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CHAPTERR 2 

SYNTHESISS OF RACEMIC UNSATURATED a-H-a-AMINO ACID AMIDES 

2.11 Introduction 

Thee amino acids shown in Scheme 2.1 are used throughout this thesis in 

enantiomericallyy pure form for further applications. Therefore, facile access to these 

compoundss is required. In Chapter 1, an overview of generally applied synthetic methods for 

thee production of enantiomerically pure a-H-a-amino acids has been given. In this chapter, a 

brieff  summary of literature syntheses - which to a large extent are based on these general 

methodss - to produce amino acids 1-3 in enantiopure form wil l be provided without going 

intoo further details. 

Schemee 2.1 

(rfn n 

HjN^^COaHH H2N C02H H2I\T ^C02H 

1 22 3 
n== l ,2 ,3R = H,Me 

Ann enantiopure synthesis of 2-aminopent-4-enoic acid (allylglycine 1, n = 1) was 

publishedd for the first time by Black et al. in 1955.' A large number of enantiopure and 

enantioselectivee syntheses followed, either using chiral auxiliaries2 or using (bio)catalysts.3 

Synthesess of enantiopure 2-aminohex-5-enoic acid (homoallylglycine 1, n = 2) and its 

homologuee 2-aminohept-6-enoic acid (bishomoallylglycine 1, n = 3) are less abundant.3"'4 A 

similarr picture is encountered for the acetylene-containing amino acids. Enantiopure 

synthesess of 2-aminopent-4-ynoic acid (propargylglycine 2, n = 1, R = H)5 and its homologue 

2-aminohept-6-ynoicc acid (bishomopropargylglycine 2, n = 3, R = H) do exist3b, but to the best 

off  our knowledge, entries into 2-aminohex-5-ynoic acid (homopropargylglycine 2, n = 2) in 

enantiopuree form have not been published. In addition, an enantioselective synthesis of the 

Me-substitutedd acetylene-containing amino acid 2-aminohex-4-ynoic acid (2, R = Me) is 

known,66 whereas syntheses of its homologues are not. Finally, one synthetic route to 

enantiopuree 2-amino-4,5-hexadienoic acid (3) has been reported.7 

AA general disadvantage of these methods (especially those based on a chiral auxiliary) 

iss the difficulty to scale up. Furthermore, it would be advantageous if all these amino acids 
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ChapterChapter 2 

couldd be synthesized in enantiopure from via a single method. To fulfil l both requirements, it 

wass our goal to investigate - in collaboration with DSM-Research - whether their existing 

process,, the resolution of amino acid amides using an enantioselective aminopeptidase (eq 

2.1),88 could be applied to these unsaturated amino acids. This requires an efficient and 

straightforwardd entry into the corresponding racemic acid amides, which wil l be detailed in 

thiss chapter. Chapter 3 then shows the results of the enzymatic resolutions. 

RR R B 
PseudomonasPseudomonas putida ï 

HjN^^CONH,,,  H 2 N ' ' X 0 2 H + H2N'^N-CONH2 (2.1) 
ATCCC 12633 

(r«c)-44 (S)-5 (R)-4 

2.22 Preparation of the amino acid amides via alkylation of glycine equivalents 

Thee amino acid amides can be synthesized via alkylation of different glycine 

derivatives,, of which the most well known examples are diethyl acetamidomalonate (6, 

methodd A) and methyl N-(diphenylmethylene)glycinate (8, method B). In both cases, 

alkylationn has to be followed by conversion of the ester into the required amide function (eq 

2.2). . 

HI*r"COO E t < = > H.N^HOMH„ i > PIT N^CCMe 
I I 
Acc 6 

2C C 

Racemicc allylglycine (1, n = 1) was synthesized via alkylation of diethyl 

acetamidomalonate99 (6) with allylbromide (1.5 equiv)) and NaH (1.1 equiv), followed by ester 

andd amide hydrolysis with concomitant decarboxylation using 2M HC1 under reflux 

conditions.. Esterfication of 10 (SOCl2 in MeOH) provided the corresponding methyl ester 11 

(eq2.3). . 

X2 E tt ^ ^ - XCO2B L +X ^ +x «> 
HNN C02Et B f ^ ^ > H^C02Et r e f l u x H^CC^H M e O R H ^ C02Me 

Acc THF, reflux Ac 
CI"CI" i v i e ^ n c r 

66 9 74% 10 11 

Thee ester was then reacted with concentrated ammonia (25% in water) to yield the 

requiredd amide 12. During this conversion, partial hydrolysis of the ester took place so that 
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separationn of the amide and acid became necessary. Therefore, at pH ~ 10 the amide was 

selectivelyy reacted with benzaldehyde (1.1 equiv) to the corresponding Schiff base (13) and 

extractedd from the water layer. The residue was dissolved in acetone and hydrolyzed via the 

additionn of an equimolar amount of concentrated HC1 to give the HCl-salt of the desired 

amidee (14), which precipitated in acetone in pure form (eq 2.4). It should be stressed that with 

aa single purification step during this whole sequence allylglycine amide was synthesized in 

reasonablee amounts (up to 25 g) in an overall yield (starting from 9) of around 66%. 

25%NH4OHH f pHIO | acetone (2.4) ) 

++ JL «- JL — / ^ . y \  + JL 
HH33NTNT X0 2Me H 2 0 H2N XONH 2 PhCHO P" N CONH2 H C i H3N CONH2 

CII C I " 
111 12 13 14 (66%) 

Propargylglycinee amide (22) was also synthesized via this method in 64% overall 

yield.. However, as a result of the rather harsh hydrolysis/decarboxylation conditions, which 

probablyy led to partial decomposition of the acetylene function, it was difficul t to obtain the 

finall  product in pure form. 

Thee amino acid amides 19-23 were prepared by an extension of the O'Donnell protocol 

involvingg alkylation of methyl N-(diphenylmethylene)glycinate (8) with the appropriate 

unsaturatedd halides.10 Since the ketimine function is hydrolyzed under mildly acidic 

conditions,, decomposition of the side chain is circumvented in this pathway. The bulky 

diphenyll  group also prevents dialkylation. The ketimine of glycine methyl ester (8)n was 

efficientlyy obtained via reaction of phenylmagnesium bromide with benzonitrile to yield 

(uponn quenching with MeOH) the ketimine 16, followed by a 'transimination' with the HCl-

saltt of glycine methyl ester (eq 2.5). 

1)) \ V— MgBr,THF ? ' + , ^ w . ., D h 

ff-\ff-\ ' \—/ a ph HaN C02Me Ph 

\ = // , ^ ^ ^ x „ ^ „ P f T ^ ~ . ~ P h ^ N ^ C 0 2 M e <2-5> 2)) quench with MeOH CH,C19 

155 16 75% 8 95% 

Alkylationn of 8 either proceeded via reaction with a phase transfer catalyst (K2C03 and 

rt-Burt-Bu44NBr,NBr, MeCN, reflux) as the base (alkylation method A), or via deprotonation with NaH 

(THF,, reflux) followed by reaction with the alkylating agent (alkylation method B, Scheme 

2.2).. The somewhat milder method A appeared a useful method when sensitive alkylating 

agentss were used. The alkylating agents, all unsaturated bromides were commercially 

availablee except for 4-bromo-l,2-butadiene12, which was prepared from 2,3-butadienol13 using 

Br2PPh33 and imidazole. In the case of long reaction times, (especially with method A reaction 
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timess were in the order of days) additional alkylating agent was added during the reaction to 

compensatee for the loss of the alkylating agent due to evaporation or decomposition. The 

alkylatedd Schiff bases were then selectively hydrolyzed in a two-phase system (1 equiv of 2 M 

HC11 in ether at ambient temperature) to afford the corresponding esters 18. 

Schemee 2.2 

XX r 
P r T % JJ ^ C 0 2 M e m e t h o d B 

8 8 

methodd A or Tn T 1MHC1 1 

C02Mee e t h er 
i.,X i.,X a,, b, c 

H3N' ' 
cr r 

C02Me e H3N N 
CI I 

1 1 CONht t 

17 7 18 8 

ReagentsReagents and conditions: method A: K2CO, (3 equiv), Bu4NBr (0.1 equiv), RBr (1.0 equiv), reflux; method 
B:: NaH (1 equiv), Li l (cat.), RBr (1.2 equiv), reflux; (a) 25% NH4OH, H20, rt; (b) NaOH (pH 10), 
benzaldehydee (1 equiv), rt; (c) acetone, concentrated HC1 (1 equiv) rt. 

Tablee 2.1 

entry y alkylatingg agent alkylation method time (h) amide overalll  yield 

110 0 

36 6 

H3NN CONH2 

cr r 

H3NN CONH2 

CI" " 

62% % 

54% % 

B r " " ^ ^ 
S S 21 1 55% % 

24 4 

H3NN CONH2 

cr r 

H3NN CONH2 

cr r 

66% % 

110 0 233 66% 
H3NN CONH2 

cr r 

44 4 



SynthesisSynthesis ofracemic amino acid amides 

2.33 Amino acid amides via the Strecker synthesis 

2-Amino-5-hexynoicc acid amide (37), 2-amino-6-heptynoic acid amide (38), 2-amino-5-

heptynoicc acid amide (39) and 2-amino-6-octynoic acid amide (40) were synthesized via an 

alternativee method. In this case, the first two pathways discussed above failed as a result of (3-

eliminationn of the alkylating agent under the basic conditions of the alkylation step. Instead, 

thesee amides were synthesized via a modified Strecker reaction.14 

=? ? 

([% % 

H2NN CN 

25 5 

Thee terminal acetylenic alcohols 29 and 30 needed for this sequence are commercially 

available.. On large scale, however, they were synthesized using Brandsma procedures as 

shownn in eq 2.7.15 Starting form the methylenechloride-substituted oxygen heterocycles 27 and 

28,, the terminal alkynols were obtained in good yields via a 1,2-elimination of hydrogen 

chloridee with NaNH2 in liquid ammonia. The acetylenes were then selectively methylated at 

thee acetylene carbon atom (viz. 31 and 32) using an excess of LiNH 2 in liquid ammonia, 

followedd by the addition of one equivalent of methyl iodide. 

/—(\)nn 1) NaNH2 (3.0 equiv) 1) LiNH 2 (2.0 equiv) .. ^ ^ 
C 0 X ^ c ii  NH3(1) ^ X ^ O H NH3(1) ^ ^ ^ O H

( 2 7) 

277 n = 1 2) NH4C1 (2.0 equiv) 29 n = 1 85% 2) CH3I (1.0 equiv) 31 n = 1 58% 
288 n = 2 30 n = 2 91% 32 n = 2 84% 

Havingg these starting materials readily available in sufficient quantities, the amino 

acidd syntheses commenced with oxidation of the alcohols 36-39 under Swern conditions to the 

correspondingg aldehydes (viz. 33). In Scheme 2.3 the synthesis is exemplified for 2-amino-5-

hexynoicc acid 37. The crude aldehyde was subjected to the Strecker conditions (HCN 

preparedd in situ from equimolar amounts of NH4C1 and NaCN in concentrated ammonia) to 

producee the aminonitrile 34, which after extraction and concentration was directly further 

reactedd with benzaldehyde in the presence of NaOH (pH ~ 10). Thus, the cyanide function 

wass partially hydrolyzed to the corresponding amide under formation of the benzaldimine, 

whichh probably proceeded via the five-membered ring N,0-acetal 35. An advantage of the 

latterr transformation is that undesired hydrolysis to the amino acid is avoided, which usually 

iss a side reaction in conversions of cyanides to amides. Subsequent hydrolysis of the Schiff 
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basee in acetone with 1 equivalent of concentrated HC1 then provided the HCl-salt of the 

desiredd amides.16 

Schemee 2.3 

29 9 33 3 

H,NN CONH2 
CI I 

37 7 

P I ^ NN CONH2 

36 6 

H2NN CN 34 

c c 

c c PP ~H+ 

IF IF 
35 5 

ReagentsReagents and conditions: (a) (COCl)2 (2 equiv), DMSO (3 equiv), -78 °C, lh, then Et3N (5 equiv), -78 
°CC -» rt, 1.5 h, (b) NaCN (1 equiv), NH4C1 (1 equiv), 25% NH3 in H20, H20, rt, lh, then 33,40 °C, 4h, (c) 
NaOHH (1 equiv), PhCHO (1 equiv), 25% NH3 in H20, H20, rt, 4h, (d) acetone, concentrated HC1 (1 
equiv),, rt, 3h. 

Severall  other oxidation methods were also investigated for oxidation of alcohol 29 into 

aldehydee 33. A modified Swern procedure with pyridine-SO, instead of (COCl)2
17 worked 

nicely,, but the products were contaminated with pyridine, which could not be easily removed 

withoutt lowering the yield. In addition, with the TPAP/NMO oxidation18 the desired product 

couldd not be isolated, while oxidation with NaOCl, TEMPO and KBr failed.19 

Thiss sequence was routinely carried out at 0.3-0.6 mol scale for the four alcohols. 

Again,, the only purification step, was the final precipitation and filtration of the HCl-salt of 

thee amides after the hydrolysis step in acetone. The yields given in Table 2.2 were the overall 

yieldss starting from the alcohols. The relatively moderate yields of amides 37 and 38 were 

partlyy due to the fact that the intermediate aminonitrile was also partially converted into the 

correspondingg cyanohydrin during the work-up procedure or the hydrolysis reaction with 

benzaldehyde.. This undesired side reaction was to some extent suppressed by adding 

concentratedd NH, to the reaction mixture. 
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Tablee 2.2 

entry y alcohol l amide e overalll  yield 

H^J^XONHa a 
cr r 

CONH2 2 

36% % 

22% % 

65% % 

59% % 

2.44 Conclusions 

Inn this chapter the preparation of racemic unsaturated amino acid amides was 

describedd using different methods. The alkylation of the O'Donnell ketimine with unsaturated 

bromidess appeared a suitable method for the synthesis of olefinic amides. The acetylene-

containingg amino acid amides were obtained via a modified Strecker reaction. Due to the 

volatilee aldehydes formed during this sequence and the lability of the cyanohydrin the yields 

forr some amides were somewhat lower. In all cases, the different methods for the preparation 

off  the racemic amino acid amides were suitable for syntheses at least to a 50 gram scale. 
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2.66 Experimental section 

Generall information. Al l reactions were carried out under an inert atmosphere of dry 

nitrogen,, unless stated otherwise. Standard syringe techniques were applied for transfer of 

Lewiss acids and dry solvents. Infrared (IR) spectra were obtained from KBr pellets or neat, 

usingg a Bruker IFS 28FT-spectrometer and wavelengths (v) are reported in cm'1. Proton 

nuclearr magnetic resonance ('H NMR) spectra were determined in CDC13 (unless stated 

otherwise)) using a Bruker AC 200 (200 MHz) and a Bruker ARX 400 (400 MHz) spectrometer. 

Thee machines were also used for 13C NMR (AFT) spectra (50 MHz and 100 MHz) in CDC13 

(unlesss stated otherwise). Chemical shifts (8) are given in ppm downfield from 

tetramethylsilane.. Mass spectra and accurate mass measurements were carried out using a 

JEOLL JMS-SX/SX 102A Tandem Mass Spectrometer, a Varian MA T 711 or a VG Micromass 

ZAB-HFQQQ instrument. Elemental analysis were performed by Dornis u. Kolbe 

Mikroanalystischess Laboratorium, Mülheim an der Ruhr, Germany. Optical rotations were 

measuredd with a Perkin-Elmer 241 polarimeter in a 1 dm cell in the indicated solvent. Rf 

valuess were obtained by using thin layer chromatography (TLC) on silica gel-coated plastic 

sheetss (Merck silica gel 60 F25J with the indicated solvent (mixture). Chromatographic 

purificationn refers to flash column chromatography20 using the indicated solvent (mixture) 

andd Acros Organics silica gel (0.035-0.070 mm). Melting and boiling points are uncorrected. 

Meltingg points were determined with Biichi melting point B-545. Dry THF and Et20 were 

distilledd from sodium benzophenone ketyl prior to use. Dry DMF, CH2C12 and MeCN were 

distilledd from CaHj and stored over MS 4A under a dry nitrogen atmosphere. EtOH free 

CH2C122 was obtained by washing with; H2S04, H20, NaHC03 and brine dried (MgS04) and 

distilledd from CaH2 and stored over MS 4A under a dry nitrogen atmosphere. Dry C6H5C1 was 

distilledd from Pt205 and stored over MS 4A under a dry nitrogen atmosphere. Triethylamine 

wass dr ied from KOH pellets. Et20, EtOAc, PE (60-80) were distilled prior to use. Al l 

commerciallyy available reagents were used as received, unless indicated otherwise. 

Inn Chapter 3 complete characterization of the amides is given. In this Chapter only the lH 

NMRR spectra are shown. 

2-Aminopent-4-enoicc acid amide HC1 salt (14). To a suspension of diethyl 

acetamidomalonatee (100 g, 0.46 mol) in THF (1.50 L) NaH (19.5 g of a 60% dispersion in oil, 

0.511 mol) was added in small portions. After stirring for 30 min at 20 °C, Li l (100 mg, 0.75 

mmol)) was added, followed by slow addition of allyl bromide (63.8 mL, 0.74 mol). The 

reactionn mixture was heated at reflux for 2.5 h until the reaction was complete (TLC). After 

coolingg to room temperature, the mixture was poured into saturated aqueous NH4C1 (1.0 L) 

andd extracted with CH2C12 (3 x 750 mL). The combined organic layers were washed with H20 
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(1.00 L), dried (MgSOJ, filtrated and concentrated in vacuo. The obtained solid was 

recrystallizedd (PE/EtOAc) to give 9 as white crystals (88.0 g, 0.34 mol, 74% yield). *H NMR 

(4000 MHz, CDC13): 5 6.73 (s, 1H, NH), 5.58-5.51 (m, 1H, H-4), 5.10-5.06 (m, 2H, H-5), 4.24-4.19 

(m,, 4H, CH2CH3), 3.04 (d, ƒ = 7.5 Hz, 2H, H-3), 2.01 (s, 3H, AcCH3), 1.23 (t, ƒ = 7.1 Hz, 6H, 

CH2CH3).. A solution of 9 (30.0 g, 0.11 mol) in 2 M HC1 (150 mL) was refluxed for 16 h. After 

coolingg to ambient temperature and lyophilization, the crude HCl-salt of allylglycine was 

dissolvedd in MeOH (250 mL), treated dropwise at 0 °C with SOCl2 (17.7 mL, 0.25 mol) and 

heatedd at reflux for 4 h. The reaction mixture was concentrated in vacuo, and dissolved in 

concentratedd NH4OH (150 mL, 25 %) and stirred at 20 °C for 2 h. After lyophilizing, the 

residuee was dissolved in H 20 (200 mL), the pH raised to 10 with NaOH and the reaction 

mixturee was treated with benzaldehyde (12.5 mL, 0.12 mol). After stirring vigorously for 4 h 

att 20 °C the reaction mixture was extracted with CH2C12 (3 x 100 mL). The combined organic 

layerss were dried (MgSOJ, filtrated and concentrated in vacuo. The crude residue was 

dissolvedd in acetone (300 mL), followed by addition of concentrated HC1 (10.3 mL of a 37% 

solution,, 0.12 mol). After stirring for 2 h, the solid was filtered off the solution and dried in 

vacuovacuo to give the racemic amino acid amide HCl-salt 14 as a white solid (11.0 g, 73.1 mmol, 66 

%).. *H NMR (400 MHz,, D20): 5 5.87-5.76 (m, 1H, H-4), 5.36-5.32 (m, 2H, H-5), 4.14 (t, ƒ = 6.3 

Hz,, 1H, H-2), 2.77-2.63 (m, 2H, H-3). 

Alkylationn method (B) as exemplified for 2-aminopent-4-ynoic acid amide HC1 salt (22): To 

aa solution of glycinediphenylketimine methyl ester11 8 (50.0 g, 0.21 mol) in THF (500 mL) was 

addedd NaH (8.20 g of a 60% dispersion in mineral oil, 0.21 mol), followed by Li l (2.90 g, 21.0 

mmol).. After stirring at 20 °C for 15 min, a solution of propargyl bromide (27.3 mL of an 80% 

solutionn in toluene, 0.26 mol) in THF (100 mL) was added slowly over a period of 1 h After 

addingg the propargyl bromide, the reaction mixture was refluxed for 24 h. In case the reaction 

wass not finished (TLC), an additional amount of propargyl bromide and NaH was added. 

Uponn completion of the reaction and cooling to ambient temperature, the mixture was poured 

intoo saturated NH4C1 (600 mL) and extracted with ether (3 x 500 mL). The combined organic 

layerss were washed with H20 (3 x 500 mL), dried (MgS04), filtrated and concentrated in vacuo 

too give the crude product (74 g), which was used without further purification in the next step. 

R,, = 0.51 (50% ether/PE), *H NMR (400 MHz, CDC13) 6 7.67 (d, ƒ = 7.2 Hz, 2H, Ar-H), 7.49-7.46 

(m,, 8H, Ar-H), 4.33 (dd, ƒ = 5.3, 8.1 Hz, 1H, H-2), 3.72 (s, 3H, C02CH3), 2.89-2.80 (m, 2H, H-3), 

1.966 (t, ƒ = 2.6 Hz, 1H, H-5). A solution of the crude product in ether (500 mL) was treated 

carefullyy at 0 °C with a 1 M aqueous solution of HC1 (213 mL, 0.21 mol), after which the 

mixturee was allowed to reach ambient temperature. After stirring for 16 h, the reaction 

mixturee was extracted with H20 (3 x 200 mL) and the combined aqueous layers were 

lyophilizedd to yield the crude amino ester as the HCl-salt. 'H NMR (400 MHz, CD3OD) 8 4.28 

(t,, ƒ = 5.1 Hz, 1H, H-2), 3.86 (s, 3H, C02CH3), 2.96-2.94 (m, 2H, H-3), 2.67, (t, ƒ = 2.7 Hz, 1H, H-
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5).. A solution of the crude amino ester in concentrated aqueous NH4OH (500 mL, 25% 

solution)) was stirred at 20 °C for 2 h and lyophilized. The residue was dissolved in HzO (400 

mL)) and the pH was raised to 9 by adding dropwise 10 M aqueous NaOH. Then, 

benzaldehydee (21.6 mL, 0.21 mol) was added and the reaction mixture was stirred vigorously 

forr 4 h at 20 °C The resulting suspension was extracted with CH2C12 (3 x 300 mL), the 

combinedd organic layers were dried (MgSOJ, filtrated and concentrated in vacuo. The residue 

wass dissolved in acetone (500 mL) and treated with concentrated HC1 (17.7 mL of a 37% 

solution,, 0.21 mol). After stirring vigorously for 2 h, the amino acid amide HCl-salt 22 was 

filteredd off and dried in vacuo to give 22 as a white solid (21.0 g, 0.14 mol 66% overall yield): 

'HH NMR (400 MHz, D20) 5 4.37 (t, ƒ = 5.8 Hz, 1H, H-2), 3.07-3.05 (m, 2H, H-3), 2.75 (d, ƒ =2.1 

Hz,, 1H, H-5). 

2-Amino-hex-5-enoicc acid amide HC1 salt (19). Following the alkylation procedure A, to a 

solutionn of K2C03 (106 g, 0.76 mol) in MeCN (500 mL) 8 (60 g, 0.26 mol) and TBAB (8.20 g, 0.03 

mol)) were added. After stirring for 20 min, 4-bromo-l-butene (26.0 g, 0.26 mol) was added 

dropwisee over a period of 1 h. After refluxing for 7 days (every day 5.0 mL of 4-bromo-l-

butenee was added) and work-up crude 17 was obtained. 'H NMR (400 MHz, CDC13) 8 7.67-

7.655 (m, 2H, Ar-H), 7.59-7.31 (m, 6H, Ar-H), 7.20-7.17 (m, 2H, Ar-H), 5.77-5.67 (m, 1H, H-5), 

4.98-4888 (m, 2H, H-6), 4.20-4.09 (m, 1H, H-2), 3.72 (s, 3H, C02CH3), 2.10-1.83 (m, 4H, H-3 + H-

4).. To a solution of the 17 in ether (500 mL) con. HC1 (18.0 mL, 0.26 mol) was added at 0 °C. 

Stirringg for 4 h and work-up afforded the HC1 salt of crude 18. The crude product was 

dissolvedd in NH4OH (300 mL, 25 %) and the reaction mixture was stirred for 24 h. After work 

upp crude 18 was dissolved in H20 (200 mL) at pH 10 benzaldehyde (23.0 mL, 0.21 mol) was 

addedd stirred for 3 h After work up the crude product was dissolved in acetone (700 mL), 

cone.. HC1 (17.0 mL, 0.21 mol) was added. Stirring for 3 h and work-up afforded 19 (26.0 g, 

0.166 mol, 62%) as a white solid. 'H NMR (400 MHz, DzO) 8 5.95-5.85 (m, 1H, H-5), 5.21-5.21 

(m,, 2H, H-6), 4.06 (t, J = 6.5 Hz, 1H, H-2), 2.25-2.20 (m, 2H, H-4), 2.08-1.98 (m, 2H, H-3). 

2-Amino-hept-6-enoicc acid amide HC1 salt (20). Following the alkylation procedure A, to a 

solutionn of K2COs (22.0 g, 159 mmol) in MeCN (300 mL) 8 (20.0 g, 79.1 mmol) and TBAB (2.54 

g,, 7.90 mol) were added. After stirring for 20 min, 5-bromo-l-pentene (9.50 mL, 7.90 mmol) 

wass added dropewise over a period of 1 h. After refluxing for 36 h and work-up crude 17 was 

obtained.. To a solution of 17 in ether (200 mL) 1 M HC1 (80.0 mL, 80.0 mmol) was added at 0 

°C.. Stirring for 4 h and work-up afforded the HC1 salt of crude 18. The crude product was 

dissolvedd in NH4OH (300 mL, 25 %) and the reaction mixture was stirred for 24 h. After work 

upp crude 20 was dissolved in H20 (200 mL) at pH 10 benzaldehyde (8.05 mL, 80.0 mmol)) was 

addedd stirred for 3 h After work up the crude product was dissolved in acetone (700 mL), 

cone.. HC1 (6.60 mL, 80.0 mmol) was added. Stirring for 3 h and work-up afforded 20 (7.60 g, 
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42.66 mmol, 54%) as a white solid. XH NMR (400 MHz, D20) 5 5.96-5.86 (m, 1H, H-6), 5.18-5.02 

(m,, 2H, H-7), 3.43 (t, ƒ = 6.6 Hz, 1H, H-2), 2.14-2.08 (m, 2H, H-4), 1.73-1.58 (m, 2H, H-5), 1.52-

1.422 (m, 2H, H-3). 

4-Bromo-l,2-butadiene.122 To a solution of 2,3-butadienol13 (15.0 g, 0.21 mol) in MeCN (250 mL) 
PPh3Br22 (108 g, 0.26 mol) and imidazole (20.5 g, 0.30 mol) were added. After stirring for 1 h at 
ambientt temperature the reaction mixture was extracted with pentane (3 x 100 mL) followed 
byy distillation (40 °C, 40 mm Hg) to obtain 4-bromo-l,2-butadiene (8.00 g, 0.06 mol, 28%) as a 
colorlesss oil. 

2-Amino-4f5-hexadienoicc acid amide HC1 salt (21). Following the alkylation procedure B, to a 
solutionn of 16 (10.3 g, 0.04 mol) in THF (100 mL) NaH (1.98 g, 0.05 mol) was added. After 
stirringg for 20 min 4-Bromo-l,2-butadiene (6.0 g, 0.05 mol) in THF (50 mL) was added 
dropwisee over a period of 1 h. Refluxing for 24 h and work-up afforded crude 17. F̂  = 0.70 
(70%% ether/PE), 'H NMR (400 MHz, CDC13), S 7.82-7.18 (m, 10H, Ar-H), 4.99 (m, 1H, H-4), 
4.62-4.600 (m, 2H, H-6), 4.25 (dd, ƒ = 5.2, 7.7 Hz, 1H, H-2), 3.75 (s, 3H, C02CH3), 2.66-2.60 (m, 
2H,, H-3). To a solution of crude 17 in ether (200 mL) a 1 M aqueous solution of HC1 (45.0 mL, 
0.055 mol) was added at 0 °C Stirring for 6 h and work-up afforded the HC1 salt of crude 
aminoo methyl ester 18.18 was dissolved in NH4OH (200 mL) and stirred for 3 h. After work-
upp crude 21 was dissolved in H20 (100 mL) at pH 10, benzaldehyde (5.0 mL, 49.0 mmol) was 
added.. After stirring for 4 h and work-up the crude product was dissolved in acetone (200 
mL),, cone. HC1 (3.30 mL, 0.04 mol) was added stirred for 3 h and work-up afforded 21 (3.63 g, 
0.022 mol, 55%) as a white solid. *H NMR (400 MHz, CD3OD) 8 5.13 (q, ƒ = 7.0 Hz, 1H, H-4), 
4.84-4.866 (m, 2H, H-6), 3.94 (dd, ƒ = 5.2, 7.4 Hz, 1H, H-2), 2.64-2.61 (m, 1H, H-3), 2.57-2.53 (m, 
1H,, H-3). 

2-Aminohex-4-ynoicc acid amide HC1 salt (23). Following alkylation procedure B, to a 
solutionn of 8 (29.5 g, 0.12 mol) in THF (500 mL) NaH (5.00 g, 0.12 mol) and Lil (0.53 g, 0.01 
mol)) were added. After stirring for 20 min. l-bromo-2-butyne (20.0 g, 0.15 mol) in THF (100 
mL)) was slowly added over a period of 1 h. After refluxing for 48 h, l-bromo-2-butyne (5.00 
mL)) and NaH (0.50 g) were added again and the reaction mixture was refluxed for an 
additionall  72 h. Work-up afforded the crude product 17 (45.3 g). R, = 0.63 (50% ether/PE), 'H 
NMRR (400 MHz, CDC13) 8 7.65 (d, ƒ = 7.2 Hz, 2H, Ar-H), 7.63-7.22 (m, 8H, Ar-H), 4.25 (dd, ƒ = 
5.2,, 8.2 Hz, 1H, H-2), 3.73 (s, 3H, C02CH3), 2.83-2.66 (m, 2H, H-3), 1.72 (t, ƒ = 2.5 Hz, 3H, H-6). 
Too a solution of crude 25 in ether (500 mL) a 1 M aqueous solution of HC1 (125 mL, 0.125 mol) 
wass added. Stirring for 3 h and work-up afforded the HC1 salt of crude amino methyl ester 18. 
188 was dissolved in NH4OH (300 mL) and stirred for 4 h. After work-up crude 23 was 
dissolvedd in H20 (400 mL) at pH 10, benzaldehyde (9.77 mL, 0.10 mol) was added. After 
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stirringg for 4 h and work-up the crude product was dissolved in acetone (700 mL), cone. HC1 
(7.800 mL, 0.20 mol) was added stirred for 3 h and work-up afforded 23 (13.5 g, 0.08 mol, 66 %) 
ass a white solid. 'H NMR (400 MHz, D20) 8 3.55 (t, ƒ = 5.8 Hz, 1H, H-2), 2.55-2.53 (m, 2H, H-3), 
1.799 (t, ƒ = 2.5 Hz, 3H, H-6). 

Streckerr method as exemplified for 2-aminohex-5-ynoic acid amide (37). To a solution of 
oxalyll  chloride (58.5 mL, 0.66 mol) in CH2C12 (400 mL) was slowly added DMSO (70.8 mL, 1.00 
mol)) at -78 °C. After stirring at -78 °C for 10 min, a solution of 5-pentynol (29)15 (28.0 g, 0.33 
mol)) in CH2C12 (100 mL) was added in 20 min and the reaction mixture was stirred for an 
additionall  hour at -78 °C. Then Et3N (23.2 mL, 1.66 mol) was added and the reaction mixture 
wass slowly allowed to reach ambient temperature in 1.5 h. The reaction mixture was poured 
intoo saturated aqueous NH4C1 (500 mL) and extracted with ether (2 x 500 mL, 3 x 200 mL). The 
combinedd organic layers were dried (MgSOJ, filtrated and concentrated in vacuo to give 5-
pentynall  as a light yellow oil, which was directly used for the next step. 33: lH NMR (400 
MHz,, CDCLJ 5 9.92 (s, 1H, COH), 2.69 (t, ƒ = 7.0 Hz, 2H, COCH2), 2.52-2.48 (m, 2H, 
CH2C=CH),, 1.98 (t, ƒ = 2.5 Hz, 1H, C^CH). To a solution of NaCN (13.3 g, 0.33 mol) in 
concentratedd NH4OH (250 mL, 25%) and H20 (100 mL) was added NH4C1 (17.8 g, 0.33 mol) 
andd the reaction mixture was stirred for 1 h at 20 °C. A solution of crude 33 in MeOH (50 mL) 
wass added and the reaction mixture was stirred for 4 h at 40 °C. It was extracted with ether (4 
xx 300 mL) and the combined organic layers were concentrated in vacuo to give the crude 
aminoo nitrile 34 as a yellow oil (25.9 g, 0.24 mol, 72%). ]H NMR (400 MHz, CDC13) 8 3.95-3.85 
(m,, 1H, H-2), 2.54-2.37 (m, 2H, H-4), 2.02 (t, ƒ = 2.6 Hz, 1H, H-6), 2.00-1.89 (m, 2H, H-3). A 
solutionn 34 in concentrated NH4OH (500 mL, 25%) was diluted with H20 (200 mL), treated 
withh 10 M NaOH (24.0 mL, 0.24 mol) and benzaldehyde (24.4 mL, 0.24 mol) and stirred for 4 h 
att 20 °C. The reaction mixture was extracted with CH2C12 (3 x 500 mL) and the combined 
organicc layers were concentrated in vacuo. The residual crude Schiff base 36 was dissolved in 
acetonee (700 mL), treated with concentrated HC1 (20 mL of a 37% solution, 0.24 mol) and 
stirredd for 3 h at 20 °C . The resulting suspension was filtered to give (after drying in vacuo) 37 
ass a white solid (19.5 g, 0.12 mol, 36% starring from 29). lH NMR (400 MHz, D20) 8 4.21 (t, J = 

6.66 Hz, 1H, H-2), 2.52-2.51 (m, 1H, H-6), 2.46 (dt, J = 7.02, 2.64 Hz, 2H, H-4), 2.17-2.15 (m, 2H, 
H-3). . 

2-Amino-hept-6-ynoicc acid amide HC1 salt (38). Following the Strecker method, the aldehyde 
wass prepared in crude form from hex-5-yn-l-ol15 using (COCl)2 (27.0 mL, 0.31 mol), CHaClz 
(3000 mL), DMSO (32.6 mL, 0.46 mol), hexynol (36.2 g, 0.40 mol) and Et3N (278 mL, 2.00 mol). 
XHH NMR (200 MHz, CDC13), 8 9.77 (s, 1H, COH), 2.59-2.55 (m, 2H, COCH,), 2.27-2.22 (m, 2H, 
CH2OC),, 1.95 (t, ƒ = 2.6 Hz, 1H, C=CH), 1.84-1.82 (m, 2H, CH2). To a solution of NaCN (16.0 g, 
0.400 mol) and NH4C1 (21.4 g, 0.40 mol) in NH4OH (300 mL, 25%) and H20 (100 mL) the crude 
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aldehydee was added. Stirring for 5 h at 40 °C and work-up afforded the crude amino nitril e as 

orangee oil. *H NMR (200 MHz, CDC13) 8 3.69 (t, J = 7.0 Hz, 1H, H-2), 2.27-2.19 (m, 2H, H-5), 

1.977 (t, ƒ = 2.6 Hz, 1H, H-7), 1.93-1.77 (m, 2H, H^ ), 1.76-1.54 (m, 2H, H-3). To a solution of the 

crudee nitril e in NH4OH (500 mL, 25%) and H20 (200 mL) 10 M NaOH (36.7 mL, 0.38 mol) and 

benzaldehydee (37.8 mL, 0.37 mol) were added. After work up the Schiff base was dissolved in 

acetonee (700 mL), cone. HC1 (30.6 mL, 0.367 mol) was added. Work-up afforded 38 (15.6 g, 

0.099 mol, 22%) as a white solid. *H NMR (400 MHz, D20) 6 4.11 (t, ƒ = 6.5 Hz, 1H, H-2), 2.43-

2.422 (m, 1H, H-7), 2.34 (dt, ƒ = 2.5, 6.8 Hz, 2H, H-5), 2.08-2.02 (m, 2H, H-4), 1.69-1.62 (m, 2H, H-

3). . 

Hex-4-yn-l-oll  (31).15 A solution of LiNH 2 (4.13 g Li , 0.59 mol) in NH3 (700 mL) was prepared 

accordingg to the procedures of Brandsma. Neat 29 (25.0 g, 0.30 mol) was added dropwise in 30 

min.. followed by slow addition of methyliodide (18.5 mL, 0.30 mol) under nitrogen 

atmosphere.. After stirring for 1 h at -30 °C, the ammonia was allowed to evaporate over 

night.. The solid residue was dissolved in ice water (300 mL) and the resulting solution was 

subjectedd to continuous extraction with ether during 40 h. The ethereal solution was dried 

(MgS04)) and concentrated. After distillation 31 (17.0 g, 0.40 mol, 58%) was obtained as a 

colorlesss oil. l H NMR (400 MHz, CDC13) 6 3.71 (t, J = 6.1 Hz, 2H, HOCH2), 2.25-2.20 (m, 2H, 

HOCH2CH2),, 1.85 (bs, 1H, OH), 1.75 (t, J = 2.6 Hz, 3H, CH3), 1.74-1.67 (m, 2H, C=CCH2). 

2-Amino-hept-5-ynoicc acid amide HC1 salt (39). Following the Strecker method, the aldehyde 

wass prepared in crude form from 31 using (COCl)2 (70.7 mL, 0.40 mol), CHjC^ (400 mL), 

DMSOO (85.0 mL, 0.46 mol), 31 (15.0 g, 0.15 mol) and Et3N (107 mL, 0.76 mol). 'H NMR (200 

MHz,, CDC13) 8 9.55 (s, 1H, COH), 2.60-2.50 (m, 2H, COCH2), 1.73 (t, ƒ = 2.4 Hz, 3H; C^CCH3), 

1.20-1.000 (m, 2H, CH2C=C). To a solution of NaCN (6.10 g, 0.15 mol) and NH4C1 (8.20 g, 0.15 

mol)) in NH4OH (200 mL, 25%) and H20 (100 mL) the crude aldehyde was added. Stirring for 5 

hh at 40 °C and work-up afforded the crude amino nitril e as orange oil. *H NMR (200 MHz, 

CDC13)) 8 3.88-3.80 (m, 1H, H-2), 2.39-2.30 (m, 2H, H-4), 1.88-1.86 (m, 2H, H-3), 1.76 (t, ƒ = 2.6 

Hz,, 3H, H-7). To a solution of the crude nitril e in NH4OH (200 mL, 25%) and H20 (100 mL) 10 

MM NaOH (15.0 mL, 0.15 mol) and benzaldehyde (17.6 mL, 0.17 mol) were added. After work 

upp the Schiff base was dissolved in acetone (700 mL), cone. HC1 (12.2 mL, 0.15 mol) was 

added.. Work-up afforded 39 (17.5 g, 0.10 mol, 65%) as a white solid. :H NMR (400 MHz, D20) 

88 4.16 (t, ƒ = 6.8 Hz 1H, H-2), 2.39-2.35 (m, 2H, H-4), 2.14-2.03 (m, 2H, H-3), 1.78 (t, ƒ= 2.5 Hz, 

3H,, H-7). 

Hept-5-yn-l-oll  (32).15 A solution of LiNH 2 (6.70 g Li, 0.96 mol) in NH3 (700 mL) was prepared 

accordingg to the procedures of Brandsma. Neat 30 (47 g, 0.48 mol) was added dropwise in 30 

min.. followed by slow addition of methyliodide (32.8 mL, 0.53 mol) under nitrogen 
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atmosphere.. After stirring for 1 h at -30 °C, the ammonia was allowed to evaporate over 
night.. The solid residue was dissolved in ice water (500 mL) and the resulting solution was 
subjectedd to continuous extraction with ether during 40 h The ethereal solution was dried 
(MgSOJJ and concentrated. After distillation 32 (45.2 g, 0.40 mol, 84%) was obtained as a 
colorlesss oil. 'H NMR (400 MHz, CDC13) 8 3.68-3.65 (m, 2H, HOCH2), 2.19-2.14 (m, 2H, 
HOCH2CH2),, 1.77 (t, ƒ = 2.5 Hz, 3H, C=CCH3), 1.68-1.60 (m, 2H, CH2OC), 1.58-1.51 (m, 2H, 
CH2),, 1.38 (bs, 1H, OH). 

2-Amino-oct-6-ynoicc acid amide HC1 salt (40). Following the Strecker method, the aldehyde 
wass prepared in crude form from 32 using (COCl)2 (70.8 mL, 0.80 mol), CHjC^ (500 mL), 
DMSOO (85.2 mL, 1.20 mol) 32 (45.2 g, 0.4O mol) and Et3N (281 mL, 2.00 mol). lH NMR (400 
MHz,, CDC13) 8 9.75 (d, ƒ = 1.39 Hz, 1H, COH), 2.58-2.46 (m, 2H, COCH2), 2.18-2.13 (m, 2H, 
CH2),, 1.82-1.63 (m, 2H, CH2OQ, 1.73 (t, ƒ = 2.4 Hz, 3H, CH3). To a solution of NaCN (16 g, 
0.400 mol) and NH4C1 (21.4 g, 0.40 mol) in NH4OH (350 mL, 25%) and H20 (150 mL) the crude 
aldehydee was added. Stirring for 4 h at 40 °C and work-up afforded the crude amino nitrile as 
ann orange oil. 'H NMR (400 MHz, CDC13) 5 3.70 (t, ƒ = 7.3 Hz, 1H, H-2), 2.21-2.17 (m, 2H, H-5), 
1.87-1.822 (m, 2H, H-4), 1.75 (t, ƒ = 2.5 Hz, 3H, H-8), 1.69-1.51 (m, 2H, H-3). To a solution of the 
crudee nitrile in NH4OH (400 mL) and H20 (200 mL) 10 M NaOH (40 mL, 0.40 mol) and 
benzaldehydee (46 mL, 0.44 mol) were added. After work-up the Schiff base was dissolved in 
acetonee (900 mL), cone. HC1 (32.0 mL, 0.40 mol) was added. Work-up afforded 40 (45.1 g, 0.24 
mol,, 59%) as a white crystalline powder. 'H NMR (400 MHz, D20) 8 4.07 (t, ƒ = 6.5 Hz, 1H, H-
2),, 2.26-2.23 (m, 2H, H-5), 2.03-1.98 (m, 2H, H-4), 1.77 (t, ƒ = 2.5 Hz, 3H, H-8), 1.62-1.57 (m, 2H, 
H-3). . 
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