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Abstract:  Intramolecular reductive cross-coupling of unsymmetrical dibenzylidene sulfamides generates the 
corresponding cyclic sulfamides in good yield. These intermediates are readily converted to the free, 
unsymmetrical 1,2-diaryl ethanediamines. Copyright © 1996 Elsevier Science Ltd 

Vicinal diamines are of interest due to their applications in asymmetric synthesis ~ and medicinal 
chemistry.2The synthesis of unsymmetrically substituted 3 as well as symmetrical 3':  vicinal diamines has therefore 
been intensively investigated in recent years. The reductive coupling of imines  is the simplest approach to diaryl 
vicinal diamines and the intermolecular version of this reaction has been extensively s tudied:  This procedure, 
however, suffers from some drawbacks, the main one being its restriction to the homo-coupling mode. In contrast 
to the cross-coupling of carbonyl compounds, 6 a similar reaction involving two different imines has not been 
reported. Herein we describe preliminary results on a novel intramolecular cross-coupling of unsymmetrical 
diimines 7 as a new approach to chiral 1,2-diaryl ethanediamines. 

For initial investigations we chose to prepare sulfamide derived diimines 2 (Scheme 1) since a) the 
precursor imine, monobenzylidene sulfamide 1 is readily prepared, s b) the reductive coupling to generate 3 may 
be expected to proceed with some element of stereocontrol and more importantly c) hydrolysis of 3 would lead 
directly to the free diamines 4, an advantage not available with most of the conventional coupling procedures. 9 

SO2 H 2 1 ~ H 2  
N/SO2"NH2 Ar2CH (OMe)2 N/SO2"N Zn/'TMSCI HN / "NH Hgr 

Ar I Ar I Ar 2 Ar I r 2 Arl Ar 2 

1 2a-f 3a-f 4a-e 

S c h e m e  1 

Condensation of benzylidene sulfamide with p-tolualdehyde was attempted under a variety of conditions 
(benzene reflux, SOCIJ I 'HF reflux, l°" TiCI4/CH2C12 '°b rt.) all giving low yield of unsymmetrical diimine 2a (Ar t 
= Ph, Ar 2 = 4MePh). The method of choice was reaction with p-tolualdehyde dimethylacetal in refluxing 
benzene ~°~ to generate 2a in 70% yield. The procedure is quite general and is applicable to a variety of aromatic 
aldehydes either in the arylidene sulfamide or the acetal component. Thus diimines 2a-e were readily available 
in good yield (65-70% after recrystallization, quantitative yield of crude product). We next investigated the 
intramolecular reductive coupling of 2a. Most of the reagents that successfully couple N-substituted arylimines ~ 
either failed to induce any coupling of 2a or caused extensive decomposition (AI-Hg in moist ether did generate 
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3 in some cases but the reaction was capricious since 2 is readily hydrolysed by moisture). Although Zn metal 
in DMF or THF failed to yield 3a, in-situ activation of the metal with TMSCI n was beneficial and yielded 3a 
consistently as a ca. 2:1 mixture of cis/trans isomers. Attempts to improve the stereoselectivity of the process 
by lowering the temperature were unsuccessful since the coupling slowed down considerably. Although reaction 
of 2 with Sml 2 in THP sd at ambient temperature rapidly generated 3, there was no significant improvement in 
yield or selectivity. Lowering the reaction temperature resulted in incomplete reaction with no change in 
stereoselectivity and the Zn mediated coupling procedure is therefore advantageous from a practical viewpoint. 
Thus, cyclic sulfamides 3 were readily available from 2 in good yield (63-85%). 12 

Conversion of 3 to the free diamines 4 proved challenging. Initial investigations were conducted with 3g, 
which was found to be inert to most reagents that reductively cleave sulfoxides ta or reduce sulfones to sulfides, 14 
for eg. Ra-Ni/EtOH, Mg/EtOH, Mg(Hg), Na(Hg), AI(Hg), LAH/THF reflux and Sml2 at ambient temperature. 
Treatement with excess Sml2 at elevated temperature caused decomposition. Acid mediated cleavage t5 studies 
of 3g indicated that it was inert to refluxing HBr or HCI, whereas heating in HBr/AcOH or AcOH/HCIO4 caused 
decomposition. However, heating 3g in HBr with added phenol for solubilization t6 generated the free diamine 
4g in 63% yield. Similarly, diamines 4a-e were obtained in 52-75% yield. The reaction sequence constitutes a 
new synthesis of unsymmetrical 1,2-diaryl ethanediamines involving a novel cross-coupling of imines. The 
results for the reductive coupling of 2 and the generation of free diamines 4 are summarized in Table 1. 

Some of the substrates exhibit a preference for the cis coupling 12 mode, and introduction of an ortho 
substituent into one of the aryl groups causes an increase in the amount of the trans product. (cis/trans = 2/1 for 
3a, and 1/1 for 3b). It is noteworthy in this regard that the symmetrical substrate 2j t° (Ar t = Ar 2 = 2-naphthyl) 
furnished only N,N'-methyl-2-naphthyl sulfamide (reduction product) and reductive coupling was not observed, 
presumably due to steric crowding in the transition state leading to 3. However, a distinct trend in such steric 
effects and an explanation of the observed stereoselectivity is not obvious at present (eg. cis/trans = 2.5/1 for 3c 
and 1/1 for 3h))  7 

Table  1. Reductive coupling of arylidenesulfamides 2 and hydrolysis of 3. 

Compound  Ar l, Ar  2 Reagent  Solvent Yield% 3 3 cis/trans c Yield% 4' 

2,a Ph, 4MePh Zn/TMSCI DMF 85" 2/1 52 

Sml 2 THF 95 b 3/1 

2b Ph, 2MePh Zn/TMSCI DMF 63 a 1/1 67 

SmI 2 THF 75 b 1/1 

2c 2MePh, 4MePh Zn/TMSCI DMF 72' 2.5/1 52 

Sml 2 THF 75 b 2/1 

2d Ph, 2naphthyl Zn/TMSCI DMF 75" 1/1 58 

2e Ph, pCIPh Zn/TMSCI DMF 71 a 1.2/1 75 

SmI 2 THF 60 b 

2f Ph, 4MeOPh Zn/FMSCI DMF 55 a 2/1 

2g Ph, Ph ZnfI'MSCI DMF 72" 3/1 63 

2h 4MePh, 4MePh Zn/I'MSCI DMF 70' 1/1 51 

2i 4MeOPh, 4MeOPh Zn/TMSCI DMF 90 b 3/1 

2j 2naph., 2naph. Zn/TMSCI DMF d 

a: Isolated yields, b: Yield estimated by tH NMR of crude product, c: Ratio determined by tH NMR and/or t3C 
NMR. d: not obtained. 
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In conclusion, we have developed a novel synthesis of a new class of chiral 1,2-diaryl ethanediamines 
employing an intramolecular reductive cross-coupling of electronically similar imines as the key step. Current 
efforts focus on studying the factors influencing the stereoselectivity of the coupling reaction and application to 
intramolecular reactions of related unsymmetrical substrates. 
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This is a modification of a procedure for the cleavage of benzenesulfonamides, see: Snyder, H, R.; 
Heckert, R. E. J. Am. Chem. Soc. 1952, 74, 2006-2009. 

Coupling of symmetrical 2 derived from 2-methyl benzaldehyde gives cis 3 as the major product (cis/trans 
= 5/1). This result is contrasteric and a simple explanation is not apparent. Stereoselectivity in 
intramolecular reductive coupling of symmetrical diimines leading to macrocycles is reported to depend 
on the electronic nature of the aryl group (trans/cis ratio is higher with p-electron donating substituents, 
see ref. 7.). No distinct electronic effects are seen in the present study. 
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