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INTRODUCTION  

Ionizing radiation, irrespective of its origin, has been 

shown to cause immediate changes in irradiated tissue. 

Such chemical changes result in metabolic derangements 

which may lead to cellular damage and eventually to 

death of the cells and the organism
.[1]

 With this discovery 

that animals can be partially protected against the 

deleterious effects of ionizing radiation by prior 

administration of certain specific chemical compounds, a 

new field of investigation opened. 

 

Owing to the growing application of nuclear energy for 

peaceful purposes the study of chemical protection has 

attracted increasing interest and today this field has 

resulted in the development of a special branch of 

biochemical pharmacology and medicinal chemistry
.[2-11] 

The available evidence indicate that chemical protection 

against ionizing radiation is brought about by a reduction 

in the immediate chemical and biochemical lesion. The 

mechanism of chemical protection is therefore intimately 

connected with the mechanism of radiobiological 

damage and the problems can be profitably be discussed 

together. It is therefore necessary to consider briefly 

some aspects of radio physics, radio chemistry and 

mammalian radiobiology.   

 

Approximately one-third of the absorbed radiation 

energy leads to the ejection of an electron from 

molecules present in the biological system being studied. 

This results in the formation of free radicals. 

 

In general, free radicals are highly reactive molecules, 

which have a half-life of only a fraction of second. Most 

of the radicals formed in irradiated tissues have a very 

short lifetime, but recent experiments indicate semi-

stable radicals are also formed
.[12]

 A free radical 

produced by ionization of a complex molecule will 

eventually become stabilized by chemical changes 

occurring either at the site of the original ionization or 

after migration of the free radical to a more stabilized 

position. These chemical changes, caused by direct 

ionization of molecules in the biological system, are said 

to be produced by the ―direct action of ionizing 

radiation‖. Owing to the predominance of water 
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ABSTRACT  

The synthesis and structural elucidation of α-amino-N-phenylsuccinimide through the IR, 
h
NMR, ORD, and 

elemental analysis was described as precursor to thionimides, L-(S)-aspartic acid served as starting material and was 

utilized to investigate routes applicable to the synthesis of α-amino-N-phenylsuccinimide of known absolute 

configuration. Various functional groups such as benzyloxycarbonyl group (cbz), t-butyloxycarbonyl group (BOC) 

were investigated in the synthesis. α-amino group protection utilizing the t-butyloxycarbonyl function proved most 

applicable to the synthesis of the desired L-α-amino-N-phenylsuccinimide hydrochloride. The five-step synthesis to 

the α-amino-N-phenylsuccinimide hydrochloride having the known L-(S) absolute configuration involves reaction 

of L-aspartic acid with some protecting group Z, followed by anhydride formation, reaction with aniline to form the 

anilide and subsequently ring closer affording the imide. Hydrolysis under mild acid conditions yielded optically 

pure L-(S)-α-amino-N-phenylsuccinimide. However, all attempts to convert this compound to the desired 

thionimide were not successful. The five-step sequence of the reactions involving the described protecting group 

was studied utilizing optical rotatory dispersion as a mean of detecting racemization. The sign of the Cotton effect 

for various intermediates in the synthesis of the final imide was correlated with the absolute configuration of the 

asymmetric center. NMR analysis of the ABX type for alicyclic protons of the imide ring was discussed. In all cases 

NMR analysis of the relatively flat heterocyclic ring showed cis-coupling (8.74-11.90 Hz) to be larger than trans-

coupling (4.74-6.79 Hz). As expected, the germinal coupling for the extended π- system was larger than either cis- 

or trans-coupling. 

 

KEYWORDS: α-amino-N-phenylsuccinimide, ionizing radiation, Protective agent, Stereochemistry, Optical 

rotatory dispersion, Alicyclic H-NMR analysis. 
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molecules in soft tissues, a greater portion of the ionizing 

radiation will absorbed by these molecules. The 

radiolysis of water
[13, 14] 

results in the formation of 

molecules H2O2, H2 and a number of highly reactive 

radicals (H*, HO*, HO2*, O2
-
, and H2

+
). For many years 

the radiochemical production of H2O2 was assumed to be 

of major significance, but during the last 10 to 15 years 

the emphasis has shifted to the importance of radical 

formation. The above radicals have been found to be 

very unstable having a life-time in tissues of less than 10
-

4
 seconds.

[15]
 The radiolysis of water is dependent upon 

the presence or absence of molecular oxygen. When 

oxygen is absent from the solution, X-rays and gamma-

rays do not give rise to H2O2 and the amount of HO2* 

formed is substantially less.
[13]

 The fact that 

radiobiological damage, in vivo and in vitro, is markedly 

reduced when the irradiation is carried out under reduced 

oxygen pressure (the oxygen effect) is mainly attributed 

to the necessity of paramagnetic O2 in the radical 

producing reactions.
[16]

 In tissues, the radicals will 

eventually react and lead to chemical transformation of 

the cellular constituents. The biological effect brought 

about by this mechanism is termed the ―indirect
 
action

 
of

 

ionizing
 
radiation‖. 

 

Research plan 

A most important goal of research with chemical 

protective agents has been to decrease the effect of 

ionizing radiation on living systems, particularly human 

beings. A direct approach to this problem would appear 

to be derivable from studies of radiation effects on vital 

components the cells. As discussed previously, living 

systems may be affected by ionizing radiation through a 

direct or indirect mechanism. Many theories concerning 

these mechanisms have been proposed. These theories 

received support from both the biological and chemical 

points of view and continue as the basis for much 

experimentation. Free radical formation anoxia 

mechanisms, metal ion complexing, energy transfer 

mechanisms, and possibly disulfide formation may all be 

involved in the activity of the aminothiols. As early as 

1955, it was noted that a common feature of relatively 

good protective agents was an unshared pair of 

electrons.
[17]

 This observation was used as support for the 

suggestion of a free radical trapping mechanism. In 

addition, some of the most protective agents in mammals 

contain a thiol group. In the aliphatic series, it was noted 

that those compounds containing only a thiol group and 

no β or ɣ amino function were considerably less active as 

previously reported.
[18]

 Interestingly, ɣ -

mercaptopropylamine (MPA) is two and one-half times 

as effective as β-mercaptoethylamine (MEA) in 

protecting animals against ionizing radiation. Doherty 
[19, 

20] 
suggested this difference in activity to be due to the 

greater ability of ɣ -mercaptopropylamine to trap free 

radicals by forming a more stable six-membered ring 

intermediate.
[21]

 This intermediate would enable 

delocalization
 
of the odd electron over three atoms; β-

mercaptoethylamine may form a less favorable five-

membered ring system in order to obtain the same 

delocalization.

 

 
 

Electronic approach to the design of radioprotective 

agents  

α- aminomonothionsuccinimide (1) and α- 

aminodithionsuccinimide (2) are compounds containing 

a basic amino group which is located two or three 

carbons from an S atom. This is a relationship not unlike 

that found in β-mercaptoethylamine and ɣ -

mercaptopropylamine respectively.  

 

In these systems, however, the S atom is in the form of a 

C=S function rather than in the form of a SH group. It 

seems likely that compounds such as 1 and 2 may readily 

act as a free radical trapping agents and form species 

such as 2.  

 

The imide substituent R may be H, alkyl or aryl. 

However, investigations with simple thionimides showed 

that when R=phenyl, the rate of hydrolysis of the 

thionimide to imide was considerably slower than when 

R=H (Table 1).
[18] 

Further, N-phenyl substitution renders 

the simple thionimide more effective as a radiation 

protective agent. Insertion of alkyl groups on the imide 

nitrogen renders the thionimide molecule more stable to 

hydrolysis as reported by Witiak et al.
[18]
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These compounds are less active as radioprotective agents than the corresponding aryl substituted thionimide 

derivative.
[22]

 In addition, it was reported earlier 
[23]

 that the parent system α- aminosuccinimide is not a particularly 

stable molecule.  

 

 
 

The α-aminosuccinimide was hydrolyzed by heating in aqueous solution for 90 minutes at 80 
o
C affording asparagine 

5, isoasparagine 6 and polymeric products. In considering the kinetic results, biological data and the stability of the 

parent compound 5, we assumed that α- amino-N-phenylmonothionsuccinimide and α-amino-N-

phenyldithionsuccinimide (1, 2) were the best candidates for evaluation of radioprotective activity in this series, for the 

following;

The following reasons are listed in support of this 

thought 

1- Introduction of an aromatic group on the imide 

nitrogen should increase the stability of the C=S 

group 
[18]

 as well as the stability of imide ring. 

Therefore, α-amino-N-phenylmonothionsuccinimide 

and α-amino-N-phenyldithiosuccinimide may be 

sufficiently stable in vivo and exert their effects as 

free radical trapping agents; the highly stabilized 

free radical 2 may form. 

2- N-phenylmonothionsuccinimide is more potent than 

monothiosuccinimide.
[22]

 We expect that 

introduction of an amino group in the α-position 

should further enhance the radioprotective activity 

of N-phenylmonothionsuccinimide. Aminothiols are 

more effective than their corresponding thiols.
[19]

   

3- Since α-amino-N-phenylsuccinimide is expected to 

be more stable than α-aminosuccini-mide. We 

suspected the phenyl compound would be readily 

accessible synthetically. 
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RESULTS AND DISCUSSION  

L(S)-aspartic acid 8 served as starting material and was 

converted in 80% yield to the carbobenzoxy derivative 9 

through reaction with benzylchloroformate in the 

presence of magnesium oxide in water.
[24]

 Derivatization 

of the amino group was required in order to render the 

nitrogen atom less basic and prevent its participation in 

subsequent reactions. The carbobenzoxy (CBZ) group 

was utilized since it easily removed under conditions 

employing mineral acid 
[25, 26] 

or by catalytic 

hydrogenation over palladium.
[23, 24]

  

 

L(S)-aspartic acid 8, containing α-asymmetric center, 

was employed since a successful synthesis, not involving 

racemization would enable preparation of D and L-

isomers for biological evaluation. Optical rotatory 

dispersion (ORD) was employed to follow the reaction 

sequence. ORD analysis of the carbobenzoxy derivative 

9 showed this compound to be formed without 

racemization (Figure 1). This confirmed the observation 

of other investigators 
[27]

, namely, that the azlacton was 

not formed during the reaction. Such an intermediate is 

known to racemize easily under basic conditions.
[28, 29]

 
Scheme 1: synthesis of α-amino-N-phenyl succinimide 

 

The carbobenzoxy derivative 9 was converted to the 

corresponding anhydride 10 in 85% yield by heating in 

acetic acid anhydride. The infrared spectrum was 

consistent with the assigned structure. Reaction of the 

anhydride 10 with aniline in absolute ethanol afforded a 

mixture of α- and β-anilides 11a and 11b, 

respectively.
[30, 31]

 Compounds 11a and 11b were heated 

on steam bath with acetic acid anhydride affording 

carbobenzoxy-L-amino-N-phrnylsuccinimide 12 in 70% 

yield. The reaction probably involved the activation of 

the carboxyl group by mixed anhydride formation 13a 

and 13b; this was likely followed by intramolecular 

elimination of the acetate ion affording the desired imide 

12. The infrared and NMR spectra were consistent with 

the assigned structure. The formation of the anilide and 

the imide is outline in scheme 2. Remove of the 

protecting group under hydrolysis. 
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Scheme 2: α & β- anilide conversion to corresponding imide. This one related to β-anilide. 

 

A number of approaches were employed in an attempt to 

remove the carbobenzoxy protecting group. Catalytic 

hydrogenation 
[23, 32] 

and
 
acid

 
catalyzed

 
hydrolyses 

[30, 33]
, 

under a variety of reaction conditions, were employed 

without positive results. In general, conditions involving 

8-15% HBr in acetic acid for three hours or catalytic 

hydrogenation over palladium in absolute methanol at 

room temperature for one to two hours did not afford the 

free amino imide 12. Starting material was recovered in 

quantitative yield. Acid hydrolysis using 30-32% HBr in 

acetic acid at room temperature for one hour afforded the 

hydrobromide salt of the anilide 13; hydrogenation over 

palladium in absolute methanol for three to four hours at 

room temperature afforded the α-amino asparatic acid 

anilide 14. Hydrogenation over palladium in absolute 

methanol at room temperature for six hours afforded the 

diketopiperazine dimer 15.
[23, 34]

 This dimer was also 

obtained when the hydrogenation was carried out over 

palladium in HOAc-in water (1:1) at room temperature 

for two hours or over palladium in ethyl alcohol-HOAc 

(1:1) for one-half hour. 

 

In absolute methanol anilide 16 was isolated after four 

hours of hydrogenolysis.  If the reaction was carried out 

for six hours the diketopiperazine dimer 15 was obtained 

and the diketopiperazine most likely resulted from 

dimerization of intermediate 11. 

 

 

 
                                                                                                         15 

Scheme 3: Removal of the benzyoxcarbonyl of α-amino-N-phenyl succinimide over palladium under acidic 

condition.  
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Since the carbobenzoxy group proved difficult to remove 

without destruction of the imide ring, we resorted to use 

of the t-butyloxycarbonyl (BOC) function which is more 

easily hydrolysed under acidic conditions.  

 

Again L(S)-aspartic acid 8 served as starting material. 

The tertiary butyloxy derivative was obtained in 40% 

yield by reaction of 8 with T-butylazidoformate.
[35]

 The 

infrared spectrum was consistent with the assigned 

structure. The tertiary butyloxycarbonyl-derivative 17 

was converted to the corresponding anhydride 18 in 64% 

yield on a steam bath for one-half hour. Reaction of the 

anhydride 18 with aniline in absolute ethanol afforded 

the intermediate α- and β-anilides 19a and 19b in a 

combined yield of 40%. The boc-anilide mixture was 

heated on a steam bath with acetic acid anhydride for one 

hour affording the desired BOC-L-amino-N-

phrnylsuccinimide 20 in 51% yield. The infrared and 

NMR spectra were consistent with the assigned structure. 

Reaction of 20 in trifluroacetic acid 
[35, 36]

, followed by 

treatment with amberlite IRA-400 (ion exchange resin, 

RN+(CH3)3CL-) yielded a mixture of the hydrochloride 

salts of the imide 21 and the anilide 14. Reaction of boc-

L-amino-N-phenylsuccinimide 20 with HCL gas in 

chloroform-benzene (3:1) for five to ten minutes 

afforded the hydrochloride salt of L-amino-N-

phenylsiccinimide 21 exhibits bands (KBr, cm
-1

) at 3400 

(NH2, stretch) 3000-2700 (NH3, broad), 1725 with 

shoulder at 1780 (C=O, stretch of the imide ring) 1600, 

1550, 1500 and 760 (phenyl group). The NMR showed 

the expected ABX spectrum for the imide ring protons 

with resonance and coupling constant indicated in table 

3. The free amine 22 was liberated from its salt 21 by 

treatment with 2% sodium bicarbonate solution and 

extracted into chloroform solution under reduced 

pressure affording the desired α-amino-N-

phenylsuccinimide 22 in 75% yield. The infrared and 

NMR spectra were consistent with the assigned structure. 

All attempts to generate α-amino-N-

phenylmothionsuccinimide 1 and α-

aminodithionsuccinimide 2 with phosphorus pentasulfide 

under various solvent, temperature and duration of acid 

lead to degradation of imide ring with no indication that 

these conditions able to exchange oxygen by sulfur as 

indicate in some of the experimental part.  

 

EXPERIMENTAL  

 Melting points are taken on a calibrated Thomas-Hoover 

melting point apparatus. Infrared spectra are recorded 

utilizing a Perkin-Elmer 257 spectrophotometer. Optical 

rotatory dispersion (ORD) are taken utilizing the 

Durham-Jasco ORD/CD instrument. NMR spectra are 

recorded on Varian A-60A spectrophotometer. Elemental 

analysis are performed by Clark Microanalytical Lab, 

Urbana, Illinois.  

 

N-Carbobenzoxy-L-aspartic acid 9 was prepared by 

the method of Bergman and Zervas 
[24] 

from L-aspartic 

acid and benzyl chloroformate affording crystals of 9 

(80%), m.p. 118-120
o
C, lit

.[24]
 116

o
C. 

N-Carbobenzoxy-L-aspartic acid anhydride 10 was 

prepared from N-Carbobenzoxy-L-aspartic acid 9 by 

reaction in acetic acid anhydride affording crystals of 10 

(82%), m.p.90-92
o
C, lit

.[24]
 m.p. 87

o
C. 

 

N-Carbobenzoxy-L-aspartic acid β-anilide 11 
Carbobenzoxy-L-aspartic acid anhydride 10 (11.8g, 4.3 x 

10
-2

 mole) was added to a solution of (9.33g, 0.10 mole) 

aniline in absolute ethanol. The mixture became warm 

and a precipitate formed after ½ hour. The mixture was 

acidified with 1N HCL. The precipitate was separated by 

filtration, dissolved in 5% NaHCO3, and extracted with 

ether. The aqueous solution was acidified and the 

precipitate was removed, washed with water, and dried 

under reduced pressure at 30
o
C affording 10.2 g (50%) of 

a mixture of N-Carbobenzoxy-L-aspartic acid and α- and 

β-anilides. Repeated recrystallization from 95% ethanol 

afforded N-Carbobenzoxy-L-aspartic acid β-anilide, m.p. 

166-168
o
C. The infrared spectrum showed bands (KBr, 

cm
-1

) at 3400 (NH, stretch), 2900 (CH2, Stretch), 1720, 

1710 9C=O, stretch), 1600, 770 (phenyl). 

 

Anal. Calcd. For C18H18O5N2; Cm 63.11; H, 5.29; N, 

8.24. Found: C, 63.13; H, 5.17; N, 8.24.   

 

Carbobenzoxy-L-amino-N-phenylsuccinimide 12. The 

mixture of N-carbobenzoxy-L-aspartic acid α- ɣ -β-

anilides (11a, b, 2.8 g, 8.0 x10
-2

mole) and 20 ml of acetic 

acid anhydride was heated on steam bath for 1 hour. The 

acetic acid anhydride and acetic acid was removed under 

reduced pressure and crystallization of the resulting 

syrup was induced by addition of benzene. 

Recrystallization from absolute ethanol afforded 1.9 g 

(70%), crystals: m.p. 160-162
o
C. The principle infrared 

bands (KBr, cm
-1

) were found at 3350 (NH, stretch), 

2900 (CH2, stretch) and 1725 with shoulder at 1760 

(C=O, stretch of the imide ring). NMR (d-DMSO, δ), 

7.97 (doublet, 1H, NH, 
J
NH, α-CH=7.00Hz), 7.35 

(multiplet, 10 H, aromatic), 4.53 (octet, 1H, α-CH), 2.96 

(quartet, 1H, β-CH, 
J
α-CH, β-CH cis = 11.90 Hz, 

J
β-CH2 

(gem) = 18.00Hz), 5.10 (singlet, 2H, CH2). 

 

Anal. Calcd. For C18H16O4N2: C, 66.65; H, 4.94; N, 8.67. 

Found: C, 66.43; H, 4.92; N, 8.76. 

 

Attempted synthesis of L-α-amino-N-

phenylsuccinimide 22  

A stream of hydrogen was passed through a mixture of 

(1.12 g, 3.5 x 10
-2 

mole) of carbobenzoxy-N-

phenylaspartimide, 200 mg palladium black and 50 ml of 

absolute methanol at room temperature for 1-1/2 

hours
.[23, 32]

 The mixture was filtered and the filtrate was 

concentrated under reduced pressure. Starting material 

was isolated in quantitative yield. No other product could 

be detected.  

 

All attempts to remove the benzyloxycarbonyl from the 

α-amino group in succinimide results in the opening of 

the imide ring and the degradation of the imide. So we 

utilize t-butylazidoformate as protecting group.  
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N-t-Butyloxycarbonyl-L-aspartic acid 17 

L-aspartic acid (8, 13.31 g, 0.01 mole) was dissolved in 

75 ml of 2N NaOH and mixed with solution of (17.7 g, 

0.12 mole) of t-butylazidoformate in 25 ml of methanol. 

Triethylamine (14 ml) in25 of methanol was added 

drowise and stirred at 40 
O
C for 2 hours and at room 

temperature for 15 hours
.[37]

 The solution was taken to 

pH 7 with 2N HCl and the methanol was removed under 

reduced pressure. The acidified aqueous residue was 

extracted with ether, dried (Na2SO4) and concentrated 

under reduced pressure. The residue, after shaking with 

petroleum ether, afforded 10.6 g (40%), crystals m.p. 

124-126 
O
C. infrared(KBr, cm

-1
) showed bands at 3405 

(NH, stretch), 3000-2500 (OH, stretch of the COOH), 

1770, 1740 (C=O, stretch of the α-and β-carboxyl). 

 

Anal. Calcd. C9H15O6N: C, 46.34; H, 6.43; N, 6.00. 

Found: C, 46.38; H, 6.43; N, 6.11. 

 

N-t-Butyloxycarbonyl aspartic acid anhydride 18 

N-BOC-L-aspartic acid (17, 2.15 g, 1.0 x 10
-2

 mole) was 

added to 30 ml of acetic acid anhydride and heated on 

steam bath for 30 minutes. The acetic acid anhydride and 

the acetic acid were removed under reduced pressure. 

The syrup liquid was crystallized upon addition of 

Skellyslove B affording 1.5 g (64%), crystals m.p. 108-

110 
O
C. the infrared spectrum (KBr, cm

-1
) showed bands 

at 3350 (NH, stretch), 2950 (CH2, stretch), 1850, 1780 

(C=O, stretch of the carbamate). 

 

Anal. Calcd. For C9H13O5N: C, 50.32; H, 6.51; N, 6.57. 

Found: C, 48.37; H, 6.40; N, 6.39.  

 

t-Butyloxycarbonyl-L-aminosuccinic acid α- and β-

anilides 19a and 19b     

N-BOC-L-aspartic acid anhydride (18, 2.15g, 1.0 x 10
-2

 

mole) was added to a solution of 91.86 g, 2.0 x 10
-2

 

mole) of aniline in 20 ml of absolute ethanol. The 

mixture was stirred at room temperature for 15 hours and 

acidified with 1N HCl. A syrupy material was deposited 

which crystallized on standing for 24 hours at room 

temperature. The crystals were dissolved in 5% NaHCO3 

and the excess aniline was removed by extraction with 

ether. The aqueous layer was acidified with 1n HCl after 

being stored at 0
 O

C for 24 hours. This afforded 1.2 g 

(40%) of a mixture containing N-BOC-L aspartic acid-α-

anilide and N-BOC-L-aspartic acid β-anilide. 

Recrystallization from 95% ethanol afforded N-BOC-L-

aspartic-β-anilide 19, m.p. 148-150 
O
C. The infrared 

spectrum (KBr, cm
-1

) of the anilide showed bands at 

3350 (NH, stretch),
 
3000-2500 (OH, stretch of carboxyl 

broad), 1710, 1695 (C=O, stretch), 1600, 1550, 770 and 

700 (phenyl). The hydrochloride salt of the β-anilide was 

identified by paper chromatography and the ninhydrin 

reaction. 

 

Anal. Calcd. For C15H20O5N2: C, 59.01; H, 6.55; N, 9.18. 

Found: C, 59.00; H, 6.45; N, 8.98.    

 

 

BOC-L-α-amino-N-phenylsuccinimide 20 

The mixture of α-and β-anilides (19a, 19b, 3.05g, 1.0 x 

10
-2

 mole) were heated on a steam bath for 1 hour. The 

acetic acid anhydride and acetic acid were removed 

under reduced pressure. Crystallization of; 1.5 g (51%), 

crystals m.p. 166-168
o
C. the infrared spectrum (KBr, cm

-

1
) showed bands at 3300 (NH, stretch), 2925 (CH2, 

stretch), 1740 with a shoulder at 1760 (C=Om stretch of 

the imide ring), 1600, 1550, 770 and 700 (phenyl). NMR 

(d-chloroform, δ), 7.40 (multiplet, 5H, aromatic), 1.45 

(singlet, 9H, (CH3)3-C), 5.61 (doublet, 1H, β-CH, 
J
α-

CH,β-CH trans=6.97 Hz), 3.03 (quartet, 1H, β-CH, 
J
α-

CH, β-CH cis=9.03, 
J
α-CH2 

(gem)
=18.00 Hz.  

 

Anal. Calcd. For C15H18O4N2: C, 62.06; H, 6.2; N, 6.9. 

Found: c, 61.5; H, 6.44; N, 6.65.  

 

L-α-mino-N-phenylsuccinimide hydrochloride 21 

 BOC-L-α-amino-N-phenylsuccinimide (20, 1.4 g, 5.0 x 

10
-3 

mole) was added to 2 ml of trifluroacetic acid. The 

mixture was stirred at room temperature for 15 minutes. 

Trifluroacetic acid was removed under reduced pressure 

and 15 ml of water was added to the residue. The 

aqueous solution was triturated with IRA-400 (ion 

exchange resin (CH3)3-
+
NH—Cl) for 15 minutes. The 

mixture was filtered and the combined filtrates were 

lyophilized affording 0.5 g (42%), crystals m.p. 237-

240
O
C. 

 

Anal. Calcd.
 
For C10H11N2O2Cl: C, 52.97; H, 4.80; N, 

12.3; Cl, 15.4. Found: C, 49.85; H, 4.8; N, 11.31; Cl, 

13.91.This analysis plus spectra evidence and solubility 

characteristics indicate the prepared is the hydrochloride 

salt of aspartic acid β-anilide. 

 

Anal. Calcd. For the anilide salt C10H13O3N2Cl: C, 49.09; 

H, 5.31; N, 11.41; Cl, 14.53. 

 

L-α-amino-N-phenylsuccinimide hydrochloride 22 
BOC-L-amino-N-phenylsuccinimide (21, 1.45 g, 5 x 10

-3
 

mole) was dissolved in a mixture of chloroform benzene 

(3:1). Hydrochloric acid (gas) was passed through the 

solution with continuous stirring. After 10 minutes a 

white crystalline compound began to precipitate. The 

mixture was allowed to stand at room temperature, 

filtered and recrystallized from methanol-ethanol (1:3) 

affording 6.8 g (75%), crystals m.p. 248-250
O
C. the 

infrared spectrum (KBr, cm
-1

) exhibits bands at 3400 

(NH3, stretch), 300-2700 (NH3, stretch broad), 17,250 

with shoulder at 1780 (C=O, stretch of the imide ring), 

1600, 1550, 750 (phenyl). NMR (d-H2O, δ), 7.50 

(multiplet, 5H, phenyl), 4.78 (quartet, 1H, α-CH), 3.35 

(quartet, 1H, β-CH2, 
J
α-CH, β-CH trans=5.14 Hz), 3.31 

9quartet 1H, β-CH, 
J
α-CH, β-CH cis = 0.36 Hz, 

J
β-CH2 

(gem)
= 18.50 Hz).  

 

Anal. Calcd. For C10H11N2O2Cl: C, 52.97; H, 4.8; N, 

12.3; Cl, 15.4. Found: C, 52.45; H, 4.97; N, 12.0; Cl, 

15.24. 
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L-α-amino-N-phenylsuccinimide 22: α-amino-N-

phenylsuccinimide hydrochloride (22, 1.13 g, 5.0 x 10
-3

 

mole) was suspended in 20 ml of chloroform. The 

mixture was cooled (in ice) and 2% sodium bicarbonate 

solution was added dropwise until the solution became 

clear. The chloroform layer was separated and the 

aqueous layer repeatedly extracted with chloroform. The 

chloroform fractions were combined, dried (Na2SO4), 

filtered and the chloroform was removed under reduced 

pressure affording 6.5 g (52.2%) white crystals, m.p. 

124-125
O
C. the infrared spectrum (KBr, cm

-1
) showed 

bands at 3350, 3300 (NH2, stretch), 2900 (CH2, stretch), 

1710 with shoulder at 1775 9C=O, stretch of the imide 

ring), 1600, 1500, 1494, and 700 (phenyl). NMR (d-

chloroform, δ), 7.32 (multiplet, 5H, phenyl), 1.76 

(singlet, 2H, NH2), 3.99 (quartet, 1H, α-CH), 2.85 

(quartet, 1H, β-CH, 
J
α-CH, β-CH 

trans
=5.76Hz), 2.83 

(quartet, 1H, β-CH, 
J
α-CH, β-CH cis = 8.74 Hz, 

J
β-CH2 

(gem)
=18.00 Hz). 

Anal. Calcd. For C10H10N2O2: C, 63.01; H, 5.29; N, 

14.71. Found: C, 62.96; H, 5.39; N, 14.62.  

 

Attempted synthesis of α-amino-N-

phenylmonothiosuccinimide 1 

α-amino-N-phenylsuccinimide (22, 200 g, 1.0 x 10
-3

 

mole) was dissolved in boiling pyridine; and finely 

powder phosphorus pentasulfide (250 mg, 1.0 x 10
-3

) was 

gradually added. The mixture was gently boiled and 

phosphorus pentasulfide disappeared after 1 hour, 

leaving an oily mass adhering to the side of the flask. 

The mixture was filtered while hot. Pyridine was 

removed under reduced pressure. The residue was 

dissolved in chloroform (charcoal) and filtered, 

concentrated under nitrogen pressure and 

chromatographed on silic acid. Two chloroform fractions 

in addition to the residue which was eluted with an 

ethanol-chloroform (1:10) mixture were isolated. The 

infrared spectrum of the first fraction showed bands 

(neat, cm
-1

) at 2910 (CH2, stretch), 1755 (C=O, stretch), 

1500, 1400 (CH2, bending). The 3300 (NH2, stretch was 

lost). The compound does show a positive test for sulfur 

and negative one for nitrogen, NMR (d-chloroform, δ), 

no actual structural moiety could be verified. All 

additional various conditions were attempted to convert 

imide to thionimide were unsuccessful, and could not 

results in replacement the imide oxygen by sulfur. 

Reaction of α-amino-phenylsuccinimide 21 with H2S 

under acidic conditions at 0
O
C or room temperature 

[38] 

afforded starting material in quantitative yield. 

 

First order NMR analysis of allycyclic protons of α-

amino-N-phenylsuccinimide 22 and related α-amino 

derivatives 

That part of the NMR spectra attributable to the alicyclic 

protons of imide compound α-amino-N-

phenylsuccinimide 6 may be described in terms of a 

typical ABX system 
[39]

. The α-protons on the imide –

ring exhibits a resonance signal which represents the x-

part of the spectrum. The AB part of the spectrum may 

be assigned to the two geminal protons on the carbon 

adjacent to the asymmetric center. The signal attributed 

to the β-proton which is cis to the proton on the 

asymmetric carbon atom is designed (A) and is located 

up field to the trans (B) proton resonance signal. A 

similar ABX spectrum is observed for the methane and 

methylene proton resonance in the α-acetamido-N-

phenylsuccinimide 35c, α-benzyloxycarbamido-N-

phenylsuccinimide 12 and α-t-butyloxycarbamido-N-

phenylsuccinimide 17. However, with these amido-imide 

derivatives the methane α proton is also coupled with the 

NH proton of the amido group. Similar observations 

have been made for cyclic compounds, such as α-

substituted succinic anhydride
.[40]

 and 

bromocyclopropane
.[41]

.   

 

The vicinal coupling constants, summarized in table 3, 

for the amido derivatives α-benzyloxycarbamide-N-

phenylsuccinimide 12 and α-t-butyloxycarbamide-N-

phenylsuccinimide 17, as well as for α-amino-N-

phenylsuccinimide hydrochloride 21, are in agreement 

with the values assigned by Erickson 
[40]

 for vicinal 

coupling in several mono and disubstituted succinic 

anhydrides. The vicinal coupling constants for the two 

monosubstituted succinic anhydrides, where X=OH, Cl, 

or Br in structure N-Carbobenzoxy-L-aspartic acid 

anhydride 10, substantiate cis coupling (8.6-9.0 Hz) to be 

greater than trans coupling (4.9-6.8 Hz) between the 

respective (α-methine) and (β-methylene) protons. All 

observed vicinal coupling constants were in the range 5-

9 Hz. 

 

 
Scheme 4: NMR analysis of allycyclic protons 
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For the α-amino and α-amido derivatives of N-

phenylsuccinimide the greater vicinal coupling constants 

(which were found in the range 8.74-11.90Hz) were 

attributed to the cis protons. The smaller coupling 

constant, which are found in the range 4.74-6.97 Hz for 

the various succinimide derivatives are assigned to the 

trans-vicinal protons. These vicinal coupling assignments 

are in general agreement with those calculated using the 

Karplus equation. Examination of the deriding molecular 

models revealed the dihedral angle for the cis protons to 

be approximately 0 
O
C; the dihedral angle for the trans 

protons was taken to be approximately 145
O
C. Since 

these compounds are rigid structures use of these two 

angles in the Karplus equation predicts cis and trans 

coupling constants of ~ 9 and   6 Hz, respectively.

 Table 3: chemical shift and spin-coupling constants of L-α-amino-N-phenysuccinimide 22 and other related α-

benzyloxycarbamide-N-phenylsuccinimide derivatives 12. 

Compound Proton Chemical 

shift 

Jij Hz
a 

Solvent 

L-α-amino-N-

phenylsuccinimide 

22 

HX 3.99 JAX 
(cis) 

8.74  

HB 2.85 JBX 
(trans)

 5.76 CDC13
b
 

HA 2.83 JAB 
(gem)

 18.00  

 L-α-amino-N-

phenylsuccinimide 

hydrobromide 21  

HX 4.78 JAX  9.36  

HB 3.35 JBX  5.14 D2O
C 

HA 3.31 JAB 18.50  

N-t-

Butyloxycarbonyl 

aspartic acid 

anhydride 18 

HX 4.32 JAX  9.03  

HB 3.01 JBX 6.97 CDC13
b
 

HA 3.03 JAB 18.00  

t-

Butyloxycarbonyl-

L-aminosuccinic 

acid α- and β-

anilides  

19a and 19b     

HX 4.63 JAX  11.90  

HB 2.96 JBX 5.20 d-

DMSO
b 

HA 2.91 JAB  18.00  

a Estimated accuracy within ± 0.2 C.P.S. for JAX, JBX, and JAB. 

b Chemical shifts are expressed in δ-downshift from internal TMS standard  

c Chemical shifts are expressed in δ-downshift from internal 3-9trimethylsily)-propane sulfonic acid sodium salt.  

 

The germinal coupling constants observed for the imide 

series are quite large (JAB = 18.0 to 18.5 Hz), but similar 

to those observed for the three monosubstituted succinic 

anhydride (18.2 to 19.8 Hz). A study of substituted 

methanes, Barfield and Grant 
[42]

 showed that in those 

compounds with substituents containing π electrons, 

larger coupling constants are found than predicted using 

the Gutawsky, Karplus and Grant 
[43]

 treatment 

employing the angular dependence. This increase in the 

germinal coupling constant, i.e., methyl or methylene, 

was explained in terms of hyperconjugation. The sign of 

JAB for these compounds has not been determined, but 

current opinion for a similar compound, i. e., 

monosubstituted succinic anhydrides, favor a negative 

sign
.[44-46] 

 

Optical Rotatory Dispersion (ORD) 

It has been reported that α-amino acids of the L absolute 

configuration, when examined in acid medium, show a 

long wavelength peak at 225 mμ crossover at 210-212 

mμ, and a trough at 195-200mμ. This optical rotary 

dispersion (ODR) corresponds to the n           π* 

transition of the carboxylchromophore
.[47, 48]

 Since D-

amino acids exhibit a similar cotton effect, but of 

opposite sign, these observation s may readily be 

correlated with the absolute configuration of amino acids 

in solution. Benzyloxycarbonyl and t-butyloxycarbonyl 

groups are now widely used as α-amino protecting 

groups during peptide and other synthesis. For this 

reasons, and to determine whether racemization take 

place during α-amino acid to imide conversion, we 

studied the optical rotatory dispersion spectra of 

derivative in the aspartic acid series. A successfully 

executed synthesis would enable preparation of D and L 

amino acid imides for biological evaluation. 

 

Prior to the development of instruments capable of 

measuring the rotatory dispersion well below 240 mμ, 

various derivatives of amino acids were usually prepared 

and used for correlation of absolute configuration with 

the sign of cotton effect. Spectra of dithiocarbamate 
[49]

, 

dimedone 
[50]

, pthalolyl 
[51]

, N-nitroso 
[52]

, and 

azomethine 
[53]

 derivatives of optically pure α-amino 

acids have been employed for this purpose. A similar 

derivative of the terminal amino group in a peptide 

affords rotatory dispersion spectra which reflect the 

absolute configuration of the N-terminal amino acid. 

This latter observation holds irrespective of the 

configuration of the asymmetric carbon atom in the 

second or subsequently linked amino acids
.[54]

 With our 

instrument, the hydrochloride salt of L(S)-aspartic acid 

exhibits a positive plain curve (Figure 4) analogous to 

the curve reported by Sterm and co-workers
.[55]

 The 

benzyloxycarbonyl, t-butyloxycarbonyl and the acetyl 
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derivatives of L(S)-aspartic acid exhibit negative 

anomalous optical rotatory dispersion curves, with a 

trough between 240-245 mμ. These ORD spectra 

correspond to n           π* transitions of the carbonyl 

group for the benzyloxycarbonyl, t-butyloxycarbonyl and 

acetamido functions (curves B in Figures 1, 2, and 4, 

respectively)
.[56]

 The β-anilides of these three N-

substituted aspartic acids similarly exhibit negative plain 

curves in the region 270-300 mμ (curve C in the Figure 

1, 2, and 5, respectively). This high intensity in the ORD 

curve in the range of 270-300mμ for all three derivatives 

apparently reflects the influence of the anilide 

chromophore on the asymmetric center
.[57]

  The cbz, boc 

and acetyl derivatives of L(S)-amino-N-

pheylsuccinimide exhibit negative cotton curves with 

troughs near 245mμ. This corresponds to the n           π* 

transition for the benzyloxycarbonyl, t-butyloxycarbonyl 

and acetyl functions. The shift to a lower intensity 

characterizes the anilide to imide conversion, correlates 

the spectra for these compounds with the L(S)-absolute 

configuration and suggests the carbonyl chromophore of 

the protecting group to have a greater influence on the 

optical rotatory dispersion than does the N-phenylimide 

function. Removal of the t-butyloxycarbonyl group 

affords α-amino-N-phenylsuccinimide, the spectrum of 

which, either as the free base or the hydrochloride salt, 

exhibits a negative cotton effect with a trough near 320-

325mμ. This large shift in the ORD curve to a longer 

wavelength reflects the removal of the carbonyl 

chromophore and corresponds to n             π* transition 

of the N-phenylimido chromophore (Figure 3)
.[51]

 Imide 

hydrolysis, which might take place during protecting 

group removal, is easily detected since the resulting L(S) 

aspartic acid β-anilide salt exhibits the expected positive 

rotatory dispersion, this occurs at the same wavelength of 

the imide hydrochloride. These studies substantiate the 

applicability of the synthetic scheme utilizing t-

butyloxycarbonyl group for the preparation of D- and L-

α-amino-N-substituted succinimides. 

 

 
Figure 1. Optical rotatory dispersion spectra in methanol. 

A. CbZ-L-α-amino-N-phenysuccinimide (C= 0.012) 

B. CbZ-L- α-aminosuccinic acid (C=0.010) 

C. CbZ-L- α-aminosuccinic acid β-anilide (C=0.095) 

 

 
Figure 2. Optical rotatory dispersion spectra in methanol. 

A. CbZ-L-α-amino-N-phenysuccinimide (C= 0.010) 

B. CbZ-L- α-aminosuccinic acid (C=0.011) 

C. CbZ-L- α-aminosuccinic acid β-anilide (C=0.095) 
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Figure 3. Optical rotatory dispersion spectra in methanol. 

A. L- α-aminosuccinic acid β-anilide  hydrochloride (C=0.066) 

B. L- α-amino-N-phenylsuccinimide (C=0.111) 

C. L-α-amino-N-phenysuccinimide hydrochloride  (C= 0.042) 

 

 
Figure 4. Optical rotatory dispersion spectra in water. 

A. L- α-aminosuccinic acid β-anilide  hydrochloride (C=0.139) 

B. L- α-aminosuccinic acid hydrochloride (C=0.143) 

C. L-α-amino-N-phenysuccinimide hydrochloride  (C= 0.088) 

 

 
Figure 5. Optical rotatory dispersion spectra in methanol. 

A. Methy-L- α-aminosuccinic acid β-anilide  hydrochloride (C=0.115) 

B. L- α-aminosuccinic acid β-anilide  hydrochloride  

C. Methy-BOC-L-α-aminoaspartate β-anilide (C= 0.091) 
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