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Abskac& (Z)-2-N-Acylamino-3-thienyl-acrylic acids and their esters were pmpared by known procedu~ and hydrogenated to the 

cwesponding optically active I-N-acetyl(or benzql)-3-(2- or 3&ienyl)-alanines with optical yields up to 90 % using the rhodium 

complexes of “PROPRAPHOS” 6a,b and O,N_bis(diphenylphosphino)-2exo-~~~,3~~m~~~~~e 6c as chiral 

catalysts. Recrystallkation and deacylation of the obtained amino acid dsrivatives yields the optically pun hydrochlorides of the 

thienylalani~andthefreeanlinoacids. 

Iniroakction: Thiophene containing amino acids have received interest because of their potential 

pharmacological utility and their incorporation in synthetic peptidesl. Racemic Z- and 3-thienyl derivatives have 

been prepared by several methods2, whilst the optically active 2-thienyl compounds have mainly been obtained 

via classical or enzymatic procedures.3 

(L)3-Thienyl &mines were reported exclusively as components in oligopeptides4. In the field of asymmetric 

hydrogenation, the reaction of (Z)-thienyl-N-aoyl-propenoic acids in presence of neutral or cationic RhDIOP 

complexes has been described by Cat&la et al.5 

Resufts and Discussion: The substrates (Z)-4 and (Z)-5 used for the asymmetric hydrogenation were prepared 

as shown in Scheme 1. 

Starting from the thienyl aldehydes 1, the (Z>2-methyl (or phenyl) oxazolones (Z)-3 were available by the 

Erlenmeyer reaction. The ring opening leads to the dehydroamino acids (Z)-4a-d ortieir esters (Z)-Sa-d, 

respectively6. The asymmetric hydrogenation of the substrates 4a-d and 5a-d was carried out using the 

catalysts 6a-c and Rh-DIOP for comparison. 

The results summarized in Tables 1 and 2 demonstrate that these chirsl catalysts of the aminophosphine 

phosphinite type are very efficient in both activity and enantioselectivity in the hydrogenation of thiophene 

derivatives. These systems are not poisoned by thiophen and have been shown to catalyze the asymmetric 

hydrogenation of normal7 and unusual* dehydroamino acids with high rate and enantiosekctivity. 

Table 1 compiles the results for the hydrogenation of the thienyl acrylic acids. The efhciency of our catalytic 

systems with respect to DIOP is .$&ant, especially in enantios&ctivity, and the advantage of the 

PROPWHOS complex 6a or 6b is particularly clearly demonstramd (Table 2). The 2-thienyl derivatives 4a,b 

give some higher rates and enantiomeric excesses with respect to the 3-thienyl compounda 4c,d. The 

enantiomeric excess was not significantly enlarged in case of (Z)-2-acetamido-3-thienyl-propenoic acids 

1833 



1834 C. DOBLER cf al. 

compared with their benzsmido analogues which is in contrast to DIOP (table 1, entry 5, 8, 15 and results 

previously reported by Cativiela et al.5). 

Table 1 Catalytic asymmetric hydrogenation of 4a-d 

Entry subs& cat. Sllbsh. Product t/2b 
cat. (o=tfig.)* (mW (?z) 

afterRe- 
clyst. 

1 4a 6a 

2 4a 6b 

3 4a 6a 

4 4a 6c 

5 4a DIOPC 

6 4b 6b 

7 4b 6c 

8 4b DIOPC 

9 4c 6a 

10 4c 6a 

11 4c 6c 

12 4d 6a 

13 4d 6a 

14 4d 6c 

15 4d DIOPc 

100 7a @) 2 90 

100 7a (S) 2 90 

1000 7a @) 26 89 

100 7a @) 395 78 

100 7a @) 2 77 

100 7b (S) 2.5 90 

100 7b @) 4 80 

100 7b 6) 2 31 

100 7c (R) 1 88 

1000 7c (R) 8 84 

100 7c @) z5 70 

100 7d @) 1 85 

500 7d (R) 3,5 84 

100 7d @) 2,5 65 

100 7d @) 2 42 

z 4 
> 99 

z-99 

. 
>99e 

>99 

98 

%f 

95 

Catalysts 6ac as w cationic complex, 0.01 mmok 15 ml MeOH, 25 “C, 0.1 MPa H2 

a amumed contigration, comparison with DIo$, b t/2 time for uptake of 50 % of theoretical b+ogen 

volume. The value gives a rough indication since exact mSSsarementoftherateand dLediftikoncontrolllas 

not been performed. C cationic compkx, in situ formed from (-)DIOP d from ethylacetatefhexane, e from 

H20, f from acetonitrile, mother liquor pmdnct. 

In some cases the enantiomeric purities can be raised by recrystalhsation to become s 99% ee (see last column 

in Table 1). 

The (S)-con6gured catalyst 6r induces (R)-co&ured thienyh&nines, whilst catalyst 6b shows the opposite 

behaviour. Catalyst (+)-6e gives @-product, and thus the (S,S)-con6guration can be supposed from 

comparison. 

Because of the high activity and enantioselectivity of the catalyst 6a & 6b the substrate : catalyst ratio was 

increased up to 1000 : 1 (Table 1, entry 3, 10). 

The same holds for the methyl esters Sa-d (Table 2) where rate and selectivity nearly correqond to the results 

in Table 1 which is in atoordance with experiences formerly made. Indeed, already the increase of the substrate : 

catalyst ratio up to 500 : 1 leads to a signigcant rise of the hydrogenation time (see entry 2,7). 

The deacylation using ‘6 N hydrochloric acid of the hydrogenated N-ace@ products, the acids 7a, c (> 99 % ee) 

as well as the ester 8a(> 99 % ee), yields amino acid hydrochlolides (> 99 % ee). Free amino acids 101, b 

resulted from the hydrochlorides 9a, b via cation exchange resin (DOWEX 50) by elution with 10 % ammonia. 
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P 
R’-CHO + R2CQNH-CH,COOH - 

H, 
#c-c 

/c-o 

1 2 R’ .N = i,R2 

M-3 

H, , COOH H, , COOCHS 
c=c c=c 

R’. ‘NH-COR’ R” ‘NH-cOR2 

(Zwaa-d (Z)-50-d 

lat 25+ cat’ 6 
’ CH30H 

I 

RI-CH,-&I 
,COOH 

‘NH-COP 
RI-CH,-;H 

, COOCH, 

‘NH-COR’ 
70-d 00-d 

I 
H,O/HCl 

1. cation 
ex*ange 

R’-CH2--C;I 
,COOH rasln COOH 

’ NH2 2. 10% NH,OH 
R’-CH,-$H ’ 

‘NH?@ 
10ab 9a,b 

0-CH,-CH - CH 

Cai (+)-(S) & 

Cat (-)-(R) 6b 
Cat* (+)-(SS) 6c 

3n74.65 R’ 

a 

b 

SCHEME 1 
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Table 2 Catalytic asymmetric hydrogenation of Sa-d 

Entry Substr. Cat. Substr. Product t/2 after- 
Cat. (c$J@.) (mw nyst. 

1 5a 6a 100 8a @) 3 88 >99a 
2 Ja 6a 500 8a @) 20 86 299 

3 sa 6c 100 8a (R) 4 77 

4 Sb 6b 100 8b (S) 4 90 

5 5b 6c 100 8b (R) 5 75 

6 SC 6a 100 8c (R) 1 86 98s 
7 se 6a 500 8c (R) 15 83 98 
8 5c 6c 100 SC 0 2 72 
9 5d 6a 100 8d W 195 85 938 

10 5d 6c 100 8d @) 2,5 70 

11 5d DIOP 100 8d @) 2 20 

Cat. 0.01 mmol; 15 ml MeOH, 25 “C, 0.1 MPa H2, a ethylacetatekxane 

For structure elucidation and charscterization of the compounds 4,5,7 and 8, the 1H and 13C NMR 

spectra have been recorded. 

Table 3 lH-Chemical shifts and coupling wwtants (in parentheses) of compounds 4 snd 5 (m DMSO-d6) 

40 4b 4c 4d Sa Sb !k Sd 

H-2’ - - 1.92 dd 7.%dd - 7.95 dd 8.02 dd 

(3.0; 0.7) (3.0; 0.8) (3.0; 0.7) (2.9; 0.9) 

H-3’ 7.51 d 7.S8a 7.55 d ‘I&Y’ I 

(3.8) (3.5) 

H-4’ 7.14 dd 7.13 dd 7.43 dd 7.45 dd 7.15 dd 7.16 dd 7.43 dd 7.45 dd 

(5.0; 3.8) (5.0; 3.8) (5.0; 0.7) (5.1; 0.8) (5.3; 3.5) (5.1; 3.7) (5.0; 0.7) (5.1; 0.9) 

H-5’ 1.74 d 7.71 d 7.6Odd 7.53 7.79 d 7.75 d 7.62 dd 7.60’ 

(5.0) (5.0) (5.0; 3 .O) (5.3) (5.1) (5.0; 3.0) 

H-3 7.72 s 7.90 6 7.36 s 7.62 s 7.75 6 1.93 6 7.33 s 7.61 6 

C0OX 12.50 12.62 12.62 12.71 3.73 3.17 3.70 3.75 

NH 9.22 9.78 9.42 9.95 9.36 9.90 9.44 10.10 

-3 2.05 - 2.03 - 2.05 - 2.04 

o-Ph - 8.05 m - 8.06m - 8.06m - 8.06 m 

m,P-m - 7.65-1.50 m - 7.65-7.50 m - 7.68-7.52 m - 7.68-1.52 m 
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The 1H-chemical shifts and lH-lH coupling constants are summarized in the Tables 3 and 4 and the 1% 

chemical shitts are given in Tables 5 and 6. 

s 

(r 
CA =Loox 

k-i-CO-R2 
s C~*-CLCOOX 

“\ /’ 5’ \ / 2’ t.27 LJH-CO-R2 

4, 3’ 4’ 3’ 

Table 4 1H-Chemical shifts and coupling constants (in parentheses) of compounds 7 and 8 (7 in DMSO-d6; 

8 in CDC13) 

?a 7b lc ?d 8a 8b 8c ad 

H-2’ - 7.21 dd 7.3odd - 6.93 dd 6.99 dd 

(3.0; 1.2) (3.0; 0.9) (3.0; 1.2) (3.0; 1.2) 

H-3’ 6.89 dd 6.98 dd 6.74 dd 6.80 &I 

(3.5; 1.1) (3.5;l.l) (3.4; 1.0) (3.5;l.l) 

H-4’ 6.94 &I 6.94 dd 7.01 dd 7.10 dd 6.89 dd 6.94dd 6.80 dd 6.87 dd 

(5.0; 3.5) (5.0;3.5) (4.9; 1.2) (4.9; 0.9) (5.2; 3.4) (5.1;3.5) (4.9; 1.2) (4.9; 1.2) 

H-5’ 7.34 dd 7.33 dd 7.43 dd 7.43 dd 7.16 dd 7.17 dd 7.20 dd 7.25 dd 

(5.0; 1.1) (5.o;l.l) (4.9; 3.0) (4.9; 3.0) (5.2; 1.0) (5.2;l.l) (4.9; 3.0) (4.9; 3.0) 

H-3 3.27; 3.09 3.4x3.35a 3.09; 2.8Ta 3.23; 3.15a 3.35; 3.2ga 3.53;3.508 3.11; 3.05= 3.31; 3.25a 

H-2 4.41 dddb 4.62 d&lb 4.4oddd” 4.64 dadb 4.83 chidh 5.09 ddab 4.19 d& 5.04 dddb 

(8.8;8.0;4.8) (8.2;10.0;4.3) (8.5;9.5;5.0) (8.2;9.9;4.8) (7.7;4.9;4.9) (7.4;4.8;4.8) (7.8;6.0;5.5) (7.6;5.6;5.6 

coax 12.68 12.82 12.69 12.80 3.65 3.80 3.65 3.77 

NH 8.20 d 8.76 d 8.21 d 8.76 d 6.32 d 6.74 d 6.40 d 6.72 d 

(8.0) (8.2) (8.5) (8.2) 0.7) (7.4) (7.8) (7.6) 

coCH3 1.85 - 1.81 1.99 - 1.92 

o-Ph 7.87 m 7.85 m - 7.78 m 1.72 m 

nzpPh - 7.58-7.45 m - 7.57~7.42m - 7.55-7.40 m - 7.50-7.35 

a BParI Of all AEX-SP&SUII (7% J3a_3b’14.9, J3a_2’8.8, J3b2’4.8; 7b:J3a_3b=14.8, J3a_2=10.0, 

J3b2’4.3; 7~ J3a.3bz14.5, J3,_2+.5, J3b_2=5.o; 76: J3a_3b=14.4, J3+2=9.9, J3b2’4.8; 81: J3a_3b=14.5, 

J3a.2=J3h.2+9; 8b: J3+3b’l5.o, J3a_2’J3b2’5.0; 8~: J3a_3bz14.5, J3a_2=b.0, J3b2’5.5; 86: &-@4.4, 

J3a_2=J3b2=5.6) h dd after addition ofD20 

The assignment of the proton signals of the thiophene ring was performed based on splitting patterns, the 

magnitude of coupling constants and the chemical shifts, which can be expected for substituted tbiophcnesg. 

The assignment of the 13C signals could be ensured by recording the DEFT-spectralO, and additionally in the 

case of compounds Ja, 5c, 5d, 8a and Sd, respectively, 13fY1H-correlation spectral0 have been recorded. 

In this way an unambiguous identification of the thiophene signals, and in the case of compounds 4 and 5 also 

for C-6 and C-7, which are overlapped with thiophene signals, could be reached. 
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Table 5 13C-Chemical shifts of compounds 4 and 5 (in DMSO&) 

4a 4b 4c 4d 51 Sb 5c 5d 

c-2 

C-3’ 

C-4’ 

C-S 

c-3 

c-2 

COOX 

NJKO 

mH3 

COCH3 

C-l” 

C-2” 

C-3” 

C-4” 

136.6 136.7 129.6 130.2 

133.3 133.6 135.5 135.7 

127.3 127.3 128.4 128.0 

131.3 131.5 126.8 128.6 

129.0 129.7 126.9 127.2 

124.1 124.2 125.7 125.7 

166.2 166.1 166.7 166.8 

169.9 166.5 169.5 166.3 

23.1 - 22.9 - 

134.0 - 133.9 

127.9 - 128.0 

128.6 - 128.8 

131.9 - 132.1 

136.2 

133.7 

127.3 

131.6 

129.1 

123.0 

165.2 

169.8 

52.1 

22.9 

136.2 

133.7 

127.3 

131.9 

130.0 

123.1 

165.1 

166.4 

52.2 

134.0 

127.8 

128.6 

132.0 

129.8 130.7 

135.0 135.3 

128.2 127.9 

126.8 128.8 

126.8 127.3 

124.8 124.7 

165.7 166.0 

169.4 166.2 

52.1 52.4 

22.6 - 

133.5 

127.9 

128.8 

132.2 

Table 6 13C-Chemical shifts of compounds 7 and 8 (7 in DMSO-d6; 8 in CDC13) 

7a 7b 7c 76 81 8b ac 8d 

C-2’ 139.6 140.1 122.6 122.4 137.2 139.6 122.5 122.7 

C-3’ 126.3 126.3 138.2 138.7 126.6 126.4 135.9 135.9 

C-4’ 126.9 126.8 129.0 129.0 126.9 126.9 128.0 128.2 

C-5’ 124.7 124.7 126.0 126.1 124.7 124.9 125.7 126.0 

c-3 31.3 30.8 31.7 32.2 31.8 30.6 32.0 32.2 

c-2 53.6 54.3 53.3 54.0 52.9 54.4 52.5 53.0 

OX 172.6 172.7 173.5 173.5 171.4 171.7 172.0 171.9 

NHCO 169.4 166.6 169.6 166.8 169.7 166.6 169.7 166.8 

OCH3 - 52.4 52.2 52.2 52.4 

COCH3 22.5 - 22.1 - 23.0 - 22.8 - 

C-l” - 134.1 - 134.2 - 133.8 - 133.7 

C-2” - 127.5 - 127.1 - 127.5 - 126.9 

C-3H - 128.5 - 128.6 - 128.4 - 128.5 

C-4” - 131.5 - 131.7 - 131.6 - 131.7 
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Conclusions: The cataIyst PROPRAPHOS in previous investigations applied for the asymmetric hydrogenation 

of unusual dehydro amino acid derivatives, proved to be also useful in the asymmetric hydrogenation of 

thienylalanine precursors without loss of activity and stereoselectivity. The procedure may be scaled up. After 

recrystallisation and acidic hydrolysis, which runs in this case without appreciable racemization, optically pure 

thienylahxnines are easily accessable to be used in oligo peptide synthesis. 

,%perimentaI: 1~ NMB and 13C NMR spctm were recorded on a 250 MHz spectrometer (Bruker, AC 250). 

The calibration of the spectra was carried out by means of solvent peaks (CDC13: 6 lH~7.25, 6 13C=77,0; 

DMSO-d6: 6 IH=2.50; 6 I3C=39.7). Optical rotation was measured on a Polamat A polarimeter (Carl Zeiss, 

Jena). The enantiomeric excesses (% ee) were determined by GLC on a Hewlett-Packard chromatograph 5880A 

fitted with a 4.3 m capillary column XE-60 (N-L-valinatertbutylamide, FID, split 1:60, I75 “C) for the acyla- 

ted amino acid derivatives Ba-d, for 7a-d atIer esterification with diazomethane. HPLC measurements were 

carried out on a KNAUER chromatograph (Pump 64) equipped with a CHIRALPAK WI-I column (J. T. Baker 

B. V.) and connected with an EPSON PC AX 2e. Melting points are unoorrected and were determined on a 

Boetius microscope. 

Hvdronenation. general procedure: 

Hydrogenations were performed under normal pressure and 25 ‘C as described principally by Kaganl l. 1 ml of 

the hydrogenated solution was esterified by a freshly prepared solution of diazomethane (7a-d) in order to 

determine the ee by GLC. The other part was freed from the solvent and recrystallized. 

Deacylation. ~enerd procedure: 

The recrystallii optically active thienyl compounds were reflwred in 6 N hydrochloric acids far 6 hours. The 

solution was extracted with ether, the acidic aqueous solution treated with charcoal and concentrated under 

reduced pressure at 30-35 Y!. The crystals were washed several times with absolute acetone and dried over 

phosphorous pentoxide under vacua. 

Chemicals: 

AI1 solvents were purltIed and dried by usual methods and stored, if necessary, under argon. 

Catalysts were prepared according to published methods7. 

(M-N-Acetvl-3-/2-thienvlManine /7ak 

m. p. 164-165 ‘C (ethylacetate), Lit.3d 169 Oc, [a]D25 -42.8 (c 1, EtOH), > 99 % ee (GLC) 

Lit3a12 -43.15; Lit.% -39.0 (72 % ee) 

C9HIINO3S (213.3), c&d. C 50.69 H 5.20 N 657 S 15.04 

found C 50.45 H 5.33 N 6.67 S 14.93 

~~-N-Be~ll-3-f2-~ie~i~~~i~ f7hk 

m. p. 100-102 “C (ethylacetate), [a]D25 - 13.3 (c I, &OH) 

91% ee (GLC), Lit. 5b [U]D25 - 1.9 (12 % ee) 

CI4HI3NojS (275.3) calcd. C 61.07 H 4.76 N 5.09 S 11.65 

found C 60.87 H 4.78 N 5. I8 S 11.46 
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_ _ Ace~l-3434hieq&at7nine #ck 

m. p. 176-178 “C (H20), [a]D25 -46.2 (C 1, &OH), > 99 % W (GLC) 

C9H1lNO$(213.3), calcd. C 50.69 H 5.20 N 6.57 S 15.04 

found C 50.89 H 5.21 N 6.74 S 15.19 

m: 
m. p. 135 “c (acdnitd. mother liquor) [uG5 + 4.1 (c 1, &OH), 96 % ee (GLC) 

Cl4Hl3NO3S (275.3), caled. C 61.07 H 4.76 N 5.09 S 11.65 

found C 60.98 H 4.87 N 5.29 S 11.60 

@U-N-Acetvd3-12-rhierml)-akPrine-methvl 

m. p. 112-l 14 “C (ethylaceta~), [a]D25 -16.7 (c 1, &OH), > 99 % ee (GLC) 

Cl0Hl3NO3S(227.3), c&d. C 52.84 H 5.76 N 6.16 S 14.11 

fouhd C 52.72 H 5.91 N 6.26 S 13.% 

m. p. 7274 ‘C (@lac8tatW), [afD25 - 39.7 (c 1, EtOH), 90 % eo (GLC) 

C&5NO3S(289.4), a&A. C 62.26 H5.22 N4.84 S 11.08 

found C62.47 H5.28 N5.02 S 11.19 

~-N-Ac~i~-~~l ester t&J: 

m. p. 106-108 T (ethjla cWwkxa@, [a]D25 -14.6 (c 1, EtOH), 98 % ee (GLC) 

Cl0H13NO3S(227.3), c&d. C 52.84 H 5.76 N 6.16 S 14.11 

found C 52.72 H 5.70 N6.23 S 14.21 

- _ _ 

a p. 85-86 Y! (ethyl acetatemexene), [a]D25 + 35.2 (c 1, EtOH), 93 % eie (GLC) 

Cl5Hl5NO3S (289.41 r&d. C 62.26 H 5.22 N 4.84 S 11.08 

found C62.15 H5.25 N4.95 S 11.20 

[R)g ‘& 19ak 

m. p. 228-232 “C (H20). [a]D25 t 15.0 (c 1, H20), > 99 % ee (HPLC) 

1H NMR @MS&&): 3.46, 3.40 (dq, 2H, CH2-3, J3*_3b=15.4 Hz, J3a_2’6,0 HZ, J 3b2cS.6 HZ); 4.09 (dd, 

H-I, H-2, J-6.0 JTIz, Js5.6 Hz); 6.97 (dd, lH, H-4’, J=S.l Hz, J=3.0 Hz); 7.03 (d, lH, H-3’. J=3.0 Hz); 7.40 (d, 

lH, H-S’, J=5.1); 8.70 (b, 3H, NH3CI); 13.50 (b, lH., COOK). 

13C NMR (DMSO-&j): 29.9 53.3 (C-3); (C-2); 125.8 127.4 (C-5’); (C-3’); 128.1 (C-4’); 136.2 (C-2’); 170.0 

(COOH). 

C7HlOClNO2S (207.7), calcd. C40.48 H4.85 Cl 17.08 N6.75 S 15.44 

found C 40.53 H 4.90 Cl 17.23 N 6.70 S 15.60 
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@3-/3-l7depl~~~hl& #bh 

m. p. 226-229 Y! (H20), [a]~25 + 23.2 (c 1, H20), 99,6 % ce (HPLC) 

lH NMR (DMSO-d6): 3.23,3.20 (dq, 2I-& CH2-3, J3a_3b=15.0 Hz, J3a_2=J3b_2=6.2 Hz); 4.lo’(dd, H-I, H-2, 

J=6.2 Hz, J=6.2 Hz); 7.04 (dd, lH, H-4’, J-4.8 Hz, J=l.O); 7.35 (dd, lH, H-2: J=2.9 Hz, J=l.O Hz); 7.48 (dd, 

lH, H-5: J=4.9, J=2.9); 8.60 (b, 3H, NH3Cl); 13.50 (b, lH, CGGH). 

13C NMR @MSo-d6): 30.4 52.8 124.1 126.5 (C-3); (C-2); (C-2’); (C-5’); 128.9 (C-4’); 135.2 (C-3’); 170.3 

(CGw. 

C7HlOClNO2S (207.7), c&d. C 40.48 H 4.85 Cl 17.08 N 6.75 S 15.44 

found C40.42 H4.65 Cl 16.89 N 6.84 S 15.54 

@-3-f2-l@em&zlan~ne /IOak 

m. p. 246-258 OC (H20), tit.3“ 265-266 “C, Lit.t.Ja 239-244 OC 

[a]D25 + 3 1.8 (c 1, H20), > 99 % ee (HPLC) 

Lit. 3d+ 31.4, Lit. 38 + 31.7 

C7H9NO2S (171.2), &xl. C49.10 H5.30 N8.18 S 18.73 

found C 49.02 H 5.34 N 8.30 S 1859 

(ru-3-/3-7?tiem&zbmine Ilob): 

m. p. 239-242 OC (H20), [a]D25 + 42.6 (c 1, H20), > 99 % ee (HPLC) 

C7H9NO2S (171.2), calcd. C 49.10 H 5.30 N 8.18 S 18.73 

found C 49.20 H 5.23 N 8.32 S 19.03 

Acrknowledgemenr: The authors are gratefbl to Mrs. Dr. C. Facldam and Mrs. K. Kortus for HPLC and GLC 

analysis, to Mrs. Ch. Fuhrmum and Mrs. I. St&r for technical assistance. 
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