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Summary: Cationic r-cyclization reactions of N-(3-alkenyl)-N-(methoxycarbonyl)acetoxyglycine esters 
induced by tin tetrachloride in dichloromethane are described. Reactions started and quenched with water 
at -78 OC mainly yield cis-4-hydroxypipecolic esters, whereas reactions quenched after warm-up to room 
temperature provide crux+4-chloropipecolic esters as major products. A mechanistic scheme is advanced 
which adequately explains these results. The essentials are a rapid cationic aza-Cope equilibrium of the 
incipient iminium cation, and participation of the ester moiety through formation of a relatively stable 
bicyclic dioxycarbenium cation as pivotal intermediate. 

INTRODUCI’ION 

The synthesis of u-amino acids through intermolecular coupling of a carbon nucleophile with glycine 

cation equivalent 1 draws increasing attention in recent years,l in particular the asymmetric version. 2*3 We 

have recently published the successful use of allyl- and enolsilanes for this purpose leading to y,& 

unsaturated a-amino acids and y-oxo-a-amino acids, respectivelyP 
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The corresponding intramolecular CC bond formation has received only scant attention. Acetate 2 

bearing a nucleophilic oletin in the ester function, has been shown to furnish cycloaddition product 3.’ If the 

nucleophile is located in the N-substituent, normal CC bond formation takes place, as appears from the 

following examples. When a phenyl ring is used as nucleophile as in 4, aromatic amino acid derivatives like 

5 are formed.6 With a trisubstituted alkene as nucleophile in 6 pipecolic acid derivative 7 is obtained7 We 

have utilized the allylsilane function as nucleophile in this fashion and obtained from 8 the cyclic amino acid 
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derivatives 9 in excellent yield.* The preponderant formation of the trans-product 9a tiom Sa was explained 

by assuming, that the chair-like conformation 10 with an (Qiminium geometry leads to the most 

favourable transition state. 

San=1 9~ n = 1 trons:cis = 78:22 
8bn=2 9b n = 2 mnxcis = 54% 

The above examples show that cyclic a-amino acids can be prepared via glycine cations. However, the 

scope of this methodology and some mechanistic details remain to be established. In this respect, the 

nature of iminium ion 10 intrigued us, because this type of iminium ion with a 1,5-relationship between the 

unsaturated bonds is known to be prone to rearrange in a cationic 2-aza-Cope rearrangement. g Overman 

aud coworkers have proved that upon acid treatment of carbamate 12 the equilibration between 13 and I4 is 

much faster than cyclization to 15. lo Rearrangement of 10 would lead to 11. Cycliition of 11 is expected to 

give a product different from 9a. Apparently, cyclization of 10 is much faster than either the rearrangement 

of 10 to 11 or cyclization of 11. That 10 cyclizes faster than 11 is not unreasonable, because the iminium 

cation in 10 is probably more electrophilic than that of 11 and, perhaps more important, the allylsilane in 10 

is more nucleophilic than the monosubstituted olefin in 11. 

14 15 

In this paper we report a detailed study of the Lewis acid-induced cyclization of glycine cations of type 

16. This study was undertaken for two reasons, namely (1) to establish the value of this methodology for 

the synthesis of substituted prolines or pipecolic acids, l1 and (2) to elucidate the stereochemical details of 

the cyclization process, including the relevance of the cationic aza-Cope rearrangement to 17.12 The 

following paper in this issue will deal with formic acid-induced cyclization of the same substrates. l3 
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not be separated. Yields are then based on ‘H NMR integration values. Cyclixation of precursor 25 at 0 “C 

to room temperature furnished a 7525 mixture of 48 and 49 in 83% yield. Precursors 26 and 27 were 

cyclized at -78 ‘C to room temperature to give in quantitative yield a mixture of 50 and 51 in ratios of 5% 

and 67:33, respectively. 
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The structural and stereochemical assignments of the products is based on NMR data in most cases. 

Essential for the interpretation of the ‘H NMR spectra is the knowledge that the a-amino ester function 

occupies an axial position in a chair-like piperidine ring. This axial orientation is imposed by the presence of 

the N-carbonyl funtion which would cause excessive allylic 1,3-~train~~ . m the case of an equatorial ester 

function.16 The hydrogen adjacent to the ester function usually showed two broad signals (see Table II) in 

a ratio between 1: 1 and 2: 1. This doubling of signals is the result of slow rotation on the NMR timescale in 

the carbamate moiety and severely hampered the interpretation of several lH and 13C NMR spectra. This 

problem is, of course, not present in 39-42, which showed sharp signals. 

Table II Selected lH NMR data (ppm) 

compound N-CHCO2R +I-C-Cl H-C-O- C-CH3 

4.88.5.00 (bs) 3.82 (tt. J= 12.0.4.1 Hz) - 28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
43 
44 
45 
46 
41 
48 
49 
50 
51 
52 
53 
54 
55 
56 

4.95,S.lO (bs) 4.18 (td.J= 11.4.4.4 Hz) 
4.95,5.10 (as) 
obscured 4.05 (dt,J= 11.8.4.3Hz) 
4.74,4.92 (s) 
4.58.4.75 (bs) 
4.67,4.71 (d.J= 4.6 Hz) - 
4.73.4.89 (d. J= 6.9 Hz) - 
4.81.4.87 (d.J= 6.2 Hz) 3.70 (obscured) 

4.35-4.55 (m) 3.90-4.05 (m) 
4.75 (d,J= 3.8 Hz) - 

4.87(dd,J=6.5,1.4Hz) 3.88 (tt.J= 12.2.3.9Hz) 
4.82 (d,J= 7.5 Hz) - 
4.78 (d,J= 6.8 Hz) - 
4.70.4.79 (bs) 
4.71,4.87(bs) 
4.55.4.74 (bs) 
4.72.4.89 (d.J= 6.6 Hz) - 
4.68.4.85 (d. J= 6.6 Hz) - 
5.58.5.64 (s) 
5.57,5.66(s) 

4.41 (bq,l= 2.8 Hz) 
3.79 (td.J= 8.7,3.9 Hz) 

3.83 @id./= 9.1,3.7 Hz) 4.43 (quintet, J= 4.3 Hz) 
4.02 (d.J= 3.4 Hz) 4.46(q.I= 3.8 Hz) 
3.67 (dd,l= 12.9.3.3 Hz) - 
3.84 (dJ= 3.3 Hz) - 
3.51 (d, J= 9.9 Hz) - 

4.97 (td, I= 10.8.4.6 Hz) - 

4.75 (bs) 
1.55 (s) 
1.60 (s) 
l.OO(d,J= 6.4 Hz) 
1.52&J= 6.6 Hz) 
1.59 (s) 

1.53 (s) 
1.63 (s) 

4.10(obscured) - 

3.93 (as) 
3.71 (dt, J= 2.9.2.8 Hz) - 

1.25 (s) 
3.75 (tillred) 0.94,0.95 (d,J= 6.9 Hz) 

1.34 (dJ= 6.9 Hz) 
1.28 (d,I= 7.0 Hz) 

3.97 (a# I= 11.0.4.4 Hz) - 
4.21 (dLJ= 11.0.4.7Hz) - 
3.87 (td, I= 9.8.4.2 Hz) - 
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The shape of the signal of the hydrogen adjacent to the ester function was usually a broad singlet or 

doublet with a coupling constant of less than 8 Hz, pointing to the absence of ax-ax couplings. Its chemical 

shift of ca. 4.75 ppm was also a strong indication of an equatorial position. Removal of the N-carbomethoxy 

function17 (eq 5) led via a chair-chair interconversion to an equatorial ester function in 52 and 53. This was 

evident from the chemical shift of H-2 which shifted ca. 1.0 ppm upfield. Compound 52 showed an ax-ax 

coupling for H-2 of 9.1 I-Ix. In going from 28 and 29 to 52 and 53 the hydrogens adjacent to chlorine went 0.3- 

0.6 ppm downfield and lost their ax-ax couplings of ca. 12.0 Hz (Table II). For many compounds in Table I 

the splitting pattern of the ‘H NMR signal of the hydrogen adjacent to chlorine was very diagnostic for the 

stereochemistry of the product. 

RO,C’ 

UIR=Et,R’=H 

29R=Me,R’=Et 

Ii Cl 
52R’=H 

53R’=Et 

The stereochemistry of the quatemary centres in chlorides 34,35,40. and 41 and in alcohol 46 is partly 

based on the 13C NMR chemical shift of the methyl carbon atoms. Literature data of cis- and tram-4-tert- 

butyl- 1-chloro- l-methylcyclohexane18 and the corresponding alcohols indicate that this chemical shift value 

is very diagnostic for either an axial or equatorial orientation of the methyl group (Table III). The 

stereochemistry of 41 was proved beyond doubt by determining the X-ray crystal structure (Figure I). Both 

the chlorine atom and the ester function are axially disposed, as expected from NMR data. 

Table III l3 C NMR chemical shifts of 

ring methyl carbons 

Figure I Crystal structure of compound 41 

compound 6 W3h P 

35 
41 

OH 

t-El”&Me 
46 

28.1’ 

28 4 
25.4 

25.3’ 

34.2. 

33 6 
33 6 

31 5. 

30.9 

6’ 
‘seeref 18. 
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The stereochemistry of alcohols 43-45 was further proved by hydrolysis to the free amino acids 5456 

(eq 6). This transformation led to an upfield shift for H-2 of ca. 1.0 ppm (see Table II). The vicinal coupling 

constants of H-2 in 54-56 provided conclusive evidence for their structures. Furthermore, the spectral data 

of 54 were in agreement with those reported in the literature. lg a-Amino acid 54 is a natural product 

isolated from Acacia specie&l and t?om Calliandra pirtit?#-i.21 

1) 2 N HCI, reflux.~8 h_;Jg+m 

2) ion exchange 
chromatography 

H 

43R’=R2=H $iR1=R2=H 

44R1=Et,R2=H 55R’=Et,R2=H 

45R1=H,R2=Et S6R’=H,R2=Et 

The general features of the cyclization reactions studied here can be summarized as follows. If the 

reaction is commenced and quenched at -78 “C the major product is usually the cis-6hydmxypipecolic acid 

derivative. However, if the reaction mixture is warmed up to room temperature before quenching the tram 

4-chloropipecolic acid derivative is the preponderant product in most cases. Furthermore, we found that if 

the reaction was carried out with 18-20 in acetonitrile as solvent22 the nuns-4-(acetylamino)pipecolic acid 

derivatives 57-59, respectively, were obtained in good yield and with complete stereoselectivity (eq 7). 

0 
SnCl, (1.2 equiv) 

K 
Mo @I 7) 

18-U) ~R=&,R’=R2=H 

S8R=Me.R’=Et,R2=H 

59R=Me,R*=H.R2=Et 

DISCUSSION 

The cyclization results (Table I) can be satisfactorily explained with the mechanistic picture of 

Scheme I, applicable to starting materials 18-20. Heterolysis induced by SnC14 leads to the glycine cation A 

which is in a fast equilibrium with iminium ion B in a cationic aza-Cope rearrangement. Either A or B then 

gives C in a process which is characterized by a stereospecific formation of a CC and a CO bond. 

Dioxycarbenium ion C is a stable species at -78 OC. Treatment of C with water at -78 ‘C leads to the axial 

alcohols 43-45 via intermediate D. On raising the temperature, C starts to react with chloride via SN2 

substitution at C-4 to give the equatorial chlorides 28,29 and 31. 

By postulating C as crucial intermediate, most other products of Table I can also be readily 

explained. In entry 2 acetate can compete with chloride as nucleophile to open up C to 30. In entry 3 

chloride apparently has difficulty to react with C. probably due to the steric hindrance caused by the axial 

ethyl substituent. Proton abstraction at C-5 and chloride attack at the methoxy group are side reactions 

leading to olefin 32 and lactone 33, respectively. The third byproduct 29 points to some stereochemical 

leakage. Interestingly, this phenomenon is also found in the low temperature quench reaction. This means 

that species C is formed with some loss of stereochemistry. In the light of literature precedent, this can 
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Three types of cyclization precursors which are fundamentally different from the previous ones are 25- 

27. In the case of the phenyl nucleophile (25), the cationic aza-Cope rearrangement will probably not 

compete with cyclization (cf. 4 + 5).6 The result with respect to the methyl stereochemistry is in 

agreement with literature precedent. 26 Iminium ions derived from 26 and 27, and lacking the C-ester 

function are clearly subject to aza-Cope equilibration (Scheme IV). The (E)-olefin 26 gives cation Q which 

is in equilibrium with R. Both ions cyclize to 51 after attack of chloride on the intermediate r-complexes. 27 

That the cyclization of 26 is not completely stereospecific is the result of chair-chair interconversion of R to 

S. Species S is in “Cope’‘-equilibrium with Q-alkene T. Both S and T cyclize after chloride attack to 50 

which interconverts to the more stable conformer 50. When starting from Q-alkene 27 the same ionic 

intermediates are formed. The eventual ratio of products 50 and 51 formed is the result of a subtle 

competition between rates of cyclization and ion isomerization. The fact that the equilibrium between R and 

S favours R renders cyclization of 27 less stereospecific than cyclization of 26.28 

Scheme IV 

OMe 

Me02C, 

“\ua Et 

OMe 26 Q 

7 Cl 

M802C'N 
50' Et 

M&2% 
N 

9 Et 

50 Cl 

Me02C, 

NT Cl 

Returning to the the mechanistic picture of Scheme I, the key step is the low temperature (-78 “C) 

formation of C from A and/or B. It was independently proved that C does not arise from a cyclized 

secondary chloride, because treatment of 29 at -78 ‘C for 6 h with 6 equiv of SnCl4, followed by aqueous 

quench, resulted in complete recovery of 29. Species C thus, presumably, results from initial formation of a 

n-complex through interaction of the iminium cation with the olefin, followed by front side attack of the 

carbonyl oxygen on this rt-complex. 27 The overall result is a cationic syn-addition which is quite unusual.29 

A recent paper of Tietze and coworkers reports a similar process (eq 11).30 Treatment of imine 66 with 

Me$iOTf leads to iminium ion 67, which cyclizes with participation of the pseudo-axial ester substituent 

to lactone 68. The stereochemistry of the oletin is completely retained in this process. 
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66aR’=Me,RZ=H 

66bR’=H,R*=Me 

61a, b 

In conclusion, we have shown that the nature of the products obtained from SnCld induced x- 

cyclization of N-(3-alkenyl)glycine cation equivalents depends on manifold subtle factors such as the 

presence and nature of substituents on the alkene and on the chain connecting alkene and nitrogen, the 

temperature of aqueous quench, and the solvent. Our mechanistic picture provides a satisfactory 

explanation for the influences of these reaction variables. Pivotal intermediate is the bicyclic 

dioxycarbenium ion for which we hope to report spectroscopic evidence in the near future. Judicious choice 

of substrates and reaction conditions should now make possible the directed synthesis of several pipecolic 

acid derivatives. 

EXPERIMENTAL 
General information Infrared (IR) spectra were obtained from CHCl3 solutions using a P&in Ebner 298 or a Perkin Elmer 

1310 spectmphotometer and am mported in cm-l . Proton nuclear magnetic resonance (lH NMR) spectra were determined in CDCl3 

(unless indicated otherwise) as solvent using a Varian XL-100 (100 MHZ), a Bruker AC 2CKl(200 MHZ) or a Bruker WM 250 (250 

MHz) mstrument. The latter two machines were also used for the 13C NMR (ATP) spectra (50.3 MHx and 62.9 MHz) in CDC$ 

solution (unless indicated othenvtse). Chemical shifts are given in ppm downfield from tetramethylsilane. Accurate mass 

measurements were carried out using a Varian MAT 711 or a VG Micromass ZAB-2HF instrument. 4 vahtes were obtained by 

usmg dun-layer chromatography (TLC) on silica gel-coated plastic sheets (Merck silica gel 60 F254) with the mdicated solvent 

(mixture). Chromatographic purification refers to flash chromatography using the same solvent as for TLC and Merck silica gel 60 

(230-409 mesh) or Janssen Chimica silica gel (0.030-0.075 mm). Melting and boiling points are uncorrected. CH2Cl2 was distilled 

from P205 and kept under an atmosphere of dry nitrogen. SnCl4 was distilled and stored under a dry nitrogen atmosphere as a 1.2 M 

solutton in CH2C12 Dry THF was distilled under an atmosphere of dry nitrogen from sodium benxophenone ketyl prior to use. Dry 

DMF was distilled from CaH2 and stored under an atmosphere of dry nitrogen. Reactions under a dry nitrogen atmosphere wete 

performed in flame-dried glassware. Standard syringe techniques were applied for transfer of Lewis acids, dry solvents and reagents. 

General procedure A. (eq 3,.4) Reacfion of allylsrlancs with methyl N-(acctoxymethyl)carbamare or S-cchoxy-2- 

pyrrohdinone. Under a nitrogen atmosphere, the allylsilane (1.2 equiv) and BF3*OEt2 (1.5-2.0 equiv) were successively added to a 

0.5 M solutton of methyl N-(acetoxymethyl)carbamate32 or 5-ethoxy-2-pynolidinone33 m CH2CI2 at 0 “C. After 15 min the 

reaction mixture was allowed to warm up to room temperature and stirred for 18 h. The reactton mixture was poured into water 

and extracted (3 X) with CHC13. The combined organic layers were dried (MgSO4) and concentrated in vacua. The residue was 

chromatographed. 

General procedure B. (cq 2) Mesylarion of alcohols. At 0 “C, 1.2 equiv of Et3N was added to a stirred 1 M solution of the 

alcohol in CH2Cl2 under a nitrogen atmosphere. After 15 min. 1.1 eqmv of mesyl chloride was added dropwise and the reaction 

mtxture allowed to warm up to room temperature. After 30 min the reaction mixture was poured out into water and extracted 

with CH2Cl2 (3 x). The combined organic extracts were dried (K2CO3) and concentrated in vacua. Ihe crude mcsylate was used 

wrthout purtficatton. 

General procedure C. (eq 2) Azrde synthesis. Under a nitrogen atmosphere. NaN3 (ca. 8 equiv) was added to a 0.4 M solution 

of the mesylate m DMF. The reaction mtxture was heated at 110 “c for 1.75 h. After the mixture was cooled to room temperature. it 

was poured into water (ca. 4 x the DMF volume). After extraction with pentane/ether (1:l) (4 x). the combined organic extracts 

were dried (MgSO4) and concentrated rn vacrw. The crude axide was used in the next step. 

General procedure D. (cq 2) Amine synthesis. Triphenylphosphine (1.05 equiv) was added to a 0.3 M solution of the axtde in 

. 
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THF and stirred for 1.5 h at room temperature. Then water (3 equiv) was added and the reactton mixture was surred for 18 h at 

room temperature. The solvent was removed by distillation and the residue was taken up m little Et20. The resulting mixture was 

first heated and if necessary drluted with ether until a homogeneous solutron was obtamed. then cooled to allow the 

triphenylphosphme oxide to crystalhxe. The triphenylphosphine oxrde was filtered off and washed wuh Et20. The combined ether 

fractrons were extracted (3 X) with 100 mL of 10% aq NaHSO4 ‘lhe combined water fractions were washed with 20 mL of Et20 (2 

X) and then basefied with 150 mL of 2 N aq NaOH. After extraction wtth 40 mL of Et20 (5 x), k combined orgamc layers were 

dried (MgS04). The solvent was removed by distillation, and the crude product was distilled under reduced pressure. 

General procedure E. (eq 2) Methoxycarbonylation of amines. Under a nitrogen atmosphere, Et3N (1.1 equiv) was added to a 

0.5 M solution of the amine in CH2C12 At 0 “C. methyl chloroformate (1.1 equiv) was added dropwise. After 10 min the reaction 

mtxture was allowed to warm up to room temperature and stirred for 18 h. The reaction mixture was poured into water and 

extracted with CH2Cl2 (3 x). The combined organic layers were dried (MgSO4) and concentrated in vacua. In most cases, the crude 

carbamate was pure enough for futher use. It cau be. purified by chromatography. 

General procedure F. (eq 1) Reaction of carbamates and pyrrolidinones with methyl glyo&~e hydrate. Powdered dimethyl 

L-tamate (Aldrich, 7.1 g. 39.6 mmol) was suspended m 80 mL of ether. Over a 1 h period, powdered periodtc acid (Merck, 9.1 g. 39.9 

mmol) was added m five portions to the solution. After the last portion, the reaction mixture was stirred for 0.5 h ull a white 

powder had precipitated and the soluuon was clear. The sohd was filtered off and the ether was removed in vacno. The crude methyl 

glyoxylate hydrate was distilled (bulb to bulb, 150 “C/15 mmHg) to give methyl glyoxylate hydrate (5.5 g, 62.5 mmol, 79%) as a 

hght brown oil. Methyl glyoxylate hydrate was used immediately for reactions with carbamates and pyrrolidinones. 

Methyl glyoxylate hydrate (ca. 10 equiv) was added to a 0.5 M solutton of the carbamate or pyrrolidinone in benzene. The reaction 

mixture was refluxed for 3 h in a Dean-Stark apparatus and stirred for 18 h at room temperature. The reaction mixture was 

concentrated in vacua. taken up in ether/pentane (l:l), and washed (3 x) with aq NaCl. The combined aq NaCl fractions were washed 

wuh ether. The combined ether fractions were dried (MgSO4) and concentrated zn vacua. The residue was cbromatographed. 

General procedure G. (eq 1) Acefylafion of alcohols. Under a dry nitrogen atmosphere, DMAP @a. 0.1 equiv) was added to a 

0.5 M solutton of the a-hydtoxyester in pyridme. At 0 “C, aceuc anhydride (1.2-1.5 equiv) was added dropwise. After 10 min. the 

reaction mixture was allowed to warm up to Mom temperature and stirred for 18 h. The reaction mixture was concentrated in 

vacua, treated with benzene, and concentrated in vactw (this procedure was mpeated 3 times). The residue was chromatographed. 

Acetoxy[N-(3-butenyl)-N-(ethoxycarbonyl)amino~acetic acid methyl ester (18). Potassium carbonate (15.5 g. 112 mmol) 

and paraformaldehyde (1.80 g. 60 mmol) were added to a solution of ethyl carbamate (5.00 g, 56.2 mmol) in 125 mL of benzene. The 

mrxture was heated for 3.5 h at 70-75 “C and then cooled to room temperahue. The K2CO3 was filtered off and the filtrate 

concentrated in vacua to give crude ethyl N-(hydroxymethyl)carbamate (6.80 g, 100%) as a colourless oil. ‘H NMR (200 MHz) 

1.23 (t, J= 7 Hz. 3 H, CH3). 4.13 (q, J= 7 Hx, 2 H, OCff2CH3). 4.69 (s. 2 H. CH2OH). Thii CNde produCt (6.80 g) wzu dissolved in 

50 mL of MeOH and 25 drop of concentrated sulfuric acid were added. The reachon mixture was stirred for 2 h and then poured out 

Into aq saturated NaHC03. After extraction with 100 mL of CH2C12 (3 x), the combined organic extracts were dried (MgSO4) 

and concentrated in vacua to give crude ethyl N-(methoxymethyl)carbamate (7.50 g. 56.3 mmol, 100%) as a colourless oil. ‘H 

NMR (200 MHZ) 1.26 (t. .I= 7 Hz, 3 H, OCH2CH3). 3.33 (s, 3 H. OCH3). 4.18 (q.J= 7 Hz. 2 H, OW2CH3), 4.61 (bd, .I= 7 HZ, 2 

H. MeOCH2N). 5.43 (bs. 1 H, NH). Allyltrimethylsilane (0.45 mL, 2.83 mmol) was added to a solutron of ethyl N- 

(methoxymethyl)carbamate (117 mg. 0.880 mmol) in 8 mL of CH2C12 under a nitrogen atmosphere. At 0 YZ, BF3mOEt2 (0.25 mL, 

20.3 mmOl) was added. After 15 min. the reaction mixture was allowed to warm up to room temperature and stirred for 18 h. The 

reactron mixture was poured out into water and extracted with CH2C12 (3 x 20 mL). The combined organic layers were dned 

(MgS04) and concentrated in vacua. The resrdue was chromatographed to gave ethyl N-(3-butenyl)carbamate (90 mg, 0.643 mmol, 

72%) as a light yellow oil. RfO.80 (EtOAc). IR 3450 (NH), 1705 (NC=O). lH NMR (200 MHZ) 1.24 (t. J= 7.1 HZ, 3 H, CH3). 

2.25 (q,J= 6.7 Hz, 2 H, CH2CH=), 3.15-3.35 (m, 2 H, CH2N).4.11 (q,J= 7.1 Hz, 2 H, OCHZ), 4.66 (bs. 1 H, NH), 4.95-5.20 (m. 2 H, 

=CHZ), 5.60-5.90 (m. 1 H, -CH=). Accordmg to procedure F, ethyl N-(3-butenyl)carbamate (700 mg, 4.90 mmol) was treated with 

methyl glyoxylate hydrate (6.8 g, 77.3 mmol) m 80 mL of benzene to give the glyoxylate adduct (Ws mg, 3.92 mmol, 80%) as a 

colourless oil. Rf0.37 (EtOAc/hexanes. . l/2). IR 3530 (OH), 1750 (c_O 1690 (NGO). 1 H NMR (200 MHz) 1.25 (t. J= 7.1 Hz, 

3 H, OCH2GY3). 1.60 (bs, 1 H, OH), 2.34 (q,J= 7.3 Hz, 2 H, =CHC&), 3.37 (t,J= 7.3 Hz, 2 H, CH2N), 3.80 (s. 3 H, OCH3). 4.05- 
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4.25 (m. 2 H, GCH2). 5.00-5.15 (m. 2 H, =CH2). 5.19 (bs, 1 H. NCHG). 5.65-5.90 (m. 1 H, -CH=). According to -me G. the 

glyoxylate adduct (733 mg, 3.46 mmol) was treated with DMAP (40 mg, 0.33 mmol) and acetic anhydride (0.40 mL. 4.24 mmol) in 

5 mL of pyridine to give 18 (880 mg. 3.22 mmol, 93%) as a colotuless oil. RfO.54 (EtGAcRtexanes: l/2). IB 1745 and 1705 (3 x 

C=G). ‘H NMB (200 MHZ) 1.20-1.30 (m. 3 H. WH2tX3). 2.16 (s, 3 H, G=CCH3), 2.25-2.45 (m. 2 II, =CHcHz), 3.15-3.35 (m. 1 

H. m. 3.40-3.60 On. 1 H. CHN), 3.78 (s, 3 H. oCH3). 4.19 (q.J= 7.1 I-Ix, 2 H, GCH2). 5.00-5.10 (m. 2 9 =CH2), 5.65-5.85 (m. 1 

H, -CH=), 6.49 (s, 1 H, NCHO). 

Acetoxy[N_(3-(E)-bexeoyt)-N-(metbo~carbooyl)aminolacetic acid methyl ester (19). Aumding to pmcedure B, Q-3- 

hexen-l-01 (Aldrich. 4.15 g. 41.4 mmol) was treated with Et3N (7.00 mL, 50.2 mmol) and mesyl cNor& (3.60 mL, 46.6 mmol) in 

40 mL of CH2Cl2 to give the mesylate (7.05 g, 39.6 mmol, %%) as a light hmwn oil. IB 1350 and 1175 (Sq). 1H NME (200 

MI-Ix) 0.96 (t. J= 7.5 I-k 3 H, cH3). 2.01 (dq, J= 7.5.7.5 Ha. 2 II. CH3CH2). 2.42 (q,J= 6.5 Hx, 2 I-I. W2CH2GMs), 2.98 (s, 3 H, 

SG$H3), 4.20 (t, J= 6.5 I-Ix. 2 H, CH20). 5.25-5.45 (m. 1 H, -CH=), 5.50-5.70 (m. 1 H, CH=). According to procedure C, thii 

mesylate (7.00 g, 39.3 mmol) was treated with NaN3 (20.0 g, 308 mmol) in 100 mL of DMF to give l-axido_3-(E)-hexene (4.17 g, 
33.4 mmol, 85%) as a light yellow oil. IB 2090 (N3). ‘H NMB (200 MHz) 0.98 (t, J= 7.5 Hx, 3 H, CH3),2.M (dq,~=7.5,7.5 I& 2 

H, CH3CH2). 2.29 (q, J= 7.0 Hx, 2 H, CH2CH2N). 3.26 (1 J= 7.0 HZ, 2 H, CH2N3). 5.30-5.45 (m. 1 H, -CH=). 5.50-5.70 (m, 1 H, - 

CH=). According to prccedure D, I-axido-3-Q-hexene (4.15 g. 33.4 mmol) was treated with triphenylphosphine (9.60 g, 36.7 

mmol) and water (1.8 mL, 100 mmol) in 250 mL of THE to give I-amino-3-Q-hexene (1.12 g. 11.3 mmol, 34%) as a colot&ss 

hqtud (bulb to bulb, bp 50-70 “C/30 mmHg). IE 3480 (s) and 3180 (b) (NH;?). lH NMB (200 MI-Ix) O.% (t. J= 7.5 I-Ix, 3 H, CH3), 

1.35 (s, 2 H, NH2). 1.90220 (m. 4 II), 2.69 (t. J= 6.6 Hz, 2 H. CH2N). 5.20-5.40 (m. 1 H, -CH=). 5.40-5.60 (m, 1 H. -CH=). 

Accordmg to procedure E, I-amino-3-(Rkbexene (1.10 g, 11.1 mmol) was treated with Et3N (1.75 mL, 12.6 mmol) and methyl 

chlorofommte (0.95 mL, 12.3 mmol) in 20 mL of CH2Clp to give methyl iV-(3-(RI-hexenyl)carbamate (1.75 g, 11.1 mmol. 88%) as 

a YeIIOw hquid. IB 3450 0. 1715 (NC=O). ’ H NMB (200 MHz) 0.95 (t. J= 7.5 Hz. 3 H, CH2CH3), 1.99 (dq, J= 7.0.7.0 Hz, 

CH2CH3). 2.16 (q, J= 7.0 Hz, 2 9 CH2CH2NX 3.15-3.25 (m. 2 H. CH2N), 3.64 (s, 3 H, GCH3). 4.68 (bs, 1 H, NH), 5.205.40 (m, 1 

H. -CH=), 5.45-5.60 (m. 1 H, -CH=). According to procedure F. methyl N-(3-Q-hexenyl)carbamate (951 mg, 6.06 mmol) was 
treated with methyl glyoxylate hydrate (5.0 g, 56.8 mmol) in 120 mL of benzene to gave [N-(3-(E)-hexenyl)-R- 

(methoxycarbonybminolhydroxyacetic acid methyl ester (1.35 g. 5.52 mmol, 91%) as a colourless oil. Rf0.55 (EtGAcjhexanes: 

l/l). IE 3530 (OH), 1750 (Cd). 1700 @X=0). ‘H NMB (250 MHz) 0.93 (t. J= 7.4 Hz. 3 II, CH2Uf3). 1.97 (quintet, J= 7.1 I&, 

2 H. w2cH3). 2.24 (q, J= 7.1 I& 2 H. CH2CH2IQ 3.15-3.40 (m, 2 H. CH2N). 3.69 (s, 3 H. GCH3). 3.78 (s, 3 H, GCH3). 5.19 (bs, 

1 H, NCHG), 5.15-5.40 (m. 1 I-I) and 5.45-5.60 (m. 1 H, CH=CH). According to procedure G, the gloxykte adduct (1.073 g, 4.38 

mmol) was treated with DMAF’ (50 mg, 0.41 mmol) and acetic anhydride (0.50 mL, 5.30 mmol) in 10 mL of pyridine to give 19 

(1.099 g. 3.83 mmol. 87%) as a colourless oil. Rf0.53 (EtGAcRtexanes: l/2). IB 1710 and 1745 (3 x C=Q. 1~ NMR (250 MI&) 

093 (t. J= 7.4 H& 3 H, CH2CH3). 1.97 (quintet, .f= 7.1 Hz, 2 H, W2CH3). 2.14 (s, 3 H, G=CCH3). 2.10-235 (m, 2 H, CX2CH2N). 

3.103.25 (m. 1 H, CI-IN), 3X-3.45 (m, 1 H. CHN), 3.72 (s, 3 I-I, GCH3), 3.76 (s, 3 H, GCH3), 5.20-5.35 (m, 1 H, -CH=), 5.45-5.60 

(m. 1 H, -CH=), 6.47 (bs, 1 H, NCHO). 

Acetoxy[N-(~Z)-bexenyl)-N-(methoxycarb acid methyl ester (20). According to procedure B, Q-3- 

hexen-l-01 (Aldrich, 10.24 g. 0.102 mol) was treated with Et3N (16.0 mL, 0.115 mol) and mesyl chloride (8.75 mL, 0.113 mmol) in 

110 mL of CH2Cl2 to give the mesylate (17.6 g. 98.9 mmol, 97%) as a light brown oil. IB 1355 and 1175 (SG3). 1~ NMB (200 

MHz) 0.96 (t. J= 7.5 Hz, 3 H, CH2CH3). 2.05 (dq.J= 7.5.7.5 IIZ. 2 II, Uf2CH3). 2.46 (q. J= 7.0 I-Ix, 2 H, W2CH2SO$, 2.99 (s. 3 

9 SG2CH3), 4.19 (t, J= 7.0 Hz. 2 H, CHO), 5205.35 (m. 1 H, CH=). 5.50-5.65 (m. 1 H. -CH=). According to pm&ure C, this 

mewlate (17.6 g, 98.9 mmol) was treated with NaN3 (50.0 g, 770 mmol) in 250 mL of DMF to give l-aaido-3-(Z)-hexene (12.0 g, 
96.0 mmol, 97%) as a yellow liquid. IB 2100 (N3). ‘H NMB (200 MI-Ix) 0.99 (t, J= 7.5 Ha, 3 H, CH3), 2.08 (quintet, J= 7.5 I-B, 2 

H, w2CH3). 2.35 (q,J= 7.0 Hz, 2 H, W2CH2N3). 3.27 (t, J= 7.0 Hz, 2 H, CH2N3). 5.20-5.40 (m. 1 I-I, -CT-I=), 5.45-5.65 (m, 1 H, - 

CH=). Acconhng to procedure D, I-aaido-3-(Z)-hexene (12.0 g, %.O mol) was treated with triphenylphosphii (26.0 g, 99.2 mmol) 

and water (5.2 mL, 289 mmol) in 250 mL of THF to give I-amino-3-Q-bexene (6.15 g. 62.1 mmol, 64%) as a colourkss liquid (hp 

5865 T/100 mmHg). IB 3480(s) and 3180(b) @II-Id. lH NMB (200 MI-Ix) 0.94 (t, J= 7.5 I-Ix, 3 II, CH~). 1.38 (s, 2 H, NH~. 

1.95-2.25 (m.4 II). 2.69 (t.J= 6.7 Ha, 2 H. CH2N). 5.20-5.35 (m. 1 H, XII=). 5.35-5.50 (m. 1 H, -CH=). According to procedure E, l- 

amino-3-Q-hexene (6.10 g. 61.6 mmol) was treated with Et3N (9.50 mL. 68.2 mmol) and methyl chloroformate (5.30 mL. 68.6 
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mmol) in 125 ~ of CH2Cl2 to give methyl N-(3-Q-hexenylkarbamate (8.96 g. 57.1 mmol. 93%) as a light yellow oil. IR 34150 

(NH), 1715 (NC&). ‘H NhfR (200 MHz) 0.93 (t, J= 7.5 Hz. 3 H, CH2CH3). 2.02 (quhttet,J= 7.3 Hz, 2 H, w2CH3), 2.21 (q,J= 

7.0 a, 2 K CQ332W 3.17 @I, J= 6.4 Hz, 2 H, CH2N). 3.63 (s, 3 H, OCH3). 4.75 (bs, 1 H, NH), 5.15-5.30 (m, 1 H, -cH=), 5.40~ 

5.55 (mp 1 H, -CH=). According to procedure F, methylN-(3-Q-hexenyl)carbamate (750 mg. 4.78 mmol) was treated with methyl 

glYOXY& hydrate (5.5 g, 62.5 mm01) in 80 mL of be.n~ene to give [W(3-(z)-hexenyl)-iV-(methoxycarbonyl)amino]hydroxyacetrc 

acid meW ester (957 mg. 3.91 mmol, 82%) as a colourless oil. RfO.50 (EtOAc/hexanes: l/l). IR 3530 (OH), 1750 (Cd), 17~10 

(NC=@ ‘H NMR (2QO MHz) 0.96 (t. J= 7.5 HG 3 H, CH2CH3). 2.06 (quintet, J= 7.3 HZ, 2 H, GY~cH~), 2.34 (q,.r= 7.5 HZ, 2 H 

CWH2N). 3.20-3.35 (m. 2 H. CH2N). 3.73 (s. 3 H, OCH3), 3.82 (s, 3 H, 0CH3), 5.20-5.55 (m. 3 H, CH=CH and NCHO). 

According to ~~tuc C. the methyl glyoxylate adduct (933 mg, 3.81 mmol) was treated with DW (60 mg, 0.49 mmol) and 

~&ILT anhydride (0.45 mL, 4.77 mmol) m 5 mL of pyridhte to give 20 (1.039 g, 3.62 mmol, 95%) as a ~lo~rtess oil. RfO.57 

@toAc/hexanes: W). IH 1745 and 1715 (3 x GO). ‘H NMR (200 MHz) 0.95 (t. J= 7.5 Ha, 3 H, CH2CIf3), 1.95-2.10 (m, 2 H, 

CR2CH3)$2.15 (s. 3 H. C=0cH3), 2.20-2.46 (m. 2 H W2CH2N). 3.05-3.25 (m, 1 H, CHN), 3.30-3.50 (m, 1 H, CHN), 3.75 (s, 3 H, 

CCH3), 3.77 (s, 3 H. CCH3). 5.20-5.30 (m. 1 H, -CH=). 5.40-5.50 (m, 1 H, -CH=), 6.52 (s, 1 H, WHO). 

Acetoxy[N-(3-methyl-3-butenyl)_N-(methoxycarbonyl)amino]acetic acid methyl eater (21). According to procedure A, 

methyl ~-(acetoxymethyl)carbamate32 (1.458 g, 9.919 mmol) was treated with methaUykrimethylsilane~4 (2.05 g, 15.6 mmol) 

ad BF+JEt2 (1.90 mL 15.5 mmol) to grve methyl N-(3-methyl-3-butenylkarbamate (0.978 g. 6.84 mmol, 69%) as a yellow OIL 

RfO.60 (EtOAchemes: In). IR 3450 (NH) 1710 (N&O). ‘H NMR (200 MHz) 1.73 (s, 3 H, CH~), 2.21 (t, J= 6.7 HZ, 2 H, 

cH2c=). 3.30 (q, .I = 6.6 Ha, 2 H, NCH2). 3.66 (s, 3 H, 0CH3). 4.68 (hs, 1 H, NH), 4.73 (bs, 1 H, =CH), 4.82 (bs, 1 H, =CH). 

According to procedure F, methyl N-(3-methyl-3-butenyl)carbamate (979.1 mg, 6.85 mmol) was treated with methyl glyoxylate 

hydrae (5.3 g, 60.3 mm00 in 90 mL of bensene to give hydroxy[N-(3-methyl-3-butenyl)-N-(methoxycarbonyl)amhro]acetic acrd 

drmethyl ester (1.328 g. 4.86 mmol, 71%) as a colourlcss oil. Rf 0.42 (EtOAc/hexanes: l/2). IR 3520 (OH), 1750 (GO), 1700 

(NC=Q. ‘H NMR (250 MHz) 1.70 (s, 3 H, CH3), 2.15-2.40 (m. 2 H. CH2C=), 3.36 (td, J= 8.3, 1.7 Hx, 2 H, NCH2), 3.68 (s, 3 H, 

OCH3). 3.76 (s, 3 H. 0cH3), 4.20 (bs, 1 H, OH), 4.66 (s, 1 H, =CH), 4.73 (s, 1 H, =CH), 5.25 (bs, 1 H, NCHO). According to 

Procedure C. the methyl glyoxylate adduct (248.0 mg, 1.074 mmol) was treated with acetic anhydnde (0.15 mL, 1.6 mmol) and 

DMAP (6 mg, 0.05 mmol) in 6 rid. of pyndme to gave 21 (280 mg, 1.03 mmol, 96%) as a colonrless oil. Rf0.52 (EtOAcjhexanes: 

W). IR 1745 ad 1715 (3 X GO). ‘H NMR (200 MHz) 1.71 (s, 3 H, CH3). 2.13 (s, 3 H, C=OCH3), 2.10-2.40 (m, 2 H, CH2C=), 

3.20-3.35 (m. 1 H, CHN), 3.40-3.60 (m. 1 H, 0.3.72 (s, 3 H, OCH3). 3.76 (s, 3 H, OCH~). 4.66 (s, 1 H, =cH), 4.74 (s, 1 H, =cH), 

6.49 (bs, 1 H. NCHO). 

Acetoxy[N-(2-methyl3-butenyl)-N-(metboxycarbonyl)amino]acetic acid methyl ester (22). According to procedure A, 

methyl N-(acetoxymethyl)carbamate32 (1.089 g. 7.410 mmol) was treated with crotyltrimethylsilane14 (1.135 g, 8.870 mmol) and 

HF3’0Et2 (1.80 mL, 14.6 mmol) to give methyl N-(2-methyl-3-butenyl)carbamate (0.9042 g, 6.323 mmol, 85%) as a colourless od. 

RfO.54 @tOAc/hexanes: 112). IR 3460 (NH), 1715 (NC=O). lH NMR (200 MHz) 0.99 (d, J= 6.8 Hz, 3 H, CH3), 2.30 (septet.J= 

6.9 t-k 1 H, CHMe). 2.90-3.05 (m, 1 H, CHN), 3.10-3.25 (m. 1 H, CHN), 3.63 (s, 3 H, CCH3). 4.77 (bs, 1 H, NH), 4.95-5.10 (m. 2 H, 

=CH2k 5.55-5.75 (m, 1 H. -CH=). Accordmg to procedure F,N-(2-methyl-3-butenyl)cabamate (878.7 mg, 6.145 mmol) was treated 

with methyl glyoxylate hydrate (5.7 g, 64.8 mmol) tn 90 mL of benzene to give hydroxy[N-(2-methyl-3-butenyl)-N- 

(methoxycarbonyl)ammo]acetic acrd dimethyl ester (1.120 g, 4.847 mmol, 79%) as a colourless oil. RfO.38 @tOAc/hexanes: l/2). 

IR 3515 (OH), 1750 (GO), 1700 (NC=O). ‘H NMR (200 MHz, mixture of diastereoisomers) 1.00 (d, J= 6.8 Hz, 3 H, CH3), 2.40- 

2.65 (m, l H, CHMe), 3.10-3.45 (m. 2 H, CH2), 3.68 (s, 3 H, OCH3). 3.78 (S, 3 H, OCH3), 4.26 (hs, 1 H, OH). 4.90-5.20 (m, 3 H. 

=CH2 + NCHO), 5.60-5.85 (m. 1 H, -CH=). According to procedure G, the methyl glyoxylate adduct (725.8 mg, 3.142 mmol) was 

treated wrth acetrc anhydrrde (0.36 mL, 3.8 mmol) and DMAP (20 mg, 0.16 mmol) m 15 mL of pyridine to give 22 (820.9 mg, 3.007 

mmol, 96%) as a colourless oil. Rf 0.60 (EtOAcihexanes: l/2). JR 1740 and 1710 (3 x GO). lH NMR (200 MHz, mixture of 

dmstereoisomers) 0.96 (d, J= 6.7 Hz) and 0.99 (d, J= 6.7 Hx, 3 H, CH3CT-l). 2.14 (s, 3 H, C-&CH3), 2.40-2.60 (m, 1 H, CH3CH). 

3.00-3.20 (m, 1 H, CHN), 3.25-3.50 (m, 1 H, CHN), 3.71 (s, 3 H, OCH3), 3.75 (s , 3 H, 0CH3). 4.90-5.10 (m, 2 H, =CH2), 5.5b5.80 

(m, 1 H, -CH=), 6.37 (bs, 1 H, NCHO). 

a-Acetoxy-2-oxo-5-(2-propenyl)-l-pyrrolidineacetic acid methyl ester (23). According to procedure A, 5-ethoxy-2- 

pyrrolrdinone33 (1.28 g, 9 92 mmol) was treated with allyltrimethylsdane (1.90 mL, 12.0 mmol) and BF3*0Et2 (1.35 mL, 11.0 
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mmol) in 30 mL of CH2Cl2 to give S-(2-propenyl)-2-pyrmlidinone (1.09 g. 8.72 mmol, 88%) as a colourless oil. R,O.35 

@tGAc/bexanes: 114). IR 3430 and 3220 (NH). 1680 (NC=(I). lH NMR (200 MHz) 1.65-1.85 (m. 1 H), 2.10-250 (m. 5 H). 3.70 (q, 

J= 6.3 Hz, 1 H, NCH), 5.00-520 (m, 2 H, =CH2). 5.60-5.90 (m. 1 H. -CH=), 6.43 (bs. 1 H. NH). According to pmcedure F, S-(2- 

ProPenYt)-2-pYrrotidinone (2.02 g. 16.1 mmol) was treated with methyl glyoxylate hydrate (6.4 g, 72.8 mmol) in 250 mL of 

benzene to give a-hydroxy-2+xo-5-(2-propenyl)-1-pyrroUineacetic acid methylester (2.95 g, 13.8 mmol, 86%) as a light yellow 

oil. RfO.25 (EtOAc). IR 3520 (OH), 1745 (C=G). 1685 (NC=G). lH NMB (200 MHz, mixture of dias&reokomers ) 1.75-1.95 (m, 

1 H), 2.05-2.55 (m. 5 H). 3.82 (s, 3 H. GCH3). 3.80-4.30 (m. 1 H. NW(CH2)2). 4.30 (bs, 1 H, OH), 5.00-5.20 (m. 2 H, =CH$, 5.40 

@s) and 5.55 @s. 1 H. NCHO). 5.60-5.90 (m. 1 H. -CH=). According to procedure G, the methyl glyoxylate adduct (2.75 g. 12.9 

mmol) was treated with DEAF’ (150 mg. 1.2 mmol) and acetic anhydride (1.8 mL, 15 mmol) in 25 mL of pyridine to give 23 (2.89 g, 

11.0 mmol. 85%) as a colourless oil. RfO.40 (BtOAc). IB 1750 and 1705 (3 x C=O). lH NMB (250 MHz, mixture of 

diastereoisomcrs) 1.75-1.95 (m. 1 H), 2.05-2.55 (m. 5 H). 2.14 (s) and 2.15 (s, 3 H. C=GCH3), 3.65-3.95 (m, 1 H, NW(CH2)2). 3.76 

(s) and 3.79 (s, 3 H. 0CH3). 5.05-5.20 (m. 2 H. =CH2), 5.55-5.85 (m. 1 H, -CH=). 6.42 (s) end 6.56 (s. 1 H, NCHO). 

u-Acetoxy-2-(2-methyl-2-propenyl)-S~x~l-p~rolidineacetic acid methylester (24). Accordmg to procedure. A, kthc~xy- 

2-pynolldinone33 (129 mg, 1.00 mmol) was trcatcd with methallyltrimethylsilane (154 mg. 1.20 mmol) and BF3mGEt2 (135 @, 

1.10 mmol) in 3 mL of CH2Cl2 to give 5-(2-methyl-2-pmpenyl)-2-pyrrolidinone (129 mg. 0.928 mmol, 93%) as a colourlcss oil. 

RfO.30 WGAc). JR 3430 and 3220 0.1680 (NC=G). ‘H NMR (200 MHZ) 1.60-1.90 (m. 1 H). 1.69 (s, 3 H. CH3). 2.0&250 (m. 

5 H), 3.65-3.90 (m. 1 H, NCH), 4.69 @s. 1 H, =CH), 4.79 (bs. 1 H. =CH), 6.61 (bs. 1 H, NH). Acceding to procedure F, 5-(2-methyl- 

2-propenyl)-2-pyrrohdmone (1.05 g, 7.55 mmol) was treated with methyl glyoxylate hydrate (6.4 g, 72.8 mmol) in 80 mL of 

benzene to give a-hydroxy-2-(2-methyl-2-pmpenyl)-5-oxo-l-pyrrolidineacetic acid methylester (1.07 g, 4.76 mmol, 63%) as a 

colourless ml. RfO.30 (CHC13). IR 3520 (OH). 1745 (C=G). 1685 (NC=G). lH NMR (250 MHz. mixture of diastereoisomers ) 

1.73 (s. 3 H, CH3), 1.50-2.70 (m. 6 H), 3.82 (s. 3 H. GCH3). 3.804.30 (m, 1 H, NCY (CH2)2). 4.25 (bs, 1 H, OH). 4.76 (s, 1 H, - 

CH=), 4.84 (s. 1 H, -CH=), 5.30 (s) and 5.33 (s, 1 H, NCHO). According to procedure G, the glyoxylate adduct (403 mg, 1.77 mmol) 

was treated with DMAP (20 mg. 0.16 mmol) and acetic anhydride (0.25 mL, 2.65 mmol) in 5 mL of pyridine to give 24 (287 mg. 

1.07 mmol, 60%) as a colourless oil. Rf0.45 (EtOAc). IB 1750 and 1705 (3 x C=O). lH NMR (200 MHz, mixture of 

dmstereoisomers) 1.60-2.70 (m. 6 HI, 1.73 (s, 3 H, CH3). 2.16 (s) and 2.18 (s. 3 H, C=OCH3), 3.79 (s) and 3.81 (s, 3 H. GCH3), 3.7@ 

4.20 (m. 1 H, NCH(CHZ)2), 4.76 (bS, 1 H, -CH=). 4.86 @S, 1 H. -CH=), 6.43 (S) and 6.56 (S, 1 H. NCHO). 

Acetoxy[~-(methoxycarbonyl)-N-(2-phenylpropyl)aminolacetic acid methyl ester (25). According to procedure E, p 

methYlPhenetylemme (Aldrich, 3.26 g. 24.11 mmol) was treated with Et3N (3.70 mL. 26.5 mmol) and methyl chloroformate (2.00 

mL. 25.9 mmol) m 50 mL ofCH2C12 to give methyl N-(2-phenylpropyWubamate (4.55 g. 23.58 mmol, 98%) as a light yellow oil. 

RfO.36 @tOAc/hexanes: l/4). IR 3420 (NH), 1700 @X=0). lH NMB (200 MHZ) 1.27 (d. J= 6.9 Hz, 3 H. CHCJf3), 2.80-3.05 (m. 

1 H. CXH3). 3.10-3.30 (m, 1 H, CHN). 3.30-3.55 (m. 1 H, CHN), 3.63 (s, 3 H. OCH3). 4.63 (bs. 1 H. NH). 7.10-7.40 (m, 5 H, - 

C6H5). According to procedure F, methylN-(2-phenylpropyl)carbamate (1.56 g. 8.08 mmol) was treated with methyl glyoxylate 

hydrate (5.7 g, 53.8 mmol) in 90 mL benzene to give starting compound (0.630 g, 3.36 mmol, 40%) and hydmxy[IV- 

(methoxycarbonylkN-(2-phenylpmpyl)amino]acetic acid methyl ester (0.850 g. 3.02 mmol, 37%) as a colourkss oil. Rf 0.19 

WGAc/hexanes: l/4). IR 3530 (OH). 1745 (C=G), 1700 (NC=O). ‘H NMR (200 MHz, mixture of dii~re&omers) 1.31 (d, J= 

6.9 HG CHCH3). 3.00-3.25 (m. 1 H, CHCH3). 3.35-3.90 (m, 8 H, 2 x 0CH3 + CH2N). 4.24 @IS. 1 H. OH), 4.70-5.15 (m, 1 H, 

NCHOH), 7.10-7.40 (m, 5 H, C6H5). According to Procedure G. the glyoxylate adduct (594 mg, 2.11 mmol) was tnzated with acetic 

anhydride (0.40 mL, 4.24 mmol) in 10 mL of pyridine to give 25 (514 mg. 1.59 mmol, 75%) as a colourless oil. Rf 0.25 

(EtOAc/hexancs: l/4). IB 1740 and 1710 (3 x C=G). ‘H NMR (200 MHz, mixture of diastereoisomers) 1.27 (d) and 1.29 (d, J= 6.9 

Hz, 3 H, CHCH3). 2.12 (s, 3 H, C=OCH3), 3.00-3.85 (m. 9 H, 2 x GCH3 + CH2N + CHCH3). 6.34 (‘LX, 1 H, NCHO), 7.10-7.40 (m. 5 

H. C6H5). 

Methyl N-((E)-3-hexenyl)-N-(methoxymetbyl)carbamate (26). A sodium hydnde dispersion (5560% in mineral od, 55 mg, 

1.20 mmol) was washed (3 x) with 1 mL of hexane under a dry nitrogen atmosphere and then 2 mL of DMF wen added. A solution 

of methyl N-((E)-3-hexenyl)carbamate (180 mg, 1.15 mmol) in 2 mL of DMF was added dropwise at 0 T. The mixture was stirred 

for 1 h and then a solution of chlommethyl methyl ether (0.12 mL, 1.6 mmol) in 3 mL of DMF was added dmpwise. After 20 min 

the reaction mixture was allowed to warm up to room temperature and stirred for 18 h. The mixture was poured out into water and 
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extracted with CC13CH3 (3 x) and the combined organic layers wea dried (MgSO4) and c~llcena in W,XO. ‘m. I&& tva~ 

chmmatographed to give 26 (61.5 mg. 0.306 mmol, 27%) as a colot~less oil. Rf 0.35 (EtoAc/he~~~: 114). IR 1695 (NC=O). 1~ 

NMR (200 MHz) 0.94 (t. J= 7.5 Hz. 3 H, CH3). 1.98 (quintet, J- 7.3 Hz, 2 H, CYf2CH2N). 2.15-2.35 (m, 2 H, CH3CH2). 3.27 (bs. 

5 H. CH2m3 and CH2N?k 3.71 (s. 3 H, 0CH3). 4.66 @s) and 4.71 (bs. two rotamers, 2 H. NCH20). 5.25-5.40 (m. 1 H, -CH=), 
5.40-560 (m, 1 H, -CH=). 

Methyl N-(Q-3-hexenyl)-A’-(methoxymethyl)carbamate (27). According to the procedure used for the pmtton of 26, 

methyl N-(Q-3-hexenyl)carbamate (500 mg, 3.18 mmol) was treated with sodium hydride (55.60% dispersion in mineral oil, 170 

mg, 3.70 mmol) and chloromethyl methyl ether (0.36 mL, 4.7 mmol) in 7 mL of DMF to give 27 (276.2 mg, 1.37 mmol, 43%) as a 

colourless 01. Rf 0.40 (EtOAc/bexanes: l/4). IR 1700 (NC-O). ‘H NMR (200 MHz) 0.96 (t. J= 7.5 Hz, 3 H, CH~), 2.05 (quintet, 
J= 7.3 Hz, 2 H. W2CH2N). 2.20-2.45 (m. 2 H. CH3CH2). 3.29 (‘IX, 5 H. CH2OW3 and CH2N). 3.73 (s, 3 H, OCH3), 4.69 @s) and 

4.74 (‘bs, two rotamers, 2 H, NCH20). 5.20-5.40 (m, 1 H, -CH=), 5.40-5.55 (m. 1 H. -CH=). 

Cyclization of 18 at -78 ‘C to room temperature. To a solution of 18 (209 mg, 0.765 mmol) m 5 mL of CH2Cl2 was added at 

-78 “C a 1.2 M solutton of SnCl4 in CH2C12 (1.3 mL, 1.56 mmol) under a nitrogen atmosphere. The reaction mixture was allowed 

to warm up to room temperature in a period of 2 hours. After sthring for 30 min at room temperature, the white reaction mixture 

was poured out into aq NaHCO3 (25 mL) and extracted (3 X) with chloroform (20 mL). llte combined organic layers were dried 

(MgS04) and concentrated in vacua. The residue (190.2 mg) was chromatographed to give trans.4.chloro-1,2- 

piperidinedicarboxylic acid l-ethyl, 2.methyl ester (28) (147.1 mg, 0.590 mmol, 77%) as a colourless oil. Rf 0.56 

(EtOAcibexanes: 112). lR 1740 (C=O), 1690 (NC=O). ‘H NMR (250 MHz) 1.15-1.30 (m. 3 H, CH2CH3), 1.71 (qd,J= 12.9,4.9Hz, 

1 H, H5ax), 1.92 (td, J= 12.7.6.2 Hz, 1 H, H3ax), 2.05-2.15 (m. 1 H, Hseq), 2.65 (bd, J= 13.0 Hz, I H, H3eq). 2.90-3.15 (m. 1 H, 

H6ax), 3.72 (s, 3 H, OCH3). 3.82 (tt, .I= 12.0.4.1 Hz, 1 H, H4ax). 4.00-4.20 (m. 1 H. H6es,,4.13 (q,J= 7.1 Hz, 2 H, 0CH2), 4.88 

(bs) and 5.00 (bs. hV0 mamers, 1 H, H2cq). ‘H NMR (C6D6.200 MHz) 0.96 (t, .I= 7.1 Hz. 3 H, CH2CH3). 1.37 (qd, J= 12.5.4.8 

Hz, 1 H, H5ax), 1.50-1.70 (m. 2 H, H3ax and H5eq), 2.48 (bd, .f= 13.3 Hz, 1 H, H3e4. 2.65-3.00 (m. 1 H, H6ax), 3.17 (s, 3 H. 0CH3). 

3.53 (bt, J= 12.0 Hz, 1 H, H4”). 3.80 (bd) and 4.17 f&l, J= 13.6 Hz, two rotamers, 1 H, H6e$ 4.68 (bs) and 5.08 (bd, J= 4.8 Hz, 

two rotamers, 1 H, H2’zq).13C NMR (63 MHz) 14.5 (CH3), 35.5, 36.7,41.3 (C-6). 52.4, 53.4, 54.7 (C-2). 62.0 (OC!H2), 156.0 (b, 

NGO), 171.0 (C=C). Accurate mass 249.0773 (calcd fOrCl~16NC435C~ 249.0768). 

Cyclization of 19 at -78 “C to room temperature. To a solution of 19 (425 mg, 1.48 mmol) in 5 mL of CH2C12 was added at - 

78 ‘C, a 1.2 M solution of SnCl4 in CH2Cl2 (2.5 mL, 3.00 mmol) under a nitrogen atmosphere. The reaction mixture was allowed 

to warm up to room temperature over a period of 4 hours. After stirring for 1 hour (40 “C) the reation mixture was whrte, after 2.5 

hours (-10 “c) the reaction mixture was clear again. The reaction mixture was poured out into excess aq NaHC03 and extracted (3 

x) with CH2Cl2 (20 mL). The combined organic layers were dried (MgSO4) and concentrated trt Y(ICUO. The t&due (393 mg) was 

chromatographed to give two fractions. The first fraction consisted of rel-(2R,3R,4R)-4-chloro.3-ethyl-1,2- 

piperidhtedicarborylic acid diiethyl ester (29) (314 mg, 1.19 mmol, 80%) as a colourless oil. Rf0.45 (EtOAc/hexanes: l/4). IR 

1730 (GO), 1690 (NC=O). ‘H NMR (200 MHZ) 1.00 (t, J= 7.3 Hz, 3 H, CH2CH3). 1.05-1.55 (m. 1 H), 1.60-1.95 (m, 2 H), 2.00. 

2.15 (m. 1 H), 2.24 (bd, J= 10.4 Hz, 1 H. H3”). 3.15-3.45 (m, 1 H, H6ax), 3.69 (s, 3 H, OCH3). 3.70 (s, 3 H, OCH3), 3.80415 (m, 1 

H, H6eq). 4.18 (td,J= 11.4,4.4 Hz, 1 H,H4ax), 4.95 (bs) and 5.10 (bs, tworotamers, 1 H, H2eq). 13C NMR (50 MHz) 11.3 (CH3), 

22.0 (CHZ), 36.3 (C-5). 40.7 (C-6). 47.8 (C-3). 51.8 (CKH3), 53.0 (OCH3), 56.5 (C-2). 59.3 (C-4), 155.8 (NC=O), 170.3 (GO). 

Accurate mass 263.0908 (calcd for C~lH18N0435C1 263.0924). The second fraction consisted of rel-(2R,JR,4R)-4-acetoxy-3. 

ethyl-1,2-piperidinedicarboxylic acid dimethyl ester (30) (10 mg, 0.023 mmol, 2%) as a colourless oil. RfO.25 (EtOAcIltexanes: 

l/4). IR 1735 (2 x OC=O), 1690 (NO). lH NMR (250 MHz) 0.99 (t, .f= 7.4 Hz, 3 H, CH2CH3). 1.10-1.35 (m. 1 H), 1.40-1.80 (m. 

3 H), 2.03 (s, 3 H, C=OCH3), 2.00-2.15 (m, 1 H, H3”), 3.25-3.50 (m. 1 H, H6a”). 3.70 (s. 6 H, 2 x 0CH3). 3.90-4.20 (m. 1 H, H6e(?, 

4.97 (td, J = 10.8. 4.6 Hz, 1 H, H4as), 4.95 (bs) and 5.10 (bs, two rotamers. 1 H, H2wl,. Accurate mass 287.1365 (c&d for 

Cl3H2lNC6287.1369). 

Cyclization of 20 at -78 “C to room temperature. To a solution of 20 (177 mg, 0.618 mmol) m 3 mL of CH2Cl2 was added at 

-78 ‘C, a 1.2 M solution of SnC14 in CH2Cl2 (1.0 mL, 1.2 mmol) under a nitrogen atmosphere. The reaction mixture was allowed 

to warm up to room temperature over a period of 2 hours. The reaction mixture was poured out into excess aq NaHCO3 and 

extracted (3 x) with CH2C12 (30 mL). The combined organic layers were dried (MgSO4) and concentrated in vucuo. The residue 
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was chmmatogrnphed to give two fmctions. The first fraction (66 mg. Rf0.60 (EtOAc/hexaaes: ID)) consisted of a 4: 1: 1 mixture 

of rel-(tR~~,4R)-eebl~~yl-l~piper~~i~r~~ acid dimethyl ester (31) (lH NMft (200 MHZ) characteristic 

signal: 4x15 (dt, J = 11.8.4.3 Hz. 1 H. Ipax)), elimination product ~1hyl.l,2~~-~~ahydr~l~-p~~ined~rb~ylk acid 

dimethyl ester (32) (lH NMR (200 MHZ) ~haractctistic sigaals: 4.74 (s) sod 4.92 (s, two rotama??. 1 H. Hw), 5.61 (I& J= 105. 
3.1 Hx, H4), 5.70-5.85 (m. 1 H, H5)) and chloride 29. lXe secaod fmctioo con&ted of r&(lJf,S$gSSy_ahyl- 2.metboxycarhyl- 

6-oxa-2-ezPbicyclo[3.2.lJ~~n-7~ne (33) (46 mg, 0.215 mmol, 35%) as a colourless oil. Rf0.30 (EIoAc/hexanes: In). IR 1785 

(GO). 1695 WC=O). ‘H NMR 0.96 (t. J= 7.4 Hz. 3 K CH2CH3). 1.35-1.65 (m. 2 H. Uf2CH3), 1.75-1.95 (m. 2 H. H4exo and 

H4eodo), 215-230 (m. 1 H. H*), 3.05-3.25 (m. 1 H. Hy, 3.70 (s, 3 H, OCH3). 3904.25 (m. 1 H. H3exo), 4.58 @s) and4.75 (bs. 

two rotamers. 1 H, HI), 4.75 (bs. 1 H, H5). 13C NMR (50 MHz) 11.4 (b. CH3). 18.1 (CHZ). 23.2 (C-4). 38.0 (C-3). 45.8 (C-8). 53.1 

(OCH3), 55.6 (b, C-l). 79.0 (b, C-5), 155.6 (NC-O), 173.0 (C-7). 

Cyclixation of 21 at -78 “C to room temperature. Under a nitrogen atmosphere, a 2.0 M solution of SnC14 m CH2C12 (1.0 

mL, 2.0 mmol) was added to a solution of 21(261.7 mg, 0.959 mmol) in 10 mL of CH2Cl2 at -78 OC. The reaction mixture. was 

allowed to warm up to mom temperature over a 4 h period. After stirring for 30 min at room temperature, the reaction mixture was 

poured out into 15 mL of saturated aq NaHCO3. After extraction (3 X) with 50 mL of CHC13, the comL&d otganic layers were 

dwd (MgS04) and concenlrated in vmw. The residue was chromatograpbed to give two fractions The first fraction consisted of 

#runs4chloro4methyl-l,2-piperidinedi~rboxylk acid dimetbyl ester (34) (103.2 mg. 0.414 mmol. 43%) as a colourless oil. 

RfO.60 @tOAc/hexanes: l/L). IR 1740 (GO), 1695 (NC=O). ‘H NMR (200 MHz) 1.55 (s, 3 H, CH3), 1.45-1.60 (m. 1 IQ. 1.85- 

2.20 (m. 2 H). 2.32 (dd, J= 13.9.6.7 Hz, 1 H), 2.52 (bdd, J = 13.9.6.7 Hz, 1 IT), 3.20-3.50 (m. 1 H. H6ax), 3.72 (s. 3 H, OCH3). 3.75 (s, 

3 H. 0CH3). 3.80-4.00 (m. 1 H. *),4.67 (d) and4.71 (d,J=4.6 Hz. 1 H, H%. 13C NMR (50 MHz) 28.4 (CH3),40.0,40.5.41.7, 

52.2 (OCH3). 52.9 (OCH3). 54.0 (C-2). 66.2 (C-4). 156.0 (NC=O), 171.4 (GO). Accurate mass 249.0765 (calcd for 

Cl~l~0435Cl 249.0768). The second fraction consisted of cls-4-cbloro4methyl-l,2-piperidioedicarboxylic acid dimetbyl 

ester (35) (423 mg, 0.170 mmol. 18%) as a colourless oil. Rf0.45 (Et0Ackxane-s: l/2). IR 1740 (GO), 1690 (NC==O). lH NMR 

(200 MHz) 1.60 (s. 3 H. CH3). 1.55-1.75 (m. 1 H), 1.80-1.95 (m, 1 H), 1.93 (dd,J= 14.7.7.0 Hz, 1 H), 2.60-2.75 (m, 1 H), 3X-3.55 

(m. 1 H. H6ax). 3.72 (s, 3 H, OCH3). 3.73 (s. 3 H. OCH3). 3.90-4.20 (m. 1 H, H6e% 4.73 (d) and4.89 (d, J= 6.9 Hz. 1 H. H+. 13C 

NMR (50 MHz) 33.6 (CH3). 37.8 and 37.9.395 and 39.7.40.6 and 40.8.51.8 (0CH3). 52.2 (OCH3). 53.0 (C-2), 67.1 and 67.2 (CA), 

156.2 and 156.7 (NC=O), 171.3 and 171.4 (c-0). Accurate ma% 249.0773 (c&d forCl@16N0435Cl 249.0768). 

Cyclization of 22 at -78 “C tu room temperature. Under a nie0ge.n atmosphere, a 1.2 M soluhon of SnCl4 in CH2C12 (2.2 

mL, 2.6 mmol) was added to a solution of 22 (361.5 mg, 1.324 mmol) in 5 mL of CH2Cl2 at -78 OC. The reaction mixture was 

allowed to warm up to room temperature over a 2 h period. After stirring for 30 min at room tempemtunz. the reaction mixture was 

poured out into 15 mL of saturated aq NaHCO3. After extraction (3 x) with 50 mL of CHC13. the combined organic layers were 

dried (MgSOq) and concentrati in wcuo. The residue was cluomatographed to give two fractions. The fast fraction (171 mg) 

contained rcG(U1,4S~~)-Qehloro-S-methyl-piperi~me-l,2~car~xy~c acid dimethyl ester (36) (145 mg, 0.584 mmol, 44%) as 

a colourless oil. RfO.58 (EtOAc/bexanes: l/2). IR 1730 (GO). 1680 (NC=O). lH NMR (200 MHx) 1.00 (d. J= 6.4 Hx, 3 H, CH3), 

1.50-1.85 (m, 1 H), 1.97 (td,J= 13.2.5.7 Hz, 1 H, H3”), 250-275 (m. 1 H. H5), 3.43 (td, J= 12.1.3.1 Hz, H6”“), 3.603.80 (m. 1 H, 

H4ax), 3.66 (s) and 3.67 (s) sod 3.69 (s, 6 H, 2 x 0CH3). 3.97 (dd) and 4.11 (dd, two rouuners.J= 13.4.5.1 Hx, w6eq), 4.81 (d) and 

4.87 (d, two rotamers, J= 6.2 Hx. 1 H, HM). 13C NMR (50 MHz) 16.3 (CH3). 36.8 and 36.9 (C-3). 39.4 (C-S), 47.6 (C-6). 52.5 

(OCH3). 53.0 (OCH3). 54.7 and 54.9 (C-2), 60.9 (C-4). 156.2 (N&O), 170.9 (GO). Accurate mass 249.0756 (cacld for 

Cl0Hl$rO4~~Cl 249.0768). This fraction was contaminated with 5-methyI-1,2,3,4-tetrahydro-l,2-pyridinedicarboxylic acid 

dimethyl ester (38) (9%). lH NMR (200 MHx, isolated signals) 1.59 (s, 3 H, CH3). 4.75 (d. one rotamer,J= 3.8 Hx, H+, 6.53 

(bs) and 6.65 (bs. two rotamers, I H, H6) The second fraction contained 4(I-chloroethyl)-1,2-pyrrolidioedicarboxylic acid 

dimethyl ester (37) (39.5 mg, 0.158 mmol, 12%. mixtore of dktere&imers) as a colourless oil. RfO.30 (EtOAc/hexanes: ID). IR 

1740 (GO). 1695 (NC=O). lH NMR (200 MHZ) 1.52 (d. J= 6.6 Hz. 3 H, CH3), 2.00-2.25 (m. 2 H), 2.50-2.75 (m. 1 H. I#), 3.1@ 

3.40 (m, 1 H. H5). 3.72 (s, 3 H, OCH3). 3.75 (s, 3 H. OCH3). 3.60-3.75 (m, 1 H, H5). 3904.05 (m. 1 H. ClCH),4.354.55 (m. 1 H, 

H2). 13C NMR (63 MHz) 23.9 (CH3). 32.8 and 33.2 and 34.1 (C-3). 44.4 and 44.7 and 45.5 (C-t). 49.1 and 49.3 (C-5). 52.3 (OCH3). 

52.6 (OCH3). 58.8 and 58.9 and 59.1 and 59.4 (C-2 and CKH). 156.0 (b, NO). 1727 (GO). Accurate mass 249.0775 (cacld for 

C10J$6N0435Cl 249.0767). 
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Cyclixation of 23 at 0 ‘C. Under a nitrogen atmosphere, a 1.2 M solution of SnCl4 in CH2Cl2 (7.90 mL, 9.48 mmol) was 

added dropwise to a solution of 23 (1.09 g, 4.27 mmol) in 40 mL of CH2C12 at 0 “c. ‘Ihe reaction mixture was stirred for 3 h at 0 0C 

and then poured out into 150 mL saturated aq NaHCO3. After extraction with CHC13 (4 x 100 mu), the con&ii organic kya~ 

were dried (MgSO4) and concentrated in vocuo. The residue was chromamgm+d to give rcf_(sR;IR~sPs)_7~hlo~~bydro-3- 

oxoindokioe-5-carboxylic acid methyl ester (39) (0.580 g. 2.96 mmol , 69%) as a light yellow oil. Rr 0.30 (CIS#&/~e~: 

VI). IR 1740 (c-0). 1680 (NC&). ‘H NMR (200 bfH!z) 1.45 (q. J= 12.1 Hz, 1 H. I-X8”). l.Bl.70 (m, 1 H, ~1). 1.88 (td, J= 

12.6.6.5 Hz 1 H, H6”). 2.15-2.50 (m. 4 H, ). 2.55-2.70 (m. 1 H, I-@$3.71 (s, 3 H. OCH3). 3.65-3.80 (m, 1 H, H8a), 3.88 (a, J= 

12f3.9 fk 1 H, H7ax), 4.87 (dd, J= 6.5 .1.4 HZ. 1 H, H5ax). ‘H NMR (200 MHz, C6Dd 0.75-1.05 (m. 2 H), 1.35-1.80 (m. H), 

1.95-2.10 (m. 2 H). 2.35-2.50 (m. 1 H, Haes), 3.15 (s. 3 H. OCH3). 3.25-3.50 (m. 1 H. H8a), 3.61 (tt, J= 12.2.3.9 HZ. 1 H, H7”), 4.86 

(d.J= 6.5 a. 1 H, H5”1,. 13C NMR (63 MHz) 25.0 (C-1). 29.7 (C-2). 35.9 (C-6). 42.9 (C-8). 50.6 (C-5). 52.2 (C-7). 52.5 (OCH3), 

54.0 (C-8a), 170.0 (C=o). 173.9 (C-3). 

Cyclktion of 24 at 0 “C to room temperature. To a solution of 24 (970 mg. 3.60 mmol) in 15 mL of CH2C12 was &led at 0 

‘C, a 1.2 M s~lutioo of SnCl4 in CH2Cl2 (6.6 mL, 7.9 mmol) under a nitrogen atmosphere. The reaction mixture was allowed to 

warm up to room temperature. After stirring for 1.5h, the reaction mixture was poured out into half saturated aq NaHC03 (50 mL) 

and extracted (3 X) with CH2Cl2 (30 mL). The combined organic layers were dried (MgSO4) and concentrated in vmw. Thermdue. 

ws chmatographd to give IWO fractions. The Fist fraction consisted of a 3:l mixture of rel~SR,7SSPS)-7_chlr~~~hydro- 

7-methyl-3_oxoindoliiine-Scarboxylic acid methyl ester (40) and 42 (520 mg). Crystallization (hexane/ether) gave 40 (410 mg, 

1.67 mmol. 46%) as a white sohd. RfO.30 (EtOAc). IR 1740 (GO). 1680 (NC=O). lH NMR (200 MHZ) 1.53 (s, 3 H, CH~), 1.60. 

1.85 (m. 3 HI, 2.20-2.55 (m. 4 H), 2.68 (ddd, J= 13.8, 1.9 Hz, 1.9 Hz, 1 H), 3.74 (s, 3 H, 0CH3), 3.70-3.95 (m. 1 H, f@‘),4.82 (d,J= 

7.5 fi. 1 H, H5). 13C NMR (50 MHz) 25.4 (C-l), 27.4 (CH3). 29.8 (C-2). 41.1 (C-6). 48.7 (C-8). 50.0 (C-5). 52.3,52.5,65.7 (C-7), 

170.8 (C=O), 174.3 (C-3). The second fraction cons&cd of rel_(SR,7R~PS)-7-cblro-~tahydro-7-me~y~-3-oxoindolizine-S- 

carboxylic acid methyl ester (41) (190 mg. 0.700 mmol. 21%) as white crystals, mp 102-104 OC (he~anes/eaher). Rf0.20 (EtOAc). 

IR 1740 (GO), 1680 (NC=O). ‘H NMR (200 MHz) 1.37 (dd, J= 13.7. 11.2 Hz, 1 H, H8”), 1.50-1.75 (m. 1 H, H1), 1.63 (s, 3 H, 

CH3). 1.88 (dd. J= 14.8.7.3 Hz, 1 H, H6@$ 2.10-2.25 (m, 1 H, H@), 2.25-2.60 (m, 3 H, 2 x H2 + H1), 2.70 (d, J= 14.8 Hx. 1 H, 

H@), 3.72 (s, 3 H, OCH3). 4.05425 (m. 1 H, H8a),4.78 (d, J= 6.8 Hx, 1 H, H5). 13C NMFt (50 MHx) 24.9 (C-l), 30.0 (C-2). 33.6 

(CH3). 40.0 (C-6), 47.0 (C-8). 48.8 (C-5). 50.9 (C&I). 52.3 (OCH3), 67.1 (C-7). 170.3 (GO), 174.5 (C-3). Accurate mass 1A5.0824 

(calcd for CllH1$103 245.0819). Crystallographic data: monoclinic, p2$8; D 9.732(2) A, b 13.903(3) A, c 9.116(2) A; ,!I = 
9999(l) ‘; V= 1215 A? Z= 4: 1172 rc.flect~ons; Mo-wradiatioo, ,I= 0.71069 A; R= 0.43;R, z0.43. 

CyclizPtion of 18 and aq quench at -78 “C. Under a nitrogen atmosphere, a 1.2 M solution of SnC14 in CH2C12 (0.60 mL, 0.72 

mmol) was added to a solution of 18 (102 mg, 0.373 mmol) in 3 mL of CH2C12 at -78 Y!. The reaction mixture was shrred for 2.5 h 

at -78 “C. then treated all at once with excess aq NaHCO3, and warmed up to room temperature. After extraction (3 x) with 20 mL 

of CHCl3, the combined organic layers were dried (MgSO4) and concentrated in WCIW. The residue (84 mg) was chromatogmphed 

to give startmg compound 18 (35 mg, 0.13 mmol, 35%) and cis-4.hydroxy-1,2-piperidinedicarboxylic acid l-ethyl, 2.methyl 

ester (43) (39.1 mg, 0.169 mmol, 45%) as a colourless d. RfO.30 (EtOAcIhexancs: l/l). IR 3600(s) and 3480(h) (OH), 1730 

(GO), 1685 @X=0). ‘H NMR (250 MHZ) 1.15-1.35 (m. 3 H, CH2CH3). 1.60-1.80 (m. 2 H, Hsax and H+, 1.87 (ddd,J= 13.4, 

4.7.2.1 Hx, 1 H, H3”). 2.38 (hs, 1 H, OH), 2.41 (w, J= 14.2 Hz, 1 H, H3es), 3.30-3.45 (m. 1 H. H6ax). 3.69 (s, 3 H, 0CH3), 3.75- 

4.00 (m, 1 H, Hae4), 4.004.20 (m, 3 H, 0CH2 and H@), 4.70 and 4.79 (bs, two rotamczs, 1 H, H2eq) 13C NMR (50 MHZ) 14.5 

(CH3). 31.1,33.3,35.6(h.C-6), 50.8@, C-2).522 (OCH3). 61.6 (OCHIL), 63.0 (C-4), 156.5& NC=O), 173.0 (GO). 

Cyclization of 19 and aq quench at -78 “C. Under a mtrogen atmosphere, a 1.2 M solution of SnC14 in CH2Cl2 (1.60 mL, 1.92 

mmol) was added to a solution of 19 (277 mg. 0.966 mmol) in 5 mL of CH2Cl2 at -78 “C. The reactiOn mixture was stirred for 2 h 

at -78 ‘C and trea&d all at once with excess aq NaHCO3. The mixture was allowed to warm up to room temperature and then 

extracted (3 X) with 20 mL of CH2Cl2. The combined organic layers were dried (M&04) and concenhated in WCUO. The &due 

(238 mg) was chromatographed to give starting compound 19 (94 mg, 0.33 mmol, 34%) and reZ-(2R,3R,4S)-3-ethyI-4-hydroxy-l,2- 

piperidinedicarboxylic acid dimethyl ester (44) (117 mg, 0.478 mmol, 49%) as a colourlcss oil. Rf0.26 (EtOAcihfxanes: ID). IR 

3600 (s) and 3480 @) (OH), 1730 (GO)). 1690 (NC=O). ‘H NMR (250 MHZ) 0.98 (t, J= 7.3 HZ, CH2CH3), 1.54 (quintet.J= 7.2 

Hz, 2 H, CH2CH3). 1.60-1.75 (m. 2 H, H5ax and H5q), 1.80-1.90 (m. 1 H, H3ax), 2.50 @s, 1 H, OH), 3.35-3.55 (m. 1 H, H6a”). 3.68 
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(s, 3 H, OCH3). 3.70 (s. 3 H, OCH3). 3.80-4.05 (m. 1 H, Ipas). 393 @a/= 2.6 Hz. H4eq), 4.71 (be) and 4.87 @s, 1 I-r, two mtamers. 

H2es,. 13C NMR (50 MHZ) 11.6 (CH3), 21.9 (CH2). 326 (C-5). 35.6 (C-6). 43.9 (C-3). 52.2 (OCH3), 52.9 (OCH3). 55.3@, C-2). 

65.3 (Cq. 156.5@.NC=O). 173.7(b.C=0). Accuratemasrr2c15.1261 (c&dtbrCllHlgN05245.1263). 

Cyclization of 20 and aq qwncb at -78 “C. Under a nitrogen atme a 1.2 M solution of SnC14 in CH2C12 (2.80 mL, 3.36 

mmol) WBS added to a solution of 20 (409 mg, 1.43 mmol) in 15 mL of CH2C12 at -78 “c. The reaction mixtute was stirred for 2.25 

h at -78 “C and treated all at once with excess aq NaHC03. After extraction (3 x) with 50 mL of CHC13, the combined organic 

layers were dried @fgSoq) and conceatmtcd in vacyo. The residue (340 mg) was chromatognqkd to give alcohol 44 (27 mg. 0.11 

mmol. 8%) and re~_(zR,3S,As)-3-ethyi4bydrmy-1,2-piperi~m~i~r~xy~ acid dimethyl ester (45) (255 mg. 1.04 mmol, 

73%) as a aystalliinc solid. mp 95.% Oc (kaxcne). Rf0.17 (EtOAcIhexanes: l/l). IR 3600 (s) and 3480 @) (OH). 1730 (GO), 1690 

(NCQ. ‘H NMR (250 MHZ) 1.01 (t, J= 7.2 HZ, 3 H, CH2CH3). 1.41 (quintet, I= 7.2 HZ, 2 H, W2CH3). 1.50-1.60 (m. 1 H). 

1.7G1.90 (m. 2 H). 2.2.5-2.40 (m. 1 H. H3eq. 3.41 (bq, I= 14 Hz, 1 H. two rotamers. H68”). 3.68 (s. 3 H. 0CH3), 3.71 (s. 3 H. 

OCH3). 3.75-4.00 (m. 1 H. H6?, 3.71 (dt, J= 29.2.8 Hz, 1 H. H4eq), 4.55 (bs) and 4.74 (bs. 1 H. two rotamers, H2eq). 13c NMR 

(63 MHz) 12.1 (CH3), 23.0 (CHZ), 26.4 and 26.5 (C-5). 35.5 and 35.7 (0.44.2 (C-3). 51.9 (OCH3). 52.7 (OCH3). 539 and 54.2 

(C-2). 67.1 (CA), 157.2 and 157.3 (NC=O). 172.7 (GO). Accurate mass 245.1263 (cakd for Cl lH19N05 2A5.1263). 

Cyclization of 21 and aq quench at -78 OC. Uti a nitrogen atmosphenz, a 2.0 M solution of SnC14 in CH2C12 (1.2 mL, 2.4 

mmol) was added to a solution of 21(108.8 mg, 0.399 mmol) in 5 mL of CH2Cl2 at -78 “c. The reaction mixture was stirred for 4 h 

at -78 “C and pomed out into 5 mL of saturated aq NaHCO3, After extraction (3 x) with 30 mL of CHC$ the combined organic 

layers were dried (MgSO4) and concentrated in vacw. The residue was chromatographed to give three fractions. The fust two 

fractions consisted of 34 (31.8 mg, 0.128 mmol, 32%) and 35 (41.4 mg. 0.166 mmol, 42%) as a colourless oils. ‘Ihe third fraction 

consWed of cis-4-bydroxy-4-methyl-l,2-piperidinedicarboxy~ic acid dimetbyl ester (46) (21.6 mg. 0.094 mmol, 23%) as a 

colourless oil. RfO.07 @tOAcYhexanes: l/2). IR 3590 and 3500 (OH), 1740 (GO), 1685 (NO). lH NMR (200 MHZ) 1.25 (s. 3 

H, CH3). 1.35-1.60 (m. 2 H), 1.77 (dd, J= 14.1.6.7 Hz. 1 H). 2.25-2.45 (m. 1 H). 3.25-3.50 (m. 1 H. H68”). 3.69 (s. 3 H. OCH3). 3.72 

0.3 H, OCH3). 3.60-4.10 (m. 1 H. H6eq).4.72 (d J= 6.6 Hz) and4.89 (d, J= 6.6 Hz. 1 H, Hzeq). 13C NMR (50 MHZ) 30.9 (CH3). 

36.9 and 37.3.37.1 and 37.4.38.8 and 39.0.519 and 52.2.523.529.67A (C’$, 156.9 (NC=O), 172.8 (C=O). Accurate mass 231.1104 

(cakd for Cl0H17N05 231.1107). 

CYclidon of 22 and aq quench at -78 ‘C. Under a nitrogen atmosphere, a 1.2 M solution of SnCl, in CH2C12 (0.7 mL, 0.84 

mmol) was added to a solution of 22 (119.5 mg, 0.438 mmol) in 5 mL of CH2Cl2 at -78 “C. The reaction mixture was stirred for 4 h 

at -78 “C and treated alI at once with excess aq NaHCO3. After extraction (3 x) with 30 mL of CHC13, the combined organic layers 

were dned (MgSOq) and concentrated in vactw. The residue was chromatographed to give three fractions. The first fraction 

consisted of starting compound 22 (45.6 mg. 0.167 mmol. 38%). -Ibe .wwnd fraction consisted of raZ-@R,4R,SS)4hydroxy.~ 

methyl-1,2-piperidinedicarboxylic acid dimetbyl ester (47) (45.3 mg. 0.196 mmol. 45%) as a colourless oil. Rr 0.15 

@tOAc/hexanes: lf2). IR 3600 and 3500 (OH). 1740 (GO). 1690 (NC=O). lH NMR (200 MHZ) 0.94 (d) and 0.95 

6.9 Hz. 3 H, CH3), 1.60-1.80 (m, 1 H. H3eq), 1.80-2.00 (m. 1 H, H3ax). 2.40-2.60 (m. 1 H, Hsax). 3.01 (dd) and 3.09 (dd, 

two rotamers, J= 13.0,12.7 Hz, I H, H68”). 3.72 (s) and 3.73 (s. 6 H, 2 x OCH3). 3.60-3.90 (m. 2 H, H6eq+ H4eq), 4.68 (d) and4.85 

(6 J = 6.6 a, 1 H, H-1. 13C NMR (50 MHZ) 14.8 (CH3). 34.1 (C-5), 34.5 (C-3). 41.7 and 41.9 (Cg. 50.2 and 50.5 (C-2), 52.2 

(OCH3). 52.8 (OCH3). 67.2 and 67.3 (C-4). 156.3 and 156.7 (NO), 173.0 (GO). Accurate mass 231.1112 (c&d for C10H17N05 

231.1107). The. thiid fraction umsisted of 37 (12 mg, 0.047 mmol. 11%. mixture of diastereoisomers) as a colourkss oil. 

Cyclization of 25 at -78 ‘C to room temperature. Undo a mtrogen atmosphere. a 1.2 M solution of SnC14 in CH2C12 (2.0 

mL, 2.4 mmol) WBS added to a solution of (380.4 mg. 1.180 mmol) in 5 mL of CH2Cl2 at -78 OC. The naction mixture was allowed 

to warm up to room temperature in a 3 h period. The reaction mixture WBS poured out into 20 mL of aq NaHC03 and extr&t (3 x) 

with 30 mL of CHC13. The combined orgamc layers were dried (MgS04) and concentrated in vacua. The residue was 

chromatographed to give an Inseparable 75:25 mixture of cb-3,4-dihydro-4-methyl-Z~-&~uinoline-l,2-dicarboxylic acid 

dimetbyl ester (48) and Imns-3~dibydro-4-methyl-Z~-isoquinoline-l~-di~rboxylic acid dimetbyl ester (49) (257.7 mg, 

0.9798 mmol, 83%) as a colourlcss 0il.R~O.36 @tOAc/hexanes: l/4). IR 1740 (C=O), 1690 (NC=O). lH NMR (200 MHZ) 48: 1.34 

(d, J= 6.9 Hz, 3 H, CHCIf3). 2.9G3.15 (m. 1 H, H4). 3.27 (dd, minor rotamer. J= 13.0. 10.1 Hz) and 3.38 (dd, majormtamer. J= 13.1, 

9.4 Hz, 1 H, H3ax), 3.74 (s. 3 H, OCH3). 3.75 (s. 3 H, 0CH3). 3.99 (dd. major rotamer, J= 13.1.5.2 Hz) and 4.20 (dd. minor mtamer, 
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J= 13.0.5.2 Hx, 1 H H3eq). 5.58 (s. minor mtamer) and 5.64 (s, major mtamer. 1 H, Hleq), 7.10-7.40 (m. 3 H). 7.45-7.60 (m. 1 H ); 

49 (isolated signals): 1.28 (d, J- 7.0 Hz. 3 H, CHcH3). 3.55 (dd, rotamer, J= 12.8.6.4 Hx, H3ax), 5.57 (s, minor rotan@ and 5.66 

(s. major mmmer, 1 H, H’es). 13C NMR (50 MHz) 48: 17.5 and 17.9 (CH3), 32.1 (C4). 46.1 and 46.5 (c-3). 52.4 (OCH~). 52.9 

(OCH3). 57.9 (C-l). 126.2. 126.8, 127.7, 127.8, 129.2 and 129.4 (C-8a), 139.4 and 139.6 (Wa), 155.9 and 156.4 (NC&), 171.3 

(C=C); 49: 8.6 and 19.4 (CH3). 31.7 (Cd), 46.4 and 46.8 (C-3). 52.4 (CCH3), 52.9 (OCH3), 57.9 (C-l), signals of C-5-C-8 not clear, 

129.3 and 129.8 (‘Xa). 140.0 and 140.2 (Wa), 156.3 and 157.0 (NC=O), 171.4 (GO). 

Cydixation Of 26 Pt -78 OC to room temperature. Under a mtrogen atmosphere. a 1.2 M solution of SnC14 in CH2Ct2 (0.50 

mL, 0.60 mmol) was ad&d dropwise to a solution of (50.8 mg, 0.253 mmol) in 1.5 mL of CH2C12 at -78 OC. The reaction mixture 

was allowed to warm up to room temperature over a 2 h period and then poured out into excess aq NaHCOF After extra&m with 

CHC13 (4 x 10 mL), the ctxnbined organic layers were dried (MgSO4) and concentrated in vacua to give almost pure 51(5% of SO) 

m quantitative yield. ~ns4Chlor~3-4thyl-lpipcridineePrboxylic acid methyl ester (51) Rf 0.40 (EtOAc/hexme.s: l/2). IR 

1685 (NC=O). ‘H NMR (200 MHz) 0.91 (I. J= 7.4 Ha, 3 H, CH3). 1.15-1.40 (m. 1 H), 1.50-1.85 (m. 3 H), 2.05-2.20 (m, 1 H), 270- 

2.95 (m. 1 H). 295-320 (m. 1 H), 3.67 (s. 3 H, 0CH3). 3.79 (td. J= 8.7.3.9 Hz. 1 H, H4ax). 3.854.10 (m. 2 H). 13C NMR (50 MHZ) 

10.8 (CH3), 23.3 (CH2). 34.5 (b, C-5),42.5 (C-6). 45.2 (C-3),46.3 &C-l), 52.8 (OCH3), 61.8 (C-4). 155.5 (NGO). 

Cyclixation of 27 at -78 “C to room temperature. According to the procedure used for the cyclixation of 61, methoxymethyl 

compound 62 (256 mg, 1.27 mmol) was treated with a 1.2 M solution of SnC14 in CH2Cl2 (2.10 mL, 252 mmol) in 5 mL of 

CH2Cl2 to give a inseparable 67~33 mixture of 50 and 51 m quantitauve yield. cls4-Chloro-3-ethyl-l-piperidiiecarboxylic acid 

methyl ester (50) ‘H NMF (200 MHZ) characteristic signals: 4.41 (bq. J= 2.8 Hx, 1 H, H4eq). 13C NMR (50 MHZ) 10.6 (CH3). 

22.9 (CH2). 33.6 (C-S), 38.6 (C-6),425 (C-3),43.4 (C-l), 52.4 (OCH3), 60.7 (C-4). 155.7 (NC=O). 

trous-4~Chloro-2-piperidinecarboxylic acid methyl ester (52). NaI (230 mg. 1.53 mmol) was added to a solution of 28 (94 

mg, 0.38 mol) in 5 mL of CH3CN. At room temperature trimethylsilyl chloride (0.20 mL, 1.58 mmol) was added to the stirred 

solution. The reaction mrxture became brown and was stirred for 1 h at mom temperature and subsequently refluxed for 3 h. The 

reaction mrxture was allowed to cool to room temperature. Then 2 mL of a solution of aq Na2S205 (0.5 M) was added and the 

mtxture was concentrated in VUCIW. The residue was taken up in 15 mL of 2N HCI and extracted with 20 mL of CH2C12, The 

OrgmiC hyCr COmSted of starting matenat (37 mg, 0.15 mmol, 39%). The aqueous layer was basified with Na2CO3 to pH 10, and 

extracted (3 X) with 15 mL of CH2Cl2 The combined organic layers were dried (MgSO4) and concentmted ix V(ICIW to give 52 (25 

mg, 0.14 mmol, 25%) as a light yellow od. IR 3340 (NH), 1735 (GO). ‘H NMR (200 MHx) 1.75-2.30 (m. 4 H), 2.92 (dt. J= 12.5. 

4.5 Hz, 1 H, H60+. 3.11 (ddd, J= 12.7.9.3.3.6 Hx, 1 H, H6ax,, 3.72 (s, 3 H, OCH3). 3.83 (dd, J= 9.1, 3.7 Ha. 1 H, H2ax), 4.43 

(qumtet, J= 4.3 Hz, 1 H, H4eq). Accurate mass 177.0564 (calcd for C7H12N0235Cl 177.0557). 

reI-@&3R,4R)4Chloro-3-ethyl-2-piperidittecarboxylic acid methyl ester (53). According to the procedure ased for the 

preparation of 52, c&amate 29 (175 mg, 0.663 mmol) was treated with NaI (400 mg, 2.67 mmol) and trimethylsilyl chloride (0.35 

mL, 2.76 mmol) in 5 mL of CH3CN to give 53 (97 mg, 0.47 mmol, 71%) as a light yellow orl. IR 3340 (NH), 1730 (GO). lH 

NMR (200 MHz) 0.92 (t, J= 7.3 Hx. 3 H, CH2CH3). 1.2s1.45 (m. 1 H), 1.50-1.80 (m, 2 H), 1.92 (bs, 1 H, NH). 1.95-2.15 (m. 2 H), 

2.94 (dt, J= 12.0.4.2 Hx, 1 H, H6eq). 3.07 (td, J= 11.4.3.2 Hx, 1 H. H6a”), 3.72 (s, 3 H, 0CH3). 4.02 (d, J= 3.4 Ha. H2=), 4.46 (q, J 

= 3.8 Hz, 1 H, H4rx$ 13C NMR (50 MHz) 11.9 (CH3). 21.0 (CH;?), 30.0 (C-5). 40.3 (C-6) 45.7 (C-3). 51.6 (OCH3), 56.8 (C-2). 

59.8 (C-3). 173.0 (GO). 

c&4-Hydroxy-2-piperidinecarboxylic acid (54). Compound 43 (36.3 mg. 0.157 mmol) was drssolved in 5 mL of 2 N aqueous 

HCl and refluxed for 18 h. The reaction mixture was evaporated in V(ICW to give a light yellow foam (HCl salt). A column (2 x 20 

cm) ofAmberlite CG-120 (H+) (Flnka) was eluted successively with 1000 mL of drstilled water, 1000 mL of 5% aq HCI and 1000 

mL of &stilled water. The HCl salt was dissolved m 2 mL of dtsnlled water and brought on the column. The column was eluted 

with ca. 1 bcdvolume of distilled water and checked with a 5% AgN03 solution in EtOH until no Cl- came off anymore. The 

column was eluted with ca. 4 bedvolumes of distilled water. Fmally. the column was eluted with 5% aq NH3 under a light pressure 

and fractions of 10 mL were combined. The ninhydrin posmve t?ations were combined and evapomted in vocuo to give 54 (21.2 mg. 

0.146mmol.93%)asathickgum.1HNMR(250MHz.D2O)1.60(td.J=13.2,11.0Hz.1H,H38X).1.63(tdd,J=13.6,11.1.4.6ZIz. 

1 H, Hsax), 2.12-2.21 (m, 1 H, H5eq). 2.46-2.56 (m. 1 H. H3eq), 3.05 (td, J= 13.3.3.2 Hz, 1 H, H6ax), 3.51 (ddd. J= 132.4.5.2.6 Hz, 

1 H, H6e4,, 3.67 (dd, J= 12.9.3.3 Hx, 1 H, H2=). 3.97 (tt, J= 11.0.4.4 Ha. 1 H, Ipax). 13C NMR (50 MHz, D20) 31.9 (C-5). 36.7 
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H. =CHCH), 2.83 (s(b), 3 R NCH3), 3.83 (s, 3 H. WH3). 4.15 (q, J- 7.1 Hz, 2 H, OCHZ), 4.62 (dd) and 4.89 (dd, J= 5.6.5.1 Hz, 

two rOtameW 1 H, NCHC+W, 5.00-5.20 (m. 2 H, =CHz), 5.60-5.80 (m. 1 H, -CH=). 13C NMR (50 MHZ, 5ooC) 14.5 (CH3), 

30.7(b), 33.4(b), 52.0.53.0.61.6 (ocH3). 117.7 (CH=). 133.7 (=CHz), 156.0 (NC=&). 171.5 (GO). Accurate mass 215.1153 (c&d 

for C10H17N04215.1158). 

Trapping experiment with 23. Under a nitrogen atmosphere. BF3*0Et2 (0.13 mL, 1.06 mmol) was added to a stirred solution 

of 23 (128 mg, 0.500 mmol) and Et3SiH (0.40 mL, 2.51 mmol) in 3 mL of CH2Cl2 at -78 T. The reaction mixture ww allowed to 

warm UP to roOm temperature in a 3 hour period. The reaction mixture was poured out in water and extracted (3 x) with 15 mL of 

CH2C12. The combined 0-u: layers were dried (MgSO4) and concentrated in vacua. The residue was chromatogmphed to give 

starting compound 23 (51 mg, 0.20 ~01,40%) and 2-oxo-a-(2.propenyl)-l-pyrrolidineacetic acid metbylester (63) (30 mg, 

0.15 mmol, 30%)90.45 @tOAc). IR 1740 (Cd), 1675 (NGO). ‘H NMR (200 MHz) 1.90-2.20 (m. 2 H. NCH2CH2), 2.30-2.55 

0% 3 H, CH2CH= + C=oCH), 2.60-2.80 (m, 1 H. C=OCH), 3.25-3.55 (m, 2 H, NCHZ), 3.69 (s, 3 H. oCH3).4.86 (dd,J= 10.1 HZ,J 

= 5.1 Hz, NCHCO2), 5.00-5.15 (m, 2 H, =CH2), 5.55-5.80 (m. 1 H, -CH=). 13C NMR (50 MHz) 18.2 (C-4), 30.7 (C-3). 33.2 

(CH;?CH=). 43.6 (C-5), 52.1 (OCH3). 53.0 (NCH), 117.9 (=CH2), 133.3 (-CH=), 170.9 (C=OO), 175.7 (C-2). Accurate mass 

197.1083 (cakd forC10H15N03 197.1052). 

Trapping experiment with 22.Triethylsilane (0.31 mL, 1.9 mmol) was added to a solution of 22(105 mg, 0.385 mmol) in 2 mL 

of CH2Cl2 under a nitrogen atmosphere. At -78 “c, BF3*0Et2 (0.09 mL. 0.73 mmol) was added. The reaction mixture waq &lowed 
to warm up to room temperature over 5 h period. The reaction mixture was poured out into water and extracted (3 x) with 30 mL of 

CH2Cl2. Tbe combined orgamc layers were dried (MgSO4) and concentrated in vacm The residue was chromategraphed to give 

alcohol 47 (17.8 mg, 0.077 mmol, 20%) and an mseparable 59:28:13 mlxttw (52.4 mg, 0.244 mmol. 63%) of (E)- and (2).[N- 

methyl-IV-(methoxycarbonyl)amino]-I-butenylacetic acid dimethyl ester (65a, 65b) and N-(2-methyl-3-butenyl).N- 

(methoxycarbonyl)glycine methyl ester (64). Rf0.57 (EtOAc/hexanes: l/2). IR 1740 (C-o), 1685 (NC=O). lH NMB (250 

MHz) 0.95 (d, J= 6.7 Hz, 3 H, CH3 64), 1.59 (s) and 1.62 (s, 3 H, CH3 6Sa, 65b), 2.25-2.70 (m. 2 H, W2CH=, 6Sa, 6Sb), 2.79 (s) and 

2.83 (s, 3 H, NCH3 65a.6Sb). 3.00-3.25 (m. 2 H, CH2N. 64). 3.68 (s) and 3.69 (s. 6 H, 2 x OCH3). 3.91 (s) and 3.79 (s, two mtamers, 

2 H, NCH2CO2Me. 64). 4.45-4.60 (m. 1 H, NCHCO2Me. 6Sb), 4.70-4.85 (m. 1 H, NCHCX$Me 65a). 4.85-5.0.5 (m. 2 H. =CH2), 

5.15-5.35 (m. 1 H, -CH=, 65a, 6Sb), 5.40-560 (m. 1 H, -CH= 65a, 6Sb). 5.45-5.80 (m, 1 H, -CH=, 64). 13C NMR (63 MHz) 12.8 

(CH3 65b), 17.8 (CH3 aSa), 26.5 (NCH2 64), 30.4 (NCH3,65a, 65b). 32.1 (CH2CH= 65a), 32.4 (CH2CH= 6%). 48.9 and 49.1 

(NCH2C02.64). 52.0 (OCH3), 52.8 (OCH3). 58.5 (NCHCO2,65a, 6Sh), 115.3 (=CH2, 64), 125.0 (CH3CH=. 64b), 125.9 

(CH3CH=, aSa), 127.0 (CH3CH=CH, 65b), 128.4 (CH3CH=C& 65a), 141.8 (-CH=, 64). 156.0 (NC=&), 170.2 (GO. 64). 171.7 

(C=O, 6Sa,6Sb). Accurate mass 215.1122 (c&d for C10H17N04 215.1157). 
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