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. m a-Amino acids with l llepyl, vinyl, and l cotylenic side ch#lns can 
be synthesized using non-tnolatebased stiategits. .The oar_tr tnolatt-6taistn 
rearran-nt applied to pt6pargylic e8te88 ofa-protected a-amino 8&ie.,i8 
of limited utility since.only poor yields of allenic product are obtained 
with the N-Boc glycint estera, the system which give the most reproducible 
results. Howtvtr, a-allenyl-a-amino acids that art fully functionalited on 
the a-carbon art available through the agency of I-alltnyl-2-phenyloxazolones 
p (obtained from propargyl tjttrs of N-benzoyl protected amino acids via 
cyclitation and Claisen rearrangement) provided that Mttnfeln*b reagent is 
used to facilitate hydrolysis of the bensaaide function ln 5. A variety.& 
a-substituted glycinatts, including tho8t with a-vinyl and a-•cbcylenic 
functions, can be prepared using a two-step sequence involving condensation 
of the cationic glycint synthon 22 vith various organomagntsium reagents, 
followed by hydrolysis,. 

Despite long-standing interest in the preparation of unnatural amino 

acids, the synthesis of a-amino acids with e,T-unsaturated side chains ha8 

been pursued vigorously for only a little over a dtcade.2 It is now 

recognized that a-ethynyl' and a-vinyl' substitutnts can profoundly perturb 

the biological proptrtits of certain natural amino acids, converting them 

from enzyme substrates to irreversible inhibitors with potential therapeutic 

utility. This knowledge, coupled vith related theoretical and mechanistic 

interebt, has stimulated recent 8ynthttic activity.' 

Our OffoR have been directed towards the synthesis of a-alltnyl-o-amino 

acids' and other novel amino acids that could be envisaged on theoret ical 

grounds to function as specific inhibitors of vitamin B 
. 

dependent 

enzymes."' Prior to our York, there vas not a single example of an 

a-alltnyl-a-amino acid reported in the literature.' During the course of our 

studies, it became apparent that very few B,T-unsaturated glycinatts vtrt 

known as well, and we sought to remedy this situation by adapting existing 

methodologies to the production of such novel amino acids. Sttglich's clever 

manipulation of acyl imine intermediatts’0 and his discovery of the Claisen 

rearrangement of propargyloxyoxarolonts," along with our own synthesis of 

r-alltnyl GABA," provided a conceptual basis for our efforts. 

Some time a90 Stegllch" reported that the cyclltation of propargyl 
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esters of N-acylamino acids promoted by dehydrating agents led to 

4-substituted-4-allenyl-2-oxasolin-5-ones A (Ri = phenyl, isopropyl) (Scheme 

l)r undoubtedly through the intermediacy of the corresponding 

propargyloxyoxazolone 1. The availability of 4 evokes the prospect of 

hydrolysis as a direct route to the free amino acids. However, the harsh 

conditions required for conventional hydrolysis of the benzamide group d0 

not leave the allene moiety intact. In fact, Bartlett and Barstow" have 

alluded to the difficulty of removing the benzoyl group from a-substituted 

N-benzoyl amino acids using various acid and base catalysts as well as 

Meerwein's reagent. Steglich found that even propargyl groups 

to give ketones under the conditions required to hydrolyze 

acid." 
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In our hands, the only general procedure for the conversion of 

a-allenyl-a-benzamido esters 5 to amino acids & that proved to be successful 

for a wide range of substrates involved imidate formation using freshly 

prepared Meerwein's reagent" for five days (Scheme 1). Following 

hydrolysis with 10% aqueous acetic acid, workup provided amine 1 in 60 - 70% 

yield. This procedure can be adapted to a wide variety of amino acids 

containing acidic, basic, and neutral side chains and thus provides the 

hitherto inaccessible a-allenyl-a-amino acids.6 Initially, we had hoped to 

circumvent the harsh conditions required for benzamide hydrolysis by using 

N-protecting groups in starting material that could be carried through the 

rearrangement, and which were subject to facile hydrolysis in the protected 

allenic ester corresponding to 5. With phenylalanine propargyl ester, 

N-protected by either a BOC, trifluoroacetyl, formyl, or Cbz group, no 

allenic product could be detected spectroscopically upon' treatment with 

triphenylphosphine, triethylamine, and carbon tetrachloride in acetonitrile 

at room temperature. (These conditions are normally employed to induce the 

rearrangement.) With N-acetyl protection, the 2-methyl-oxazolone 9 was 

obtained in 27% yield. Higher yields are associated with the rearrangement 

of the benzamido esters and may reflect the known stabilizing effect of a 

2-phenyl group on the dxazolone framework. 

As expected, acid hydrolysis of 4a or 2 with 50% HCl at reflux leads to 

rapid hydration of the allene with the formation of the known a-acetonyl 

phenylalanine hydrochloride J_Q.14 Attempts at converting the amido ester 2.a 

to the amino ester la using PC15/CH30H16 or hydrazinolysis" (of the 

corresponding acid) were also unsuccessful. Ionic reductions of 4a were 

attempted using trichloroacetic acid - triethylsilane" and NaBHaCN/TsOH" in 

dry DMF. Even after raising the temperature of the reaction mixture to 70°C 

(the stability limit of 4a) no loss of the imine could be observed. In 

aqueous media hydrolysis of 4a occurred before reduction of the imine could 

be affected by NaBHBCN/MeOH/H20/pH 5. 

A few attempts were made to transform the amide functionality of sa to 

the more nucleophilic thioamide group, which was expected to undergo facile 

conversion to the thioimidate with Meerwein's reagent." Treatment of 5.a 

with Lawesson's reagent" in refluxing benzene (containing anhydrous K2C0 to 

neutralize acidic byproducts) for 16 h resulted in considerable loss of3the 

allene signals in the IR and NMR spectrum of the reaction mixture. Extensive 

chromatography of this mixture on silica gel yielded approximately 30% of the 

starting material, 10% of the 

containing substances which 

to the allene, plus 10% of an 

of the methyl ester group. 

desired allenic thioamide, 20% of two olefin 

appear by 'H NMR to be adducts of the thioamide 

unidentified allene-containing product devoid 

Ph H,O+ 

N\ O 
A 

Y HCI.NH2 

qa, R = Ph 

9 R = CH, 
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Alltnyl glycinatts are not available by the oxazolone route above and an 

alternate approach wae required. We failed to isolate oxazolone i (II,, 
R*' 

R 
3 - HI 

scheme 1) upon rearrangement of p (R,, R,, R, - HI, although S-101 of 

an allenic product was present in the early stages of the reaction as judged 

by monitoring the infrared band at 1960 an”. 

At the outset of this project, the Ireland-Cloistn rearrangement" 

applied to N-protected propargyl esters of o-amino acids JJ (R' - 

N-protecting group; R*' - a-amino acid side chain) repreaented an attractive 

means of translocating a three carbon residue from the ester oxygen to the 

a-position with concomitant conversion of propargyl to alltnyl functionality. 

0 

J-La, R” - H; b, R” - CH,; 

c, R” - PhCH, 

Bartlett and Barstowl' have since commented on their attempts to optimize 

yields of the rearrangement of the analogous allylic esters 2 by 

systematically varying the reaction conditions. The standard conditions 

employed by these investigators involving silylation with TUSCl of an N-BOC 

protected amino acid dianion, preformed with LDA/THF at -75'C, and then 

warming to reflux for 1 h, proved to be optimal. This aspect of their report 

conforms with our experience involving the propargyl ester, although they 

achieved much better, reproducible yields with the more docile allylic 

system. Using the standard procedure, N-BOC but-2-ynylglycinatt, Ua, 

(Scheme 2) was converted to fi (R - CH 1 in 20% yield. Yields obtained 

from the rearrangement of the correspknding iropargyl ester m were erratic 

and never exceeded 15%. With benroyl and btnzylidene protecting groups and 

Stabast adducts of alanine u, no allenic product could be detected by 

monitoring the reaction mixture with IR or N?4R spectroscopy. Only limited 

success was achieved using phthaloyl as an N-protecting group of ester 1pb or 

the alanlnt and phenylalanint esters U and UC, respectively. In a few 

instances, using 2.5 equivalents of LQA/TMSCl with N-Qhthaloyl alanine 

propargyl ester m followed by warming to room temperature, S-101 of product 

was observed but yields were not generally reproducible. With the 

N-phthaloyl alanine propargyl and but-2-ynyl esters, changing the base from 

LDA to LICA or KN(SiMe,)2, or using ClSi (He,)-t-Bu to trap the enolate, did 

not result in detectable allene absorption of the reaction mixture which 

consisted of over 8Ok of starting material. 

A number of a-ethynyl-a-amino acids that are fully substituted on the 

o-carbon art accessible via the sequential alkylation and acylatlon of anions 

derived from protected forms of propargylamlnt.'b However, the parent 

ethynylglycint 1&b and higher homologs have not been reported." 

o-vinyl-o-amino acids that art fully substituted on the o-carbon can be 
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a, HDCHpCR,/DCC or EDCI/DtlAP, b, R, - CH, (20%). R, - TttS (S-101), (1) 2.1 eautv 

LDA or LICAI -78’, (II) TNS-Cl. (111) HsOtVRT, c, H’/EtOAc. d, OH- 

conveniently prepared by the method of Greenlee,” which involves quenching 

the anion obtained from a dehydroamino acid synthon with the requisite 

alkylating agents. Until recently,” no general method for the preparation 

of b,T-unsaturated glycinates u had been demonstrated, although a 

considerable number of useful and interesting syntheses applicable to a 

narrow range of substrates had been documented.” The methods of Rapoport”’ 

and that of Hanessian”b provide optically active ua by the degradation of 

methionlne and glutamic acid, respectively. A number of S,T-olefinic amino 

acids can be obtained from the corresponding unsaturated aldehydes by use of 

Strecker condensations.“ Recently, Fitzner & u.“* reported that the 

oxidative rearrangement of t-phenylseleno-a,S-unsaturated esters affords in 

some cases good yields of protected fi,T-unsaturated-a-amino acids. Enolate 

based strategies which utilize ethynyl phenyl sulfone and w-2-chlorovinyl 

sulfone as vinyl cation equivalents in the synthesis of vinyl glycine have 

been developed by Steglich” and Metcalf,” respectively. 

We sought a simple and direct synthesis of a-substituted glycinates that 

would allow considerable variation of the a-substituent, and embrace 

olefinic, acetylenic, small ring, and higher alkyl group functionalities that 
were not readily accessible vla enolate based strategies. An efficient route 

to these types of amino acids could be envisaged through the agency of known 

organomctallic reagents and a cationic amino acid synthon. Steglich’ ’ 

provided an early precedent for this umpolung strategy by demonstrating the 

feasibility of condensing organometallics with reactive lmine intermediates 

that are conveniently derived by base-promoted elimination of HX from halide 

and sulfone precursors 19. 
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Ben-Ishal” successfully utilized hydroxyhippuric acid in a Friedel 

Crafts type of amidoalkylation of benryl chloride, as a route to 

w-substituted D,L-phenylglyclnes. Subsequently, various substitution 

react ions of a-bromoacylaminomalonic esters have been effected by the 

addition of organometallic compounds and other C-nucleophiles to the 

intermediate acyliminomalonic ester Zp.” Although a wide range of reagents 

including aryl, hcteroaryl, alkenyl, and alkynyl moieties can be introduced 

into bentoylaminomalonic esters by this procedure, access to $,T-unsaturated 

amino acids is, in principle, complicated by the demands of the 

decarboxylation step.’ Very recently, O’Donnell” has called attention to 

the utility of cat ionic amino acid synthons, and has developed routes to 

a-aryl amino acids and difficultly accessible heteroatom-substituted amino 

esters in Schlff base form that exploit the cationic glycine synthon 21. The 

appeal of these approaches, involving reagents with electron demands opposite 

to those employed in enolate based strategies, has been further enhanced by 

recent high enantlo- and diastereo-selective syntheses of a-amino acids using 

electrophillc g1yc1nates”‘” and a-imlnoesters” as substrates. 

OAC 

PhpC=N A 
CQEt 

Cl 

A CbzNH ~02~ 

2Q 22 

Our approach to B,T-unsaturated-a-amino acids draws on the Steglich’“~‘L 

precedents with organomagnesium reagents, but utilizes N-carbobenzyloxy- 

a-chloroglycine methyl ester u as a versatile glycine cation equivalent. 

B,T-Unsaturated amino acids in the protected form fi can be obtained in good 

to excellent yields by adding 2.2 eq. of a vinylic Grlgnard reagent in THF to 

a solution of 22 in THF at -78’C. After two hours, the reaction is quenched 

with 1.0 N citric acid or St aqueous HCl, worked-up, and then purified by 

chromatography. Attack by Grignard reagents at the ester or carbamate is not 

observed. In this procedure, one equivalent of the Grignard reagent serves 

as a base, eliminating the elements of HCl to provide the reactive imine 

intermediate 21. Stcglich’4b has demonstrated in analogous cases that Et,N 

or Hunig’s base can be used for such a purpose, rather than consuming the 

organometalllc reagent if lt is limiting. 

Attempted reaction of a more stable version of a cationic-glycine 

synthon, a-methoxy N-Cbr-GlyOMe a with vinyl magnesium bromide does not 
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cl 2.2 eq. 

A 
RMgBr/THF_ 

R ~~ cQg&m -78’C A -CbzNH CQ~ 

22 
23 24 

produce 24. Maintaining the reaction mixture at -lO*C for 1 h results in the 

recovery of only 50% of the material balance, which consists primarily of 

starting material. However, this synthon is potentially useful as we have 

found that under Lewis acid conditions, 21 reacts with allyltrimethylsilane 

in the presence of EW;.EtoO at room temperature to give fi in near 

quantitative yield. 

A CbrNH ~02~ 

H,C-CHCH,SlMe, 

BF,.Et,O/RT 

25 

liarada” has developed a sterically controlled synthesis of aspartic acid 

whose key step is the addition of dialkyl malonates to N-carbobenzyloxy-L- 

alanyl-2-chloroglycine methyl ester. The more bulky alkyl malonates lead to 

aspartlc acid with higher optical purity. The reaction of a simple Grignard 

reagent such as vinyl magnesium bromide with N-bensyloxycarbonyl- 

-L-phenylalanine-2-chloroglycine methyl ester does not result in asynunetrlc 

induct ion, but leads to a 1:l ratio of diastereomeric esters 1p (table 1). 

Despite this limitation, the method described herein for functionaliting 

glycine at the a-position through cation equivalents is quite general and 

leads to diverse amino acid precursors. 

An interesting example involves the preparation of the trlfluorovinyl 

ester 11. This compound is obtained in excellent yield from condensation of 

the Grignard reagent FpC-CFMgBr with u, and is potentially a useful 

intermediate. Hydrolysis (50% HCl/reflux/l h) gives the corresponding 

trifluorovinyl glycine hydrochloride y which readily exchanges an a-H in DIO 

(t 
1/z 

at 65.C 4 75 min) . Upon heating the amino acid hydrochloride 91 to 

reflux in acetone for 5 30 min, decarboxylation generates the novel 

trlfluorovinyl amine Pp (probably via an adduct of Q with acetone). 

F F 

F x * H,/Pd 0 

HCI.N& QH H2o A 
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D-r 
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zz42 35% 
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8, Refers to lrolatea (non-ootlmtted~ ytelda of chromstogrrphkrlly our0 oroducta. 
0. About IO-2011 of N-Cbr-a-hUdroxy-Gly-OOne 1s usually racovefed 

We have also found that the hydrogenation of fi in water under one 

atmosphere of hydrogen with 10% Pd/C or lt Pd/Al,O, at room temperature 

provides access to monofluorides: an 86:lQ ratio of 2-amino-3-fluorobutanoic 

acid hydrochloride, fi,” (+ 9:1 ratio of diastereomers) and a-ethyl glycine 

hydrochloride is obtained. The catalytic hydrogenation of fluoro-olefins has 

few precedents.” 

a-Alkynyl-a-amino acids even in protected form have not been readily 

accessible.” We have discovered that alkynyl magnesium reagents add to 22, 

providlnq a-scetylenfc amldo esters 1p - 4p free from allenic products in 

good yield. 

It is worth notlng, in light of the apparent difficulty of controlling 
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carboxylation of synthetic equivalents of propargyl amine carbanions,” that 

treatment of the anion generated from the bentylidene enyne fi with ethyl 

chlorofor&te gives the w-enyne a (a 2:3 mixture of bentylidenes 39 and 

fi was obtained) . After overnight treatment of this mixture vith 101 aqueous 

KCl/?KP followed by basic hydrolysis and ion-exchange chromatography, the 

novel M-g-•nyne phenylalanine 5p was obtained in 201 overall yield from 

a-enyne fl (Scherm 31. 

In summary, we have demonstrated that methodologies based on the concept 

of cationic glycine equivalents can draw on the extraordinary diversity of 

Grignard reagents and provide access to new and unusual amino acids. 

a-Allenyl-a-amino acids are available by the route outlined in Scheme 1. Use 

of Meerwein* s reagent, to facilitate the hydrolysis of the benramide 5, is 

critical to the success of the sequence which is applicable to a variety of 

amino acids .” 

Ph 
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BOCNH 

0 
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L J---h b 
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SOCNH 
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a, Ph,P-CHC=CTMS/THF, 8011, 5:l (E,Z); b, HcO$t; PHCHO/NEt,/CH,CI,; 

C, LDA/THF/-78’; CICO&; d. HJO’, HO- 

d 
c 

5Q 

. m We are grateful to Valerie Robinson for assistance with 

KUR spectroscopy and to Dr. John Moffatt (Syntex, Palo Alto) for helpful 

discussions. 

m Melting points were determined on a Buchi 510 capillary 

aelting point apparatus, in open capillary tubes, and are uncorrected. 

Infrared spectra were recorded on a Parkin-Elmer Model 136 spectrometer. 

Spectra were recorded for as KBr pellets and for liquid samples neat between 
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NaCl plates. Proton, carbon, and fluorine nuclear magnetic resonance 

spectra (‘H, “C, and "F NI4IU ware measured on a Bruksr UP-80 spectrometer, 

at 20.13 and 75 l4hr for "C and "F respectively) in CDCl and D 0 solutions. 

Chemical shifts are reported in ppm relative to titramettylsilans or 

3- Rrimethylsilyl)propionic acid-2,2,3,3-d, sodium salt, and are followd by 
multiplicity, integral, spin-spin coupling constant, and assignment. W 

spectra wre obtained on a Perkin-Elmer 559A W-VIS spectrophotometer. was 

spectra were recorded on an Atlas CH-4 or CH-7 instrument. HPLC was 

conducted with Whatman Uagnum 20 Partisil and Magnum 20 ODS-3 aemi- 

preparative columns. 

N-benzoyl e-amino acids 

were obtained commercially or prepared from the appropriate a-amino acid with 

benzoyl chloride." Acetylenic esters 2, u, and u were prepared in a 

straightforward manner by coupling the appropriate N-protected a-amino acid 

and acetylenic alcohol using dicyclohexylcarbodiimide E-CC) and 
4-dimethylaminopyridine (DMAP)." Thus a solution of 1 or u (10 mmoll, DCC 

(11 mmOl), acetylenic alcohol (11 mm011 and DMAP (1.1 mm011 in 30 ml of 

CHICII was stirred overnight at room temperature under argon. The reaction 

mixture was filtered and the filtrate washed with 2 x 15 ml portions of 5Q 

HOAc, and then 20 ml each of HpO, 5% NaHCO,, and brine. Drying of the 

organic portion over anh. MgSO, and then concentrating gave 2a-c and Ua,b in 

65-90% yields. 

2a: IR: v_., 3300 (br NH, C-C-H), 2105 (CIC), 1735 (CO*Cl, 1640-1650 cm" 

(CONHI; 'H NMR (CDCl,) : 6 2.5 (t, lo, J - 2.4 Hz, C=CHl, 3.3 (app d, ZH, 

PhCH1), 4.8 (m, 2H, OCH,), 5.2 (m, lH, CHN), 6.5 (br d, lH, NH), 7.0-8.0 (m, 

lOH, Phi. 

a: IR: Y ... 3300 (br NH), 2235 (C=C), 1745 (COIC), 1635 cm" (CONHI; 'H NM 

(CDCl,): b 1.85 (m, 3H, CH,), 3.3 (d, 2H, PhCHtL 4.75 cm, ZH, CHIOl, 

5.0-5.25 (m, lH, CHN), 6.55 (br d, lH, J - 9 Hz, NH), 7.1-7.8 (m, lOH, Ph). 

20 (mix. of isomers): IR! " 3100-3600 (NH, Cd-H), 2110 (GC), 1740 
..m 

(COrC), 1640 cm-' (CONHI; 'H NMR (CDCl,): 6 1.5 (Zd, 2H, J 6.0 Hz, CH,), 2.5 

(Zd, lH, J - 2.4 Hz, C-C-H), 3.3 (m, 2H, PhCHIl, 5.0-5.5 (m, lH, CHN), 

5.3-5.65 (m, lH, CHOI, 6.6 (br app d, lH, NH), 7.1-7.8 (m, lOH, Ph). 

Ma: IR v_,~ 3370 (br s, NH), 2240 (CDC), 1760 (COIC), 1700 cm" (CONH)z 'H 

NHR (CDCl,): 6 1.48 (s, 9H, Boc), 1.87 (t, 3H, J - 2.5 Hz, CH,), 3.95 (d, 2H, 

J - 6.9 Hz, CHIN), 4.73 (q, ZH, J - 2.5 Hz, 01~01, 4.8-5.1 (br s, NH). 

Ai@: IR v_., 3400 (br s, NH), 2170 (C-C), 1740-1750 (COaCl, 1700 Qn-' (CDNHl; 

'H NMR (CDCl,) : 6 0.18 (s, 9H, SiMe,), 1.45 (s, 9H, Boc), 3.95 (d, 2H, J - 

5.7 Hz, CHIN), 4.75 (s, 2H, CH,O), 4.8-5.2 (br s, lH, NH). 

. via m To a solution of 2 (2.1 

run011 in 10 ml of CH,CN uere added successively NEt, (5.8 mmoll, cc1 (4.9 

mmoll, and Ph,P (4.3 lnmoll at room temperature under argon. The rzaction 

mixture was left stirring overnight after which it was concentrated and 

applied to a silica gel column (hydrolysis of p on silica gel was observed in 

some cases), and eluted with 10% EtOAc/hexane. Methanolysis of 1 in HCl/MeOH 

for 15 min at room temperature gave 5 quantitatively. Alternatively, 

addition of 0.1 ml NEt, and 1 ml of MeOH after the rearrangement generates 2 
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chlorotrimethylsilane were added and the reaction mixture vas slowly brought 

to room temperature and then heated to reflux for 1 h. On cooling to room 

temperature, 20 ml of methanol vere added and after another hour, the 

reaction mixture was concentrated. The resulting residue vas dissolved in 

ethyl acetate and extracted repeatedly with 5Q NaHCO,. The aqueous portion 

vas acidified in a tvo phase system containing CHIClp to pH 3 with 20% HCl. 

The CHIClz portion vas separated and the aqueous phase repeatedly extracted 

with CHIC+ The combined CH1C12 extracts were washed with water, and then 

brine, and dried over anh. MgSO.. On concentration, 1.3 g of a showing an 

allene band at 1960 cm-' vas obtained. This material vas dissolved in 50 ml 

of an ethyl acetate solution saturated with HCl at room temperature, 

whereupon a yellow precipitate formed. After 1 h, the mixture was 

concentrated and the resulting residue dissolved in water and washed with 

CHtCl . The aqueous portion vas then spplied to an iqn-exchange column (H') 

(Bio-kd, Ag SOW-X8) and eluted with 20% pyridine-water. The eluant 

containing product was concentrated, partially purified by reverse phase 

chromatography and upon crystallization from acetone-water, the desired 

product U vas obtained. mp 195 - 2OO'C (dec); XR (KBr): v 1960 cm-' 
I.. 

(C-C-C); 'H NMR (DtO): 6 1.82 (t, 3H, J - 3.2 Hz, CH,), 4.2 (t, lH, J - 1.7 

Hz, CHN), 5.0 (m, 2H, HIC-C-C). 

l.l_ : Proceeding in essentially the same manner 

as above, 2-amino-3,4-pentadienoic acid was obtained from m. After the 

[3,3] rearrangeumnt of ester m, the trlmethylsilyl group vas hydrolyzed by 

treatment with 0.1 N NaOH/MeOH for 2 h at room temperature. After removal of 

the Boc group with HCl/EtOAc, purification by ion-exchange chromatography 

(eluting with 2OQ pyridine-water) and HPLC reverse phase chromatography 

leluting with water) gave the desired product. 'H NMR (DIO): b 4.25 Im, lH, 

CHW, 5.15 (m, 2H, HI0C-C), 5.5 (app t, lH, J - 6.7 Hz, HC-C-C); U. TFA 

salt: MSS(C1): 245 (RNH,'), 228 (MH'), 227 (MNH ‘-HaO). 
4 

s of a:” A dry THF solution (30 ml) of [Ph,P'-CLIpC=CSl14e,l Br' 

(4.5 mm011 stirred at -70-C under argon was treated with 1.6 M n-BuLi (4.81 

InalOl). The reaction mixture was then brought to -4O.C within lo-15 min, and 

after 30 mln was cooled to -78.C. A solution of aldehyde fi (3.0 mm01 in 10 

ml dry THF) vas added dropwise, after vhich the reaction mixture was warmed 

to 0-C over 20 min and maintained at this temperature for 1 h. Ether (200 

ml) was added, the resulting precipitate vas filtered off, and the filtrate 

was concentrated to a residue. Purification by flash chromatography eluting 

with 10% EtOAc/hexane gave two fractions: Fraction I1 contained 630 mg of 

w-enyne 91 and fraction (2 contained 140 mg of a-enyne u (75% yield). 

w-Enyne fl has: IR v 3200-3600 (br NH), 2138 (GC), 1700 cm-'(CONH); 
I.. 

'H NMR (CDCl,): 6 0.17 (s, 9H, SW,), 1.37 (s, 9H, Boc), 2.83 (m, ZH, 

PhCHI), 4.47 (br m, 2H, NH, CHN), 5.57 (d, lH, J . 15.5 Hz, HC-Cl, 6.25 (ddm, 

J - 4.78, 15.5 Hz, C-CHCHN), 7.25 (m, SH, Ph) . 

w-Enyne p1 (400 mg) was dissolved in 10 ml of formic 

acid at room temperature. After 1.5 h, the reaction mixture was concentrated 

to give a pinkish solid residue. Trituratlon uith athee. gave a white 

precipitate. mp 134-136.C (dec); IR (KBr): v 2300-3200 (br, OH, NH), 2120, 
. . . 

2160, 2220 (br, C-C), 1560 cm-' (CO,-); 'H NMR (DpO): 6 0.17 (s, 9H, SiMe,), 
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3.05 (app d, 2H, J . 7.0 Hz, CHrl, 4.15 (q, lH, J . 7.0 Hz, CHNl, 5.7 (d, lH, 

J - 15.5 Hz, HC=C), 6.2 (dd, lH, J - 7.2, 15.5 Hz, C-CHCHN), 7.35 (m, SH, 

Phi, 8.43 (br s, HCO, ) , The above salt (160 mg) was treated with 

bentaldehyde (60 ~11, NEt (1 ml), and anh. MgSO (2 g) in 40 ml of CHICl 

stirring at room temper:ture overnight. Filtration in_vacua followed bi 

concentration gave an oily residue which was dissolved in 50 ml of ether, 

washed with 20 ml of brine, dried over anh. MgSO 
. 

and concentrated to give fi 

as a yellow oil (190 mgl. 'H NM7 (CDCl,): 6 0.16 (3, 9H, Me,), 3.0 (br d, J 

. 7.0 Hz, PhCHrl, 4.0 (br q, lH, J - 7.0 Hz, HCN), 5.76 (dd, lH, J . 1.2, 

15.5 Hz, HC-Cl, 6.45 (dd, lH, J - 6.0, 15.5 Hz, C-CHCHN), 7.1-7.8 (rn, lOH, 

Ph), 7.9 (9, lH, HC-N) . Benzylidene 48 (190 mgl in 2 ml of dry THF was added 

dropwise to 1.1 equiv. of an LDA solution (made from diisopropylamine (0.1 

ml) and 1.5 M n-BuLi (0.43 ml) at 0-C in 4 ml of dry THF) at -76'C with 

stirring under argon. After 15 min, ethyl chloroformate (60 ~1) was added in 

one portion resulting in a purple coloured solution which subsequently turned 

orange-red and finally light orange. After 40 min, the mixture was slowly 

warmed to -40-C and treated with a saturated solution of NH 'Cl' (2 ml). . 
Dilution with 50 ml of ether was followed by rapid washing with cold brine 

(20 ml], drying over anh. HgSO,, and concentration to an oil. ‘H NMR 

analysis indicated a 2:3 ratio of product and starting material Ibenrylidtne 

protons resonate at 6 6.13 and 7.9 for the product and starting material 

respectively). The mixture was next treated with 2% HCl (10 ml1 and THF (20 

ml) and stirred overnight at room temperature. Concentration gave a residue 

which was dissolved in 2 N NaOH/THF (30 ml, 1:21 for two days at room 

temperature. The THF was then removed and the resulting residue diluted with 

50 ml of water and washed with CHrCl, (2x10 ml). Acidification of the 

aqueous extracts to pH 2 was followed by washing once with CHICll (10 ml1 and 

ion-exchange chromatography (Bio-Rad Ag SOW-X8 column) eluting with 208 

aqueous pyridine. Concentration of the ninhydrin positive eluant gave s (10 

mgl. In DrO, the acetylenic proton exchanged with deuterium on preparing an 

NMK sample. IR (KBr): v 
. . . 

2575 (C-C-D), 2099 (CwC), 1590 cm-' (COr'); 'H NMB 

(DrOl: 6 3.05 (AB, 2H, J - 13.2 Hz, PhCH1), 5.65 (d m, lH, J - 16.2 Hz, 

HC-Cl, 6.65 id, lH, J - 16.2 Hz, HCnC), 7.35 (m, 5H, Ph). Acidification with 

101 HCl and concentration gave a.HCl. mp 160-162-C (decl; W (HaO, c - 

2.76x10-' Ml: X 
. . . 

230 nm (C 143001; 'H NMK (DrO): 6 3.45 (AB, ZH, J - 14.3 

Hz, PhCHrl, 3.65 (dd, lH, J - 2.4 Hz, C&-H), 5.95 (dd, lH, J - 2.4, 16.2 Hz, 

HC-C) , 6.67 (dd, lH, J - 16.2 Hz, C-CHCN), 7.45 (m, SH, Ph). 

t 26, . a-Methoxy-N-carbob-enryloxy 

glycine methyl ester a (0.5 g1, dissolved in 30 ml of dry CHrClr, was 

treated with 1 ml of allyltrimethylsllane and 0.8 ml of BF, .Et10 with 

stirring at O'C. The reaction mixture was brought to room temperature, left 

for 24 h, and treated with 50 ml of brine. The organic phase was separated 

and further washed with 20 ml of brine, dried over anh. MgSO., filtered, and 

concentrated to give an oil (0.56 g). TLC (30% EtOAc/Hexane, R - 
f 

0.4) and 

'H NMB analysis of the reaction product indicated z 601 conversion of 

starting material to product. ‘H NMR (CDCl,): 6 2.55 (b t, 2H, CH I, 3.73 

(s, 3H, Ons), 4.3-4.6 (m, lH, CHN), 5.12 (3, 2H, PhCH,), 5.0-6.;) (m, IH, 
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HI C-CH, NH) , 7.35 (3, SH, Ph). 

Cyclopropyl 

magnesium bromide vas prepared in 6 ml of dry THF from cyclopropyl bromide, 

0.56 g, and magnesium, 170 mg. The Grignard solution vas then added via 

syringe to N-carbobenryloxy-a-chloro-glycine methyl ester 2, 0.54 g, in 10 

ml of dry THF at -70.C. Two hours after the addition, the reaction mixture 

was quenched with 10 ml of 1.0 N citric acid. Ether (100 ml) vas added and 

the organic portion vas washed with 2 x 20 ml of water, 20 ml brine, dried 

over anh. MgSO., and concentrated to a light oil. Purification by flash 

chromatography, eluting with 308 EtOAc/hexane, gave 165 mg of product 31 as a 

light oil. IR: Y 'H NMR 
I.. 

3200-3500 (CONH), 1700-1750 cm" (COpMe, CON); 

(CDCl,) : b 1.35-1.7 (m, 4H, - CH,CH,-1, 1.85-2.3 (m, lH, CH), 3.77 is, 3H, 

OMel, 3.7-4.0 (m, lH, CHN), 5.1 (s, ZH, PhCH,Ol, 5.4 (br d, lH, NH), 7.35 (s, 

SH, Phi. 

Proceeding in the same manner, the compounds reported in Table 1 vere 

isolated. The Grignard precursors to the alkynes 19 to Pp were prepared at 

room temperature for 1 h from the requisite alkyne and EtMgBr. 

tip: IR: v_,, 3200-3500 (NH), 2227 (GC), 1752 (CO*Me), 1680-1720 cm" (CON); 

'H NMR KDCl,): 6 0.96 (t, 3H, J - 7.4 Hz, CH,), 1.3 - 1.75 (m, 2H, CHI), 

2.16 (dt, 2H, J - 2.2, 6.7 Hz, CHIC&), 3.8 (s, 3H, O-1, 5.0-5.2 (br m, lH, 

CHN), 5.14 (s, ZH, PhCH1O), 5.5 Ibr d, lH, NH), 7.35 is, Phi. MS, m/t 
289.1324 (289.1314 calcd for C,,H,,NO.). 

iQ: IR: " 3200-3500 (NH), 2230 (C-Cl, 1752 cCOIMe), 1720 cuts' (CON); 'H 
..I 

NMR KDCl,): 6 0.9 (br t, 3H, CH,), 1.1-1.7 (m, 6H, CH,), 2.05-2.3 (br dt, 

2A, CHrCvCl, 3.81 (s, 3H, OMek), 5.0-5.2 (m, lH, CHN), 5.14 is, 2H, PhCH*Ol, 

5.3 (br d, lH, NH), 7.37 (s, SH, Ph). MS, m/z 317.1619 (317.1627 calcd for 

fi: IR: v 3200-3450 (NH), 2237 (&cl. 1755 (COIMel, 1690-1745 cm-\ (CON); 
. . . 

'H NMR (cDC1,): 6 1.82 (d, 3H, J - 2.4 Hz, 3.80 CH,), (9, One), 3H, 4.95-5.2 

(br m, lH, CHN), 5.13 is, 2H, PhCH,O), 5.42 (br d, lH, NH). 7.35 (s, SH, Ph). 

MS, m/z 261.10096 (261.10011 calcd for C, ,H,,NO,l. 

42: IR: v_,, 3220-3460 (NH), 2222 (C&Z), 1751 (COIMe), 1690-1745 cm-’ (CON); 

‘H NMR (C~cl,): 6 3.83 (s, 3H, OCH,), 5.16 (s, ZH, PhCHrOl, 5.37 (br d, lH, 

CHN), 5.65 (br d, lH, NH), 7.35 (s, lOH, Ph). MS, m/z 323.1161 (323.11576 

calcd for C,,H1,NO,). 

Compound J.&I” 7.0 g, vas 

refluxed in 50 ml of 50% HCl for 1 h. After cooling, the aqueous solution 

vas washed with 20 ml of CH,Cl and concentrated to a residue. Trituration 

with ether gave 4.0 gm of trifl:orovinyl glycine hydrochloride, p1. mp 

165-166’C. ‘H NMR (D*O): 6 5.0 (d m, J - 29.8 Hz, CHW; “F NMR (D1O): 6 

-95.6 (dd, F,, J.k‘*I - 64.6 Hz; J "* - 34.2 Hz), -114.3 (ddd, F,, J.&s*- - 
.< 

64 Hz, J lr"' - 115 Hz, J 
be b-H 

- 2.3 Hz, CHN), -184.5 (ddd, F , J "' - 34.1 
c C. 

Hz, J<b"*O'- 115.6 Hz, Jr." - 29.5 Hz). Trifluorovinyl glycine 

hydrochloride, p1 ( 500 mgl, vas taken up in 20 ml of acetone and heated on a 
steam bath for z 30 min. Concentration gave the amine hydrochloride fi (350 

mg). mp 205 - 215-C (dec.). IR: Y 2600-3600 (NH), 1800 cm-' 
. . . (FrC-CF); 

'H NMR (D1Ol: 6 4.05 (d m, J . 21 Hz, CH2Nl; "C NMR: 6 37.0, 37.2, 37.3, 

38.2, 38.3, 36.4 (d t, cHzN), 118.4, 119.4, 121.0, 122.0, 130.0, 131.0, 
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132.6, 133.6 (ddd, UP) t 141.3, 143.4, 169.6, 171.7, 155.2, 155.7, 157.4, 

157.6 (ddd, GFP). '*F NMR (Da01 : 6 -97.6 (b ddt, F , J ‘*- - 68.4 Hz, J "' 
. l b .* 

- 32.3 Hz, J,_x 5 2.1 Hz), -115.6 (ddt, Fb, Jba“' - 68.3 Hz, Jbetf'.' - 

114.6 Hz, Jb_x - 3.4 Hz), -179.6 (ddt, F , J "' - 33.3 Hr, Jcbtr-’ - 114-g 
c a. 

Hr, JC_” - 21.0 HtZ. 
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