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 ΔGsolv R/R’ H-bond 
Compound cisa transa transb cisc transd cise 

1-Hpz 0  1.86 H/H H/H O-acyl chlorido 
 2.46  - H/H H/H chlorido O-acyl 
 3.68  - H/H H/H O-acyl O-acyl 
 2.00  4.49 H/H H/H chlorido chlorido 
 -  7.43 H/H H/H O-acyl hydrido 
 uns.  - H/H H/H hydrido O-acyl  
 uns.  uns. H/H H/H hydrido chlorido 
 -  uns. H/H H/H chlorido hydrido 

1-Hpz 

 -  uns. H/H H/H hydrido hydrido 
1a-Hmpz 0.00  2.04 H/Me H/Me O-acyl chlorido 
1a´-Hmpz 1.35  uns H/Me Me/H O-acyl chlorido 

 3.00  6.24 Me/H H/Me O-acyl chlorido 
 6.28  4.32 Me/H Me/H O-acyl chlorido 
 2.39  - H/Me H/Me chlorido O-acyl 
 5.13  - H/Me Me/H chlorido O-acyl 
 12.13  - Me/H H/Me chlorido O-acyl 
 7.05  - Me/H Me/H chlorido O-acyl 
 5.22  - H/Me H/Me O-acyl O-acyl 
 uns.  - H/Me Me/H O-acyl O-acyl 
 uns.  - Me/H H/Me O-acyl O-acyl 
 10.81  - Me/H Me/H O-acyl O-acyl 
 1.92  4.90 H/Me H/Me chlorido chlorido 
 uns.  4.58 H/Me Me/H chlorido chlorido 
 uns.  4.26  Me/H H/Me chlorido chlorido 
 uns.  4.63 Me/H Me/H chlorido chlorido 
 -  10.81 H/Me H/Me O-acyl hydrido 
 -  12.03 H/Me Me/H O-acyl hydrido 
 -  uns. Me/H H/Me O-acyl hydrido 
 -  uns. Me/H Me/H O-acyl hydrido 
 uns.  - H/Me H/Me hydrido O-acyl  
 uns.  - H/Me Me/H hydrido O-acyl  
 uns.  - Me/H H/Me hydrido O-acyl  
 uns.  - Me/H Me/H hydrido O-acyl  
 uns.  uns. H/Me H/Me hydrido chlorido 
 uns.  uns. H/Me Me/H hydrido chlorido 
 uns.  uns. Me/H H/Me hydrido chlorido 
 uns.  uns. Me/H Me/H hydrido chlorido 
 -  uns. H/Me H/Me chlorido hydrido 
 -  uns. H/Me Me/H chlorido hydrido 
 -  11.26 Me/H H/Me chlorido hydrido 
 -  uns. Me/H Me/H chlorido hydrido 
 -  uns. H/Me H/Me hydrido hydrido 
 -  uns. H/Me Me/H hydrido hydrido 
 -  uns. Me/H H/Me hydrido hydrido 

 1-Hmpz 

 -  uns. Me/H Me/H hydrido hydrido 
1a-Hdmpz 0.35 1b-Hdmpz 0.00 Me/Me Me/Me O-acyl chlorido 

 3.42  - Me/Me Me/Me chlorido O-acyl 
 7.13  - Me/Me Me/Me O-acyl O-acyl 
 uns. 1b´-Hdmpz 0.02 Me/Me Me/Me chlorido chlorido 
 -  7.39 Me/Me Me/Me O-acyl hydrido 
 uns.  - Me/Me Me/Me hydrido O-acyl  
 uns.  uns. Me/Me Me/Me hydrido chlorido 
 -  7.44 Me/Me Me/Me chlorido hydrido 

1-Hdmpz 

 -  uns. Me/Me Me/Me hydrido hydrido 
Table SI-1. PCM corrected (benzene) relative free energy values (∆G, kcal/mol) calculated at M062X/6-311++G(2d,2p)//B3LYP/6-
31G(d,p)&LANL2DZ level of theory, for the different isomers/rotamers of compounds 1-Hpz, 1-Hmpz and 1-Hdmpz, respectively, 
“uns.” refers to unstable, meaning that the indicated structure converged to a different rotamer upon DFT optimization. “–“ sign: the 
indicated rotamer is not plausible. For clarity, most stable structures were named following the same nomenclature as in the main 
text.  
acis or trans disposition of chlorido with respect to hydrido. bNature of R and R´ in pyrazole trans to phosphorus. cNature of R and 
R´ in pyrazole cis to phosphorus. dAcceptor group of the hydrogen bond established by the pyrazole trans to the phosphorus atom. 
eAcceptor group of the hydrogen bond established by the pyrazole cis to the phosphorus atom. 
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ΔGsolv H-bond Compound 

cisa transa OH/CHOb pyrazoled 
3-Hdmpz 3a-Hdmpz 0.60 3b-Hdmpz 0.00  chlorido 

4-Hdmpz 0.00  2.99 O-acyl chlorido 
 3.91  5.93 chlorido chlorido 4-Hdmpz 
 -  - hydrido chlorido 
 uns 5b-Hdmpz 0.82 O-acylc chlorido 
 uns  uns chloridoc  chlorido 5-Hdmpz  

5a-Hdmpz 0.00  uns hydridoc chlorido 
Table SI-2. PCM corrected (benzene) relative free energy values (∆G, kcal/mol) calculated at M062X/6-311++G(2d,2p)//B3LYP/6-
31G(d,p)&LANL2DZ level of theory, for the different isomers/rotamers of compounds 3-Hdmpz, 4-dmHpz and 5-dmHpz, 
respectively. “uns.” refers to unstable, meaning that the indicated structure converged to a different rotamer upon DFT optimization. 
“–“ sign: the indicated rotamer is not plausible. For clarity, most stable structures were named following the same nomenclature as 
in the main text.  
acis or trans disposition of chlorido with respect to hydrido. bAcceptor group of the hydrogen bond established by OH in 4-Hdmpz 
or H in CHO of 5-Hdmpz. c Considering the moderate polarity of the C-H bond in aldehydes, the quantitative significance of the 
indicated hydrogen bonds may be modest. Still they could be identified based on the directionality of the groups involved. Oxygen 
atom in CHO of  5-Hdmpz was not found to be able to establish hydrogen bonds. dAcceptor group of the hydrogen bond established 
by the pyrazole. 
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Figure SI-1. Stick representation of the gas phase optimized structures. a)1-Hpz; b) 1a-

Hmpz; c) 1a'-Hmpz; d) 1b-Hdmpz; e) 1b'-Hdmpz; f) 1a-Hdmpz. Atom coloring: 

rhodium: dark green; chlorine: light green; phosphorus: orange; oxygen:red; nitrogen: 

blue; carbon: grey; hydrogen: white. Hydrogen bonds are indicated as dashed lines. 
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Figure	  SI-‐2.	  Stick	  representation	  of	  an	  unstable	  rotamer	  (ΔG	  =	  7.43kcal/mol)	  of	  a	  

trans	   (H/Cl)	   isomer	   of	   1-‐Hpz,	   where	   the	   O-‐acyl	   and	   the	   hydrido	   group	   act	   as	  

hydrogen	  bond	  acceptors.	  
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Figure SI-3. Stick representation of the gas phase optimized structures. a) 3a-Hdmpz; b) 

3b-Hdmpz; c) 4-Hdmpz; d) 5a-Hdmpz; e) 5b-Hdmpz. Atom coloring: rhodium: dark 

green; chlorine: light green; phosphorus: orange; oxygen:red; nitrogen: blue; carbon: 

grey; hydrogen: white. Hydrogen bonds are indicated as dashed lines. 
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Table	   SI-‐3.	   Crystal	   data	   and	   structure	   refinement	   for	   compounds	   2-Hpz,	   3a-

Hdmpz	  and	  7-Hpz.	  
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Figure SI-4. Blank	  tests	  for	  the	  hydrogen	  release	  from	  AB	  (x),	  TBAB	  (△),	  or	  DMAB	  

(○)	  as	  substrates,	  in	  the	  absence	  of	  catalyst	  in	  THF/H2O	  =	  1:1	  mixtures.	  T,	  298	  K.	  	  

 


