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A Simplified Synthesis of (+)-l ,2-Diphenyi-l ,2-diaminoethane (1) from 
Benzaldehyde and Ammonia. Revision of the Structures of the Long-Known 

Intermediates "Hydrobenzamide" and "Amarine" 
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Department of Chemistry and Chemical Biology, Harvard University, Cambridge, Massachusetts 02138 

Summary: A new pathway for the simple, stereocontrolled and economical synthesis of  (+_)-1 
from benzaldehyde is described. The structures of  two intermediates (Scheme 1) have been 
revised to those shown in Scheme 2. © 1997 Elsevier Science Ltd. 

1,2-Diphenyl-1,2-diaminoethane (1) (stilbenediamine) has long been used as a ligand ("stien") in the study 

of metal chelates because of it's C2-symmetric structure. 1 More recently, the enantiomers of this diamine have 

been employed extensively in new reagents and catalysts for enantioselective synthesis. For example, highly 

enantioselective versions have been described for the following reactions: Diels-Alder, 2 aldol,2a, 3 carbonyl 

allylation 4 and propargylation, 5 dihydroxylation 6 and epoxidation 7 of olefins, electrophilic attack on enolates.8, 9 

The utility of the (R,R) and (S,S) enantiomers of 1 in asymmetric synthesis has stimulated the development of a 

Scheme 1. Synthesis of Racemic I via "Hydrobenzamide", "Amarine, 
and iso-Amarine, (Structures According to Saigo eL af) 11 
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S c h e m e  2. Corrected Reaction Sequence for the Synthesis of iso-Amarine (4). 
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number of new processes for their preparation. 10 Since the resolution of (+)-I can be carded out efficiently to 

provide the two pure enantiomers, 1,10,11 the principal need is for a very simple and cheap synthesis of racemic 1 

on a commercial scale. In principle, a reductive coupling process starting with benzaldehyde imine would seem 

attractive. However, that imine is not available, since the reaction of benzaldehyde with ammonia leads to the 

long-known substance "hydrobenzamide" instead. 1,11,12 In addition, numerous studies of the reductive coupling 

of N-protected imines of aromatic aldehydes offer little promise because such couplings have produced 

diastereomeric mixtures of the racemic and meso N-protected 1,2-diamines, and also have involved expensive or 

impractical reagents. 13-17 The original route to (+)-1 starting from benzaldehyde and ammonial,ll, 12 is definitely 

usuable, although it suffers from excessive length and inconvenient procedures. 18 That old process includes two 

intermediates "hydrobenzamide" and "amarine" the structures of which have remained questionable,l,ll, 12 even 

after so many years; it is outlined in the previously accepted version 11 in Scheme 1. The purpose of this paper is 

to clarify the structures of "hydrobenzamide" and "amarine" and to show how these intermediates can be used in a 

shorter and more effective synthesis of (+)-1. 

"Hydrobenzamide" and "amarine" can be synthesized easily and in high yield as previously described. 1 

Suitable single crystals of each were readily obtained and analyzed by X-ray diffraction. The structure of 

C 1 2 2 ) ~ j ~  1261 
jac(sl CHI 

c~2)j~ ^, , (~c411~ 

F i g u r e  1. ORTEP representation of the Figure 2. ORTEP representation of the crystal 
crystal structure of hydrobenzamide 2. structure of amarine hydrochlor ide 3oHCI.  
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"hydrobenzamide" was thereby shown to be 2 (Figure 1 and Scheme 2) and that of amarine hydrochloride to be 

3.HC1 (Figure 2 and Scheme 2). The stereospecific formation of 3 from 2 can readily be accounted for as a well- 

precedented disrotatory pericyclic closure of an intermediate 2,4-diazapentadienyl anion. The conversion of 3 to 

4 under vigorous basic conditions is also simply explained in terms of equilibration via deprotonation of 3 to form 

a delocalized benzylic anion and subsequent protonation to give 4, with reversibility at each step. 

Because of the ready availability of 4 from benzaldehyde and ammonia via intermediates 2 and 3, we 

sought a simple method for conversion of 4 into (+)-l,2-diphenyl-l,2-diaminoethane (1). As expected for a 

cyclic amidine, 4 is resistant to acid-catalyzed hydrolysis even at reflux, because of the stability of the conjugate 

acid. The amidinium ion derived from 4 also resists reduction by borohydride-type reagents. However, 

reduction of 4 by aluminum amalgam in moist THF occurred readily to give the corresponding imidazolidine 

which upon treatment with aqueous acid and subsequent workup provided (+)-1 in 85% yield. The specific 

procedure follows. 
Ph 

/ 

H N"~N 1. AI.HgCI 2 H2N NH2 
3 eq H20-THF 

ph~'~ph 2. 2N HCI-Et20 " ph)'-/~ph 
KOH; 85% 

4 1 

Reduct ion  of 4 to 1. Aluminum foil (450 mg, 16.8 mmol, cut into 20 x 20 mm strips) was immersed 

with agitation for 30 seconds successively in Et20, EtOH, 2% aqueous mercuric chloride, EtOH, and Et20. The 

pieces were immediately cut into smaller strips (6 x 2 mm) and covered with THF under N2 in a 50 ml round- 

bottom flask. Imidazoline 4 (1 g, 3.35 mmol) dissolved in THF (20 ml) containing 10 mmole of H20 was added 

dropwise with stirring. The mixture was stirred at 23 °C for 2 h, and filtered. The alumina was washed 

thoroughly with THF and concentrated to yield 995 mg of a colorless solid. This solid product was suspended in 

Et20 and 2N HC1 (25 ml of each), and the suspension was treated gradually with 20 ml of H20 with stirring until 

all the solid had dissolved. The phases were separated, and the aqueous phase was adjusted to pH 12 by addition 

of 2N KOH and extracted with CH2C12 (5 x 50 ml). The extract was dried (Na2SO4) and concentrated in vacuo 

to give the racemic diamine 1 as a colorless solid (604 rag, 85% of the theory). The diamine so obtained was 

identical with an authentic sample 10 in all respects and pure by 1H NMR analysis. The product had a melting 

point of 81-82 °C, Rf 0.1 (30% EtOAc-hexanes) and the following spectral properties: 1H NMR (400 MHz, 

CDCI3) 5 : 1 . 5 9  (bs, 4 H), 4.10 (s, 2 H), 7.2 - 7.3 (m, 10 H); 13C NMR (100 MHz, CDC13) 5: 61.9, 126.9, 

127.0, 128.2, 143.4; mass spectrum (CI) m/z (rel intensity) 230 (15) [M + NH4] +, 213 (100) [M + H] +, 139 (4), 

106 (5). 19,20 



8634 

References and Notes: 

1. (a) Williams, O. F.; Bailar, J. C. J. Am. Chem. Soc. 1959, 81, 4464. (b) Lifschitz, I.; Bos, J. Rec. Trav. 

Chint 1940, 59, 173. 

2. (a) Corey, E. J.; Imwinkelried, R.; Pikul, S.; Xiang, Y. B. J. Am. Chem. Soc. 1989, 111, 5493. 

(b) Corey, E. J.; Imai, N.; Pikul, S. Tetrahedron Letters 1991, 32, 7517. (c) Corey, E. J.; Sarshar, S.; 

Bordner, J. J. Am. Chem. Soc. 1992, 114, 7938. (d) Corey, E. J.; Sarshar, S.; Lee, D.-H. J. Am. 

Chem. Soc. 1994, 116, 12089. (e) Corey, E. J.; Letavic, M. A. J. Am. Chem. Soc. 1995, 117, 9616. 

3. (a) Corey, E. J.; Kim, S. S. J. Am. Chem. Soc. 1990, 112, 4976. (b) Corey, E. J.; Huang, H. C. 

Tetrahedron Letters 1989, 30, 5235. 

4. Corey, E. J.; Yu, C. M.; Kim, S. S. J. Am. Chem. Soc. 1989, 111, 5495. 

5. (a) Corey, E. J.; Yu, C. M.; Lee, D. H. J. Am. Chem. Soc. 1990, 112, 878. (b) Corey, E. J. In 

Proceedings 31st National Organic Chemistry Symposium of the American Chemical Society; 1989; pp 1. 

6. (a) Corey, E. J.; Da Silva Jardine, P.; Virgil, S.; Yuen, P. W.; Connell, R. D. J. Am. Chem. Soc. 1989, 

111, 9243. (b) Corey, E. J.; Sarshar, S.; Azimioara, M. D.; Newbold, R. C.; Noe, M. C. J. Am. Chem. 

Soc. 1996, 118, 7851. 

7. (a) Zhang, W.; Loebach, J. L.; Wilson, S. R.; Jacobsen, E. N. J. Am. Chem. Soc. 1990, 112, 2801. 

(b) Zhang, W.; Jacobsen, E. N. J. Org. Chem. 1991, 56, 2296. 

8. Evans, D. A.; Nelson, S. G. J. Am. Chem. Soc. 1997, 119, 6452. 

9. Other (less effective) applications include asymmetric Michael additions and hydrogenations; see 

(a) Brunner, H.; Hammer, B. Angew. Chem. Int. Ed. Eng. 1984, 23, 312; and (b) Fiorini, M.; Giongo, 

G. M. J. Mol. Cat. 1979, 5, 303. 

10. (a) Pikul, S.; Corey, E. J. Org. Synth. 1993, 71, 22. (b) Corey, E. J.; Lee, D.-H.; Sarshar, S. 

Tetrahedron Asymm. 1995, 6, 3. 

11. Saigo, K.; Kubota, N.; Takebayashi, S.; Hasegawa, M. Bull. Chem. Soc. Jpn 1986, 59, 931. 

12. (a) Laurent, M. A. Ann. Chem. 1837, 21, 130. (b) Laurent, M. A. Ann. Chem. 1845, 52, 23. 

(c) Fownes, G. Ann. Chem. 1845, 54, 363. (d) Bertagnini, C. Ann. Chem. 1853, 88, 127. 

(e) Schlenk; Bergmann Ann. 1928, 463, 281. 

13. (a) Betschart, C.; Seebach, D. Helv. Chim. Acta 1987, 70, 2215. (b) Betschart, C.; Schmidt, B.; 

Seebach, D. Helv. Chim. Acta 1988, 71, 1999. 

14. Mangeney, P.; Tejero, T.; Alexakis, A.; Grosjean, F.; Normant, J. Synthesis 1988, 255. 

15. (a) Smith, J. G. Can. J. Chem. 1966, 44, 59. (b) Smith, J. G.; Veach, C. D. Can. J. Chem. 1966, 44, 

2497. (c) Smith, J. G.; Ho, I. J. Org. Chem. 1972, 37, 653. 

16. Imamoto, T.; Nishimura, S. Chem. Lett. 1990, 1141. 

17. Shono, T.; Kise, N.; Oike, H.; Yoshimoto, M.; Okazaki, E. Tetrahedron Letters 1992, 33, 5559. 

18. For another recently described but lengthy procedure, see Pini, D.; Juliano, A.; Rosini, C.; Salvadori, P. 

Synthesis 1990, 1023. 

19. The coordinates of 2 and 3 can be obtained, on request, from the Director, Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge, CB2 1EZ, UK. 

20. We are grateful to the Deutscher Akademischer Austauschdienst (DAAD) for a postdoctoral fellowship 

granted to F.N.M.K. and to the National Science Foundation for a research grant. 

(Received in USA 23 September 1997; accepted 1 October 1997) 


