

N-(Diphenylmethylene)benzenemethanamine** (6). Equimolar
amounts of benzophenone and benzylamine in toluene containing BF 5
Et,0 were refluxed with azeotropic removal of water.!’ A normal
aqueous workup was followed by recrystallization from ether/hexane. 6:
mp 58-9 °C (lit.*> mp 55-60 °C); NMR 6 4.5 (2 H, s), 7.0-7.8 (15 H,
m).

N-(Phenylmethylene)benzenemethanamine.** Equimolar amounts
(0.05 mol) of benzaldehyde, benzylamine, and MgSO, were stirred in
CH,Cl, (100 mL) for 2 h at room temperature. The suspension was
filtered and washed with cold water (3 X 30 mL), 2 M aqueous sodium
hydroxide containing NH,OH-HCI (2 g/100 mL of solution) (1 X 30
mL), 1% aqueous NaHCO; (1 X 30 mL), and brine (1 X 30 mL). The
organic solution was dried (MgSO,) and filtered, and the solvent was
removed to yield a clear oil, which was 299% pure by HPLC; NMR &
4.6 (2 H,s), 7.0-7.9 (10 H, m), 8.1 (1 H, s).

N-(4-Pyridinylmethylene)benzenemethanamine'® was prepared from
4-pyridinecarboxaldehyde and benzylamine by the procedure described
above for N-(phenylmethylene)benzenemethanamine; mp 56-7 °C (lit.!*
mp 56-8 °C); NMR 6 4.8 (2H,s),7.3(5H,s),7.5(2H,d),8.3 (1 H,
s), 8.6 (2 H, d).

N-(9H-Fluoren-9-ylidene)benzenemethanamine*’ (7). By analogy
with our previously described procedure,*> benzylamine (0.5 g, 4.7 mmol)
and fluorenone imine hydrochloride*® (1.0 g, 4.6 mmol) were stirred
overnight at room temperature in CH,Cl, (15 mL). Normal workup
gave an oil which was recrystallized from ether/hexane. 7: mp 78-9 °C;
NMR 6 5.2 (2 H, s), 7.0-7.9 (13 H, m); IR (KBr) 1635 cm™. Anal.
Calcd for CogH;sN: C, 89.19; H, 5.61; N, 5.20. Found: C, 89.39; H,
5.73; N, 5.37.

Ethyl N-(ethoxyphenylmethylene)glycinate*® (8) was prepared ac-
cording to the procedure of Tarzia et al.*® 8: bp 107-9 °C (0.25 mm)
[lit.® bp 124-6 °C (1.3 mm)); NMR § 1.2 (3 H, t), 1.3 (3H,1),4.1 (2
H,s),4.15(2H,q),435(2H, q), 74 (5 H, s).

2-Pbenyl-5(4H)-oxazolone! was prepared according to the procedure
given in ref 51: mp 85-6 °C (lit.! mp 89-92 °C); NMR 6 4.4 2 H, 5),
7.4-8.1 (5 H, m).

Ethyl N-{(Dimethylamino)phenylmethylenelglycinate. Dimethylamine
(10 mL, 0.15 mol) in MeOH (40 inL) was added dropwise to a stirred,
ice-cold solution of the imidate 8 (5.0 g, 21.2 mmol) and dimethylamine
hydrochloride in MeOH (60 mL). Following the addition, the solution
was allowed to come to room temperature and stirring was continued for
2 h. The solution was filtered, most of the MeOH was removed, and
CH,Cl, (100 mL) was added to the concentrated mixture. The organic
solution was washed with 3 X 50 mL of saturated aqueous K,CO,, 3 X
50 mL of H,0, and 1 X 50 mL of brine, dried (MgSO,), and filtered,
and the solvent was removed to yield a gold oil containing a fine solid
suspension. Dry ether (100 mL) was added, the solution was filtered,
and the solvent was removed. The resulting oil was distilled; bp 99-101
°C (0.05 mm); NMR ¢ 1.2 (3 H, t),2.8 (6 H,5), 3.6 (2 H, 5), 40 (2
H, q), 7.0-7.5 (5 H, m); MS (high resolution), m/e 234.1350 (M*)
(C;3H sN,0, requires 234.1368).

Ethyl N-[(dimethylamino)methylenelglycinate’? was prepared accord-
ing to the procedure of Fitt and Gschwend;*® bp 72 °C (0.05 mm) [lit.’?
bp 75 °C (0.001 mm)}; NMR 6 1.25 (3 H, t),2.8 (6 H,s),3.8 (2H,s),
41(2H,q).72(1 H,s).

(43) O’Donnell, M. J.; Polt, R. L. J. Org. Chem. 1982, 47, 2663-2666.

(44) Hantzsch, A.; Hornbostel, E. V. Ber. Dtsch. Chem. Ges. 1897, 30,
3003-3009.

(45) Charles, G. Bull. Soc. Chim. Fr. 1963, 1576-1583.

(46) Mason, A. T.; Winder, G. R. J. Chem. Soc. 1894, 65, 191-3.

(47) Abou-Gharbia, M. A.; Joullié, M. M. J. Org. Chem. 1979, 44,
2961-2966.

(48) Pinck, L. A; Hilbert, G. E. J. Am. Chem. Soc. 1934, 56, 490.

(49) Soma, N.; Nakazawa, J.; Watanabe, T.; Sato, Y.; Sunagawa, G.
Chem. Pharm. Bull. 1967, 15, 619-626.

(50) Tarzia, G.; Schiatti, P.; Selva, D.; Favara, D.; Ceriani, S. Eur. J. Med.
Chem.—Chim. Ther. 1976, 11, 263-270.

(51) Vandenberg, G. E.; Harrison, J. B.; Carter, H. E.; Magerlein, B. J.
Organic Syntheses; Wiley: New York, 1973; Collect. Vol. V, pp 946-8.

(52) Kantlehner, W.; Wagner, F.; Bredereck, H. Liebigs Ann. Chem. 1980,
344-357.
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Ethyl N-(phenylmethylene)glycinate® (9) was prepared from benz-
aldehyde and glycine ethyl ester hydrochloride according to the procedure
of Stork et al.** The CH,Cl, containing the product was washed with
3 X 30 mL of cold water, 1 X 30 mL of 1% NaHCO,, and 1 X 30 mL
of brine, dried (MgSQ,), and filtered to give a clear oil. 9: NMR 6 1.3
(3H,1),43(2H,q), 45(2H,s), 74-8.0 (5 H, m), 8.3 (1 H, s).

Ethyl N-{(4-chlorophenyl) methylene]glycinate (10) was prepared from
4-chlorobenzaldehyde and glycine ethyl ester hydrochloride according to
the procedure described above for 9. 10: mp 31-2 °C; NMR 6 1.3 (3
H,t),4.15(2 H, q), 425 (2 H,s), 7.5 (4 H, AB quartet, J = 9 Hz, A»
= 29 Hz), 8.1 (1 H, s); IR (KBr) 1745, 1640 cm™. Anal. Calcd for
C,;H;,CINO,: C, 58.54; H, 5.36; Cl, 15.7]; N, 6.21. Found: C, 58.57;
H, 5.33; Cl, 15.76; N, 6.47.

Ethyl N-[(4-nitrophenyl) methylene]glycinate’> was prepared from 4-
nitrobenzaldehyde and glycine ethyl ester hydrochloride according to the
procedure described above for 9; mp 86-7 °C (lit.* mp 87 °C); NMR
61.3(3H,1t),42(2H,q), 445 (2H,s),8.1 (4 H, AB quartet,J =9
Hz, Av = 29 Hz), 8.4 (1 H, s).

Ethyl N-{(4-chlorophenyl)methylene]-DL-alanate (12) was prepared
from 4-chlorobenzaldehyde and Di-alanine ethyl ester hydrochloride
according to the procedure described above for 9. 12: oil; NMR 6§ 1.3
(3H,t),1.4 (3H,d), 4.0-4.4 (3 H, m), 7.5 (4 H, AB quartet, J =9 Hz,
Av = 32 Hz), 8.3 (1 H, 5); IR (KBr) 1740, 1635 cm™. Anal. Calcd for
C;,H,CINO,: C, 60.13; H, 5.89; Cl, 14.79; N, 5.84. Found: C, 60.27;
H, 6.01; CI, 14.68; N, 5.89.

Ethyl N-[(4-chlorophenyl)methylene]-DL-phenylalanate (14) was pre-
pared from 4-chlorobenzaldehyde and DL-phenylalanine ethyl ester hy-
drochloride according to the procedure described above for 9. 14: oil;
NMR é 1.2 (3 H,t),2.8-435(5H,m), 7.1-7.75 (9 H, m), 7.85 (1 H,
s); IR (KBr) 1740, 1645 cm™. Anal. Caled for CigH;3CINO,: C, 68.46;
H, 5.75; C], 11.23; N, 4.44. Found: C, 68.63; H, 6.00; C], 11.24; N,
4.70.

Ethyl a-[[(4-chlorophenyl)methylene}amino]-DL-benzeneacetate (16)
was prepared from 4-chlorobenzaldehyde and DL-phenylglycine ethyl
ester hydrochloride according to the procedure described above for 9. 16:
oil; NMR 6 1.15(3H, t), 41 (2 H, q), 5.15(1 H, s), 7.2-7.8 (9 H, m),
8.2 (1 H, s); IR (KBr) 1740, 1640 cm™. Anal. Caled for Cj,H,CINO,:
C, 67.66; H, 5.34; Cl, 11.75; N, 4.64. Found: C, 67.36; H, 5.39; Cl,
11.74; N, 4.64.

Determination of Equilibrium Concentrations of Tautomers by NMR.
Compound 6 (ca. 20 mg) was dissolved in DMSO (0.5 mL). A NMR
tube was fitted with a septum cap and, by means of syringe needles,
purged with argon. The DMSO solution of 6 was added to the tube and
a NMR spectrum was taken. At the NMR machine, ca. 2 drops of a
solution of +-BuOK in DMSO (ca. 70 mM) was added to the above
solution. The solution was mixed and returned to the NMR. Spectra
were then taken at frequent time intervals to observe any change in
composition of the species in the tube. After approximately 30 min no
further change in the spectrum was observed and the experiment was
terminated. From a comparison of the peak heights assigned to the
benzylic hydrogens in 6 (6 4.5, 2 H) and the benzylic hydrogen in 6’ (6
5.7, 1 H), the relative equilibrium composition of the mixture was de-
termined: 33% 6 and 67% 6’. Similar experiments using 1,3,3-tri-
phenylpropene, 3, 4, and 10 as starting compound gave the results dis-
cussed in the text.

Product Studies: Alkylation of 11 or 12 with Benzyl Bromide by
Ton-Pair Extraction or Phase-Transfer Catalysis. (a) Alkylation of 11
with Benzyl Bromide by Ion-Pair Extraction. A mixture of 11 (1.05 g,
3.75 mmol) and benzyl bromide (0.77 g, 4.5 mmol, 1.2 equiv) in CH,Cl,
(5 mL) was added rapidly to a magnetically stirred solution of 10%
aqueous sodium hydroxide (3.75 g, 9.38 mmol, 2.5 equiv) and tetra-
butylammonium hydrogen sulfate (1.27 g, 3.76 mmol, 1.0 equiv) and
stirring was continued at 23 °C for 3 h. HPLC analysis of the reaction
mixture after 3 h showed (normalized raw area, retention time) the
following: 11 (58%, 4.8 min) and two other products, AA (40%, 7.8 min,
presumed to be the benzophenone Schiff base benzyl ester of 17) and AB

(53) Ogata, Y.; Kawasaki, A.; Suzuki, H.; Kojoh, H. J. Org. Chem. 1973,
38, 3031-3034,

(54) Stork, G.; Leong, A. Y. W.; Touzin, A. M. J. Org. Chem. 1976, 41,
3491-3493.

(55) Elphimoff-Felkin, L.; Felkin, H.; Welvart, Z. C. R. Seances Acad. Sci.
1952, 234, 1564-1566.
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(2%, 13.5 min, unknown product). The layers were separated, the or-
ganic layer was reduced in vacuo to an oil, ether (30 mL) was added, and
the precipitated salts were filtered. The ethereal solution was washed
with water (2 X 20 mL) and saturated aqueous sodium chloride (20 mL)
and dried (MgSO,), and the solvent was removed to yield crude product
(1.45 g). This product was dissolved in ether (5 mL) and stirred with
1 N aqueous HCI (6 mL, 6 mmol) at 23 °C for 24 h. The layers were
separated, and the aqueous layer was washed with ether (2 X 10 mL).
Concentrated HCI (6 mL, 72 mmol) was added to the aqueous layer and
the solution was refluxed for 12 h. After cooling and removal of the
solvent, the solid residue was taken up in water (70 mL) and stirred
overnight with strongly acidic cation-exchange resin (Amberlite IR-120+,
20 cm?®). The resin was collected on a Buchner funnel and washed with
distilled water until the filtrate showed a negative test for chloride ion
(AgNO;). The resin was then stirred overnight with 6 N NH,OH (50
mL) and filtered, and the water was removed in vacuo to yield 0.32 g of
product; amino acid analysis: 82% alanine (17), 0% a-methylphenyl-
alanine (18). Anal. Calcd for C;H,NO, (alanine): C, 40.44; H, 7.92;
N, 15.72. Caled for C,xH,3NO, (a-methylphenylalanine): C, 67.02; H,
7.31; N, 7.82. Found: C, 41.06; H, 7.93; N, 14.94; residue, 0.53; weight
loss at 120 °C, 0.68.

(b) Alkylation of 12 with Benzyl Bromide by lon-Pair Extraction. The
procedure followed was analogous to that for product study (a), with 12
(0.90 g, 3.8 mmol). After 3 h of reaction, HPLC showed the following:
12 and/or benzyl bromide (overlap) (1.5%, 3.3 min) and two additional
products, AC (90%, 9.6 min, presumed to be the 4-chlorobenzaldehyde
Schiff base ethyl ester of product 18) and AD (8.5%, 18.2 min, presumed
to be the 4-chlorobenzaldehyde Schiff base benzyl ester of product 18).
Workup as before gave 1.28 g of crude product. The two-step hydrolysis
procedure and ion-exchange yielded 0.56 g of product; amino acid
analysis: 5% alanine (17), 91% a-methylphenylalanine (18). Anal.
Calced for C;H,NO, (alanine): C, 40.44; H, 7.92; N, 15.72. Anal. Calcd
for C;,H;3NO, (a-methylphenylalanine): C, 67.02; H, 7.31; N, 7.82.
Found: C, 65.35; H, 7.30; N, 7.52; residue, none; weight loss at 120 °C,
0.80.

(c) Alkylation of 11 with Benzyl Bromide by Phase-Transfer Catalysis.
A heterogeneous mixture of 11 (1.05 g, 3.75 mmol), benzyl bromide
(0.77 g, 4.5 mmol), tetrabutylammonium bromide (0.12 g, 0.4 mmol),
finely ground technical-grade potassium carbonate (1.56 g, 11.3 mmol),
and acetonitrile (30 mL) was refluxed with stirring for 48 h. HPLC
analysis of the reaction mixture showed the following: starting imine 11
(86%, 4.85 min) and two other minor products, AA (3%, 8.1 min) and
AB (11% 14.0 min), which were identical by coinjection with the prod-
ucts from product study a. The mixture was cooled and filtered, the
solvent was removed in vacuo. The residue was dissolved in ether (30
mL), filtered, washed with water (2 X 20 mL) and saturated aqueous
NaCl (20 mL), and dried (MgSO,), and the solvent was removed to yield
1.73 g of crude product. The further steps in the hydrolysis and ion-
exchange procedure described earlier for product study a were followed
to yield 0.32 g of product; amino acid analysis: 63% alanine (17), 23.5%
a-methylphenylalanine (18). Anal. Calcd for C;H,;NO, (alanine): C,
40.44; H, 7.92; N, 15.72. Anal. Calcd for C,¢H;3NO, (a-methyl-
phenylalanine): C, 67.02; H, 7.31; N, 7.82. Found: C, 42.81; H, 7.18;
N, 12.68; residue, 6.10; weight loss at 120 °C, 0.72.

(d) Alkylation of 12 with Benzyl Bromide by Phase-Transfer Catalysis.
The procedure is analogous to that for product study (c), with 12 (0.90
g, 3.8 mmol). After 48 h of reaction, HPLC showed the following:
starting imine or benzyl bromide (overlap) (1%, 3.3 min) and one major
product, AC (99%, 9.8 min, identical with the product formed in product
study b). Workup as in product study ¢ gave 1.33 g of crude product.
The two-step hydrolysis procedure and ion-exchange yielded 0.51 g of
product; amino acid analysis: 7% alanine (17), 94% a-methylphenyl-
alanine (18). Anal. Calcd for C;H;NO, (alanine): C, 40.44; H, 7.92;
N, 15.72. Anal. Calcd for C;oH;3NO, (a-methylphenylalanine): C,
67.02; H, 7.31; N, 7.82. Found: C, 64.90; H, 7.15; N, 7.71; residue, 1.29;
weight loss at 120 °C, 0.35.
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