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Scheme S1. HB patterns with a null site at the 2-position. (a) Difluorobenzyl derivatives have been employed as 

nucleobase motifs that rely on two fluorine atoms as HB acceptors. (b) Rather than being considered as a null site, 

a C–H bond may act as a weak HB donor when paired opposite a HB-accepting heteroatom. (c) Although DND and 

ANA sites are practically difficult to realize, they are assigned the one-letter codes D (for diamino) and L (for 

halogen), for the sake of completeness. (d) HB patterns that present DNA and AND are impractical as the C–H in 

the 2-position will act like a HB donor. Nevertheless, they are named here as J and isoJ (or iJ for short). 
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Scheme S2. All 27 combinations of HB acceptors, donors, and null sites. Although there are 27 combinations of 

HB acceptors (A, blue arrows), HB donors (D, maroon arrows), and null sites (N, black broken lines), six of these 

combinations result in only one HB and one combination results in no HBs (NNN). Of the remaining 20, four include 

a null site in the 2-position that is impractical to realize (see Scheme S1). The remaining 16 combinations are the 

focus of the main text and are summarized in Scheme 1. 

 
  



S4 

Scheme S3. HB patterns of reported bifacial (Janus) nucleobases described using our proposed one-letter 

codes. (a) Monocyclic Janus wedges: A^iG,1 iG^C,2 iG^Z,3 X^iC,4 X^H,5 X^X,6 and Z^Z.6 (b) Bicyclic Janus 

nucleobases: F^C,5 iA^X,7 iA^C,8 G^A,5 G^C,9 H^C,9 X^A,10 Z^H,11 and Z^X.12 (c) Nonsymmetric bifacial 

nucleobases not containing two fused heterocycles: Z^C8 and G^C.13 (d) Extended, tricyclic symmetric bifacial 

nucleobases: C^C, G^G, and X^X.14 (e) Double-headed alkynyl nucleosides: A^X, G^C, and X^X.15 
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