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Abstract: 

Synthesis of amino β-lactams is a crucial objective because of the medicinal properties associated 

with them and the products derived from of them. Stereocontrolled synthesis of phthalimido β-lactams 

is performed and cis and trans-phthalimido β-lactams are deprotected with ethylene diamine (and 

other reagents) to amino β-lactams of diverse structures in excellent yield. This reaction is also 

conducted under solventless conditions to afford identical products.  

 

Introduction: 

Penicillins, cephalosporins, cephamycins, monobactams and nocardicines are functionalized α-amino 

β-lactams systems of monocyclic and bicyclic ring structures with cis stereochemistry at the ring 

junction [1]. Examples of trans β-lactams with antibacterial properties are also available [2].  α-

Amino β-lactam with trans stereochemistry is also active against various cancer cell lines in vitro [3]. 

Similarly cis β-lactams with anticancer properties are also identified [4]. These types of molecules are 

used as the starting compounds for the preparation of diverse natural products, alkaloids, amino 

sugars, amino acids and other antibiotics [5]. In this paper, a simple and highly convenient synthesis 

of cis- and trans-phthalimido β-lactams is described. Preparation of α-amino β-lactams is also 

reported here by a deprotection reaction of α-phthalimido β-lactams by ethylene diamine and other 

reagents [6].  

 

Results and Discussions: 

 

Synthesis of α-phthalimido β-lactams by cycloaddition reaction was investigated [7]. The 
stereochemistry of this reaction depended on the temperature of the process except for N-

polyaromatic systems. Our interest in the synthesis of 3-phthalimido substituted β-lactams was 

initiated many years ago when we discover unprecedented stereochemical outcome of the Staudinger 

cycloaddition reaction [3, 7]. The trans amino β-lactam derived from trans 3-phtalimido β-lactam was 

obtained by a deprotection reaction [3]. Several β-lactams analogues (for example, α-acetoxy, α-

hydroxy, α-amido, α-unsubstituted, α-tosylate, α-sulfonamide, α-alkoxy,  α-ether, α-benzyl ether,  

α-halo, α-carboxylate, α-amino, and α-mesylate with diverse functional group at C-4 and N-1) were 
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synthesized and were tested at the University of Texas M. D. Anderson Cancer Center Core research 

laboratory against numerous cancer cell lines [8; also see the US patent]. Some of these new 

molecules were also screened in vitro at the US National Cancer Institute Drug Discovery Program 

against a panel of 60 cancer cell lines in 2001-2002 [3]. Later, this study was extended for the 

preparation of phthalimido β-lactams with imines for the preparation of diverse pyrrole derivatives 

appended with a β-lactam ring [9]. In this paper, preparation of α-phthalimido β-lactams by 

cycloaddition of imines derived from monocyclic primary amines and monocyclic aromatic aldehydes 

is described [1, 10]. In addition, deprotection of the α-phthalimido β-lactams to α-amino β-lactams is 

also investigated [9, 10]. The results of this investigation were reported at the American Chemical 

Society National Meeting as a part of our long-term goal of using β-lactams as therapeutic agents and 

other useful compounds [10].  

 

Table 1 :  N-Phthalimido ββββ-lactam with N(benzelidine) aniline and its derivatives  

S.No Z R
1
 R

2
 

cis-

Isomer 

trans-

Isomer 

3/4  

ratio 

Time 

(hrs.) 

Yield 

(Major & Minor) 

(%) 

1 PhthN Ph Ph 3a 4a 25/75 4 90   

90 

85  

85 

2 PhthN PMP Ph 3b 4b 20/80 4 

3 PhthN Ph Cinnamyl 3c 4c 90/10 4 

4 PhthN PMP Cinnamyl 3d 4d 90/10 4 

 

It was found that reaction of phthalimido acetic acid 1 with N-methyl-2-chloropyridinium iodide in 

the presence of triethylamine with imine 2 in an organic solvent produced a mixture of cis and trans 

β-lactams (3a-d and 4a-d) at room temperature (Scheme 1) [10]. The cis-isomer became the 

predominant compounds at 0
0
C (not shown in the Scheme 1). High temperature (40

0
C) favored the 

formation of the trans-isomer. The ratio of the isomers is given in Scheme 1 next to the structure of 

the products. The cinnamyl group, however, produced mostly cis isomers regardless of the 
temperature of the process. 

 

 

 

N
R1COOH

R2
N

Me

Cl

I

Et3N
N

O R1

R2Z
++

H H

N
O R1

R2Z H HZ

z     = N

O

O

(3 equiv.)

(3 equiv.)

CH2Cl2

1

2 a R1 = Ph R2 = Ph     100%

2 b R1 = PMP R2 = Ph 100%

2 c R1  = Ph  R2  = Cinnamyl 95%

2 d R1  =  PMP R2 = Cinnamyl 100%

SCHEME 1:  Synthesis 3-Amino-β- Lactam from N-Phthalimidoglycine with Schiff bas of monocycyclic amine

rac (+/-) - cis

3 a R1 = Ph R2 = Ph     25%

3 b R1 = PMP R2 = Ph  20%

3 c R1  = Ph  R2  = Cinnamyl 90%

3 d R1  =  PMP R2 = Cinnamyl 90%

4 a R1 = Ph R2 = Ph     75%

4 b R1 = PMP R2 = Ph  80%

4 c R1  = Ph  R2  = Cinnmyl 10%

4 d R1  =  PMP R2 = Cinnamyl 10%

rac (+/-) - trans

2 3 4
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A number of methods (hydrazine hydrate, sodium borohydride, methyl hydrazine and ethylene 

diamine) for the deprotection of the phthalimido group in compounds 3 and 4 were attempted.  The 

best reagent was ethylene diamine. The yield of the racemic amino trans and cis compounds is given 

in Scheme 2 and Scheme 3 at room temperature. The reactions proceeded without the change of the 

stereochemistry at the C-3 and C-4 centers. The success of the reactions was independent in the 

choice of the solvents (Table 2) [10].  

 

Table 2: Solvent optimization for the deprotection of the N-Phthalimido group.  

Entry R
1
 R

2
 Reagents Solvent 

trans 

(5) 

cis 

(6) 

Time 

(hrs) 

Yield 

5 & 6 
(%)a 

1 Ph Ph MeNH2 (40%) THF 5a 6a 5 70 &70 

2 PMP Ph MeNH2 (40%) CH2Cl2 5b 6b 5 70 & 70 

3 Ph Cinnamyl MeNH2 (40%) Toluene 5c 6c 5 60 & 65 

4 PMP Cinnamyl MeNH2 (40%) Benzene 5d 6d 6 60 & 65 

5 Ph Ph NaBH4 EtOH 5a 6a 4 45 & 35 

6 PMP Ph NaBH4 MeOH 5b 6b 4 55 & 25 

7 Ph Cinnamyl NaBH4 THF 5c 6c 3 60 & 35 

5 PMP Cinnamyl NaBH4 Diglyme 5d 6d 5 50 &35 

6 Ph Ph NH2.NH2.H2O THF 5a 6a 4 45 &35 

10 PMP Ph NH2.NH2.H2O EtOH 5b 6b 3 40 & 25 

11 Ph Cinnamyl NH2.NH2.H2O MeOH 5c 6c 5 30 & 20 

12 PMP Cinnamyl NH2.NH2.H2O Benzene 5d 6d 6 35 & 30 

13 Ph Ph EDA Dioxane 5a 6a 1 80 & 80 

14 PMP Ph EDA Dioxane 5b 6b 2 80 &80 

N
O R1

R2Z H H

4 a R1 = Ph R2 = Ph     

4 b R1 = PMP R2 = Ph 

4 c R1  = Ph  R2  = Cinnmyl 

4 d R1  =  PMP R2 = Cinnamyl

rac (+/-) - trans

Solvent
rt

N
O R1

R2H2N
H H

5 a R1 = Ph R2 = Ph     90%

5 b R1 = PMP R2 = Ph 85%

5 c R1  = Ph  R2  = Cinnmyl 85%

5 d R1  =  PMP R2 = Cinnamyl 75%

rac (+/-) - trans

SCHEME 2 : Mild and efficient Ethylenediiamine mediated deprotection of N-Phthalimido group. A facile Synthesis of 
(+/-) rac-trans-3-amino β-lactam

NH2

NH2

N
O R1

R2Z H H

rac (+/-) - cis

3 a R1 = Ph R2 = Ph    

3 b R1 = PMP R2 = Ph 

3 c R1  = Ph  R2  = Cinnamyl 

3 d R1  =  PMP R2 = Cinnamyl

N
O R1

R2H2N
H H

rac (+/-) - cis

6 a R1 = Ph R2 = Ph  90 % 

6 b R1 = PMP R2 = Ph  90 %

6 c R1  = Ph  R2  = Cinnamyl 85%

6 d R1  =  PMP R2 = Cinnamyl 85%

Solvent
rt

SCHEME 3 : Mild and efficient Ethylenediamine mediated deprotection of N-Phthalimido group. A efficient Synthesis 
of (+/-) rac-cis-3-amino β-lactam

NH2

NH2
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15 Ph Cinnamyl EDA Dioxane 5c 6c 3 80 & 80  

16 PMP Cinnamyl EDA Dioxane 5d 6d 3 80 &80 

T(0C) 0 0C - rt 
a : isolated yield of isomer separately.  EDA: Ethylenediamine 

The trans and cis β-lactams (4 to 5 and 3 to 6) were also converted to the corresponding amino 
compounds in excellent yield with ethylene diamine in the absence of any solvent (Scheme 4 and 

Scheme 5; Table 3) [10]. 

 

Table 3: Solvent less condition for N-Phthalimido deprotection 

Entry R1 R2 Reagents 

trans 

(5) 

cis 

(6) 

Time 

(hrs) 

Yield 

5 and 6 
(%)

c
 

1 Ph Ph 
a
MeNH2 (40% aq)  5a 6a 3 70&65 

2 PMP Ph aMeNH2 (40% aq)  5b 6b 3    70 & 70 

3 Ph Cinnamyl 
a
MeNH2 (40% aq)  5c 6c 3 65 &65 

4 PMP Cinnamyl aMeNH2 (40% aq)  5d 6d 3 65 &65 

6 Ph Ph 
b
NH2.NH2.H2O 5a 6a 1 60& 65 

10 PMP Ph 
b
NH2.NH2.H2O 5b 6b 2 65& 65 

11 Ph Cinnamyl bNH2.NH2.H2O 5c 6c 3 65 &60 

12 PMP Cinnamyl 
b
NH2.NH2.H2O 5d 6d 3 60 &65 

13 Ph Ph dEDA 5a 6a 1 90 & 90 

14 PMP Ph 
d
EDA 5b 6b 1.5 90 &90 

15 Ph Cinnamyl 
d
EDA 5c 6c 1 90 & 90 

16 PMP Cinnamyl dEDA 5d 6d 1/2 90&90 

T(
0
C) 0 

0
C - rt 

a: 40 wt.% of Methylamine in water was used without additional solvent 

b: 1.0 M Hydrazine Hydrate in THF was used without additional solvent 

c: isolated yield of both isomer separately. 

N
O R1

R2Z H H

4 a R1 = Ph R2 = Ph     

4 b R1 = PMP R2 = Ph 

4 c R1  = Ph  R2  = Cinnmyl 

4 d R1  =  PMP R2 = Cinnamyl

rac (+/-) - trans

Solvent less N
O R1

R2H2N
H H

5 a R1 = Ph R2 = Ph      90%

5 b R1 = PMP R2 = Ph  90%

5 c R1  = Ph  R2  = Cinnmyl 85%

5 d R1  =  PMP R2 = Cinnamyl 55%

rac (+/-) - trans

SCHEME 4 : Mild and efficient Ethylenediaminemediated deprotection of N-Phthalimido group without solvent. 
Synthesis of (+/-) rac-trans-3-amino β-lactam

NH2

NH2

N
O R1

R2Z H H

rac (+/-) - cis

3 a R1 = Ph R2 = Ph    

3 b R1 = PMP R2 = Ph 

3 c R1  = Ph  R2  = Cinnamyl 

3 d R1  =  PMP R2 = Cinnamyl

N
O R1

R2H2N
H H

rac (+/-) - cis

6 a R1 = Ph R2 = Ph  90 % 

6 b R1 = PMP R2 = Ph  85 %

6 c R1  = Ph  R2  = Cinnamyl  90%

6 d R1  =  PMP R2 = Cinnamyl 85%

Solvent less

SCHEME 5: Mild and efficient Ethylenediamine mediated deprotection of N-Phthalimido group without solvent. 
Synthesis of (+/-) rac-trans-3-amino β-lactam

NH2

NH2
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d: 1.0 M solution of EDA was used without additional solvent 

The mechanism of β-lactams formation with phthalimido acetic acid was investigated. But, because of 

the sensitivity of the process, a clear explanation for the formation of isomeric cis and trans β-lactams 

was not possible [1, 11]. The reaction of the phthalimidoacetic acid under the above conditions was 

temperature dependent. A lower temperature favored the formation of the cis-isomer and high 
temperature produced the trans-compound as the major isomer. The mechanism was shown with a 

general scheme to explain the different stereochemical behavior of the imine 3 with acid 1 for the 

preparation of 8a and 8b. Because of the activation, the acid was able to form zewitterionic 

intermediates 7a and 7b through a reaction with the ketene [3]. These two intermediates were 

responsible for the formation of 8a and 8b. However, it appeared that the intermediates 7a and 7b are 

in equilibrium therefore, they were able to isomerize under different conditions [12]. The 

intermediates 7a produced cis product 8a, and 7b produced 8b. The intermediate 7b was more stable 

than 7a at high temperature (Scheme 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental: 

General procedure for the synthesis of Schiff base 2:  

 

Equimolar amounts of aldehyde (5 mmol) and primary amine (5 mmol) where dissolved in anhydrous 

dichloromethane (20 mL).  Dry molecular sieves (5 g) were added to it and the reaction was stirred at 

room temperate for 12-24 h. The progress of the reaction was monitored via TLC. After completion of 

the reaction, it was filtered and the solid mass was washed with dichloromethane (10 mL). The 

organic portion (the filtrate) was evaporated under vacuum to obtain 2 in almost quantitative yield. No 

further purification was performed.  

 

General procedure for the synthesis of 3-phthalimido β-lactams 3 and 4 via the Staudinger 

reaction: 

 

N-phthaloylglycine (1, 2 mmol), 2-chloro-1-methylpyridinium iodide (4 mmol) and triethylamine (6 

mmol) were dissolved in dry dichloromethane (20 mL) under an inert atmosphere. The mixture was 

stirred for 2h under ice-cold conditions. The imine 2 was added dropwise to the reaction mixture and 

the reaction was kept between 0
0
C-room temperature for 4h (or the reaction mixture was refluxed for 

4h). The reaction was monitored via TLC. The reaction mixture was washed with dilute hydrochloric 

acid (10%, 5 mL), saturated aqueous sodium bicarbonate solution (5 mL), and brine (5 mL). The 

organic part was dried over sodium sulfate (5 g) and it was then filtered. The solvent was evaporated 

COOH

Z

Z.
O

+ N
R1

HR2

N
R1

H

O

Z
R2 H

ISOMERIZATION

N
R1

H

O

Z
H R2

N
O R1

R2Z H H

N
O R1

R2Z H H

SCHEME 6 : Staudinger [2+2] Cycloaddition between Ketene and Imines

cis−β-lactams trans-β-lactams

Ketene Imine

ActivatorMild Base

N

Cl

HMe

Me

Cl

Vilsmeier reagent

N

Me

Cl

I

Mukiyama reagent

Activator :

Mild base : Et3N

Zewitterionic intermediate

Acid (1)

3

7a 7b

8a 8b

9 10
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under vacuum to produce a crude product. NMR was taken to identify the isomeric rations of the 

crude products. Column chromatography was performed over silica gel using hexanes-ethyl acetate as 

solvent (80:20) to afford the pure products 3 and 4.  

 

General procedure for the synthesis of 3-amino β-lactams 5 and 6.  

 

An identical procedure was used for the deprotection of cis and trans β-lactams 3 and 4 (with solvent 

or without solvent). However, the time required for the completion of the reaction depends on the 

nature of the reagents (Table 2 and 3). A representative procedure was given for cis 3-pthalimido β-

lactam. The β-lactam (1 mmol) was dissolved in 1,4-dioxane (2 mL).  Ethylene diamine (2 mmol) was 

added to the reaction and the reaction was monitored through TLC. Usually it took approximately 1 h 

for completion. Dichloromethane (10 ml) was added to the reaction mixture and the organic part was 

washed with brine (5 mL). The resulting organic layer was dried over sodium sulfate (5 gm) and 

evaporated under vacuum to yield the crude product. It was then filtered through a short column of 

silica gel using ethyl acetate-hexanes (20:80) to obtain the pure product.  

 

It is surprising that sodium borohydride was capable of doing deprotection reaction [Table 2, 13] 

 

Phthalimido and amino cis and trans β-lactams as reported herein are all known compounds. The 

compounds obtained from this study demonstrated satisfactory spectral data and melting point 

reported earlier by other methods [6].  

 

Conclusions: 

 

Stereocontrolled synthesis of monocyclic 3-phthalimido and 3-amino β-lactams were prepared 

following our own protocol in high yield [3, 10]. The stereochemistry of the 3-phthalimido β-lactams 

was controlled by a judicial selection of the reaction conditions. Preparation of many other 3-
substituted β-lactams  (hydroxy, acetoxy, mesylate, amide and many others) was also demonstrated by 

our group [3, 5, US patent]. Considering the anticancer and antibacterial properties of the 3-amino β-

lactams and their derivatives, our methods and compounds as reported herein would find wide 

application in synthetic organic chemistry, medicinal chemistry and drug discovery program 

following our exciting research in this field [1-8].  
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