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Summah y : 8-Functionalized e,8-unsaturated,amino acids were 

synthesized by an addition-elimination pathway.. React’ion of 

methyl 8-bromo-a-formylaminoacrylates (3a-e), which were 

prepared by the condensation of methyl isocyanoacetate (1) 

with aldehydes followed by bromination, with thiols gave 8- 

alkylthio-a,8-unsaturated amino acid derivatives (6a-f). The 

reaction of (3a) with sodium azide resulted in the formation of 

a 2-oxoimidazoline derivative (4). On the other hand, B- 

benzyloxy- and s-benzylamino-a,8-unsaturated amino acids (9 

and 12) were synthesized by the reaction of methyl 8-bromo-a- 

isocyanocinnamates (7a and 7d), prepared from (3a and 3d), with 

benzyl alcohol and bentylamine followed by acidic hydration; 

respectively. 

Various kinds ,of a,B-dehydroamino acids occur as ,components of 

naturally occurring peptides which often possess potent antimicrobial and 

phytotoxic activities. ’ 

Many synthetic methods have been reported for a,@-dehydroamino acids to 

date, 3 but there are only a, few effective routes for the synthesis o.f x 

8-functionalized a,8-dehydroamino acid derivatives, which are analogs of 

serine, phenylserine’, cysteine, a,B-diaminopropionic acid etc.. Shin CZ al. 

reported a synthesis of a,8-dehydrodiaminopropionic acid by azidation of 

N-bromo-a-acylaminoacrylic acid esters followed by 1,3-aside rearrangement.4 

Olsen eX ak?. synthesized 8-mercaptodehydroalanine derivatives using a 

radical reaction of 8-chlorodehydroalanine esters with several thiols. 5 
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These methods, however, lack versatility for the synthesis of many types of 

$-functionalfted a,%-dthydroamino acids. 

In our synthetic studies6 on amino acids and related compounds using 

isocyano compounds we have observed that a-isocyanoacrylic acids and 

a-formylaminoacrylic acids, which arc easily derived from isocyanoacttic 

acid derivatives, art useful intermediates for the syntheses of biologically 

interesting a,~- and s,y-unsaturated amino acids?-’ and hetcrocyclic 

compounds. 10 

Recently, we have foeused on s-bromo-e-formylaminoacrylic acid and 

6-bromo-a-isocyanoacrylic acid derivatives and now report the syntheses of 

g-substituted e,B-unsaturated cysteinc, serine, and a,g-diaminopropionic 

acid derivatives using these versatile synthons. 

Re&u~tb and Didcu6bion. 

First, in order to examine the reactivity of g-bromo-a.formyl8mino- 

acrylic acid esters (3). several derivatives as shown in Table 1 were 

synthesized. Condensation of methyl isocyanoacttate (1) uith appropriate 

RCHO CNCti2COOEIt NaH,m 

(1) 

Scheat 1 

(2a-e) (38-e) 

a:R=Ph, b:Ra4-He-Ph, c:R-4-HtO-Ph. 
d:R-4-Cl-Ph, e:R-Et2Cti- 

atdehydesg followed by bromination using K-bromosuccinimfde (NBS)11 afforded 

(3) as a mixture of E- and Z-isomers. These isomers were separated by 

column chromatography on silica gel and the stereochemistry of the aromatic 

derivatives (3a-d) was elucidated by comparison of the methyl proton 

signal of the ester group and the formyl proton signal in the 1H n.m.r. 

spectra. 12 The methyl proton signal of the Z-isomer appears at higher 

field than that of the corresponding E-isomer because of the anisotropic 

effect of the adjacent benzene ring. The chemical shift of the formyl 

proton of the E-isomer is observed at higher field than that of the 

Z-isomer. The structures of the isomers of the aliphatic compound (3e) were 

assigned by coaparison of the R-alkyl proton signals in their ‘H n+m.r. 
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spectra. I3 In the bromination of either (I)- or (E)-methyl o-formylamino- 

acrylate (2). 8-bromo derivatives (3) having Z-geometry were predominantly 

obtained as shown in Table 1. 

table 1 Yields and physical data of (3) 

'H n.a.r. b 

Yielda 
Compound R f%) M.p.(*C) 

v,,,,,(Nujof) cm" OMeC CHOd NH’ 

Z-(3a) Ph 56 136-138 3210,1?40,1690,1665 3.S1 8.25 9.18f 

E-(3a) Ph 4 109-110 3270,1?40,1685,1665 3.88 7.89 ?.86f 

Z-(3b) 4-He-Ph 62 147-150 3210,1?35,1665 3.42 8.1s 10.03 

E-(3b) 4-Me-Ph 8 101-103 3210,1?35,1690,1665 3.74 7.87 

Z-(3~ 

E-(3c 

2- (3d 

) I-MO-Ph 34 156- 

) 4-SfeO-Ph S 131- 

) (I-Cl-Ph 67 
6?g 

164- 

58 3220,1?3S,1660 3.48 8.20 

33 3150,1?45,1655 3.79 7.92 

66 3240,1?30,1660 3.50 8.23 

9.76 

10.01 

9.85 

10.20 

E-(3d) 4-Ci-Ph 3 
3g 

112-114 3220,1?25,1655 3.76 7.90 9.94 

t-(3e) Et2Ctf- s4 91-92 3210,1?30,1695,16?0 3.75 8.06 7.d 

E-(3e) Et2CH- 4 62-63 3340,1?25,1?00,1690 3.76 8.01 ?.SSf 
-_-. ~_~ 

aIsolation yield. Z-(2) was used as a starting material. b 4 Values. 

(CD3)2S0 as solvent. ‘Singlet. dDoublet J 2lt2. eBroad singlet. fCDC1 3 

as solvent. gE-(2d) was used as a starting material. 

Shin et UC. have reported that a-acetylamlno-8-bromoacryllc acid esters 

arc inert to sodium azide (SaS3). We carried out the same reaction using 

(Z)-methyl %-brono-a-formylamlnocinnamate (3a) and Sax3 in N,N-dimethylform- 

amide (DMP) at room temperature. The product obtained did not show an amide 

band rn its 1.r. spectrum, and other spectral data and elemental analysis 

suggested that the product was not @-azldo-a-formylaminocinnamate (5) as 

expected, but 4-methoxycarbonyl-2-oxo-S-phenylimidaroline (4). Compound (4) 

would be produced via 8-azidation by the route as shown in Scheme 2. 

Sext , the reaction of Z-(3a) with cthanethiol was carried out in the 

presence of sodium hydride (NaH) in hexamethylphosphoramidc (HMPA). The 

product was a mixture of E- and Z-rsomers of methyl fi-ethylthio-a-formyl- 

aminocinnamate (6a) and the isomer ratio was dctermlned by ffi n.m.r. 

spectroscopy as described above. l3 The same reaction with E-isomers (E-(3~) 



(3a) 
NaN3 

DMP 

( fa-e) 
Nuclcophite R 

Scheme 2 

and E-(3d)l proceeded without any change of the products’ geonetrrc ratio. 

This result was suggestive of an addition-elimination process. Other 

~-alkylthio-~,$-dehydroamino acids (6a-f) were similarly prepared from the 

corresponding B-bromo-a-formylamino compounds (38-c) as shown in Table 2. 

Table 2 Reaction of (3a-e) with nucleophiles 

Isomer rat iob 
Compound R Nut ieophi ie Base So Ivent Yield( (E/Z) 

(6af Ph EtSH Natt HHPA 72 from Z-(3a) 45/55 

(6b) Ph PhCII2SH %uOK THF 73 from Z-C3a) xl/70 

(6~1 I-Me-Ph EtSH Nafi tiMPA 74 from Z-(Jb) 22/?3 

(6d) 4-HeO- Ph Iltstt Naft tiNPA 68 from Z-(3~) 40/60 

65 from E-(3~) 38162 

(6e) 4-Cl-Ph Et SH Nab HMPA 69 from Z-(3d) 48/52 

66 from E-(3d) 45155 

(bf) Et 2CH- EtSH NaH liMPA 68 from t-(3e) C 

(6g) 4-c 1-Ph PhCH20H Nail #iPA no reaction 

(6h) 4-Cl-Ph PhCH2NH2 Et3N HMPA no reaction 

‘Isolation yield, bDeterained by ‘H n.m.r. analysis. ‘The stereochemistry 

could not be detcrmincd in the ‘11 n.m.r. spectrum. 

Thc reactions of (3d) with benryl alcohol and bcnzylamine were 

attempted under various conditions but failed to give the desired methyl 

B-substituted a-formylam~no-(4-chloro)cinnamate [(6g) and (6h)l. Only 

starting materials uert recovered. Then, uc turned our attention to the 

isocyano group which has not only strong electron-withdrawing character, but 

is also easily converted to the foraylamino group under mild conditions. 
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As a typical example, we carried out the reaction of fZ)-methyl 8- 

bromo-a-isocyano- (4-chloro)cinnamate [Z- (7d)] prepared from Z- (Sd) by our 

method’ with various nucleophiles. When benzyl alcohol was used, the 

reaction was accompanied by tranststctification and bentyl g-benzyloxy-a- 

isocyano-(4-~1oro)cinnamate (8) was obtained in a good yield as a 21:79 

mixture of E- and Z-Isomers. After sepnration of each isomer, oath of the 

phcnylscrine derivatives was converted to the corresponding a-formylamino 

derivative (9) by treatment with anhydrous 40% V/V HCOOfl-THF at room 

temperature. 

2 - (36) 
COOCH2Ph HCOOH 

NC THF 

Cl 

COOCH2Ph 

NHCHO 

Z-Oa) 
PhCH2NH2 , 

Et3N 

NC 

COOMe 

COOMe 

PhCH2NtiN 

Z- (?a) 

PhCIi2NH’ ‘COOMe 

(12) 62% Scheme 3 

When this type of reaction was extended to the condensation of Z-(78) 

with bcnzylamine in the presence of triethylaminc, (E)-methyl a-benzyl- 

amino-~-isocyanocinnamate (10) and an unexpected compound %ere isolated in 

SO1 and 278 yield. respectively, while Z-isomer f t-(10)] was not obtained at 

all. The physicochcmical and analytical data of the by-product suggested it 

to be 4-methoxycarbonyl-2-oxo-S-phenyliaidaraline (11) whrch would be 

obtsxned via formation of Z-isomer. Thus, in order to obtain the 

(i)-$-benzylamino-o,B-dehydroamino acid derivative, after the starting 

matertal [Z- (?a))disappeared, the reaction mixture was treated with 40% V/V 

HCOOH-TiiF for Ihr to prevent from the formation of (11). Consequently, 

methyl S-benzylamino-a-formylaminocinnamate (12) was obtained in 621 yield 
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as a mixture of geometric isomers (E/Z-19/5) with a small amount of (11) 

(141). In a similar manner, the a,6-unsaturated 6- (l- imidazolyl) compound 

(13) was obtained from the reaction of Z-(7a) with imidazole as shown in 

Scheme 4. Furthermore, the reaction of Z-(7d) with methanol in the presence 

of sodium methoxide gave the a-isocyano-6-dinethylketal derivative (14) in 

92% yield. This compound was easily coverted to N-formyl-s-ketophenyl- 

Z- (78) 

MeOti 
I-(?d) - 

NaOMe 
92% 

Scheme 4 

Z-(13) 42% 

E-(13) 24% 

Cl \ 94 COOHt 
0 tiHCH0 

(15) 

alanine ester (15) which is an 3,6-dehydrophenylserine analog as well as an 

interesting intermediate for the synthesis of other amino acids and 

heterocycl ic compounds. 

Thus, the aforementioned e-hromo-z-isocyanoacrylic acid derivatives 

and their precursors are valuable materials for the synthesis of 

B-functionalizcd a,6-dehydroamino acids. 

ExpeRimental 

t4.p.s. were measured with a Yamato melting point apparatus and are 

uncorrected. I.r. spectra were recorded on a Shiaadzu IR-27G infrared 

spectrophotometer and 1U n.m.r. spectra on a HITACHI R-40 high resolution 

n.n.r. spectrometer using tetramethylsilane as the internal standard. Mass 

spectra were determined on a HITACHI M-60 spectrometer. Column chromato- 

graphy was carried out on silica gel (Xicselgel, 0.040-0.063 mm Merck). 

SXaQing U&e&at4 (2a-t). - The appropriate aldehydes were condensed 

with mcthyl isocyanoacctatc (1)14 in the presence of NaH according to the 

method described in previous papers. 9,lS 

Methyl e-Bboso-3-boasytam+noac~~~a~e~ (so-e). - Genctat p~oceduae. 



To a solution of z-(2) (20 sunof] in carbon tetrachloridc (50 ml) was added 

NBS (3,93g, 22 mmol) under ice cooling. After stirring had been continued 

overnight at room temperature, the solution was washed with saturated 

aqueous NaHCO3 and brine, dried over anhydrous MgS04’ and concsntretsd in 

vacua, The residue was subjected to column chromatography on silica gel 

using CtK13-AcQEt (8:l) as eluant. Crystals (3) obtained were rccrystal- 

lited from A&Et-hexane to afford Z- (3a), E-(3a.I. E- (3c), Z-(36), and E-(Sdf 

as colorless needles, Z- (3b), E- (3b), and Z- (3~) as colorless leaflets, and 

Zs(3e) and E-(3e) as colorless prisms. The results are summarized in Table 

1. 

Reaction CJ f3uf with NuN3. - A mixture of (3a) (l.dZg, 3 mmol) and 

h’aN3 (0.98g, IS mmolf in DMF (10 ml] was stirred for 2 days at room 

temperature and insoluble materials were filtered off+ The filtrate ~8s 

concentrated in vacua and the syrupy residue was subjected to column 

chromatography on silica gel using CHC13-WeOH (15:t) as eluant. The crude 

product (4) was crystallized as colorless needles from A&Et-hexane (R.83g, 

76%). m.p. 224”226*C (decomp,); vmsx (Nujol) 3lS0, 1700, and 1630c1a-~ 

; ~IcD~~,*(cD,),S~] 3.72 (Ski, S, oe), 7.25-7.55 (3H, m, ArH) 7.55-7.85 (ZH, 

ma ArHI, and 9.80-11.00 (ZH, br, ZNH); m/z 218 (M*) (Found: C. 60.5; H, 6.:; 

N, 32.8. ~~lH~oN*O~ requires C, 60.53; H, 4.6; S, 12.8%]. 

tiezkye ii-Etkytikia-o- joasy&aa.utoacnyEate~ (6a and 6c- f) A -- Gene&at 

phocedute . To a suspension of NaH (601 suspension in oil; O.Zg, 5 mmol) in 

HMPA (2.5 ml) was added dropwise a solution of ethanethiol fO.?flg, 12.5 

mmol) in t&WA 12.5 ml] at S-10°C. After stirrmg had been continued for 

l2hr at room temperature, Z-(3) (2.5 amol) was added to the solution at j-10 

*C and the solution was stirred for lhr at room temperature. The reaction 

mixture was poured into a mixture of 0.5 M aqueous citric acid {SO ml) and 

A&Et (30 ml) under Ice cooltng, The organic layer vas washed with brine, 

dried over anhydrous MgS04, and concentrated cn vacua. The residue was 

subjected to column chromatography on silica gel cluting with AcOEt-hexane 

(l:2) to give Z-(cia-e) and E-(frb,d,e) as crystals which were recrystallized 

from AcOEt- rPr2U. E-(6a,c) were contaminated with Z- (6a,c) and the E- and 

Z-isomers of (6f) were not separated. These results are summarized in 

Tables 2 and 5. 
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Table 3 Physical data of (68-c) 

‘It n.m.r.’ 

Compound H. p. (“0) vm,x(Nujol) cm*’ C-Mob Gi2c OMed NH= CflOf 

Z- (6a) 104-106h 

E-(68)8 

Z-(6b) 113-114h 

E-f6b) llO-llth 

Z- (6~) go- 9lh 

E-(6c)B 

Z-(6d) ll?-l18i 

E- (6d) t38- 1 3gh 

Z-(6~) 128-129h 

E- (6e) 98-99’ 

E- and 68-69 
Z- (6f) 

3250,1715,1680,1640 

3250,1700,1690,1660 

3300,1720,1680 

3280,1720,1680 

32S0,1?10,1680~16S0 

3400.1710,1680 

3300,1740,1680 

3250,1?40,1680,1650 

1.08 2.34 

1.08 2.22 

1.08 2.33 

1.08 Z-33 

1.06 2.36 

1.08 2.28 

1.08 2.34 

1.08 2.24 

1.26 2.71 

3.48 7.14-7.66 8.26 

3.86 7.00-7.52 7.85 

3.45 6.92-7.54 8.lS 

3.81 6.94-7.53 7.80 

3-49 7.34-7.63 8-24 

3.85 7.05-7.32 7.86 

3.51 7.30-7.74 8.24 

3*82 6.72-7.34 7.88 

3.51 7.45-7.64 8.24 

3.02 6.47-6.88 7.84 

3.82 7-67-7.95 6.20 

‘6 Values. CDC13 as solvent. 
f 

bTriplet J 7Hz. ‘Quartet J 7H2. dSinglet. eBroad. 

Singlet. kontaminated with Z-isomer. hColorless needles. iColorless prisms. 

Methyt 6-8enzyCihio-a-do~aytoainacinnama~e (bb). - To a suspensron of 

potassium teat-butoxide (0.5613, S runol) in tetrahydrofuran (THF) (10 ml) was 

added dropuise a solution of bcnrylmercaptan (1.6g, 12.5 mmol) in THF (5 ml) 

at -3OY. After stirring had been continued for 30 min at the same 

temperature, Z-(3a) (0.7g, 2.SmmoI) was added to the reaction mixture and 

the solution was stirred for 3hr at room temperature. The reaction mixture 

was treated as described above to give crystalline Z- and E-(bb) (Tabfes 2 

and 3). 

Methyl 12~-0-8~omo-~-i~ocyanoacaytotes [Z-(?a) and Z-(7d)j.--- These 

compounds were prepared from Z-(6a) and Z-(6d) by a method similar to that 

described previously.g’lS Compound Z-(?a) was a syrup and showed vmax 

(film) 2110 and 1735 cm 
-1 ; 6 (CDCk3) 3.65 (3H, s, OMe) and 7.0-7.70 (SH, m, 

ArH) . Compound Z-(7d) (colorless needles from hcxane) had m.p. 79-81% 

(dccomp.1; vmax (Nujol) 2100 and 173S cm-‘; 6 (CDC13) 3.69 (3H, s, OMe) and 

7.20-7.50 (bH, m, Arft) (f:ound: C, 44.85; H, 2.4; N, 4.6; Br, 26.5; Cl, 12.0. 
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C11H,N02BrCl requires C, 44.0; H, 2.35; N, 4.7; Br, 26.6; Cl, 11.88). 

Bentyf 8-BenzyLoxy-a-i4ocyano- (I-chfoaolcinnunate (8). - 70 benzyl. 

alcohol was added NaH (608 suspension in oil; 0.8g, 20 mmol) under vigorous 

stirring and the solution was diluted with THF (30 al). TO the solution was 

added dropuise Z- (7d) (38, 10 -01) in THF (SO ml) under ice cooling. After 

stirring had beon continued for lhr at the sane temperature, the solution 

was poured into a mixture of 0.5 H aqueous citric acid (100 ml) and AcOEt 

(100 ml) under ice cooling. The organic layer uas washed with brine, dried 

over anhydrous MgSO4, and concentrated in vacua. The residue was subjected 

to column chromatography on silica gel eluting with tolucne-AcOEt (49:1) to 

give Z-(8) and E-(8) as colorless oils. The Z-isomer (2.6g, 640 showed vmax 

(film) 2150 and 1750 cm-‘; 6 (CDC13) 4.5-4.75 (ZH, m, C-0-CH2), S.OO-S.2S 

(2H. n, COOCH2), and 7.05-7.55 (14H. m. ArH). The E-isomer (0.7g, 170 

showed v max(film) 2150 and 1750 cm-‘; 6 (CDC13) 4.45-4.75 (ZH, m, C-0-CH2), 

4.97-5.25 (ZH, III, COOCH,). and 7.00-7.50 (14H, m, ArH). 

BenzyL 6-Bentytoxy- a- ~oany.farino- (I-chCoao Icinnumute (9). - 401 V/v 

HCCx3H in THF (30 ml) was added to Z-(8) or E-(8) (2g, 5 mmol) and the 

reaction mixture was stirred for 2hr at O’C. The solution was concentrated 

in vac~o and the residue was dissolved in AcOEt, washed with saturated 

aqueous NaHC03, and brine, dried over anhydrous MgS04, and concentrated in 

uacuo . The residue was subjected to colunn chromatography on silica gel 

eluting with CHC13-AcOEt (39:l) to give Z- (9) or E- (9) as colorless syrups. 

Z- (9) (1.67g, 79t) showed vmax (film) 3350, 1740, and 1690 cm-‘; 4 (CDC13) 

4.50-4.58 (2H, II, OCH2), 4.95-5.26 (ZH, m, COOCH2), 5.80-6.10 (lH, br, NH), 

7.10-7.50 (14t1, a, ArH), and 8.11 (1H. d J lHt, CHO). E- (9) (l.SSg, 72.58) 

showed v max (film) 3350, 1740, and 1690 cm-l; 6 (CDC13) 4.28-4.70 (ZH, m, 

OCH2), 5.00-5.15 (2H, m, COOCH2). 5.8s (lH, br d J 9Hz, NH), 7.00-7.50 (14H, 

m, ArH), and (lH, d J lHr, CHO). 

Reaction 04 Z- (7~1 wiih EenzyLanine . - To a nixture of Z- (7a) (1.33g, 

S mmol) and triethylamine (O.SSg, 5.5 mmol) in HMPA (5 ml) was added 

dropwise bsntylamine (O.S3g, S -01) at 1O’C. After stirring had been 

continued for lhr at the same temperature, the reaction mixture was 

concentratedin vacua and the residue was subjected to column chromatography 

on silica gel eluting with AcOEt-hcxane (1:2) to give E-10 as a syrup 

(0.78g, 500 and 11 as colorless needles (0.39g, 27t). E-10 showed vmax 
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(film) 3230, 2100, and 1680 cm-l; 4 (CDC13) 3.81 (3H, s, OMe), 4.18 (lH, d J 

7Ht, CH2), 6.99-7.58 (10H. m, ArH), and 9.30-9.67 (lH, br, NH). 11 had a.p. 

112-3 OC; vnax (Nujol) 1700 cm-‘; 4 (CDC13) 3.76 (SH, s, OMe), 4.96 (2H, s, 

CH2), 6.84-7.52 (10H. m, ArH), and 7.56 (lH, s, N-CH) (Found: C, 74.1; H, 

5.4; N, 9.5, C18H16N202 requires C, 74.0; H, 5.5; N, 9.61). 

Methy.! 6-Benzyfamino-a-~o~ny(ominoc~nnama~c (12). - To a mixture of 

Z-(7a) (1.33g, 5 amol) and tricthylaminc (O.SSg, S.5 mmol) in HMPA (5 ml) 

was added dropwisc benzylaaine (0.53g. 5 mmol) at 1O’C. After stirring 

was continued for lhr at room temperature, 40t V/V HCOOH in THF (70 al) was 

added to the mixture at -ZO*C. The reaction mixture was stirred for lhr at 

O’C and concentrated ia vacua. The residue was dissolved in AcOEt, washed 

with 1st aqueous K2C03 and brine, dried over anhydrous HgS04, and 

concentrated in vacua. The residue was subjected to column chromatography 

on silica gel cluting with AcOEt-hcxanc (1:1) to give a mixture of Z-(12) 

and E-(12) as crystals and (11) as crystals (0.2lg. lbl). A mixture of 

Z-(12) and E-(12) (0.96g, 628) showed vmax (Nujol) 32S0, 1690, and 1660 

cm -1 ; 6 (CDC13) 3.68, 3.70 (SH, s, s, COOHe), 4.06, 4.10 (2H, d, d, J 6 Hz, 

CH2), 5.81-6.18 (lH, br, NH) 6.97-7.48 (lOH, m, ArH), 7.61, 7.74 (lH, s, s, 

CHO), and 9.24-9.57 (lH, br, SH). 

Methy.f a-0-ZmidazofyLj-a-i4ocyanocLnnama$e (13). - To a mixture of 

imidarole (0.7Sg, 11 mmol) in HMPA (5 ml) and THF (20 ml) was added NaH (601 

suspension in oil; 0.44g, 11 mmol) at room temperature and the reaction 

mixture was stirred for 20 min. To the solution was added dropwisc I-(7a) 

(2.66g, 10 mmol) in THF (10 ml) under ice cooling. After stirring had 

continued for 3hr at room temperature. the reaction mixture was neutralized 

with 0.S M aqueous citric acid and extracted with AcOEt. The organic layer 

was washed with saturated aqueous NaHC03 and brine, dried over anhydrous 

Mg9D4 * and concentrated in vacua. The residue was subjected to colunn 

chromatography on silica gel using CHC13-AcOEt (4:l) as cluant. The 

scpatrated isomers were crystallized as colorless needles from iPr20. The 

(Z)-isomer (l.O6g, 420 had n.p. 87-89’C (decomp.); vmax (Nujol) 2110, 1735, 

and 1605 cm -1 i 6 (CDC13) 3.68 (SH, s, Ok), 7.13-7.70 (8H. II, ArH) (Found: 

C, 66.4; H, 4.45; N. 16.5. C14HllN302 requires C, 66.4; H, 4.4; N, 16.61). 

The (E)-isomer (0.61g, 241) had m.p. 99-101°C (decozap,); vmax (Nujol) 2110, 

1730, and 1600 cm 
-1 ; 6 (CDC13) 3.76 (3H, s, Ok), 6.77-6.86 (lH, m, CH-N), 
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and 7.10-7.70 (7H, m, ArH) (Found: C, 66.3; H, 4.4; N, 16.6. C H N 0 
14 11 3 2 

requires C, 66.4; H, 4.4; N, 16.61)). 

Meihye 3-l4-Chto~opkenyt~-P-idofyano-3,3-d~meZ~o~yp~op~ona~e (14). 

- To a mixture of NaOMe (0.6Sg. 12 mmol) in HeOH (20 ml) was added Z-(7d) 

(5g, 10 mmol) under ice cooling. The reaction mixture was stirred for 30 

mm at the same temperature and poured into a mixture ofO.5 M aqueous citric 

acid (1SOml) and Et20 (50 ml). The organic layer was washed with brine, 

dried over anhydrous MgS04, and concentrated in vocuo. The residue was 

subjected to column chromatography on silica gel eluting with toluene-AcOEt 

(39:l) to give (14) as a colorless oil (2.32g, 921), vnax (film) 2160 and 

1750 cm-*; 6 (CDC13) 3.32 (3H, s, C-OMe), 3.38 (3H, s, C-OMe), 3.62 (3H, s, 

COOMC) , 4.76 (lfi, s, CH), and 7,26-7.55 (4H, m, ArH). 

Methyt 3-~4-ChZozophenylf-4-~o~ff~~u~~no-3-o~op~op~o~a~e (1s). 

- Compound (14) (1.7g, 6 mmol) was dissolved in 408 V/V HCOOH in THF (40 

ml) and treated in a similar way as described in the synthesis of (9). The 

crude oil was subjected to column chromatography on silica gel using 

CHCI3-AcOEt (19:l) as eluant. The crude product was crystallized from 

AcOEt-iPr20 to give (15) as colorless needles (l.l7g, 76.5)); m.p. 116-118“ 

” vmax (Nujol) 3350, 1750, 1700, and 1670cm-1; 6 fCDC13) 3.75 (3f1, s, OMe), 

6.23 (1H. s, CH), 7.02-7.34 (lH, br, WH), 7.45 (2H, d 3 9Ht, ArH), 8.04 (ZH, 

d 3 9112, ArH), and 8.28 (lH, s, CHO) (Found: C, 51.5; H, 4.0; N, 5.5; Cl, 

13.8. ClIH10S04C1 requires C, 51.7; H, 3.9; h’, S.5; Cl, 15.91). 
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