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CONGENER I(R)-ASP-(S)-PhOMel VIA NITRONE CYCWADDITION 
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Abstract-rhe title compounds have been synthesised + cycloaddltion of 
nitrones (3a,b,c) to 2-chloroacrylonltrile. 

The low-calorie dipeptide sweetener aspartame i(S)-Asp-(S)-PhOMel has about 180 times the sweet- 

2 ness of sucrose.1 The flrst synthesis was reported in 1966 but its sweetness was discovered 

3 
accidentally two years later during work on the synthesis of the C-terminal tetrapeptlde sequence 

of gastrin, Try.Met.Asp.Phe.NH2. The coonnercial importance of aspartame as a "on-toxic, low- 

calorle artificial sweetener (Canderel; Equal; Nutra-Sweet; Tri-Sweet) has resulted in contmued 

synthetic effort and additmns to the patent lrterature. 
4 

  he principal difficulty with conventional syntheses based on simple peptide coupling is the 

problem of differentiating between the a- and 5-carboqlgroupsof (S)-aspartic acid and the 

consequent need to separate mixtures of regiolsamerlc dipqtide~.~ Resourceful ~hemical~"'~ and 

9 enzymological solutions have to some extent overcome this problem. Two recent syntheses do not 

depend an a protocol for coupling the natural amino acids but lnstead elaborate synthetic dl- 

peptide precursors. ~hus, ~uganrl" employed a chlral rhodium catalyst to generate aspartame 

(80% d.e) % hydrogenation of N-protected dehydroaspartame. Another inventive but hardly 

practical recent syntheslsil features as key step the photochemical oxazlridine-amide rearrange- 

ment of a dlpeptlde precursor. 

We now present a different approach to aspartame, in whlch the aspartyl moiety was assembled 

via 1,3-dipolar cycloaddition of nitrones (31 to the ketene equivalent 2-chloroacrylonitrile*. 
12 - 

OUI reason for embarking on this synthes~s was to see whether the sequence w e  had successfully 

used to synthesis= stereoselectively the natural 6-amino a c ~ d s  6-leucine, 8-phenylalanine, 8- 

tyrosine13 and ~ - 1 ~ s m e ' ~  could be applred to make a-aspartyl dlpeptides, and whether chirality 

could be eff~ciently transferred to the newly generated a-aspartyl chiral centre by the second 

* we have found this to be much superior to vinyl acetate,14 since it avolds the low-yleld 

oxidation step needed to transform the initial addncts into isoxamlidinones. 



amino acid [in this case (S)-phenylalaninel already incorporated into nitrone (3). 

The nitrones (2a.b.c) were readily obtained by reacting glyoxylic acid hydrate with the 

appropriate alkyl hydroxylamine. Nitrone 12a) was crystalline, nitrones (2Ul and 12c) were oils. 

'H Nmr showed each of the nitrones was the slngle 2-lsomer. The methyl ester of nitrone (2b) 

lfrom methyl glyoxylatel exists in solution as a 1:l mixture of 2 and E isomers and 1s probably 

useless for asymmetric cycloaddltion with chloroacrylonitrile (see Experimental). Couphng with 

(Sl-phenylalanine methyl ester hydrochloride I11 was effected in dichloromethane with N-methyl- 

2-chloropyridinium iodide in presence of triethylamine, affording crystalline (3aI and 13b) and 

oily (3cI (55-6091. Again, 'H nmr showed each nitrone (3a.b.c) was the single 2-isomer. 

Cycloaddition of each of the nitrones 0a.b.c) with excess a-chloroacrylonitrile at 80°c led 

regiospecifically to the adducts 14a,b,cI, obtained as mixtures of diastereoisomers at C-3 and-C-5 

in virtually quantitative yields. They were hydrolysed directly at ZOOC inaqueous TAP containing 

0.2-014 equivalents of HC1. Pvrif~cation by flash chromatography over silica gel afforded the 

isoxazohdinones (5a,b.c) in 75.85% yields as either a mixture of two diastereomers L5a.h) or a 

single diastereomer (5"). The proportion of diastereomers in each mixture was obtained from their 

'H n m r  spectra at 200 MHz (see Experimental) and the stereochemical assignments follow from 
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conversion into either IS)-Asp-IS)-PhOMe or (Rl-Asp-IS)-Phone on hydrogenolysis as below. 

Most striking is the fact that nitrone 13cI leads to a single diastereomer (5c) 13R1. Thus, 

introduction of a second chiral centre, IS)-Cme~h, reinforces the directing effect15 of (S)-Pheme 

and ensures cyclo addition of chloroacrylonitrile excluelvely to the =,=-face of nitrone (3~). 

By contrast, in nitrone 13b) IR = (R)-CmePhl, the two chiral directing groups are in conflict, and 

cycle addltmn is less diastereoselective [(3R):13S) = 2:31 than with nitrone (3a) IR = CH2Ph1 

1(3R):13s) = 5:21. Unfortunately, the single isomer (5c )  leads not to aspartame, but to the taste- 

less (R)-aspartyl epimer as the sole product (see below). 

Hydrogenolysie of the isaxazolidinones (5a.b.c) with Pearlman's catalyst in aqueous ethanol 

under atmospheric pressure at either 20% 15a) or 70% 15b.c) afforded the dipeptides in near- 

quantitative yields on filtration of catalyst and removal of solvent &=. Thus, the major 

(3s)-lsomer of (Sb), separable from the minor 13R)-isomer by flash chromatography, afforded the 

sweet-tasting aspartame 1s)-Asp-(S)-PhOMe 16), identical (mp, lalD, and 13c nmr and ir) 

with an authentic specimen. Similarly, hydrogenolysis of the slngle lsomer 15c) afforded the 

tasteless (R)-Asp- (S)-PheOMe (71, identified by m p.  lo^^,^ and the very close correspondence of 
its Spectroscopic properties Ims, i r ,  and 13c nmr I with those of aspartame. 

EXPERIMENTAL 

The following instruments were used: Nmr : Perkin-Elmer R32 190 MHz1 or Bruker WP2OOSY 

1 13 1200 MHz). '8 and 13c n m r  spectra are for WC13 solutions at 200 m z  I H) or 50 MHz I Cl 

unless otherwise indicated. % : vG/l(ratos MS 9025. : Perkm Elmer 983. Optical 

Rotatmns: optical Activity AA-100. 

Nitrones (2a.b.c) 

To glyoxylic acid hydrate IAldrich; 40 moll, suspended in CH2C12 (50 ml) was added the 

appropriate hydroxylamine lor its oxalate and 1 equ. Et3N) (40 mmol) and the solution stirred 5 h 

at 20%. More CE2C12 (50 ml) was added, the CH2C12 solution washed wlth water (50 ml), dried 

(Na SO ) ,  and the solvent rewved & vacua to leave the crude nitrones 12a.b.c). 2 4 

Thus N-benzylhydroxylamine afforded nitrone (Za) as a yellow paste which, crystallised from 

Et20/CHC13 (629), had mp 92-93O. %/: lC8HgON, M+ -C02) 135.0685 (135.0684). Nmr 190 MHz) 

6 5.06 (ZH, 2, PhCH N), 7.28 (I", s,  i-C=N), 7.45 (5H, 5, C&); 1 3 ~  nmr 6 70.48 (gi2Ph), 129.4- -2 

130.3 lc=N + C H ) ,  161.21 (co2n). 6 5 

N-IR)-Phenethylhydroxy1iuoine oxalate,16 mp 181-183', afforded the oily nitrone (2b) (61%). 

m/z (C9Rl1ON, M+ -C02) 149.0850 (149.0787). 'H Nmr (90 MHz) 6 1.82 13H. fi. J = 6.0 Hz, Cg3), - - 



5.21 (1H. 9, J = 7.0 H z ,  C s H 3 ) ,  7.39 (5H. J, C H ) ,  7.45 (1H. s, g-C=N); 13c nmr 17.68 (G3), 
6--5 

74.74 lCH.CH31, 127.0-128.9 (C H ) ,  135.45 lC=N), 161.13 l g 2 H ) .  4 5 

N-(s)-phenethylhydroxylamine oxala te .16  mp 177-180'~ a f forded  t h e  o i l y  n i t r o n e  (2") (74%) .  

'H Nmr (90 MHz) 6 1.85 (3H. d, J = 6.0 Hz, CI13), 5.23 IlH, q, J = 7.0  Hz, C S H 3 ) ,  7.35 l5H, g, 

C H I ,  7 .53 ( l a ,  2, H-C=N). 
&5 

~ ~ t h y l  e s t e r  of  n i t r o n e  (Zb).  ~ ~ t h y l  g l y ~ x y l a t e ~ ~  (11.4 -1) condensed as above w i t h  

N-(R)-phenethylhydraxylaaine o x a l a t e  a f forded  t h e  methyl e s t e r  o f  n l t l o n e  (2b) which, 

~ ~ y ~ t ~ l l l s e d  from E ~ ~ O / C H C ~ ~  ( 8 2 % ) ,  had mp 84-85'. 'H N m r  I90 MHz1 6 3.75 and 3.79 ( 1 : l . l )  I3H. 

s ,  c ~ 3 0 C O ) ,  5.16 and 7.07 (1:1.2)  LlH, q, J = 7.0 Hz, Cg2H3). - 

NitrOneS (3a ,b ,c )  

~ i t r o n e  (2a.b or c )  120 mmol). 1s)-phenylalanme methyl e s t e r  hydrochlor ide  (20 mmoll, N-methyl- 

2 -ch loropyr~din ium lodidel' (24 -01) and Et3N (70 -01) m d r y  CH2C12 1100 mll were re f luxed  Lor 

1 h ( t . 1 . 1 .  me clear s o l u t i o n  was washed t h r e e  t m e s  with HCI (5%; 40 ml) and once w i t h  water 

(40 ml), d r i e d  and s o l v e n t  removed m ~ .  The nrtrones (3a.b.c)  were e l u t e d  from s i l i c a  g e l  

wi th  e t h y l  acetate-hexane (45:55).  

~ i t r o n e  (3a)  (48%). mp 98-10oOc I ~ t o ~ c / l i ~ h t  petroleum 140-60°~11, [a],, -8. l o  lc = 0.1 i n  

C H C ~ ~ ) ;  m/z ( c ~ ~ H ~ ~ ~ ~ N ~ ,  M + )  340.1437 (340.1423); i r  (mr d i s c 1  1234, 1645, 1742 cm-l; 'H nmr 6 

3.08 (lH, g ,  J = 6.0,  14.0 Hz, CHCH H P h ) ,  3.18 IlH, g ,  J = 7.0,  14.0 Hz, CHCHZBPh), 3.67 I3H. 
-A B 

s, CO CH 1, 4.88  IlH, g, CH2CEl, 4.92 (2H. 2,  CI12Ph), 7.05 (1H. 5, 2-C=N), 7.22 (5H. g. C z 5 ) ,  - 2 -3 

7.40 (SH, 2, C & % 5 ) ,  10.22 (lH, c, J = 7.0  Hz, Ng); 13c nmr 6 37.68 ( C C H ~ P ~ ) .  52.13 lsH30M),  53.39 

( 9 - N - ) ,  71.43 ( s H 2 - N = ) .  126.9-135.7 (2 x s H 5 ) ,  160.1 (NHCG), 171.0 ( g 2 C H J ) .  

~ i t r o n e  l3b) ( s 8 % ) ,  mp ~ O Z - ~ O ~ ~ C  from E ~ > O ;  [alD -28.3' (c = 0.12 i n  CHC13); m/z IC20H2204N2- 

M t )  354.1577 (354.1580); IN+-OH) 337.1538 (337.1552); ir (KBr d l s c l  1218, 1239, 1258, 1648, 

1742 a - ' ;  'H nmr 6 1.79 ( 3 ~ .  3, J = 7 He, Cg3CH), 3.07 IlH, g,  J = 6.0.  14.0 Hz, CHCgAHBPh), 

3.20 (lH, g,  J = 7 . 0 ,  14.0 Hz, CHCH,&Ph). 3.66 l3H, 5, CO2CH3), 4.86 (lH, m, CH2CgN), 5.09 IlH, 

q, J = 7.0 Hz, PhCgN), 7.14 (1H. J, g-C-N), 7 .23  (5H. g, C c 5 ) ,  7.40 (5H. 5, C c 5 ) ,  10.27 (lH, c, 
J = 7.0  Hz, N E ) ;  13c nmr 6 18.67 ( p 3 C H ) ,  37.82 ( g 2 P h ) ,  52.11 lCH30CO), 53.53 (CH-N), 76.28 

( g - N = ) ,  126.9-136.5 (2 x &H5), 160.35 ( N H g ) ,  171.08 l s 2 C H 3 ) .  

N i t ~ o n e  (3")  l 5 4 % ) ,  o i l ,  [a ] ,  +10.5° (c = 0.07 i n  CHC13) ; m/l (C20H2103N2, M*-OH) 337.1560 

(337.1552); i r  (CHC13) 1650, 1735 =m-'; '8 mr 6 1.82 (3H. d, J = 7.0 Hz, Cg3CH), 3.07 IlH, s. 
J = 6.0, 14.0 Hz, CHCH H P h ) ,  3.18 (1H. s. J = 7.0, 14.0 Hz, CHCHsBPh), 3.70 (3H. 5, C02CEi3), 

-A B 

4.86 IlH, m, CH2CF), 5.09 IlH, q, J = 7.0 Hz, PhCiN), 7.14 ( lH,  5 ,  g-C=Nl, 7.13-7.28 (SH, g, 

c H ) ,  7.42 (5H. J, C c 5 1 ,  10.27 (1H. d, J = 7.0 Hz, NE); 13c nmr 6 18.76 ( s 3 C H ) ,  37.93 lCH2Ph). 
6--5 
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Cycloadducts (4a.b.c) 

~itrones (3a.b.c) (1.5 mol) m 2-chloroacrylonrtr~le (10 ml) were heated at 80Oc (oil bath) 

under AT for 15 mi". Excess 2-chloroacrylonltrlle was removed inn, affording the crude 

adducts (4a.b.c) in 95-1006 yleld.   lash chromatography of 14a) (~rOAc/hexane 25:75) afforded the 

1 
cyclaadduct(s) (93%) with unchanged H nmr spectrum, which had complex continuous absorption (11H) 

between 63 and 65 and a complex mulriplet (108) at 67.0-7.5. me cz3mo sqnal at 6 3.74 was 

spllt in two. m/z 392 IM+-~1). Ir U (CHC1 1 1520, 1685 and 1745 cm-l; band for CN (2200- 
max 3 

2260 absent. 

  he spectroscopic properties of adducts l4b) and (4c) were analogous to those of (4a). with 

the changes to be expected for replacement of CH ~h by (R)- or (S)-CwePh. In particular, In the 
2 

'13 mr spectra, the CH CH and CE CCO signals indicated formation of two (3") or more than two (3b) 
-3 3 

diastereomeric adducfs. The crude cycloadducts were used for hydrolysis. 

Isanazolldin-5-ones (5a.b.c) 

CyCloadduct i4a.b.c) (1.5 mmol), dissolved in a minimum volume of THF was diluted with H20 (10 ml) 

and suffrcienr THF added to produce a single phase. Aqueous HC1 (0.2-0.4 equ. of IN) was added, 

the solutmn was stirred at 20'~ for 16-24 h then neutralised (IN NaOH, congo red), concentrated 

to 1/3 volume and extracted with h o ~ c  (5 x 10 ml). Drying (Na2S04), removal of solvent & yacuo, 

and flash chromatography over silica gel (35.40% ~m~c/hexane) afforded the xsoxazolrdlnones (5a. 

b , ~ )  I" 75.85% y~eld. 

~ ~ d m l ~ s i s  of adduct (4a) afforded the oily (5a) (82%) consisting of a mixture of C-3 epimera 

1 
[(3~):(3s) = 5:2 from CH OCO signals in H mr spectrum at 200 MHZI. They were inseparable by glc 

3 

(SE-54 capillary, R.I. = 2555) and by preparative flash chromatography on silica. 'H Nmr 6 2.75- 

3.23 (4H. m, Cl12C0 + PhCx2CH), 3.68 and 3.78 (3H. 2 x 5, Cg30CO), 3.84-4.23 (3H. m, PhCS2-N + CH-N). 

4.71-4.88 ( l ~ ,  m, CH-N), 6.95-7.35 (Ion, g, 2 x C&15), 7.60 and 7.71 (1". 2 n d,  NE). 13c Nmr 6 

t 31.35 ( ~ 2  ~ h ) .  37.101 + 37.~78~ (g2CO), 52.19 + 52.13 (~30CO), 52.87 + 52.51 IN-g-CONB). 
2 

62.45 + 62.39 (PhCH N-), 64.03 (gm2Me). 126.87 - 129.33 (2  x C+H5), 168.38 + 168.14 (SNH), 
2 

170.92 + 170.89 Ig2CH3), 173.59 + 173.90 (gCH21. 

~ ~ d ~ ~ l ~ s i s  of adduct (4b) and chromatography afforded the mixture of C-3 epimers I5b; 83%; 

'Major followed by minor. 



1 
( 3 ~ ) :  (3s )  = 2:3 from CHC13 , s i g n a l s  i n  H nmr a t  200 MHz]. g/z (C22H2405N2, M'I 396.1700 

1396.16851. The mixture was reso lved  by f l a s h  chromatography: 35% EtOAc-hexane e l u t e d  13S)-(5b) 

mp 112-113'. m/z (M') 396.1667. i r  1CHCl3) V 1782. 1735, 1673 cm-l. LaID = -40° lc = 0.064 
max 

1 
i n  CHCl31. H Nmr 6 1.54 13H, $, J = 6.0 Hz, Cg3CHl, 2.75 12H, m, Cz2COl. 3.05 (1H. g, J = 6.0.  

15.0 Hz, CHCH H P h l ,  3.17 118, g, J = 5.0, 15.0 Hz, CHCn&Ph), 3.74 13H, z, CO2Cg31, 3.87 (IH, 
-A B 

dd,  J = 5.5, 9.0 Hz, COCtJN), 4.11 ( l e ,  q, J = 6.0 Hz. PhCgi) ,  4.81 (1H. m, CH2CF), 7.10-7.40 (10H, - 

m ,  2 x c H ) ,  7.84 1 1 ~ .  ;, J = 10.0 H Z ,  ~ g ) ;  13c nmr 6 20.08 (Cx3CH), 30.29 lPhg32), 38.12 ICEH2), - 6--5 

52.72 (COEH3). 52.96 1%-NHW), 61.81 (PhcH-Nl. 67.12 (NHCOS-Nl, 116.03-138.79 12 x C + H 5 ) ,  

168.51 IgNH) ,  171.22 lg2CH3) ,  175.13 ( F H 2 ) .  40% EtOAc-hexane e l u t e d  (3R)-(5h), o i l ,  & (M+) 

396.1692 (396.16851; Ir Vmax (CHC13) 1780, 1735, 1670 i a l D  t 5 1 . 9 ~  (c = 0.053, CHCl 1 
3 '  

1 
H Nmr 6 1.47 (3H, c, J = 8.0 Hz, CH CHI, 2.29 IlH, g, J = 10.0, 17.5 Hz, CxAHBCO), 2.77 I l H ,  z, 

-3 

J = 5.0, 17.5 Hz, CHpIBCO), 3.09 ( In ,  g, J = 7.5, 14.5 Hz, CHCgAHBPhl, 3.25 11H. g, J = 5.0,  

14.5 Hz, CHCH H Phl .  3.74 13H. 2, W2Cg3),  3.88 IlH, q, J = 8.0 Hz, PhCgNl, 3.88 (1H. g, J = 4.0. 
k B  

17.0 Hz, COCgN), 4.82 (lH, m. CH2Cg) ,  7.10-7.30 (10H. m, 2 x C g 5 1 ,  7.58 IlH, ;, J = 8.0 Hz, NE); 

13c nmr 6 19.01 (Cli3CHl, 32.67 ( P h g 2 1 .  37.50 lCOg21, 52.57 (Ca3cH3), 52.95 (5-NHCO) , 63.44 

IPhs-Nl ,  67.14 INHCEH-Nl. 127.36-137.22 12 n C H 1, 168.97 (CONHI,  171.23 lg2CH3) ,  173.73 
6 5 

1 . 

Hydrolysis  of adduct  (4c) and chromatography furn ished  a s i n g l e  i soxazol id inone  15cI 177%),  

mp 92-94O. g / ~  (M') 396.1693 (396.1685); Ir Vmax ( K w  d i s c )  1678, 1787. 1790 [ u l D  + 45' 

l c  = 0.04. CHC13). Nmr 6 1.52 (3H. c, J = 6.0 Hz. Cg3CH), 2.73 (18, z. J = 14.0,  20.0 Hz, 

CH H W ) ,  2.90 11H. g. J = 3.0, 20.0 Hz, CH H CO), 3.01 (lH, a, J = 5.0, 15.0 Hz, CHCH H P h ) ,  
-A B *B -A B 

3.21 (1H. g, J = 4.5. 15.0 Hz, CHCHsBPh), 3.74 (3H. 2. CO CH I .  3.88 ( I n ,  g,  J = 2.5, 15.0 Hz, 
2 -3 

COCE). 4.12 I ~ H ,  q, J = 6.0 HZ, P ~ C H N ) ,  - 4.72 (18, g, CH2Cl$, 7.4 ( 1 0 n . g .  2 x C & I ,  7.78(18. c, 
J = 8.0 Hz, Nx); 13c nmr 6 19.92 (CE13CHl, 30.09 (phrX2),  37.36 (COCH2). 52.36 lC~30CO), 53.23 

@X2Me), 61.64 (Phg-N-) ,  66.74 (NHWg-N-I. 126.17-138.66 (2 x C+R51. 169.01 ( p H ) .  171.04 

I F C H ,  1 , 174.99 (gCH2) . 

I soxero l id inone  L5b; OMe i n   lace of (S)-PhOMel. ~ y ~ l o a d d i t i o n  of t h e  methyl  e s t e r  of 

n i t r o n e  (2b) wi th  c h l o r o a c r y l o n i t r i l e  and h y d r o l y s i s ,  as before, af forded  t h e  o i l y  

~ s o x a z o i i d i n o n e  of t h e  title (59%).  m/r (Cl3Hl5NO4, M+) 249.1005 1249.10011. N m r  (90 MHz) 

6 3.56 and 3.80 11.23:l) 13H, s, Cg30COl. I r  Vmax (CHC13) 1740, 1780 

Hydrogenolysis of  I soxaro l id inones  (5a ,b ,c I  

I soxazol id inone  13s)- (5b) ob ta ined  as above (100 mg, 0.25 -1) i n  E ~ O H / H  0 (25 m l ,  3:2) was 
2 

hydrogenated over W(OH12 on charcoa l  (20 mg, 20%) a t  70°c and 1 Tom. f o r  5 h. F i l t r a t i o n  and 
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removal of solvent m vacua left a white solid (74 mg; 100%). Washing with chilled water afforded 

the sweet (S)-Asp-(S)-PhOMe  sparta tame) (6) (65 mgl, mp 243-247O, [a1 +29.e0 (c = 0.05, acetic 
D 

acid) Lit!' mp 248-250°c, [ulD t30.3O (c = 0.1, acetic acidll. Comparison of 'H and 13c nmr at 

200 MHz with those of commercial aspartame (Aldrich) proved identical. 

Isoxarolidinone (3R)-(5b) (100 mg), hydrogenated under the same conditions, afforded the 

3 
tasteless (R)-Asp-1s)-PhOMe (7) (75 mgl, mp 1 5 4 - 1 ~ 7 ~ ~ ,  [alD -17.4' (c = 0.05, H20) [Lit. mp 15g0c, 

[a] -18O (C = 0.1. H O I I .  
D 2 

Hydrosenation of the single isomer (5c) (100 mq) likewise afforded (R)-Asp-(3)-PhOMe (100%). 

Hydrogenation of the inseparable mixture of dlastereomers (5a) (100 mg) under the above 

conditions but at 20'~ afforded (100%) a mlxture of (Rl-Asp-1s)-PhOMe and (Sl-Asp-(S)-Phone in a 

5:2 ratio from the relative intensities of CH COO signals ( 6  3.61 and 3.591 id6-DMSO, 200 MHz). 
-3 
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