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Abstract: Seven neurral carbon pucieophiles (active aromatics, allylsilanes and a silyl enol ether) were reacted
with the glycine cation equivalent 12 in the presence of TiCl4 to yield a-substituted amino acid derivatives in
moderate yield (1 - 61.5 mmolar scale). Deprotection of the Schiff base ester products led 10 the
corresponding amino acids.

INTRODUCTION

New routes for the synthesis of amino acids continue 1o present a challenge for the synthetic organic chemist. !
Because of the key role of carbon-carbon bond formation in organic synthesis, the development of new and versatile anionic
(1) and cationic (2) amino acid equivalents is an important area of research. Our attention has focused on use of the carbon-
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nitrogen double bond in the form of a Schiff base far protection of the primary amino group in conjunction with ester or nitrile
functionality for carboxyl-group protection.

Carbon-carbon bond construction involving the reaction of anionic synthons 1 of glycine or the higher amino acids
with electrophiles has been utilized by numerous groups for the prepanation of amino acids.2 We have developed a general
synthesis of amino acids based on catalytic phase-transfer (PTC) alkylations of the benzophenone imine of

or —_— AmCH ~COM
PhL=N-CH,~CN 4 2) Deprotaction NH,

cither glycine ethyl ester or aminoacetonitrile, (3 or 4, respectively).3 In contrast to known anhydrous alkylative routes, the
PTC method involves a simple resction procedure, mild conditions, inexpensive snd safe reagents and solvents as well as
commercially available starting substrates.4
The synthesis of amino acids involving cationic amino acid equivalents 2 is not nearly as well developed as that using
their anionic counterpants.5 The a-cation equivalent of glycine 6 (6 = 2 (R=H)) represents a polarity reversed reagent which
can be reacted with nucleophiles 1o yield derivatives of higher amino acids. A number of interesting amino acid derivatives
5389
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Scheme 1. Reactions of Glycine Cation Equivalent (6) with Charged and Neutral Nucleophiles.
Charged Neutral
Nucieophlles Nucieophiles
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which are, in principle, accessible using this strategy are generally difficult to prepare via the anion equivaent 1, because of
the inaccessibility of the requisite electrophiles. Such products could be prepared using either charged or neutral nucleophiles
as depicted in Scheme 1. Thus, aryl and B,y-unsarurated amino acids (7 and 9, respectively) as well as B-quaternary
substituted amino acids 8 could be prepared by reacting appropriate carbanionic species with synthon 6 while ncutral
nucleophiles, such as heteratom nucleophiles (alcohols, thiols, etc.), or activated aromatics could serve as precursors to
derivatives 10 and 7, respectively. Finally, various organosilicon derivatives could be used as nucleophiles to prepare
derivatives such as 11.

We have introduced the acetate derivative 126-8 as a versatile cationic glycine equivalent. This multifunctional
compound, which is readily prepared from Schiff base ester 36 and is also commercially available,® contains several
structural subunits of interest for bond formation to the a-carbon. Substructure 12a contains a good leaving group
(-OAc) on a carbon bearing a heteroatom which could lead to ionization as depicted to form a 2-azaallenium cationic

thC-"'N-(')H = CO,E! PhsC=N[=CH =«CO,Et
. )
OAc OAc

12a 12b 12¢

system. Reaction of acetate 12 with neutral heteratom nucleophiles to yield products 10 provides an example of this mode of
reaction.6 Substructure 12 represents a pseudo allylic acetate, which has been reacted with organocopper species to form
carbon-carbon bonds and lead to products of general structures 7 and 8.7 Finally, 12¢ is a pseudo a-halo ester which has

1) Acetawm 12
RCH=CH, RCH,CH,mmCH—-CO,H
Base |
NH,
2) Deprotection
13 14

been utilized for the first general synthesis of amino acids from organoboranes.8 This chemistry provides a convenient
method for “appending™ the amino acid functionality to olefins (13 — 14) and additionally provides sccess to products such
as 7 and 8 from the appropriate organcboranes.$

In this Symposium we will present our results from the reaction of acetate 12 as well as other electrophilic glycine
equivalents with neutral carbon nucleophiles as a route to higher amino acids 7 and 11,
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IRSULTS AND DISCUSSION

Since the heteroatom-substituted derivatives from the benzophenone imine of glycine ethyl ester 3 are readily
prepared, several different types of compounds with a leaving group (LG) on the a-carbon of a protected glycine

1) NuH o
PhyC=N —CH ~—CO,Et Nu—=CH=CO,H
| 2) Deprotection
LG NH,
LG = OAc 12 18
SPh 18
NMez 10
OoMe 17

derivative are potential candidates as glycine cation equivalents. Thus, in addition to acetate 12, reactions of compounds
containing other sulfur-, nitrogen- or oxygen-based leaving groups (compounds 15, 16 and 17, respectively)® with
nuclcophiles were investigated.

Aromatic Nucleophiles

New and practical synthetic routes to the a-arylglycines are of interest because these amino acids are structural
clements of several widely used penicillin and cephalosporin sntibiotics. 10

Initial studies were carried out using the acetate Schiff base ester 12 on a | mmolar scale (0.325 g) with furan as the
nucleophile to yield arylated product 19. Experiments were conducted to find the best conditions in terms of (a) Lewis acid,
(b) solvent and (c) stoichiometry, temperature and mode of addition. Normally, the arylated Schiff base ester 19 was isolased
by an aqueous NaHCO3 quench of the reaction mixture followed by normal aqueous workup. Since the benzophenone
imines are relatively stable in the absence of acid, it is possible to purify the reaction products by flash chromatography. In
the solvent uudy, however, the arylated amino ester 20 was isolated because of the water solubility and consequent ease of

ok [N

scparation of this compound from higher boiling organic solvenis. A sysicmatic siwudy (Table 1)
Ph,C=N —(|:H —CO,Et H,N—(':H =CO,Et
Ce Ce
19 20
showed that titanium wetrachlonide was the best Lewis acid of those wied (Tabile 1, part a) and that methylene chloride was the

best solvent for this reaction (Table 1, pant b). These results are in sccord with the known affinity of TiCl4 for oxygen as well
as the general success of TiCl4/CH2C17 as a Lewis acid system.!1 It is necessary 1o use onc equivalent of TiCl4, neither a
catalytic amount nor more than one equivalent give good results (compare entries 1, 15, 17 and 18, Table 1). When more
than one equivalent of TiClgy was used, a black, semi-solid polymeric product resulted, presumeably due to the
polymerization of furan.!2 The reaction can convenienily be conducicd ai room temperature, an excess of the nucicophile
furan can be used (entry 19, Table 1) and it is advantageous to add the nucleophile last (entries 1 and 16, Table 1).

Attention was next tumned to the use of other active aromatic compounds with acetate Schiff base ester 12, Using
anisole under conditions similar 1o those which were successful with furan gave mainty benzophenone and a small amount of
unreacted starting Schiff base (Table 2, entry 3).13 Use of two equivalent of TiCl4 (Table 2, entry 4) gave betier results;
however, additonal TiCi4 did not improve the yield of arylated product (Tabie Z, entry 5). Simiiar resuits were obtained with
1.3-dimethoxybenzene; the best yield of product was obaained when an equivalent of TiCly was added for each oxygen in the
nucleophile in addition to an additional equivalent of TiClg for the Schiff base 12 (Table 2, entries 7-10). In all of the
reactions using muitiple equivalents of Lewis acid, the nucleophile was added to the reaction mixture of 12 and TiCl4 at -78°
C. Finally, acetate Schiff base 12 was reacted with indole to give the Schiff base cthyl ester of nortryptophan 23.
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TABLE 1. Reaction of Acctate Schiff Base (12) with Foraa under Various Conditioas.

EntyFuran®  Lewis Acid® Solvent Temp Product(s)?
Vary Lowis Acid: 19 12 Ph2C=0
1 12 TiCl (1.0) CH2C12 250C 53%
@ - AIC13 (1.0) - - 25% - 75%
@3 - EtAICT2 (1.0) - - 25% - 75%
@ - Zni7 (1.0) - - 0%¢ . 100%
® - MgBryEnO (1.0) * - 0% 13% 87%
© - TMSOTY (1.0) - - 7% 9% 64%
Vary Solveat 20 12 PmC=0
M 12  TiCl(1.0) CH2Cl2 250C 53% . -
® - " CHCl3 - 1%
® - - CICHCH2C1 -~ 4%
(1 - . Clz2C=CHCl - 36% . -
ay - - CH3NO? - 15%4d - .
- - o-Dichlorobenzene ™ 1494 -
a3y - - cCl " 10% . .
1 - - CH3CN - 14%
Vary Stoichiometry, Temperature, Mode of Addition: 19 12 Ph2C=0
(1% 1.2 TiCl©.1) CH2C12 250C 0%< 37% 63%
(16) 1.0 " (L0)¢ - - 39% . -
m 1.2 " - - 53%
an 1.0 " 0 " - 0% . 100%
(18 1.2 - - -789-250C 0%¢ . 100%
(19 10 " (1.0) - 250C 50%
0 - " - 00-250C 7% -
@n - " @0 . 25°C 29%

2Equivalents relative 1o 12. Unless otherwise noted, nucleophile added last. bisolated yields unless otherwise noted.
CHPLC yields determined from reaction mixture. 9NMR yield determined from crude reaction product. €TiClg added last.
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Ph,C=N —CH —CO,Et Ph,C==N —CH —CO£t
R
N
H
OMe
21 R=H) 23
22 (R = OMe)

Silicon-Contaiaing Nucleophiles

The reactions of various silicon-containing compounds, !4 with the glycine cation equivalent 12 were investigated as 2
possible entry 1 a number of interesting types of amino acids. Thus, allylmimethylsilanc was added to a solution of acetate
12 in CH2Q12 a1 780 C in the presence of varying amounts of TiClg to determine optimal conditions for the preparation of
the allylated Schiff base ester 24 (Tabie 2, entries 15-17). While catalytic amounts of the Lewis acid did yicld product, best

cmciilte wame ~twainad ahen one aquivalemt of Tifls wae uced llcing thees reenite ae 28 model methallvitrimethvisilane
TTSulls WEIT OOIAINSG Wiith ONe SQUIVALD! O 11014 was usel, Using MXsd resuils &s & moce:, meally:tnmeihy:s

Ph,C=N —CH —CO,Et Ph,C==N —CH —CO£t Ph,C==N —CH —CO,£t
R Ph &
24 (R=H) 26 27 (G = CH,CO-£1)
25 (R = CHy) 28 (G = CuCSiMe,)
29 (G = Ph)

and the silyl enol ether of acetophenone (Table 2, entries 19 and 20) were reacted to yield products 25 and 26, respectively.
The reactions of acetate 12 with the trimethylsilyl ketene acetal of ethyl acetate or phenyltrimethylsilane or
bis(trimethylsilyl)acetylene to prepare 27, 28 or 29, respectively, were all unsucessful.

Other Glycine Cation Equivalents

Since the acetste Schiff base 12 gave only modest yickds of products with cither active aromatic compounds or silyt
derivatives, the use of other heteroatom-substituted protected glycine derivatives (15 - 17) was explored. As in the previous
experiments, furan was used as the nucleophile.

=N —CH —CO,Et Ph,C=N —CH —COEt Ph,C=N —(|:H —COEt
| |
SPh NMe, OMe
15 16 17

The thiophenyl Schiff base 15, which is readily prepared from acetate 126, did not give promising results. Thus,
when 15 was reacted with furan in CH2CI?2 in the presence of TiCly no reaction occured while with HgCl2 only
benzophenone was formed. Similarly, neither the N.N-dimethylamino Schiff base 16, which is prepared directly from the
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TABLE 2. Reaction of Acetate Schiff Base (12) with Varions Nucleophiles and Hydrolysis to
Amino Acids.®

Ph,C=N —~CH ~CO.£t — PhLC=N —(|:H-COzEl ki r=GH=CO:H
OAc o, Nu NH,
12 A B
(19, 21-26) (11,31-36)
Entry Nucleophileb Eq. TiCY® Temp  Scale€ Product A Amino Acid B
(mmol) (yield)d (yield)®
(1) Furan (1.2) 1.0 250C 1 19(53%) -
_(2) _ Furan (1.0) - 78°C__ 10 " (48%) 31 (63%)
(3) Anisole (1.2) 1.0 -78°C 1 21 (0%)f -
() - 20 -780-250C - " (37%)
(5) - 3.0 - - " (24%)
6 "0 2.0 -789C_ 10 " (31%) 32 (87%)
(M  1,3-Dimethoxybenzene (1.2) 1.0 250C ] 22(29%)
(8 - 20 -780-250C " " (30%)
©) - 3.0 - " " (38%)
(10) " 4.0 - - " (31%)
Qay " (1.0) 1.0 78°C__ 10 " (29%) 33 (68%)
(12)  Indole (1.2) 1.0 -780-250C | 23031%)
a3 - 2.0 - " " (0%)8
(14) ) 1.0 _780.00C 10 " (38%) 34 (93%)
(15) CH2=CHCH2SiMe3 (1.0) 0.1 -780C | 24(35%)
(16) - 1.0 - " " (46%)
an " 2.0 y - " (15%)
(18) " (1.2) 1.0 -780-250C 61.5 " (32%) 11 (68%)
(19) CH2=C(Me)CHpSiMe3 (1.0)1.0  -780—-25°C 1 25(16%) 35 (64%)
(20) CH2=C(Ph)OSiMe3 (1.0) 1.0  -780—250C 1 26(41%) 36 (87%)

aAll reactions were run in CH2Cl12 and the nucleophile was added last. bEquivalents relative 1o 12. SStarting Schiff
base 12. dlsolated yields unless otherwise noted. Clsolated yield from A. fStarfing Schiff base 12 (18%) and
benzophenone (82%) were recovered. 8A CH2CI2 soluble tan-colored viscous oil which did not contain any of product 23
was recovered.
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Furan
PheC=N —CH —CO,E! O‘CH —COs€t
| TiICl,, CHCL, o
NMe, NMe,
18 30

benzophenone imine of glycine ethyl ester 36, nor the quaternary sah prepared in situ from 16 gave the desired substitution
product. Interestingly, in the former case, the substitution product 30, derived from loss of the Ph2C=N- group, was
isolated. Finally, the methoxy Schiff base 17, which is prepared from 126, gave oaly poor yields of the furan-substituted
product with either one or two equivalents of TiCl4,

Scale-Up and Amino Acid Isolation

Although the yields of the reactions of acetate 12 with nucieophiles were only modest, these reactions can readily be
scaled-up 50 as to obsain quantities of the desired substitution products. Thos, reactions were carried out 0a 10 - 61.5 mimolar
scale (3.25 - 20 g) of Schiff base acetate 12 with yields similar to those obtained on a | mmolar scale (Tabie 2, entries 2, 6,
11, 14 and 18).

The Schiff base ester substitution products were hydrolyzed to the amino acids using a two-step procedure. Imine
hydrolysis was accomplished by mild acid hydrolysis in a two-phase system (1IN HClether) followed by separation of
benzopbenone and ester hydrolysis either by saponification (aq LiOH) or hydrolysis using swonger acid (6N HCQY). Using
these procedures, the amino acids 31 - 36 and 11 were isolated in 63-93% yield.

OMe
Q—?H-cozn wo—@-cl:u -CoH Meo—Q—cu-oo,H
N NH, 'lJHz

H2
31 32 33
CH-COH O o
e Ao
H NH, NH,
34 11 (R=H) 38
35 (R« CHy)

In summary, reactions of acctate 12 with nucleophiles provide racemic a-aryl substituted amino acids and amino acids
derived from allylsilanes or silyl enol cthers. This is an attractive rouse to these compounds because of the availibility of the
stanting acetate, the simplicity of the reaction procedure, workup and product purification, as well as the ease of scale-up.

EXPERIMENTAL

General Methods. The surting clectrophilic glycine equivalents 12, 15, 16 and 17 were prepased by published
procedures.6 &MMMMW&WWDMFMWW:&&M&M&HLMMM
chloride was distlled from P20s. Other solveats were distilled from CaH2 or were used from freshly opened bottles.
Titanium setrachloride was distilled befare use. Aluminum chloride and mercuric chloride were used from freshly opened
bottles. WmMWWWWymmMaWMMm
used without further purification. Flash chromatography columns were prepared using Merck silica gel, grade 60, 230-400
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mesh, 60A. High pressure liquid chromasography was performed on a Waters Associates Liquid Chromatograph equipped
with a Varian A-25 recorder, Varian CDS 111 integrator, Perkin-Elmer LC-55 Spectrophosometer, and an Alsec C-18 column
(Cat. no. 600 RP). The system was operated with a wavelength of 254 nm, a flow rate of 2.0 mL/min, and upper operating
pressure of 3000 psi. Nuclear magnetic resonance (NMR) spectra were recorded on a Varian EM-390 spectrometer using
tetramethylsilane (TMS) as an internal standard. Infrared (IR) spectra were recorded on a Perkin-Elmer 283 infrared
spectrometer. Melting points were taken in open glass capillaries with a Thomas Hoover Uni-Melt and are uncorrected.
Elemental analyses were performed by Midwest Microlab of Indianapolis, IN. High resolution mass spectra were recorded at
Eli Lilly and Company, Indianapolis, IN.

Prepanation of Bthyl a-[(diphesylmethylenc)amino)-(1)-2-furanacetate (19) from a-Acetoxyglycise
Schiff Base (12) Using Differeat Lewis Acids. General Procedure: To a 25 mL round bottom flask, equipped
with a8 magnetic stirring bar and a rubber septum, containing a-acetoxyglycine Schiff base 12 (325 mg, 1.0 mmol) and
CH2Cl12 (5 mL) was added the Lewis acid (1.0 mmol) with stirming under argoe. The mixture was stirred at room
temperature for 30 sec., then distilled furan (82 mg, 1.2 mmol) was added. The mixture was stirred at room temperature for 8
h. At 1 h. intervals samples (0.1 mL) were withdrawn, diluted with absolute EtOH (1 mL), filtered through glass wool, and
analysed by HPLC (70:30 McOH:H20 solvent). After stirring for 8 h, the mixture was added to saturated aqueous NaHCO3
(15 mL), stirred, filtered, and extracted with CH2C12 (3 x 10 mL). The CH2C12 extracts were dried (MgSO4), filtered, and
evaporated in vacuo. The residue was purified by flash chromatography on a 1.5 cm x 15 cm silica gel cotomn ehused with
70:30 hexane:Er20.
Titapium Temachloride. The general procedure yielded the furanylglycine Schiff base 19 as a pale yellow oil which
decomposed upon heating, yield 155 mg (53%). The furanylglycine Schiff base 19 showed the following characteristics:
IR (film) 1740 (s), 1620 (m) cm1; NMR (CClg) & 1.22 (1, 3H, J7.0 Hz), 4.12 (q, 2H, }=7.0 Hz), 5.09 (s, 1H), 6.30
(m, 2H), 7.10-7.77 (m, 11H). Anal. Cakd. for C21H19NO3: C, 75.66; H, 5.74; N, 4.20. Found: C, 75.56; H, 5.81;
N, 4.27.
Aluminum Chloride. The general procedure yielded 19 (82 mg, 25%) and benzophenone (137 mg, 75%).
Ethyl Aluminum Dichloride. The general procedure using ethyl aluminum dichloride in hexane (1M solution) yielded 19
(82 mg, 25%) and benzophenone (137 mg, 75%).
Zinc Iodide. The general procedure carried out in a foil wrapped flask showed quantitative formation of benzophenone by
HPLC (70:30 McOH:H20).
Magnesium Bromide Etherate. The general procedure gave benzophenone (87%) and unchanged a-acetoxyglycine Schiff
base 12 (13%).
Trimethyisily) Trifluoromethanesuifonate. The general procedure yielded the furanylglycine Schiff base 19 (100 mg.
27%), benzophenone (116 mg, 64%), and unchanged starting Schiff base 12 (29 mg, 9%).
Reaction of a-Acetoxyglycine Schiff Base (12) with TiCl4 end Furaa ia Different Solveants to Produce
Ethyl a-amino-(%)-2-fursnacetate (20): Geaeral Procedure. To a 25 mL round bottom flask, equipped with a
magnetic stirring bar and a rubber scptum, containing a-scetoxyglycine Schiff base 12 (325 mg, 1.0 mmmol) was added the
solvent (5 mL). The resulting solution was stirred under argon while TiCl4 (190 mg, 1.0 oumol) was added at room
temperature. The mixture was stirred 30 sec., then furan (82 mg, 1.2 mmol} was added. The mixture was stirred at room
temperature for 4 h, then was added to water (15 mL) and stirred for 15 min. The aqueous layer was washed with CH2CQI2 (3
x 5 mL), neutralized with NaHCO?3, and filtered through a 0.5 cm x 2 cm pad of Celite. The filter pad was washed with
CH2Cl12 (10 mL) and the filtrate was extracted with CH2C12 (3 x 10 mL). The CH2C2 extracts were dried (N32504).
filtered, and evaporated in vacuo to yield a yellow oil identificd as cthyl furanylglycinate 20 from NMR data and by
conversion to furanylglycine. Ethyl furanylglycinate 20 showed the following NMR data: NMR (CCl4) $1.23(1,3H,J=7.1
Hz), 1.90 (broad s, 2H), 4.14 (q, 2H, J=7.1 Hz), 4.47 (s, 1H), 6.23 (m, 2H), 7.26 (d, 1H, J=2 Hz).
Methyicoe Chioride. The general procedure yielded 20 as a dark yellow oil (90 mg, 53%).
Chlorofarm. The general procedure yielded 20 as a yellow oil (79 mg, 47%).
1.2-Dichloroethane. The general procedure yielded 20 as a dark oil (74 mg, 44%).
Trichloroethylene. The general procedure yielded 20 as a yeliow oil (61 mg, 36%).
Nitromethane. The general procedure gave a brown liquid (43 mg). The NMR spectrum of the liquid showed it was a 2:1
mixture of nitromethane and 20 (15%).
o-Dichlorobenzene. The general procedure gave a yellow liquid (24 mg). The NMR spectrum of the liquid showed it was
ethy] furanylglycinate 20 (14%) contaminated with a small amount of o-dichlorobenzene.
Carbon Temrachloride. The genenal procedure yielded 20 as a yellow oil (17 mg, 10%).
Accionitrile. The general procedure yickded 20 as a dark oil (24 mg, 14%).
Reaction of a-Acetoxyglycine Schiff Base (12) with Foran and Titanium Tetrachloride in Methylene
Chloride: Stoichiometry, Temperature and Mode of Addition: Geaeral Procedure. To a 25 mL round bottom
flask, equipped with a rubber seprum and magnetic stirring bar, containing a-acetoxyglycine Schiff base 12 (325 mg, 1.0
mmol) and CH2C12 (5 mL) was added TiClg (0.1 - 2.0 mmol). The mixture was stirred 30 sec. at room temperature, then
furan (1.0 - 10 mmol) was added. The mixture was stirred at room temperature for 4 h and was added to saturated aqueous
NaHCO3 (25 mL). The mixture was stirred | min, filtered through a 0.5 cm x 1 cm pad of Celite, and extracted with
CH2Q12 (3 x 10 mL). The CHC)2 extracts were analysed by HPLC (70:30 MeOH:H20) and, when appropriate, purified
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by flash chromatography (70:30 bexane:Et20) to yield the furanylglycine Schiff base 19. Spectral and analytical data for 19

are reporsed ghove.
Canlytic TiCl4. 1.2 aguiv Furan, Room Temperature. Following the geacral procedure using TiCl4 {0.1 mmol) and
adding fures (1.2 mmoie) last, HPLC showed a 5:3 mixture of beazophenose and unchanged starting Schiff base 12.
1.0 equiv Fumn, 1.0 equiv TiC¥4, Room Tempenature. Following the general procedure using furan (1.0 mmole) and
adding TICL4 (1.0 mxmol) last, gave 19 as a pale yellow oil (130 mg, 39%).
2.0 equiv TIQ4, 1.0 equiv Furan, Room Temperature. Following the geacral procedure using TiCl4 (2.0 mmol) and
addmgfumn(lOmmk)hn.mshowedauybcanam
4 goC, X are.  Following the generad prooedure, TiCl4 (2.0 mmol)
wulddedmthsdmngn 73°Cnndcrngon ’n)emunuewasmned2mn -780C, then furan (1.2 mmot) was
added. The mixture immediasely tumed black and a dark peecipitate formed. The mixture was allowed to warm to room
temperature and was worked up aormally. HPLC showed only benzophenone.
L0 equiv TiCl4, 10 equiv Furan. Room Temperature. Following the general procedure using TiClg (1.0 mmol) and
adding furan (10 oumoie) last, gave 19 as a pale yellow oil (167 mg, 50%).
1.0 equiv TiC4, 10 oquiv Furan, 0°C. 10 Room Tempenature. Following the general procedure, TiCl4 (1.0 mmol) was
added with stirring at 0°C under argon. The mixtare was stirred 30 sec. at 00C, thea furan (10 mmol) was added. The
mixture was allowed to warm slowly to room temperature, was stirred at room temperature for 3 h and was worked up
normally to yicld 19 as a pale yellow oil (157 mg, 47%).

1.0 equiv TiCl4. 10 equiv Furan. Room Temperanue. Following the genoral procedure using furan (10 mmoie) and
adding TiCl4 (1.0 mmol) last, gave 19 as a pale yellow oil (97 mg, 29%).
Reactiou of Other Amnnic Nucloophﬂu vith a-u:emn)yche Schiff bese (12).

D : X . Following the general
procedure for the conversion of 121019, a-aceloxyglycme Schlff bue 12 was uuwd with TiCl4 (2.0 mmol) and
anisole (1.2 mmol) at -78°C for 3h, warmed to room temperature and worked up normally to give 21 as a colorless oil
which decomposed upon heating ¢138 mg, 37%). Product 21 gave the following characteristics: IR (film) 1735 (s),
1597 (m) cm-1; NMR (CCl4) 8 1.13 (1, 3H, J=7.1 Hz): 3.12 (s, 3H); 4.03 (q, 2H, J=7.1 Hz); 4.92 (s, 1H); 6.75 (d.
2H, J=8.8 Hz); 7.00-7.80 (m, 12H). Anal. Calcd. for C24H23NO3: C, 77.19; H, 6.21; N, 3.75. Found: C, 77.34; H,
6.49; N, 3.24.
Following the same procedure as above with TiCl4 (1.0 mmol) at room temperature for 4h gave anisole (quantitative),
starting Schiff base 12 (18%) and benzopbencoe (82%).
Fouowmgdxumepmcedmuabovemm’ncu(SOeqmv)u -780C gave 21 as a coloriess oil (97 mg, 24%).
b v v ! ' . Following the general
pmcedure for the conversion of 12 w 19 a-wetoxyglycmc Schxff buc 12 was treated with TiClg and 13-
dimethoxybenzene at room temperature for 4h to yield 22 as a colorless oil, (117 mg, 29%). Product 22 had the
following characteristics: IR (film) 1735 (s), 1615 (s), 1592 (s) cm-1; NMR (CClg) 8 1.18 (1, 3H, J=6.9 Hz), 3.62 (s,
3H), 3.75 (s, 3H), 4.05 (q. 2H, J=6.9 Hz), 5.20 (s, 1H), 6.23 (d, 1H, J=2.7 Hz), 6.39 (dd. 1H, J=2.7 Hz, J=7.6 Hz),
7.03-7.77 (m, 11H). Anal. Calcd. for C25H25NO4: C, 74.42; H, 6.25; N, 3.47. Found: C, 74.43; H, 6.47; N, 3.40.
Following the same procedare as above with TiCl4 (2.0 equiv) at -78°C gave 22 as a coloriess oil (120 mg, 30%).
Following the same procedure as above with TiQl4 (3.0 equiv) at -789C gave 22 as a coloriess oil (157 mg, 38%).
Follomngdtemplwedmeunbovewnhﬁm (40equtv) a1 -78°C gave 22 as a colorless oil (125 mg, 31%).
Ars 3 < X X eiste (23). Following the general procedure for the
conversion of 12 to 19, a-accloxyglycmc Sctuff basc 12 was treated with TiCl4 and indole at
-789C for 3h, warmed to room temperature and worked up normally to give 23 as a white powder (120 mg, 31%), m.p.
147-99C (dec). Product 23 gave the following characteristics: IR (CCl4) 3410 (br, s), 1735 (s), 1622 (m)
cm-1; NMR (CClg) 6 1.09 (1, 3H, J=7.0 Hz), 3.98 (g, 2H, J=7.0 Hz). 5.23 (s, tH), 6.73-7.60 (m, 15H), 8.50 (br s,
1H). Anal. Caked. for C25§H22N202: C, 78.51; H, 5.80; N, 7.32. Found: C, 78.36; H, 5.87; N, 7.26.
Following the same procedure as above with TiCl4 (2.0 equiv) gave a CH2Cl2 soluble tan-colored viscous oil (330
mg) which did mot contain any of the product 23.
Reacdonl of Schon-Conninhg Nncleoplulcs with a-Acetoxy;lyclu SCMH Base (12).

mnd bouom flask, eqmpped wnh a nugpeuc stirring bar nnd mbber scpum. conmmng the a- acctoxyglyane Schiff
base 12 (325 mg, 1.0 mmol) and CH2CI2 (5 mL) was added at -78°C with stirring under argon TiClg (190 mg, 1.0
mmol). The mixture was stirred 30 sec., then allyltrimethylsilane (115 mg, 1.0 mmol) was added. The mixture was
stirred at -789C for 3 h, then poured into saturased aqueous NaHCO3 (15 mL) and filtered through 2 0.5 cm x 4 cm Celite
ped. The pad was washed with CH2C12 (5 mL) and the filtrate was extracted with CH2C12 (3 x 10 mL). The CH2Cl2
extracts were dried over MgSQy, filtered, and evaporated in vacuo. The residue was purified by flash chromatography on
a 1.5 cm x 14 cm silica gel column eluted with 70:30 hexane:Et20 o yield allyiglycine Schiff base 24 as a pale yellow oil,
yield 140 mg (46%). The product 24 showed the following characteristics: IR (film) 1738 (s), 1622 (m), 1598 (m) con°};
NMR (CClg) 81.23 (1, 3H, J=6.4 Hz), 2.60 (distorted t, 2H, J=6.4 Hz), 3.97 (dd. 1H, J=6.0 Hz, }=6.6 Hz), 4.08 (q.
2H, J=6.4 Hz), 4.93 (dd, 2H, J=10.5 Hz, J=15 Hz), 5.60 (m, 1H), 7.07-7.67 (m, 10H). Anal. Calcd. for
C20H21NO2: C, 78.15; H, 6.89; N, 4.56. Found: C, 77.97; H, 6.86; N, 4.38.
Following the same procedure as above with TiClg (0.1 mmol) gave 24 (107 mg, 35%).
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Fouomn;meumepmeedununbovewnhﬁm (2.0mmol)gave24(46mg. 15%).

mmnm) Following the pmeedunc fot lhe p'repu'mon of 24 using 2~mcthyl 2~pmpcnylmwhylsxlm15 gave
crude product which was purified by flash chromatography (90:10 hexane:E£20) to yield the a-isobutenylglycine Schiff
base 25 as a coloriess oil (50 mg, 16%). The product 23 showed the following characteristics: IR (film) 1732 (s), 1620
(m) cm-1; NMR (CClg) 8 1.25 (1, 3H, J=7.1 Hz), 1.49 (s, 3H), 2.50 (m, 2H), 4.10 (overlapping q, m, 3H, J=7.1 Hz),
4.64 (br 3, 2H), 7.07-7.67 (m, 10H). Anal. Caicd. for C21H23NO2: C, 78.47; H, 7.21; N, 4.36. Found: C, 78.64; H,
7 09; N 456

(_ZQ Follovwmgthe;'locenhmzforthe[.xtpannonot'2400-3nmollenk:usmgthe-lylenolcthe\'afawt.ophelmt'ne16
yiclded crude product which was purificd by flash chromatography (70:30 hexane:E120) to yield ethyl 2-
(diphenylmethylencamino)-4-oxo-4-phenylbutanoate 26 as a white solid (475 mg, 41%). The product was further
purified by recrysulization (1:1 bexane:Et20) to yield white crystals of 26 (430 mg, 37% from 12), m.p. 86-88°C.
Product 26 had the following characteristics: IR (CClg) 1735 (s), 1682 (s), 1616 (m) tm-!; NMR (CClg)- § 1.20 (1, 3H,
J=7.1 Hz), 3.44-3.55 (overlapping d, 2H, J=7.2 Hz, J=6.0 Hz), 4.08 (q. 2H, J=7.1 Hz), 4.65 (dd. 1H, J=7.2 Hz,
J=6.0 Hz), 6.87-7.98 (m, 15H). Anal Caikcd for C25H23NO3: C, 77.90; H, 6.01; N, 3.63. Found: C, 77.74; H,
5.99; N, 3.74,

Reactions of Other Electrophilic Glycine Equivalents with Foran in Methyleae Chloride.
a-Thiophenylgtycine Schiff Basc (15). TiCl4. To a round bottom flask, equipped with a magnetic stirring bar and rubber
septum, containing the a-phenylthioglycine Schiff base 15 (375 mg, 1 mmol) and CH2Cl12 (10 mL) was added TiClg
(190 mg, 1.0 mmol) with stirring under argon. The mixture was stirred for 30 sec., thea foran (82 mg, 1.2 mmol) was
added. The mixture was stirred at room temperature for 12 h. HPLC (80:20 MeOH:H20 solvent) showed only
unchanged starting Schiff base 15 present.
a-Thiopheaylglycine Schiff Basc (13), HgCl2. Following the same procedure as above using HgCl2 (270 mg, 1.0
mmol) and stirring at room temperature for 1.5 h showed only benzophenone by HPLC.
g-Dimethylaminoglycine Schiff Base (16), TiCl4. To a 25 mL round bottom flask, equipped with a magnetic stirring bar
and rubber septum, containing cthyl N-(diphenylmethylene)-2-dimethylaminoglycinate 16 (310 mg, 1.0 mmol) and
CH2Cl12 (10 mL) were added with stirring under argon TiClg (190 mg, 1.0 mmol) and furan (82 mg, 1.2 mmol). The
mixture was stirred at room temperature for 3 h, then was diluted with E©20 (25 mL) and was extracted with waser (3 x 10
mL). The aqueous extracts were ncutralized with NaHCO3 and filtered. The solid was washed with CH2Cl2 (5 ml) and
the filtrate was extracted with CH2Cl12 (3 x 10 mL). The CH2Cl2 extracts were dried over MgSO4, filtered, and
cvaporated in vacuo. The residue was purified by flash chromatography on a 1 cm x 10 cm silica gel column elured with
70:30 hexane:E120 to yield a colodess oil (105 mg, 53%) which was identified as ethyl N,N-dimethylfuranyigtycinate 30
from NMR data. Ethyl N,N-dimethylfuranylglycinate 30 had the following characteristics: NMR (CClg) 6 1.27 (¢, 3H,
J=6.8 Hz), 2.27 (s, 6H), 4.16 (q, 2H, J=6.8 Hz), 4.24 (s, 1H), 6.28 (d, 2H. J=1 Hz), 7.30 (s, 1H).

N-Alkylated a-Dimethylaminoglycine Schiff Base. To a 25 mL round bottom flask, equipped with a magnetic stirring bar
and CaCl2 drying tube, containing the a-dimethylaminoglycine Schiff base 16 (210 mg, 0.7 mmol) and CH2C12 ¢S mL)
was added with stirring iodomethane (96 mg, 0.7 mmol). The mixture was stirred at room temperature for 2 min. HPLC
(70:30 McOH:H20 solvent) showed the disappearance of the starting Schiff base and the formation of a polar compound.
Furan (48 mg, 0.7 mmol) was added to the stirred mixture. The mixture was stirred at room temperature for 24 h. HPLC
(70:30 MeOH:H20 solvent) showed benzophenone as the only product.
a-Methoxyglycine Schiff Base (17). Ta a 50 mL round bottom flask equipped with a magnetic stirring bar and a rubber
septum was added a-methoxyglycine Schiff base 17 (300 mg, 1.0 mmol), furan (1.0 mmol), and CH2Cl13 (S mL). The
solution was cooled to 09C in an ice-water bath and TiClg (1.0 mmol) was added via syringe. After stirring at 0°C under
argon for 2 h, the mixture was poured with vigorous stirring into cold (5°C) saturated aqueous NaHCO3 (50 mL). The
mixture was filtered through a 4.5 cm x 0.5 cm pad of packed Celite, the filter pad was washed with CH2(1 (10 mL),
the filtrate was extracted with CH2CI2 (3 x 30 mL) and the combined CH2Cl; layers were dried (MgSOg), filtered, and
evaporated in vacuo. The crude product was purified by flash chromatography on a 2.5 cm x 14 cm silica gel column
cluted with 70:30 hexanc:ether to yield benzophenone (90 mg. 50%), recovered a-methoxy Schiff base 17 (120 mg,
40%), and product 19 (33 mg, 10%). Spectral and analytical data for 19 are reported above.

Following the same procedure as above with TiCl4 (2.0 mmol) gave 19 (85 mg, 25%) and benzophenone (115 mg,
64%).

Preparative Scale Synthesis of Product Schiff Bases from a-Acctoxyglycine Schiff Base (12): Genenl

Procedure. To an oven dried 100 mL round bottom flask equipped with a magnetic stirring bar and rubber septum were

added the a-acetoxyglycine Schiff base 12 (3.25 g, 10 mmol) and CH2Cl2 (50 mL). Titanium tetrachloride (10-20 mmol)

was added at -780C with stirming under argon. The mixture was stirred for 2 min., then the nucleophile (10 mmol) was
added. The mixture was stirred at -78°C for 3 h, then was poured into cold (0°C) saturated aqueous NaHCO3 (S0 ml). The
mixture was vigorously stirred for 2 min., then filtered through a 1 cm x 4 cm pad of Celite. The filter pad was washed with

CH2Cl2 (20 mL) and the filtrate was extracted with CH2CI2 (3 x 25 mL). The CH2Cl2 extracts were dried (MgSO4),

filtered, and evaporated in vacua. The residue was purified by flash chromatography (70:30 hexane:ether).



Neutral carbon nucleophiles with glyane cation 5399

Ethyl a-{(diphenylmetkylena)amino]-(£)-2-furasscetax: (19). Following the goneral procedure, a-acetoxyglycine Schiff
buelmemm(lOmol)mdfwumynldfunnymycmScmﬂbuclOn;pdcyd)owod(l603.
and dnf 19 above.
48%) ‘, ' " -erq;atd e ke he .
ﬁmmhslzmmndmmmmd)mmny\eld;»nwtboxyphwinmScmﬁbue
yellow pecmhndunl o fi 2luetepaum
21 as apale al(1383.37%) S _ yded or otomieg the gencral procodur, a-

acetoxyglycmeScbiﬂ’ bue 12 was nixed with ‘rxcu (10 umol) md 1,3-dimethoxybenzene for 4 h 1o yield 2,4-
dimethoxyphenylglycine Schiff base 22 as a colorless oil (1.17 g, 29%). Spectral and amalytical data for 22 are repornted
above.

hyl g-{(dipheavimeth yiene)amino i A 3 Foﬂowmgbemﬂwvec&mn wctoxyglymncSchlﬁ
base 12wumnedvnth’nCl4(lOnmol)mdmdole(lznml)xoyxcldnomypwphmswxﬂhnnnnwhncpowda
(1.45 g, 38%). Spectral and analytical data for 23 are reported above.
Ethyl 2-[(diphenylmethylene)amino)-()-4-peatencate (24). To s 250 mi round bottom flask equipped with a magnetic
stirring bar and a rubber septum were added a-acetoxy glycine Schiff base (20 g, 61.5 mmol) and dichloromethane (150
mL). The solution was cooled to -780C in a dry ice/acetone bath, then TiCl4 (11.67 g, 61. S mnol) was added over 1 mm
with stirring. The mixture was stirred for 1 min and then allylrimethylsilanc (8.43g, 73.8 mmol) was added dropwise
with stirring over 1 min. The mixture was stirred at -78°Cfm6boms‘wnthcawtmwdmrmxenwn‘m§ndpmn§d
into saturated aqueous sodium bicarbonase (300 mL). The mixture was filiered through Celite, the Celite was rinsed with
CH2Cl2 (75 mL), and the layers were separated. The aqueous layer was extractd with CH2Cl2 3 x !(I) mL). The
CH2C)2 layer was washed with saturated brine (1 x 75 mL), dried (MgSO4), filtered, and evaporated in vacuq. The
residue was purified by flash chromatography on a 5 cm x 30 cm silica gel column (90:10 hexane:ether) to give the
allylglycine Schiff base 24 (6.04 g, 32%). Spectral and analytical data for 24 are reported above. )
Hydrolysis and Saponification of Amino Acid Bster Schiff Bases to Prepare a-Amino Acids: General
Procedure. To 0.1 M aqueous HC1 (50 mL) was added the Schiff base. The mixure was stirred at room temperature u@cr
argon for 3 h, then was washed with ether (3 x 25 mL) and evaporated in vacuo. The residue was dissolved in fienomzed
water (2 mL) and 20% aqueous LiOH (1 mL) was added. The mixture was stirred at room temperature until it bccarpe
homogencous. The pH of the solution was adjusted to pH 2 by careful addition of 6 M HQY. lon exchange resin [Amberl?tc
IR-120(+), 2.5 g] was added and the mixture was allowed to stand overnight. The resin was filtered and washed w@
distilled water until no precipitate was observed when a sample (0.1 mL) of the aqueous wash was added to 5% ethanolic
AgNO3 (5 mL). The resin was added to 6 M aqueous NH4OH (30 mL), stirred for 4 h, and filtered. The filtrate was
evaporsied i vacuo © yield the amino acid.

Prepanation of a-Amino-(£)-2-furanacetic Acid (31). Following the general procedure the furanylglycine Schiff base 19
(980 mg, 2.94 mmol) was hydrolysed with 0.1 M aqueous HC1 (50 mL) and saponified with 20% aqueous LiOH (1 mL)

1o yield furanylglycine as a dark solid. The furanylglycine was recrystalized from isopropano! (260 mg, 63%), m.p. 207-
2090(:(1.:!720921100

i i . A stirred mixture of 4-methoxyphenylglycine Schiff

bnsc2! (650mg, l74mmol)md 6MaqueomHCl(SmL)wuheaxedatgcnﬂereﬂuxundaugonforbjh The
mixture was cooled, diluted with water (25 mL), and washed with Et20 (2 x 1S mL). The aqueous layer was evaporated
in vacvo and the residue was redissolved in water (15 mL). The pH of the solution was adjusted to pH 7 by careful
additon of 20% aqueous LiOH. The precipitare was filtered and recrystalized from water w yield 4 methoxyphenylglycine
as a white solid (275 mg, 87%), m.p. 259-2610C (sub.), (lit.17 264-2670C, sub.).
Prepanation of a-Amino-2.4-dimethoxy-()-henzeneacetic Acid (33). Following the general procedure 2,4-
dimethoxyphenylglycine Schiff base 22 (1.02 g, 2.53 mmol) was treated with 0.1 M aqueous HCl (50 ml) and 20%
aqueous LiOH (1 mL) to yield crude 2,4-dimethoxyphenylglycine which was recrystalized from isopropanol 1o yield the
amino acid as white crystals (365 mg, 68%), m.p. 130-131°C. 2,4-Dimethoxyphenylgiycine showed the following
characteristics: IR (KBr peliet) 3320 (broad, s), 3110 (broad, s), 2020 (w), 1630°(m), 1590 (), 1505 (m) crm-!; NMR
(D20, 0.25% TSP standard) 8 3.86 (s, 6H), 5.30 (s, 1H), 6.63 (d, 1H. J= 9 Hz), 6.68 (s. 1H), 7.28 (d, 1H, J= 9 Haz).
MS (FAB) Calcd. for C|0H13NO4+H 212.0923. Found: 212.0927.

f Q- ! - To 2 230 mL round bottom flask equipped with a magnetic stirring
bar were ldded nomypwphm Schxffwe 23 (1.45 g, 3.79 mmot), ether (100 mL) and IM aqueous hydrochloric acid
(15 mL, 15 mmol). The mixture was stirred vigorously at room temperature for 4 h. The layers were separated and the
ctheral layer was extracted with water (3 x 10 mL). The combined aqueous layers were cooled to 4°C, then saturated
aqueous lithium hydroxide monohydrate (20 mL) was added. The mixture was stirred at room temperature for 2 h ar
which time all of the solid had gone into solution. The solution was adjusted to pH 7 by the dropwise addition of
concentrated HCl. The solation then stood overnight in an evaporating dish to allow the amino acid to crystalize. The
crude product was filtered, rinsed with water (10 mL), and recrystalized from water:ethanol (2:1) 1o give a-
aminoindolescetic acid 34 as fine white crystals (670 mg, 93%). m.p. 210-2120C (lir. 18 2090C).

Preparation of 2- Amine-(t)-4-pentenoic Acid (11). To & 50 oL round botwom flask equipped with a magnetic stirring bar
wacutbdnl)yglyaneSch:ﬂb&ch‘ﬁOﬂ;. 19.7 mmol), ether (3 mL) and 1 M aqueous hydrochloric acid (20 mL, 20
mmol). The mixture was stirred at room temperature for 6 hours. The layers were separated and the aqueous layer was
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washed with ether (2 x S ml). Conoentrated hydrochloric acid (17 mL) was added 10 the aqueous layer and the mixture
was refluxed 18 hours. The mixture was cvaporated in vacuo, dissolved in distiled waser (S mL) and applied t0a 3 cm x
17 con Amberlite + 120 ion exchange column. The column was eluted with distilled water until the eluant weswed negative
for chloride ion using 5% cthanolic AgNO3. Then the column was elsied with concentrased ammonium hydroxide until
the cluant tested aegative with ninhydrin. The fractions coataining allylglycine were degassed in vacuo aad feeeze dried
give mymycme (153 '3 6895). mp 243-4°C dec (ml9us~sooc dec).

4 - id Following the procedure for preparation of amioo acid 11,

Schmun25(993m;.363mol)mhydmlyudmthanq.ewsHG(lOmL)mdcthc:(SmL)uddien
concentrated hydrochloric acid (8.5 mL). Workup and purification by chromatography with Amberlite +120 jon exchange
mgmmmymlyl gtycmecoomg, 6495). mp. 194-70C dec (1it. 20 214-50C dec).
Prepanation of o enzeachatanoic Acid (36). Fellowing the general procedure Schiff base 26 (1.00 g,
2.60mol)vnsuunadwnh01MlqmnHG(SOmL)mdanthH(lmL)wyiddz-miMoxM
phenylbutanoic acid. The crude amino acid was recrystalized from water to yield white crystals of 2-amino-4-oxo-4-
poenylbutanoic acid (275 mg, 87%), m.p. 179-1810C (dec.), (lit.2] 1820C, dec.).
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