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Aiming at advancing protocols for safer, environmentally sensible peptide synthesis we report our findings
with regards to the occurrence of hydrogen cyanide (HCN, prussic acid) in amide bond forming reactions
mediated by diisopropylcarbodiimide (DIC) and ethyl (hydroxyimino)cyanoacetate (Oxyma). We have
determined that HCN is always formed in amide bond forming reactions on solid support in
N,N-dimethylformamide (DMF) when employing DIC/Oxyma. In an attempt to minimize the formation of
prussic acid by means of preventing the linear DIC/Oxyma adduct 2 from cyclizing to oxadiazole 3 and in turn
releasing HCN, we evaluated a series of greener solvents such as N-butylpyrrolidinone (NBP), NBP/ethyl
acetate (EtOAc, 1:1), methyl 5-(dimethylamino)-2-methyl-5-oxopentanoate (PolarClean, PC), and PC/EtOAc
(1:1). We found that the ratio between 2 and 3 greatly depends on the solvent used and consequently, we
further examined DMF, NBP, NBP/EtOAc (1:1) and NBP/EtOAc (1:4) as solvents for DIC/Oxyma mediated
amidations on solid support and in solution. We found that using carboxylic acid/Oxyma/DIC in a 1:1:1 ratio
the rate of HCN formation decreases in the following order DMF>NBP>NBP/EtOAc (1:1)>NBP/EtOAc (1:4)
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DIC/Oxyma mediated amidation of Fmoc-Gly-OH + (S)-(-)-1-phenylethylamine in DMF-d7 with 0, 5 and 10
equiv of dimethyl trisulfide (DMTS) as HCN scavenger. The formation of HCN and rate of amidation was
monitored by 1H NMR, revealing that DMTS scavenges HCN without inhibiting the rate of amidation.
DIC/Oxyma mediated amidations of Fmoc‑Ser(t‑Bu)‑OH with (S)-(‑)-1-phenylethylamine in DMF and
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Abstract 

Aiming at advancing protocols for safer, environmentally sensible peptide synthesis we report our findings with regards 

to the occurrence of hydrogen cyanide (HCN, prussic acid) in amide bond forming reactions mediated by 

diisopropylcarbodiimide (DIC) and ethyl (hydroxyimino)cyanoacetate (Oxyma). We have determined that HCN is always formed 

in amide bond forming reactions on solid support in N,N-dimethylformamide (DMF) when employing DIC/Oxyma. In an attempt 

to minimize the formation of prussic acid by means of preventing the linear DIC/Oxyma adduct 2 from cyclizing to oxadiazole 3 

and in turn releasing HCN, we evaluated a series of greener solvents such as N-butylpyrrolidinone (NBP), 

NBP/ethyl acetate  (EtOAc, 1:1), methyl 5-(dimethylamino)-2-methyl-5-oxopentanoate (PolarClean, PC),  and PC/EtOAc (1:1). We 

found that the ratio between 2 and 3 greatly depends on the solvent used and consequently, we further examined DMF, NBP, 

NBP/EtOAc (1:1) and NBP/EtOAc (1:4) as solvents for DIC/Oxyma mediated amidations on solid support and in solution. We found 

that using carboxylic acid/Oxyma/DIC in a 1:1:1 ratio the rate of HCN formation decreases in the following order  

DMF>NBP>NBP/EtOAc (1:1)>NBP/EtOAc (1:4) while the reaction rate increases in order of 

DMF~NBP<NBP/EtOAc (1:1)<NBP/EtOAc (1:4). Of the solvents examined, the NBP/EtOAc (1:4) mixture gave the lowest rate of 

HCN formation and the highest rate of amide bond formation both in solution and on solid support. As altering the solvent for 

DIC/Oxyma mediated amidations resulted in suppressing HCN rather than its full elimination we evaluated the concept of in situ 

scavenging of the HCN formed. We carried out DIC/Oxyma mediated amidation of Fmoc-Gly-OH + (S)-(-)-1-phenylethylamine in 

DMF-d7 with 0, 5 and 10 equiv of dimethyl trisulfide (DMTS) as HCN scavenger. The formation of HCN and rate of amidation was 

monitored by 1H NMR, revealing that DMTS scavenges HCN without inhibiting the rate of amidation. DIC/Oxyma mediated 

amidations of Fmoc-Ser(t-Bu)-OH with (S)-(-)-1-phenylethylamine in DMF and NBP/EtOAc (1:4) with and without 10 equiv of 

DMTS were carried out and found to be comparable. 
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 The focus on sustainable chemistry as a means to contribute to the advancement of United Nations’ Sustainable 

Development Goals has been increasing in recent years.1 Adhering to the principles of Green Chemistry2 is a key prerequisite for 

the development of sustainable chemical processes and due to the essential role of amide bonds in chemistry and biology,3 

greening of methods for the construction of amide bonds has received tremendous interest as of late,4 for example within the 

areas of catalytic5 and non-classical6 amide bond forming reactions. Nevertheless, a vast majority of amide bonds are still being 

made using a wide range of conventional coupling reagents.7 In fact, evaluating various environment, health and safety (EHS) 

aspects of using these coupling agents has seen growing attention as well.8 Among the plethora of reagents available for amide 

bond formation, the combination of DIC9  and Oxyma10 has become established as one of the most widely used for efficient amide 

and peptide synthesis.11 With regards to EHS considerations, DIC, which in itself promotes an efficient formation of amide 

bonds,12  but is mostly used in the presence of various coupling additives,7,13 has been deemed as one of the most preferred 

coupling reagents from the process safety standpoint.8a Oxyma has been reported to constitute a highly efficient, greener4b and 

safer alternative14 to the hydroxybenzotriazole based coupling additives7 which are also highly efficient racemization 

suppressants albeit their use in peptide synthesis has decreased considerably since explosive properties  and classification of 

benzotriazole based coupling agents has been demonstrated.15 Recently, McFarland et al. (Eli Lilly) reported that reacting DIC 

with Oxyma, either alone or in the presence of an amino acid (AA) component, leads to the formation of an oxadiazole byproduct 

3 accompanied by an equimolar amount of HCN (Fig. 1a).16 Although HCN has conceivably played a key role in the emergence of 

all life in the early days of our planet,17 nowadays HCN is mostly associated with its very high toxicity.18 In fact, the National 

Institute for Occupational Safety and Health (NIOSH) defines a level of 50 ppm of HCN gas as immediately dangerous to life or 

health.19 The recent report by the scientists at Eli Lilly on occurrence of HCN upon reacting DIC with Oxyma16 has therefore 

warranted a careful evaluation of possible EHS consequences of using DIC/Oxyma in amide and peptide synthesis.  On this topic, 

it was recently noted by Albericio and coworkers20 that the occurrence of this side reaction in the presence of an amino 

component, which corresponds to the real case in peptide synthesis, has not been reported. In fact, these authors indicated that 

the issue of HCN formation could be less pronounced than what was reported in the instances in which DIC/Oxyma was reacted 

in the absence of an amine.16  

In connection with our ongoing interest and efforts in greening peptide chemistry21 together with the fact that large 

quantities of DIC/Oxyma are used in the manufacturing of peptide therapeutics, these reports prompted us to investigate the 

extent of HCN formation under the conditions of DIC/Oxyma mediated amide bond forming reactions, and to identify possible 

courses of actions for mitigation. (Fig. 1b).  
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Figure 1. Schematic representation of HCN formation during DIC/Oxyma mediated reactions: (a) in reaction with Fmoc-Ala-OH or 

Fmoc-Leu-OH16 (b) in amide bond forming reactions and assessment of HCN minimization. 

 

First, we set out to assess the extent of HCN formation in a model DIC/Oxyma mediated amide bond forming reaction. 

As oxadiazole 3 is formed in an equimolar amount as HCN in reactions involving DIC and Oxyma (Fig. 1a),16 we used the easily UV- 

detectable 3 as the marker of the HCN formation. As Merrifield’s solid-phase peptide synthesis (SPPS)22 constitutes the most 

widely used method for synthesis of peptides,23 we assessed an amide bond forming reaction on a polymer support. The model 

system employed the Ramage linker24 bound to an aminomethylstyrene (AMS) functionalized polystyrene/divinylbenzene 

(PS/DVB) resin25 as nucleophile while using a Fluorenylmethyloxycarbonyl (Fmoc) protected AA activated by DIC/Oxyma  as an 

acyl donor (Table 1).  Thus, using the standard SPPS solvent DMF as the reaction medium, we carried out two amidations using 

AA/Oxyma/DIC starting materials in 1:1:1 and 1:1:3 stoichiometries. In both cases these starting materials were reacted for 1 h 

at room temperature (rt) after which the activated AA solutions were added to the resin and the resulting amide bond forming 

reactions were allowed to proceed for 20 h (Table 1). The formation of the HCN marker 3 was monitored throughout, and 0.3% 

Oxyma to 3 conversion was observed (and hence equimolar amounts of HCN) after 1 h of activation of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) in DMF. This corroborates the results obtained by McFarland et al. who reported a similar 

rate of HCN formation after reacting Fmoc-Leu-OH/Oxyma/DIC (1:1:1) in DMF for 1 h.16 Further to this, during the monitoring of 

the subsequent amide bond forming process, we found that the formation of 3 steadily increased throughout the coupling 

process. Although in terms of chemical conversion of Oxyma to HCN the extent of HCN formation was not significant, appreciable 

amounts of HCN would have been formed if the reaction was carried out on mol scales customary in manufacturing on industrial 

scale. Upon completion of these couplings as determined by a colorimetric test (ninhydrin),26 an appreciable amount of HCN was 

formed not only when 3 equiv DIC vs AA and Oxyma was used (326 mg HCN mol-1 AA coupling) but also when 1 equiv of DIC vs 

AA and Oxyma was employed (166 mg HCN mol-1 AA coupling). It is worth noting that upon allowing the reactions to proceed 

further for a total of 20 h, the content of HCN increased to 328 mg HCN mol-1 AA coupling for AA/Oxyma/DIC used in 1:1:1 ratio 



4 
 

and to 2148 mg HCN mol-1 AA coupling for 1:1:3 ratio. This result shows that if the reactions are stopped as soon as the desired 

coupling conversion is attained, the total amount of formed HCN is reduced. 

Table 1: Assessment of HCN formation during DIC/Oxyma mediated amide bond formation on solid support1 

 

X 

AA activation (h) Amide bond formation (h) 

0.0 0.5 1.0 0.5 2.5 20 

Oxyma to 3 conversion (mol %) (equimolar amounts of HCN) 2 

1 0.00 0.21 0.28 0.32 0.483 0.94 

3 0.00 0.28 0.30 0.973 1.66 6.37 

1Reagents and conditions: Fmoc-Ser(t-Bu)-OH/Oxyma/DIC in DMF was reacted for 1 h at rt and the resulting mixture was added 

to H-RMG resin (swollen in DMF and drained). The slurry thus obtained was shaken at rt (300 rpm) for 20 h. 2Aliquots of reaction 

mixtures were taken out throughout and analyzed by HPLC for the content of the HCN marker 3. Using these contents of 3 Oxyma 

to HCN conversions were determined, see section 2 in the ESI for details. 3Full conversion of the amide bond formation attained 

according to a qualitative (ninhydrin) color test.  

 

As we determined that HCN formation occurs under commonly used conditions for use of DIC/Oxyma in peptide 

synthesis we set out to examine whether the extent of this side reaction could be minimized by suitably altering the parameters 

of the reaction between DIC and Oxyma. Recently, we reported that choice of solvent and/or addition of scavengers have a 

profound effect on the extent of side reactions initiated by conversion of Oxyma to the corresponding N-oxyl radical.27 We 

reasoned that the reaction medium could alter the rate of the HCN forming side reaction as well and, thus, wanted to evaluate 

the solvent effects on the conversion of Oxyma to HCN. As oxadiazole 3 is directly associated with formation of HCN and the 

linear precursor 2 (Fig. 1a) is not, we decided to evaluate the rate of formation of both 3 and 2 in reactions between DIC/Oxyma 

solely and in solvents considered to be greener than the standard hazardous DMF,28 but still relevant in the context of SPPS. Two 

greener dipolar aprotic solvents, NBP29 and PC30 were chosen. In addition, as we recently showed that using EtOAc, a suitable 

solvent for greener solution-phase amidations,31 works well as a co-solvent in SPPS and even enables suppression of side reactions 

in peptide couplings on polymer supports,32 we also examined 1:1 mixtures of NBP/EtOAc and PC/EtOAc. With regards to 

scavengers, addition of a suitable sulfur containing radical scavenger such as dithiothreitol (DTT) or diisopropylthiourea (DITU) 

was reported to inhibit the formation of N-Oxyl radical from Oxyma.27 Therefore, all five solvents were evaluated in the presence 

of DITU (10 mol%) to discern any possible role of an N-Oxyl radical formed from Oxyma in the side reaction leading to the HCN 

formation. The progress of formation of 3 was assessed by HPLC over the course of 17 days, and the content of 2 and 3 was 
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determined after 4 days by EIC (extracted ion chromatography) LC-MS (Fig. 2). We found that the rate of formation of 3 depends 

profoundly on the reaction medium (see ESI, section 3), and the 2:3 ratio could be altered by replacing DMF with any of the four 

greener solvents examined. Although in none of the experiments the occurrence of 3 could be minimized to an appreciable 

extent, we observed that the amount of 2 present increased in order of DMFNBP<NBP/EtOAcPC<PC/EtOAc. It is worth noting 

that the open chain DIC-Oxyma adduct 2 was detected at rt, whereas in the study by McFarland et al. it was only observed by 

NMR at -30 °C.16 Regarding the addition of 10 mol % of DITU, we determined that it did not alter the 2:3 ratio appreciably 

irrespective of solvent (see ESI section 3) and this result disfavors a role of Oxyma based N-oxyl radical species in the formation 

of 3 and HCN.  

Having evaluated the effect of solvents on formation of adduct 2 vs oxadiazole 3 and HCN in DIC/Oxyma mixtures, a 

screening of actual amide bond formations on a solid support in the different solvents was initiated. Thus, we examined DMF vs 

the greener NBP and NBP/EtOAc (1:1), which both constitute suitable SPPS solvents.33,34 Moreover, to examine the role of 

NBP/EtOAc ratio on the formation of HCN, NBP/EtOAc (1:4) mixture was examined as well. With regards to PC and PC/EtOAc 

(1:1), these solvents were not further assessed since inferior amide bond formation kinetics were determined outside this work 

(unpublished data). 

 
Figure 2. Schematic representation of EIC-MS contents of linear DIC/Oxyma adduct 2 and oxadiazole 3 in Oxyma/DIC (1.0:1.2) 

mixtures in five different solvents after 4 days at rt. For full details of HPLC analyses at different timepoints with and without 10 

mol% DITU and LC-HRMS analyses confirming the presence of 2 and 3 in these reactions see ESI, section 3.   

 

For the coupling screening, 2 equiv. of AA/Oxyma/DIC in 1:1:1 and 1:1:3 ratios were examined. To avoid the formation 

of HCN during AA/DIC/Oxyma activation, the amide bond forming reactions were carried out as ‘’one-pot’’, i.e. to a slurry of 
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dissolved AA, Oxyma and resin, DIC was added (Table 2). The coupling conversion was assessed by a colorimetric (ninhydrin) 

test26 and the formation of 3 at the completion of the experiment was determined by LC-HRMS. According to the color test carried 

out after 0.5 h, all couplings using 1:1:3 AA/Oxyma/DIC were complete, while using the 1:1:1 AA/Oxyma/DIC ratio all reactions 

except for the NBP/EtOAc (1:4) run were incomplete. Interestingly, while the runs using 1:1:3 AA/Oxyma/DIC ratio all exhibited 

significant rate of 3 (and HCN) formation which increased in order of NBP<DMF<NBP/EtOAc (1:1)<NBP/EtOAc (1:4) the 

experiments run with 1:1:1 AA/Oxyma/DIC ratio showed a much slower rate of HCN formation, decreasing in order of 

DMF>NBP>NBP/EtOAc (1:1)>NBP/EtOAc (1:4). The exact nature of all the phenomena governing the rate of HCN formation 

depending on solvent and reagent stoichiometry is currently not known and will be the subject of future studies.  

Nevertheless, we were intrigued by the low rate of HCN formation and the high rate of amide bond formation observed 

with the AA/Oxyma/DIC (1:1:1) in NBP/EtOAc (1:4) and we decided to further evaluate reaction kinetics using this protocol. As 

the AA/Oxyma/DIC (1:1:1) coupling in NBP/EtOAc (1:4) using 2 equiv was quite fast, we decreased the amount of AA to 1.3 equiv 

to slow down the coupling rate and facilitate the assessment of the kinetics. Furthermore, to also evaluate the solvent effect on 

the rate of HCN formation in a solution phase amidation, we carried out a DIC/Oxyma mediated coupling of Fmoc-Ser(t-Bu)-OH 

using (S)-(-)-1-phenylethylamine (1.0 equiv) as a nucleophile. The results of these experiments are summarized in Fig. 3, revealing 

that both in solution and on solid support the amidation kinetics increased in order of 

DMF~NBP<NBP/EtOAc (1:1)<NBP/EtOAc (1:4) while the rate of HCN formation decreased in a 

DMF>NBP>NBP/EtOAc (1:1)>NBP/EtOAc (1:4) order. In summary, using the inexpensive NBP/EtOAc (1:4)35 as solvent gave the 

highest reaction rate and the lowest rate of HCN formation both in solution and on a solid support.  

Table 2: Solvent effects on HCN formation during DIC/Oxyma mediated amide bond formation on solid support1 

 

 

1Reagents and conditions: Fmoc-Ser(t-Bu)-OH/Oxyma in solvent was added to H-RMG resin (swollen in solvent and drained). DIC 

was added and the slurry thus obtained was shaken at rt (300 rpm) for 20 h. 2After 2.5 h the color test was negative for all runs. 

3Oxyma to HCN conversions were determined as in Table 1, see section 4 in the ESI for details.  

  

Solvent DMF NBP NBP/EtOAc (1:1) NBP/EtOAc (1:4) 

X 1 3 1 3 1 3 1 3 

Kaiser test 
after 0.5 h2 

    

Oxyma to 
HCN conv. 
after 20 h 

(%)3 

0.74 8.84 0.45 6.38 0.20 11.47 0.09 22.54 



7 
 

 

  
Figure 3. Solvent effects on I) amidation conversion II) HCN formation during DIC/Oxyma mediated amide bond formation in 

solution (R=A) and on solid support (R=B).   

 

The encouraging results of minimizing HCN as well as improving reaction rates in NBP/EtOAc (1:4) represent an interesting 

perspective over the conventional DMF protocols. However, the occurrence of HCN was not fully eradicated. In a further pursuit 

of methods that would enable additional reduction of HCN, we evaluated the concept of in situ scavenging of the HCN formed. 

Mc Farland et al. showed that in DMF-d7 mixtures of DIC/Oxyma, the amount of HCN in solution was appreciably lower than the 

amount of oxadiazole 3, conceivably due to the loss of HCN to the vapor phase above the reaction solution.16 This observation 

prompted us first to examine the effect of the concentration on the ratio of HCN vs 3 in solution prior to any test for HCN 

scavenging effects. We examined DMF-d7 solutions of DIC/Oxyma at 0.3M, 0.4M and 0.5M by NMR spectroscopy (Fig. 4) and 

determined the amount of HCN versus 3. Interestingly, a marked concentration dependence was observed. At 0.4M and 0.5M 

the relative amount of HCN (HCN vs 3) in solution over time decreased quite significantly whereas at 0.3M the relative amount 

of HCN in solution remained much higher (Fig. 4A). The HCN lacking in solution due to loss of HCN to the gas phase would be 

more pronounced at higher concentrations in line with the generated results. To further test this hypothesis, future studies will 

be aimed at determining the content of HCN both in solution and in gas phase.36 
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Figure 4. 1H NMR assessment of the presence of HCN in 0.3M, 0.4M and 0.5M DMF-d7 solutions of DIC/Oxyma (1:1) at rt. A) HCN 

vs oxadiazole 3 ratio at different DIC/Oxyma concentrations over time. B) An expansion of an overlay of 1H NMR spectra of 0.3M, 

0.4M and 0.5M DIC/Oxyma mixtures after 10 h. An integration of HCN Ha and oxadiazole 3 Hb peaks was used to determine HCN 

vs 3 ratios, for experimental details see ESI section 7. 

 
With the result of the DIC/Oxyma concentration study (Fig. 4) in hand we moved on to the HCN scavenger proof of concept. The 

concentration of the amidation reactions was chosen to be at 0.1M to keep the HCN to be scavenged in solution, and the reaction 

was to be monitored by NMR. As an HCN scavenger DMTS37 was employed using a reaction where DMTS transforms the HCN into 

the less hazardous methyl thiocyanate. Prior to engaging DMTS,  it was first established that i) none of the starting materials used 

in DIC/Oxyma mediated amide bond formations react with the DMTS, and ii) activation of an AA by DIC/Oxyma is not impaired 

by the presence of DMTS (see ESI, section 8). Upon confirmation of these prerequisites, DIC/Oxyma mediated coupling of Fmoc-

Gly-OH with (S)-(-)-1-phenylethylamine in DMF-d7 at 0.1M concentration was carried out using 0, 5 and 10 equiv. of DMTS, 

respectively. NMR analyses showed that increasing the amount of DMTS resulted in lowering of the HCN concentration (Fig. 5), 

confirming that DMTS scavenges the HCN formed during the coupling reaction. Importantly, using NMR it was determined that 

HCN scavenging occurred without impairing the rate of the coupling reaction (Fig. 5). Additionally, we evaluated the impact of 

DMTS on the rate of amide bond formations in the different solvents. Thus, DIC/Oxyma mediated couplings of Fmoc-Ser(t-Bu)-OH 

and (S)-(-)-1-phenylethylamine in DMF and NBP/EtOAc (1:4) were carried out, with and without 10 equiv of DMTS. In keeping 

with the assessment of solvents effects on coupling kinetics shown in Fig. 3 the amidations in NBP/EtOAc (1:4) occurred at faster 

rates than the corresponding reactions in DMF and according to HPLC analyses, the couplings with and without DMTS proceeded 

comparably (see ESI, section 10). 

In future studies we will continue to determine the amount of HCN as well as rate of amide bond formation in a broader range 

of solvents and in the presence of various potential HCN scavengers with the aim of establishing greener, safer coupling 

conditions.  
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Figure 5. Effect of DMTS on conversion and presence of HCN during DIC/Oxyma mediated coupling of Fmoc-Gly-OH (1.0 equiv) 

and (S)-(-)-1-phenylethylamine in DMF-d7 at rt. 

Conclusions 

In this initial work on understanding the HCN formation and identifying paths forward for control and prevention, we 

have demonstrated that DIC/Oxyma mediated amide bond forming reactions are accompanied by formation of HCN and that the 

HCN continues to build up in the reaction mixture. The rate of formation of HCN was found to be dependent on the solvent 

composition and the reagents ratios, and among the investigated greener alternatives, NPB/EtOAc (1:4) was found to minimize 

the formation while accelerating the actual coupling kinetics when employed with a 1:1:1 ratio of AA/Oxyma/DIC . The observed 

gap between the amounts of HCN and the amounts of 3, attributed to release of HCN into the vapor phase, was investigated and 

a concentration of 0.3M (DIC and Oxyma) was found to contain the HCN in the solution significantly more effective than higher 

concentrations. Moreover, the concept of HCN scavenging during the DIC/Oxyma mediated coupling reactions was successfully 

tested with DMTS. We propose that combining the two HCN minimization concepts involving solvent engineering and in situ HCN 

scavenging may furnish protocols for efficient DIC/Oxyma mediated, HCN free synthesis of amides and peptides in green solvents. 

Further work on the development of such protocols as well as their implementation in industrial manufacturing of peptides is 

underway and will be reported in due course. 

Experimental Section 

All reagents, reactants and solvents were from standard suppliers of raw materials for peptide synthesis and were used as such. 
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Assessment of HCN formation and amide bond formation kinetics during DIC/Oxyma mediated coupling of 1.3 equiv Fmoc-

Ser(t-Bu)-OH with H-RMG resin in different solvents. 

4 x 1 mmol of dry H-RMG AMS resin was prepared as described in section 2 of the ESI. The dried H-RMG AMS resins were swollen 

in solvents specified for each reaction and drained. The amounts of residual solvent in the swollen and drained resins were 

determined to be 5 mL. Next, in four reactions vessels, 4 x 498.5 mg (1.3 mmol, 1.0 equiv) of Fmoc-Ser(t-Bu)-OH and 184.7 mg 

(1.3 mmol, 1.0 equiv) of Oxyma were dissolved in 20 mL of solvents as specified for each reaction. The resulting Fmoc-Ser(t-Bu)-

OH/Oxyma mixtures were added to the washed and drained batches of H-RMG AMS resins prepared above. To the resulting 

slurries of Fmoc Ser(t-Bu)-OH/Oxyma with H-RMG AMS resins 203.9 L DIC (1.3 mmol, 1.0 equiv) was added in the following 

manner: experiment R1, DMF; experiment R2, NBP; experiment R3, NBP/EtOAc (1:1); experiment R4, NBP/EtOAc (1:4) and the 

resulting reaction mixtures were shaken at rt (300 rpm) for 16 h. Conversions of the amidation reactions were followed by 

determining the Fmoc content of the Fmoc Ser(t Bu)-RMG AMS resins and EIC MS analyses were used for the determination of 3 

based on which Oxyma to HCN conversions were determined (see section 5 of the ESI for details). 

Assessment of HCN formation and amide bond formation kinetics during DIC/Oxyma mediated coupling of 1.0 equiv Fmoc-

Ser(t-Bu)-OH with (S)-(-)-1-phenylethylamine in different solvents. 

Fmoc-Ser(t-Bu)-OH (191.8 mg, 0.5 mmol, 1.0 equiv) and Oxyma (71.0 mg, 0.5 mmol, 1.0  equiv) were weighed into four glass 

reaction vessels equipped with a magnetic stirrer. 10.0 mL of a solvent (DMF, NBP, NBP/EtOAc (1:1) and NBP/EtOAc (1:4)) was 

added to these vessels and all four reactions thus obtained were stirred at rt until all solid material was dissolved. To the resulting 

reaction mixtures (S)-(-)-1-phenylethylamine (62.9 L, 0.5 mmol, 1.0 equiv) and DIC (78.3 L, 0.5 mmol, 1.0 equiv) were added in 

the following manner: experiment R1, DMF ; experiment R2, NBP; experiment R3, NBP/EtOAc (1:1); experiment R4, NBP/EtOAc 

(1:4) and the resulting amidation reactions were allowed to stir at rt for 16 h. Conversions of the amidation reactions were 

followed by HPLC and EIC MS analyses were used for the determination of 3 based on which Oxyma to HCN conversions were 

determined (see section 6 of the ESI for details). 

NMR analysis of HCN formation at different DIC/Oxyma concentrations 

A solution was prepared by dissolving Oxyma (7.2 mg, 0.051 mmol, 1.0 equiv) and caffeine as internal standard (2.1 mg, 0.011 

mmol, 0.22 equiv) in varying amount of DMF-d7 (see ESI section 7) to obtain 0.3, 0.4 and 0.5M concentration of Oxyma. The 

solution was mixed by using an ultrasound bath and DIC (8.0 µL, 0.051 mmol, 1.0 equiv) was added and the resulting mixture was 

transferred into a 3 mm NMR tube and transferred to the spectrometer for monitoring at 20°C. 1D 1H NMR acquisition was done 

after 1 h, 5 h, 10 h and 16 h at which times HCN content in the solutions were determined (see ESI section 7). 

NMR analysis of HCN formation during amide bond formations mediated by DIC/Oxyma with and without DMTS 

Oxyma (10.1 mg, 0.071 mmol, 1.04 equiv), Fmoc-Gly-OH (20.3 mg, 0.068 mmol, 1.0 equiv) and caffeine (8.0 mg, 0.042 mmol, 0.62 

equiv) were dissolved in 680 µL of DMF-d7 and (S)-(-)-1-phenylethylamine (8.77 µL, 0.068 mmol, 1.0 equiv) and DIC (10.65 µL, 

0.068 mmol, 1.0 equiv) were added. 170 µL aliquots (25% v/v of the solution i.e.  0.017 mmol based on Fmoc-Gly OH) of this 

solution were taken out and 0, 5, 10 equiv of DMTS were added to these solutions. The resulting reaction mixtures were 

transferred into 3 mm NMR tubes and 1D 1H NMR acquisitions were done after 1 h, 5 h, 10 h and 16 h using which amidation 

conversions and contents of HCN were determined (see ESI section 9). 
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1. General information 

All HPLC analyses were carried out on an Agilent 1100 or a Waters Alliance instruments. LC-MS 

analyses in section 3 of this ESI were performed on a tandem liquid chromatography mass 

spectrometry system consisting of an Agilent 1290, 1200 bar system with DAD, connected to an 

Agilent quadrupole time-of-flight (Q-TOF) mass spectrometer (Agilent, Santa Clara, CA, USA). 

The mass spectrometry system was operated in a positive mode using electron spray ionization 

(ESI), mass range 20-3200, mass accuracy at 0.02 u, resolution up to 20000 ppm. The following 

source settings were used: gas temp 300 °C, gas flow 8 l/min, nebulizer 30psig, sheath gas 

temperature 350 °C and sheat gas flow 7.5 l/min. Analytical separations were achieved using a 

Waters Acquity UPLC instrument. LC-MS analyses in sections 4 - 6 of this ESI were performed 

on a Horizon high performance liquid chromatography system (Thermo, Waltham, 

Massachusetts, U.S) with variable wavelength detector connected to a Qexactive orbitrap mass 

spectrometry system (Thermo, Waltham, Massachusetts, U.S). The mass spectrometry system 

was operated in a positive mode using sheath gas electrospray ionization (ESI), mass range 50-

750, mass accuracy 5ppm, resolution up to 140 000 ppm. The following source settings were 

used: sheath gas flow rate 35, aux gas flow rate 10, sweep gas flow rate 1, spray voltage (kV) 

3.50, capillary temp. 250 °C, S-lens RF level 50,0 and Aux gas heater temp. 200 °C. NMR spectra 

were recorded on a 400 MHz (for section 8.2) and 500 MHz Bruker system. Spectral data were 

processed using TopSpin software. All the samples were placed in 3 mm tubes from Norell.   
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2. Details of the assessment of HCN formation during DIC/Oxyma mediated coupling of 

2.0 equiv Fmoc-Ser(t-Bu)-OH with H-RMG resin in DMF 

Fmoc-RMG AMS resin (0.43 mmol/g) was prepared as previously described.1 For each 

Fmoc-Ser(t-Bu)-OH coupling experiment the requisite H-RMG AMS resin was prepared as 

follows: 2.33 g (1.0 mmol) of the Fmoc-RMG AMS resin was swollen in DMF, drained and shaken 

at rt for 1 h with 20 mL piperidine (pip)/DMF (20% v/v). The resulting H-RMG AMS resin was 

washed with DMF (6 x 20 mL), isopropanol (i-PrOH, 3 x 20 mL) and diethyl ether (2 x 20 mL) and 

dried to constant weight in vacuo. The dried H-RMG AMS resin was swollen in DMF and drained. 

The amount of residual DMF in the swollen and drained resin was determined to be 5 mL. Next, 

in two reactions vessels, 766.9 mg (2.0 mmol, 1.0 equiv) of Fmoc-Ser(t-Bu)-OH) and 284.2 mg 

(2.0 mmol, 1.0 equiv) of Oxyma were dissolved in 20 mL DMF. To the first vessel, 313.2 L DIC 

(2.0 mmol, 1.0 equiv) was added and to the second vessel, 939 L DIC (6.0 mmol, 3.0 equiv) was 

added. The resulting reaction mixtures were allowed to stir at rt for 1 h and added to the washed 

and drained batches of H-RMG AMS resin prepared above. The resulting slurries of DIC/Oxyma 

mediated couplings of Fmoc-Ser(t-Bu)-OH with H-RMG AMS resins were shaken at rt (300 rpm) 

for 20 h. Conversions of these amidation reactions were followed by a qualitative (ninhydrin) color 

test.2 During the course of Fmoc-Ser(t-Bu)-OH/DIC/Oxyma activations as well as the subsequent 

amidation reactions of the activated mixtures with H-RMG AMS resin 50 L reaction aliquots were 

taken out and quenched with MeCN (1.0 mL). The samples thus obtained were analysed for the 

content of oxadiazole 3 (section 2.1 of this ESI) based on which the conversions of Oxyma to 

HCN during these DIC/Oxyma mediated reactions were determined, see section 2.2 of this ESI. 

2.1 HPLC analysis of samples of Fmoc-Ser(t-Bu)-OH/DIC/Oxyma reaction mixtures 

containing oxadiazole 3 and determination of Oxyma to HCN conversions in these 

reactions 

Experimental conditions: column: Waters XSelect CSH130 C18 2.5 µm 4.6x150mm; detection 

wavelength: 220 nm; column temperature: 30°C; injection volume: 2 µL; sampler 

temperature: 10°C; flow: 0.5 ml/min; mobile phase A: 0.1 % TFA in water, mobile phase B: 0.08 % 

TFA in 90% MeCN/10 %water. Gradient (Time(min), %B): 0, 0; 40, 100; 54, 100; 55, 0; 62, 0. 
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Figure S1. UV chromatogram overview of a 5 mg/mL reference sample of oxadiazole 3 in MeCN, 

50 L of which was diluted with MeCN (1.0 mL). 

 

Figure S2. UV chromatogram zoom-in of a 5 mg/mL reference sample of oxadiazole 3 in MeCN, 

50 L of which was diluted with MeCN (1.0 mL). 

 

Table S1. Area (mAuxmin) for the integrated peak of a 5 mg/mL reference sample of oxadiazole 3, 

50 L of which was diluted with 0.5 % TFA/MeCN (1.0 mL). 

 

 

 

Figure S3. UV chromatogram overview of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:1) after 0.5 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 
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Figure S4. UV chromatogram zoom-in of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:1) after 0.5 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 

 

Table S2. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) after 0.5 h at rt, 50 L of this mixture was diluted with 

MeCN (1.0 mL). 

 

 

 

Figure S5. UV chromatogram overview of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:3) after 0.5 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S6. UV chromatogram zoom-in of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:3) after 0.5 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 
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mAU

min

WVL:220 nm
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Table S3. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) after 0.5 h at rt, 50 L of this mixture was diluted with 

MeCN (1.0 mL). 

 

  

 

Figure S7. UV chromatogram overview of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:1) after 1.0 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S8. UV chromatogram zoom-in of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:1) after 1.0 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 

 

Table S4. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) after 1.0 h at rt, 50 L of this mixture was diluted with 

MeCN (1.0 mL). 
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mAU

min

WVL:220 nm
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Figure S9. UV chromatogram overview of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:3) after 1.0 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S10. UV chromatogram zoom-in of a reaction mixture of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:3) after 1.0 h at rt, 50 L of this mixture was diluted with MeCN (1.0 mL). 

 

Table S5. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) after 1.0 h at rt, 50 L of this mixture was diluted with 

MeCN (1.0 mL). 
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mAU

min

WVL:220 nm
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Figure S11. UV chromatogram overview of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 0.5 h at rt, 50 L of this 

mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S12. UV chromatogram zoom-in of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 0.5 h at rt, 50 L of this 

mixture was diluted with MeCN (1.0 mL). 

 

Table S6. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture 

supernate of 2 equiv Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 0.5 h 

at rt, 50 L of of this mixture was diluted with MeCN (1.0 mL). 
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mAU

min

WVL:220 nm
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Figure S13. UV chromatogram overview of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 0.5 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S14. UV chromatogram zoom-in of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 0.5 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

Table S7. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture 

supernate of 2 equiv Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 0.5 h 

at rt, 50 L of of this mixture was diluted with MeCN (1.0 mL). 
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mAU

min
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Figure S15. UV chromatogram overview of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 2.5 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S16. UV chromatogram zoom-in of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 2.5 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

Table S8. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture 

supernate of 2 equiv Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 2.5 h 

at rt, 50 L of of this mixture was diluted with MeCN (1.0 mL). 
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2019-HPLC62 #172 [modified by gxp-jap] 2010-41A 2 mmol Fmoc-Ser(t-Bu)-OH/Oxyma in 20 mL + 1 equiv DIC 50 microL +  1 mL MeCN +R T=2.5h TUV_CHN_A
mAU

min

WVL:220 nm
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Figure S17. UV chromatogram overview of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 2.5 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S18. UV chromatogram zoom-in of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 2.5 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

Table S9. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture 

supernate of 2 equiv Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 2.5 h 

at rt, 50 L of of this mixture was diluted with MeCN (1.0 mL). 

 

 

 

 

Figure S19. UV chromatogram overview of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 20 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 
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mAU

min

WVL:220 nm

13,98 14,50 15,00 15,50 16,00 16,50 17,00 17,50 18,00 18,50 19,00 19,50 20,03

-110,9

-107,5

-105,0

-102,5

-99,6
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mAU
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mAU

min
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Figure S20. UV chromatogram zoom-in of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 20 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

Table S10. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture 

supernate of 2 equiv Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1) with H-RMG AMS resin after 20 h at 

rt, 50 L of of this mixture was diluted with MeCN (1.0 mL). 

 

 

 

Figure S21. UV chromatogram overview of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 20 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 

 

 

Figure S22. UV chromatogram zoom-in of a reaction mixture supernate of 2 equiv 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 20 h at rt, 50 L of of this 

mixture was diluted with MeCN (1.0 mL). 
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mAU

min
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Table S11. Area (mAuxmin) for the integrated peak of oxadiazole 3 from the reaction mixture 

supernate of 2 equiv Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:3) with H-RMG AMS resin after 20 h at 

rt, 50 L of of this mixture was diluted with MeCN (1.0 mL). 

 

 

2.2 Determination of Oxyma to HCN conversions and total amounts of HCN formed per mol 

of an amidation reaction based on HPLC analyses of samples of 

Fmoc-Ser(t-Bu)-OH/DIC/Oxyma reaction mixtures containing oxadiazole 3. 

The marker of HCN formation oxadiazole 3 was prepared as previously described.3  

OxymaHCN conversions and amounts of HCN formed mol-1 of the coupling reaction were 

determined as follows: 

1) Integrated areas of oxadiazole 3 (mAuxmin) present in the samples of run A 

(Fmoc-Ser(t-Bu-OH/Oxyma/DIC (1:1:1) and run B (Fmoc-Ser(t-Bu-OH/Oxyma/DIC (1:1:3) were 

determined by HPLC analyses (see section 2.1 of this ESI) and are summarized in Table S12.  

2) Based on the determined areas of oxadiazole 3 in all samples of 

Fmoc-Ser(t-Bu-OH/Oxyma/DIC concentrations of 3 (gL-1) in all samples of 

Fmoc-Ser(t-Bu-OH/Oxyma/DIC were determined (Table S12).  

3) Based on i) the known volumes of Fmoc-Ser(t-Bu-OH/Oxyma/DIC reaction mixtures (20 mL) 

and Fmoc-Ser(t-Bu-OH/Oxyma/DIC+H-RMG AMS resin slurries (25 mL), ii) the determined 

concentrations of 3 and iii) assuming that 3 and HCN are formed in 1:1 ration(see Fig. 1) the total 

amounts of HCN formed (mol) thoroughout the course of Run A and Run B experiments were 

determined (Table S12).  

4) Based on the amounts of HCN formed and known amounts of Oxyma employed in Run A and 

Run B experiments (2 mmol), the OxymaHCN conversions were determined (Table S12).  

5) Based on the amounts of HCN formed and known scale of Run A and Run B experiments 

(1 mmol), the amounts of HCN formed mol-1 of the coupling reaction were determined in mmol 

and mg HCN, respectively (Table S12). 
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Table S12. A summary of i) areas (mAuxmin) for the integrated peak of oxadiazole 3 throughout 

run A (Fmoc-Ser(t-Bu)-OH/Oxyma/DIC (1:1:1)) and run B (Fmoc-Ser(t-Bu)-OH/Oxyma/DIC 

(1:1:3) experiments; ii) concentrations of 3 throughout run A and Run B experiments; 

iii) OxymaHCN conversions throughout run A and Run B experiments; iv) amounts of HCN 

formed (mmol) mol-1 of the coupling experiment; v) amounts of HCN formed (mg) mol-1 of the 

coupling experiment. 

 

 

 

  

Reaction time (h)

Run A: 

(mAuxmin) 

3

Run B: 

(mAuxmin) 

3

Run A: gL-1 

3

Run B: gL-1 

3

Run A: 

mol 3

Run B: 

mol 3

Run A: 

%Oxyma-

>3

Run B: 

%Oxyma-

>3

Run A: 

mmol HCN 

mol
-1

 AA 

coupling

Run B: 

mmol HCN 

mol
-1

 AA 

coupling

Run A: mg 

HCN mol-1 

AA 

coupling

Run B: mg 

HCN mol-1 AA 

coupling

0,0 (preactivation) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

0,5 (preactivation) 0,12 0,16 0,05 0,07 4,21 5,62 0,21 0,28 2,11 2,81 56,96 75,95

1,0 (preactivation) 0,16 0,17 0,07 0,07 5,62 5,97 0,28 0,30 2,81 2,99 75,95 80,69

0,5 (coupling) 0,18 0,55 0,08 0,23 7,90 24,15 0,40 1,21 3,95 12,07 106,80 326,34

2,5 (coupling) 0,28 0,94 0,12 0,40 12,29 41,27 0,61 2,06 6,15 20,63 166,14 557,74

20 (coupling) 0,54 3,62 0,23 1,53 23,71 158,93 1,19 7,95 11,85 79,46 320,40 2147,90
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3. Details of the assessment of formation of linear and cyclic DIC/Oxyma adducts in the 

reaction of DIC with Oxyma with and without 10 mol% DITU in different solvents  

 

The general protocol for the preparation of the requisite DIC/Oxyma solutions was as follows: 

911 mg (6.4 mmol, 1.0 equiv) Oxyma was dissolved in a 10 x 10.0 mL of a given solvent (see 

below) at rt. To runs AT – ET (see below) 103 mg (0.64 mmol, 0.1 equiv) DITU was added and to 

all resulting solutions of runs A – E and AT – ET 1.0 mL DIC (7.8 mL, 1.2 equiv) was added. The 

resulting reaction mixtures were allowed to stand at rt for 17 days throughout which time 50 L 

reaction aliquots were taken out, diluted with MeCN (1.0 mL) and analyzed by HPLC and LC-

HRMS.  

The ten experiments which were carried out: 

1) Run A, DMF as solvent 

2) Run B, NBP as solvent 

3) Run C, NBP/EtOAc (1:1) as solvent 

4) Run D, PC as solvent 

5) Run E, PC/EtOAc (1:1) as solvent 

6) Run AT, DMF as solvent, 10 mol% DITU 

7) Run BT, NBP as solvent, 10 mol% DITU 

8) Run CT, NBP/EtOAc (1:1) as solvent, 10 mol% DITU 

9) Run DT, PC as solvent, 10 mol% DITU 

10) Run ET, PC/EtOAc (1:1) as solvent, 10 mol% DITU 
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3.1 HPLC analysis of DIC/Oxyma solutions in different solvents with and without 

10 mol% DITU 

Experimental conditions as in section 2.1 of this ESI. 

 

Figure S23. HPLC of Oxyma in five different solvents with and without 10 mol% DITU (t0). 

 

 

Figure S24. HPLC of Oxyma/DIC (1.0:1.2) mixtures with and without 10 mol% DITU in five 

different solvents after 5 hours at rt. Both linear (2) and cyclic (3) DIC/Oxyma adducts can be 

seen in all reaction mixtures in varying amounts. The presence of radical scavenger DITU in runs 

AT – ET did not prevent the formation of 2 and 3. 
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Figure S25. HPLC of Oxyma/DIC (1.0:1.2) mixtures with and without 10 mol% DITU in five 

different solvents after 4 days at rt. Both linear (2) and cyclic (3) DIC/Oxyma adducts can be seen 

in all reaction mixtures, in runs C – E and CT – ET the amount of the linear adduct 2 was 

significantly increased compared to A – B and AT – BT. The structures of 2  and 3 at this stage 

were confirmed by LC-HRMS, see section 3.2 of this ESI. 

 

 

Figure S26. HPLC of Oxyma/DIC (1.0:1.2) mixtures in five different solvents after 17 days at rt. 

The linear DIC/Oxyma adduct 2 was still present to an appreciable extent in runs C – E while in 

runs A – B it was absent. 
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3.2 LC-HRMS analysis of DIC/Oxyma solutions in different solvents  

Experimental conditions: column: Waters peptide CSH C18, 2.1x150mm, 1.7um, 130Å; column 

temperature: 30°C; injection volume: 1 μL; sampler temperature: 10°C; MS mode: positive 50-

3200; DAD: 220 nm; data rate: 5Hz; detector cell: standard cell 1uL; flow: 0.2 ml/min; jet weaver: 

V380 mixer; mobile phase A: 0.1 % TFA in 90% water/MeCN, mobile phase B: 0.10 % TFA in 

10% water/MeCN. Gradient (Time(min), %B): 0, 1; 1, 1; 30, 95; 32, 95; 32.1, 1; 42, 1. EIC 

(extracted ion chromatography)-MS analyses were carried out using a previously described 

methodology4 in a following manner: upon performing the pertinent LC-HRMS selected extracted 

ion chromatograms (EICs) were obtained by inspecting the original chromatograms at appropriate 

m/z values, resulting in the EICs pertaining to the specific compounds investigated. To eliminate 

the risk that some of the peaks detected by EIC-MS were either other peptides and/or artefacts 

all peak assignments were a result of a two-step process:  

1) an EIC-MS analysis was carried out searching for the most abundant mass of a given 

compound (z=+1) with the mass window of ±1 Da; 

2) the mass spectra for the EIC-MS peaks thus obtained were inspected manually one by one 

and only the peaks for which the mass spectra were in full agreement with the expected mass 

spectrum of a given compound were included as the actual compounds. The peaks that were 

identified as hits in the initial screening round but subsequently did not fit with the expected mass 

spectrum were disregarded. 

 

 

Figure S27. LC-HRMS (UV chromatogram overview) of Oxyma/DIC (1.0:1.2) mixtures in five 

different solvents after 4 days at rt. 
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Figure S28. MS spectrum M+H of linear DIC/Oxyma adduct 2 detected in Oxyma/DIC (1.0:1.2) 

mixture in DMF after 4 days at rt. 

 

 

Figure S29. MS spectrum M+H of oxadiazole 3 detected in Oxyma/DIC (1.0:1.2) mixture in DMF 

after 4 days at rt. 
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Table S13. EIC-MS analysis of contents of linear DIC/Oxyma adduct 2 and oxadiazole 3 in 

Oxyma/DIC (1.0:1.2) mixtures in five different solvents after 4 days at rt (see Figure 2 for the 

corresponding chart). 

 

 

 

  

269.2 (2) 242.1 (3)

DMF 14023022 71039476

NBP 13603308 66322408

NBP/EtOAc (1:1) 26735545 72034529

PC 25642669 69060166

PC/EtOAc (1:1) 34460762 57347695

Solvent

Quantification channel EIC 

Area (counts*min) 
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4. Assessment of HCN formation during DIC/Oxyma mediated coupling of 2.0 equiv 

Fmoc-Ser(t-Bu)-OH with H-RMG resin in different solvents 

 

8 x 1 mmol of dry H-RMG AMS resin was prepared as described in section 2 of this ESI. The 

dried H-RMG AMS resins were swollen in solvents as specified for each reaction and drained. 

The amounts of residual solvent in the swollen and drained resins were determined to be 5 mL. 

Next, in eight reactions vessels, 8 x 766.9 mg (2.0 mmol, 1.0 equiv) of Fmoc-Ser(t-Bu)-OH and 

284.2 mg (2.0 mmol, 1.0 equiv) of Oxyma were dissolved in 20 mL of solvents as specified for 

each reaction. Next, the resulting Fmoc-Ser(t-Bu)-OH/Oxyma mixtures were added to the washed 

and drained batches of H-RMG AMS resins prepared above. To the resulting slurries of 

Fmoc-Ser(t-Bu)-OH/Oxyma with H-RMG AMS resins DIC was added in the following manner: 

experiment R1, DMF, 313.2 L DIC (2.0 mmol, 1.0 equiv) 

experiment R2, DMF, 939 L DIC (6.0 mmol, 3.0 equiv) 

experiment R3, NBP, 313.2 L DIC (2.0 mmol, 1.0 equiv) 

experiment R4, NBP, 939 L DIC (6.0 mmol, 3.0 equiv) 

experiment R5, NBP/EtOAc (1:1), 313.2 L DIC (2.0 mmol, 1.0 equiv) 

experiment R6, NBP/EtOAc (1:1), 939 L DIC (6.0 mmol, 3.0 equiv) 

experiment R7, NBP/EtOAc (1:4), 313.2 L DIC (2.0 mmol, 1.0 equiv) 

experiment R8, NBP/EtOAc (1:4), 939 L DIC (6.0 mmol, 3.0 equiv) 

and the resulting reaction mixtures were shaken at rt (300 rpm) for 20 h. Conversions of the 

amidation reactions were followed by a qualitative (ninhydrin) color test.2 Upon completion of all 

eight reactions (20 h), 50 L reaction aliquots were taken out and quenched with 0.5 % TFA/MeCN 

(1.0 mL). The samples thus obtained were analysed by HPLC for the content of oxadiazole 3 

using the method described in section 2 of this ESI. As some of the solvents used in these 

experiments coeluted with 3 during the HPLC analyses using the experimental conditions 

reported in section 2 of this ESI, an EIC MS for the detection of 3 was employed instead (see 

section 4.1 of this ESI) based on which Oxyma to HCN conversions during these DIC/Oxyma 

mediated reactions were determined. 
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4.1 LC-HRMS analysis of Oxyma to HCN conversions during Fmoc-Ser(t-Bu)-OH + 

H-RMG AMS resin amidation reactions  

Experimental conditions: column: Waters peptide CSH C18, 2.1x150mm, 1.7um, 130Å; column 

temperature: 30°C; injection volume: 0.4 μL; sampler temperature: 10°C; MS mode: Full scan; 

DAD: 220 nm; data rate: 5Hz; detector cell: standard cell 11µL; flow: 0.1 ml/min; jet weaver: V200 

mixer; mobile phase A: 0.1 % TFA in water, mobile phase B: 0.10 % TFA in MeCN. Gradient 

(Time(min), %B): 0, 15; 40, 25; 48, 95; 54, 95; 55, 15; 62, 15. EIC (extracted ion 

chromatography) - MS analyses were carried out as previously described.4 A methodology for 

determining %OxymaHCN conversions based on determining concentration of 3 was used, see 

section 2 of this ESI.   

 

Table S14. A summary of integrated EIC areas, concentrations of 3 (gL-1), amounts of 3 formed 

and %OxymaHCN conversions after reaction time 20 h for experiments R1 – R8. 

 

 

Table S15. A summary of %OxymaHCN conversions after reaction time 20 h for experiments 

R1 – R8. 

 

 

  

DMF 1:1:1 16,936 3217592 0,14278 14,7933 0,7397

DMF 1:1:3 16,926 38447402 1,70608 176,7669 8,8383

NBP 1:1:1 16,868 1969508 0,08740 9,0551 0,4528

NBP 1:1:3 16,868 27756109 1,23166 127,6123 6,3806

NBP/EtOAc (1:1) 1:1:1 16,902 878422 0,03898 4,0387 0,2019

NBP/EtOAc (1:1) 1:1:3 16,872 49872540 2,21307 229,2955 11,4648

NBP/EtOAc (1:4) 1:1:1 16,901 370573 0,01644 1,7038 0,0852

NBP/EtOAc (1:4) 1:1:3 16,849 98067042 4,35167 450,8759 22,5438

%Oxyma->HCNSolvent
Fmoc-Ser(t-Bu)-

OH/Oxyma/DIC (1:1:X)

Rt (min), 

quantification 

channel EIC 242,15

Area 

(counts*min) 

quantification 

channel EIC 

gL
-1 

3 mol 3

DMF NBP NBP/EtOAc (1:1) NBP/EtOAc (1:4)

1:1:1 0,7397 0,4528 0,2019 0,0852

1:1:3 8,8383 6,3806 11,4648 22,5438

Solvent

Fmoc-Ser(t-Bu)-

OH/Oxyma/DIC (1:1:X)

OxymaHCN conversion (%)
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5. Assessment of HCN formation and amide bond formation kinetics during DIC/Oxyma 

mediated coupling of 1.3 equiv Fmoc-Ser(t-Bu)-OH with H-RMG resin in different solvents 

 

Conversions of the amidation reactions were followed by determining the Fmoc content of the 

Fmoc-Ser(t-Bu)-RMG AMS resins  as follows: resin aliquots (ca 50 – 100 mg) were taken out at 

specified times, washed thoroughly by DMF, i-PrOH and Et2O and dried to constant weight in 

vacuo before determining the amidation conversions as described in section 5.1 of this ESI. At 

specified times throughout the amidation reactions, 20 L reaction aliquots were taken out and 

quenched with 0.5 % TFA/MeCN (1.0 mL). The samples thus obtained were analysed by LC-

HRMS for the content of oxadiazole 3 using the method described in section 4 of this ESI. EIC 

MS analyses for the detection of 3 were used (see section 5.2 of this ESI) based on which Oxyma 

to HCN conversions were determined. 
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5.1 HPLC analysis of conversion during Fmoc-Ser(t-Bu)-OH + H-RMG AMS resin amidation 

reactions  

Using the samples of Fmoc-Ser(t-Bu)-RMG AMS resins isolated as described in the section 5 of 

this ESI. The Fmoc content determinations were carried out using a previously reported protocol1 

based on a literature method which utilizes the quantification of dibenzofulvene (DBF) liberated 

from the Fmoc containing resins by the action of the strong base 1,8-diazabicyclo[5.4. 0]undec-

7-ene (DBU).5 As a reference standard (100% conversion) we used a sample of a 

Fmoc-Ser(t-Bu)-RMG AMS resin for which full amidation conversion was attained. Following 

experimental conditions were used for all DBF quantifications: column: Phenomenex Kinetex C18 

100Å 2.6µm 4.6x50mm; detection wavelength: 220 nm; column temperature: 45°C; injection 

volume: 1.0 μL; sampler temperature: 10°C; flow: 1.0 ml/min; mobile phase A: 0.1 % TFA in water, 

mobile phase B: 0.08 % TFA in 90% MeCN/10 %water. Gradient (Time(min), %B): 0, 1; 10, 100; 

13, 100; 14, 100; 19, 1; 20, 1.  

Figure S30. Integrated areas (mAuxmin) of DBF peak from determinations of conversions of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/H-RMG-AMS resin amidation reactions in DMF. 

 

 

Figure S31. Integrated areas (mAuxmin) of DBF peak from determinations of conversions of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/H-RMG-AMS resin amidation reactions in NBP. 
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Figure S32. Integrated areas (mAuxmin) of DBF peak from determinations of conversions of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/H-RMG-AMS resin amidation reactions in NBP/EtOAc (1:1). 

 

 

Figure S33. Integrated areas (mAuxmin) of DBF peak from determinations of conversions of 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/H-RMG-AMS resin amidation reactions in NBP/EtOAc (1:4). 

 

Table S16. A summary of integrated areas (mAuxmin) of DBF peak from determinations of 

conversions of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/H-RMG-AMS resin amidation reactions in DMF, 

NBP, NBP/EtOAc (1:1) and NBP/EtOAc (1:4). 

 

  

DMF NBP NBP/EtOAc (1:1) NBP/EtOAc (1:4)

0 0,0 0,0 0,0 0,0

10 52,9 41,3 79,8 109,4

30 84,4 67,4 114,1 161,3

60 114,9 99,5 141,7 182,9

120 147,0 129,9 172,9 189,1

960 191,7 191,7 197,7 199,8

Reaction time (min)

Solvent

Integrated areas (mAuxmin) of DBF peak 
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Table S17. A summary of conversions during Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/H-RMG-AMS 

resin amidation reactions in DMF, NBP, NBP/EtOAc (1:1) and NBP/EtOAc (1:4). 

 

 

 

Figure S34. Schematic representation of conversions during 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/H-RMG-AMS resin amidation reactions in DMF, NBP, 

NBP/EtOAc (1:1) and NBP/EtOAc (1:4). 

 

  

DMF NBP NBP/EtOAc (1:1) NBP/EtOAc (1:4)

0 0,0 0,0 0,0 0,0

10 26,5 20,7 39,9 54,7

30 42,2 33,7 57,1 80,7

60 57,5 49,8 70,9 91,5

120 73,5 65,0 86,5 94,6

960 95,9 95,9 98,9 99,9

Solvent

Reaction time (min)

Amidation conversion (%)
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5.2 LC-HRMS analysis of Oxyma to HCN conversion during Fmoc-Ser(t-Bu)-OH + H-RMG 

AMS resin amidation reactions  

Experimental conditions: column: Waters peptide CSH C18, 2.1x150mm, 1.7µm, 130Å; column 

temperature: 30°C; injection volume: 0.4 µL; sampler temperature: 10°C; MS mode: Full scan; 

DAD: 220 nm; data rate: 5Hz; detector cell: standard cell 11µL; flow: 0.1 ml/min; jet weaver: V200 

mixer; mobile phase A: 0.1 % TFA in water, mobile phase B: 0.10 % TFA in MeCN. Gradient 

(Time(min), %B): 0, 15; 40, 25; 48, 95; 54, 95; 55, 15; 62, 15. EIC-MS analyses were carried out 

as previously described.4 A methodology for determining %OxymaHCN conversions based on 

determining concentration of 3 was used, see section 2 of this ESI.   

 

Table S18. A summary of integrated EIC areas, 3 concentrations (gL-1), amounts of 3 formed and 

%OxymaHCN conversions during experiments R1 – R4. 

 

 

  

DMF 10 17,280 13069 0,002780 0,2880 0,0222

NBP 10 17,274 6231 0,001326 0,1373 0,0106

NBP/EtOAc (1:1) 10 17,271 4758 0,001012 0,1049 0,0081

NBP/EtOAc (1:4) 10 17,299 5537 0,001178 0,1220 0,0094

DMF 30 17,259 19191 0,004082 0,4230 0,0325

NBP 30 17,249 10939 0,002327 0,2411 0,0185

NBP/EtOAc (1:1) 30 17,285 9465 0,002013 0,2086 0,0160

NBP/EtOAc (1:4) 30 17,287 8106 0,001724 0,1786 0,0137

DMF 60 17,282 41323 0,008790 0,9108 0,0701

NBP 60 17,269 19632 0,004176 0,4327 0,0333

NBP/EtOAc (1:1) 60 17,268 13710 0,002916 0,3022 0,0232

NBP/EtOAc (1:4) 60 17,248 12241 0,002604 0,2698 0,0208

DMF 120 17,266 89789 0,019100 1,9790 0,1522

NBP 120 17,254 45285 0,009633 0,9981 0,0768

NBP/EtOAc (1:1) 120 17,279 29201 0,006212 0,6436 0,0495

NBP/EtOAc (1:4) 120 17,345 17345 0,003690 0,3823 0,0294

DMF 960 17,323 577535 0,122855 12,7289 0,9791

NBP 960 17,293 255907 0,054437 5,6402 0,4339

NBP/EtOAc (1:1) 960 17,317 87195 0,018548 1,9218 0,1478

NBP/EtOAc (1:4) 960 17,349 37293 0,007933 0,8219 0,0632

mol 3 %Oxyma->HCNSolvent gL-1 3
Reaction time 

(min)

Rt (min), quantification 

channel EIC 242,15

Area (counts*min) 

quantification channel EIC 

242,15
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Table S19. A summary of %OxymaHCN conversions during experiments R1 – R4. 

 

  

 

Figure S35. A schematic representation of %OxymaHCN conversions during experiments 

R1 – R4. 

 

  

DMF NBP NBP/EtOAc (1:1) NBP/EtOAc (1:4)

0 0,0000 0,0000 0,0000 0,0000

10 0,0222 0,0106 0,0081 0,0094

30 0,0325 0,0185 0,0160 0,0137

60 0,0701 0,0333 0,0232 0,0208

120 0,1522 0,0768 0,0495 0,0294

960 0,9791 0,4339 0,1478 0,0632

Solvent

Reaction time (min)

OxymaHCN conversion (%)
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6. Assessment of HCN formation and amide bond formation kinetics during DIC/Oxyma 

mediated coupling of 1.0 equiv Fmoc-Ser(t-Bu)-OH with (S)-(-)-1-phenylethylamine in 

different solvents 

For all four reactions 20 L were taken out and quenched with 0.5 % TFA/MeCN (1.0 mL) at 0, 

10, 30, 60, 120 and 960 min. Conversions of the amidation reactions at these timepoints were 

determined by HPLC (see section 6.1 of this ESI) and the contents of oxadiazole 3 used for the 

calculations of conversion of Oxyma to HCN were determined by LC-HRMS (see section 6.2 of 

this ESI). 
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6.1 HPLC analysis of conversions of the Fmoc-Ser(t-Bu)-OH + (S)-(-)-1-phenylethylamine 

amidation reactions  

Experimental conditions used in the section 5.1 of this ESI were employed. Following peaks were 

integrated: i) Fmoc-Ser(t-Bu)-OH (starting material), rt 9.0 min; ii) Fmoc-Ser(t-Bu)-S)-(-)-1-

phenylethylamide (product of amidation reaction), rt 10.2 min.  

  

 

Figure S36. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in DMF at t=0 min (prior to DIC addition). 

Table S20. Area% for the integrated peak. 

 

 

Figure S37. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP at t=0 min (prior to DIC addition). 
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Table S21. Area% for the integrated peak. 

 

 

 

Figure S38. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:1) at t=0 min (prior to DIC addition). 

 

Table S22. Area% for the integrated peak. 

 

 

 

Figure S39. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:4) at t=0 min (prior to DIC addition). 
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Table S23. Area% (mAuxmin) for the integrated peaks. 

 

 

 

Figure S40. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in DMF at t=10 min. 

 

Table S24. Area% for the integrated peaks. 

 

 

 

 

Figure S41. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP at t=10 min. 
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Table S25. Area% for the integrated peaks. 

 

 

 

Figure S42. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:1) at t=10 min. 

 

Table S26. Area% for the integrated peaks. 

 

 

 

Figure S43. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:4) at t=10 min. 
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Table S27. Area% for the integrated peaks. 

 

 

 

Figure S44. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in DMF at t=30 min. 

 

Table S28. Area% for the integrated peaks. 

 

 

 

Figure S45. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP at t=30 min. 
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Table S29. Area% for the integrated peaks.

 

 

 

Figure S46. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:1) at t=30 min. 

 

Table S30. Area% for the integrated peaks. 

 

 

 

Figure S47. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:4) at t=30 min. 
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Table S31. Area% for the integrated peaks. 

 

 

 

Figure S48. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in DMF at t=60 min. 

 

Table S32. Area% for the integrated peaks. 

 

 

Figure S49. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP at t=60 min. 
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Table S33. Area% for the integrated peaks. 

 

 

Figure S50. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:1) at t=60 min. 

 

Table S34. Area% for the integrated peaks. 

 

 

Figure S51. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:4) at t=60 min. 

-0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5 6,0 6,5 7,0 7,5 8,0 8,5 9,0 9,5 10,0 10,5 11,0 11,5 12,0

-12

50

100

150

200

250

300

361
1,0 [modified by gxp-jap] 2010-71R3 T3=60 min 0.05M Fmoc-Ser(tBu)-OH/Oxyma/PhEtAm/DIC in NBP/EA 5:5 20 microL + 1 mL MeCN UV_VIS_1
mAU

min

WVL:220 nm

-0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5 6,0 6,5 7,0 7,5 8,0 8,5 9,0 9,5 10,0 10,5 11,0 11,5 12,0

-12

50

100

150

200

250

300

361
1,0 [modified by gxp-jap] 2010-71R4 T3=60 min 0.05M Fmoc-Ser(tBu)-OH/Oxyma/PhEtAm/DIC in NBP/EA 2:8 20 microL + 1 mL MeCN UV_VIS_1
mAU

min

WVL:220 nm



S38 

 

Table S35. Area% for the integrated peaks. 

 

 

Figure S52. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in DMF at t=120 min. 

 

Table S36. Area% for the integrated peaks. 

 

 

Figure S53. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP at t=120 min. 
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Table S37. Area% for the integrated peaks. 

 

 

Figure S54. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:1) at t=120 min. 

 

Table S38. Area% for the integrated peaks. 

 

 

Figure S55. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:4) at t=120 min. 
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Table S39. Area% for the integrated peaks. 

 

 

Figure S56. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in DMF at t=960 min. 

 

Table S40. Area% for the integrated peaks. 

 

 

Figure S57. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP at t=960 min. 
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Table S41. Area% for the integrated peaks. 

 

 

Figure S58. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:1) at t=960 min. 

 

Table S42. Area% for the integrated peaks. 

 

 

Figure S59. HPLC chromatogram of Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine 

amidation reaction in NBP/EtOAc (1:4) at t=960 min. 
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Table S43. Area% for the integrated peaks. 

 

 

Table S44. A summary of conversions during Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reactions in DMF, NBP, NBP/EtOAc (1:1) and NBP/EtOAc (1:4). 

 

 

 

Figure S60. A schematic representation of conversions during 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine amidation reactions in DMF, NBP, 

NBP/EtOAc (1:1) and NBP/EtOAc (1:4). 
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6.2 LC-HRMS analysis of a product of Fmoc-Ser(t-Bu)-OH + (S)-(-)-1-phenylethylamine 

amidation reactions  

Experimental conditions described in section 5.2 of this ESI were employed. A sample of the 

crude product from the amidation in NBP/EtOAc (1:1) after 1 h was analyzed, and the structures 

of Fmoc-Ser(t-Bu)-OH and Fmoc-Ser(t-Bu)-(S)-(-)-1-phenylethylamide (product of amidation 

reaction) were confirmed, see MS spectra in Figures S63 and S64, respectively. 

 

 

Figure S61. LC-HRMS, total ion count (TIC) overview of the crude product from the amidation in 

NBP/EtOAc (1:1) after 1 h, Fmoc-Ser(t-Bu)-OH (Rt 53.1 min) and Fmoc-Ser(t-Bu)-S)-(-)-1-

phenylethylamide (Rt 54.7 min) are shown, for MS spectra of these compounds see Figures S63 

and S64. 
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Figure S62. LC-HRMS, TIC zoom-in view of the crude product from the amidation in 

NBP/EtOAc (1:1) after 1 h, Fmoc-Ser(t-Bu)-OH (Rt 53.1 min) and Fmoc-Ser(t-Bu)-S)-(-)-1-

phenylethylamide (Rt 54.7 min) are shown, for MS spectra of these compounds see Figures S63 

and S64. 

 

Table S45. EIC Area% for the integrated peaks in LC-HRMS (TIC) of the crude product from the 

amidation in NBP/EtOAc (1:1) after 1 h, Fmoc-Ser(t-Bu)-OH (Rt 53.1 min) and 

Fmoc-Ser(t-Bu)-(S)-(-)-1-phenylethylamide (Rt 54.7 min) are shown, for MS spectra of these 

compounds see Figures S63 and S64. 

 

 

 

Peak Name Retention Time (min) Area (counts*min) Area (%)

EIC 384,18 53,0736 1981521,4257 28,0

EIC 487,26 54,6695 5096596,5907 72,0

n.d. n.d. 7078118,0163 100,0
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Figure S63. MS spectrum M+H of Fmoc-Ser(t-Bu)-OH detected in the crude product from the 

amidation in NBP/EtOAc (1:1) after 1 h. 
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Figure S64. MS spectrum M+H of Fmoc-Ser(t-Bu)-S)-(-)-1-phenylethylamide detected in the 

crude product from the amidation in NBP/EtOAc (1:1) after 1 h. 
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6.3 LC-HRMS analysis of Oxyma to HCN conversion during Fmoc-Ser(t-Bu)-OH + 

(S)-(-)-1-phenylethylamine amidation reactions  

 

Experimental conditions described in section 5.2 of this ESI were employed. EIC-MS analyses 

were carried out as previously described.4 A methodology for determining %OxymaHCN 

conversions based on determining concentration of 3 was used, see section 2 of this ESI.   

 

Table S46. A summary of integrated EIC areas, concentrations of 3 (gL-1), amounts of 3 formed 

and %OxymaHCN conversions during experiments R1 – R4.

 

 

DMF 10 17,309 1192 0,000253 0,0105 0,0021

NBP 10 17,274 2173 0,000462 0,0192 0,0038

NBP/EtOAc (1:1) 10 17,279 1755 0,000373 0,0155 0,0031

NBP/EtOAc (1:4) 10 17,269 1786 0,000380 0,0157 0,0031

DMF 30 17,315 10280 0,002187 0,0906 0,0181

NBP 30 17,279 5931 0,001262 0,0523 0,0105

NBP/EtOAc (1:1) 30 17,276 5981 0,001272 0,0527 0,0105

NBP/EtOAc (1:4) 30 17,284 4993 0,001062 0,0440 0,0088

DMF 60 17,285 22186 0,004719 0,1956 0,0391

NBP 60 17,281 12894 0,002743 0,1137 0,0227

NBP/EtOAc (1:1) 60 17,286 9641 0,002051 0,0850 0,0170

NBP/EtOAc (1:4) 60 17,311 9836 0,002092 0,0867 0,0173

DMF 120 17,381 60702 0,012913 0,5352 0,1070

NBP 120 17,309 33723 0,007174 0,2973 0,0595

NBP/EtOAc (1:1) 120 17,312 23836 0,005070 0,2101 0,0420

NBP/EtOAc (1:4) 120 17,303 14514 0,003087 0,1280 0,0256

DMF 960 17,310 538200 0,114487 4,7448 0,9490

NBP 960 17,310 268818 0,057184 2,3699 0,4740

NBP/EtOAc (1:1) 960 17,282 99983 0,021269 0,8815 0,1763

NBP/EtOAc (1:4) 960 17,296 42294 0,008997 0,3729 0,0746

Solvent gL-1 3
Reaction time 

(min)

Rt (min), quantification 

channel EIC 242,15

Area (counts*min) 

quantification channel EIC 

242,15

mol 3 %Oxyma->HCN
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Table S47. A summary of %OxymaHCN conversions during experiments R1 – R4.

 

  

 

Figure S65. A schematic representation of %OxymaHCN conversions during experiments 

R1 – R4. 
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7. NMR analysis of HCN formation at different DIC/Oxyma concentrations  

 

HCN is formed during the reaction between DIC and Oxyma. The goal of this section of the ESI 

was to study this reaction to better understand and minimize the formation of HCN. Two different 

parameters were studied: first, the influence of the concentration and secondly, the addition of an 

HCN scavenger, DMTS.  

 

7.1 Assessment of HCN formation in 0.3 M DMF-d7 solution of Oxyma and DIC 

 

General procedure for Oxyma and DIC reaction. 

A solution was prepared by dissolving Oxyma (7.2 mg, 0.051 mmol, 1.0 equiv) and caffeine (2.1 

mg, 0.011 mmol, 0.22 equiv) in 170 µL of DMF-d7. The solution was mixed by using an ultrasound 

bath. DIC (8.0 µL, 0.051 mmol, 1.0 equiv) was added to the solution. The latter was transferred 

into a 3 mm NMR tube and transferred to the spectrometer for monitoring at 20°C. 1D 1H NMR 

acquisition was done after 1 h, 5 h, 10 h and 16 h.  

 

Method used to calculate the ratio of HCN vs oxadiazole 3. 

1)The calibration was done on the signal of Hb at 4.70 ppm (Figure S66), which corresponds to 

1 proton.  

 

2) Singlet at 6.21 ppm, corresponding to Ha, was integrated and it gives the ratio between 3 and 

HCN (Figure S67). 

  



S50 

 

 

Figure S66. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 1 h in DMF-d7 (full 

spectrum).  
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Figure S67. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 1 h in DMF-d7 (zoom-in).  
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Figure S68. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 5 h in DMF-d7 (full 

spectrum).  
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Figure S69. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 5 h in DMF-d7 (zoom-in).  
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Figure S70. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 10 h in DMF-d7 (full 

spectrum).   
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Figure S71. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 10 h in DMF-d7 (zoom-in).   
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Figure S72. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 16 h in DMF-d7 (full 

spectrum).  

  



S57 

 

 

Figure S73. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.3M after 16 h in DMF-d7 (zoom-in).  
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7.2 Assessment of HCN formation in 0.4 M DMF-d7 solution of Oxyma and DIC 

 

The general procedure for the reactions of DIC and Oxyma in DMF-d7 as described in the 

section 7.1 of this ESI was followed. The following amounts of starting materials were used: 

Oxyma (9.7 mg, 0.068 mmol, 1.0 equiv), caffeine (2.5 mg, 0.013 mmol, 0.19 equiv), DIC (10.7 µL, 

0.068 mmol, 1.0 equiv). 

 

 

Figure S74. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 1h in DMF-d7 (full 

spectrum).  

  



S59 

 

 

Figure S75. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 1h in DMF-d7 (zoom-in).  
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Figure S76. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 5 h in DMF-d7 (full 

spectrum).  
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Figure S77. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 5 h in DMF-d7 (zoom-in).  
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Figure S78. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 10 h in DMF-d7 (full 

spectrum).  
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Figure S79. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 10 h in DMF-d7 (zoom-in).  
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Figure S80. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 16 h in DMF-d7 (full 

spectrum).  
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Figure S81. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.4M after 16 h in DMF-d7 (zoom-in). 
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7.3 Assessment of HCN formation in 0.5 M DMF-d7 solution of Oxyma and DIC 

 

The general procedure for the reactions of DIC and Oxyma in DMF-d7 as described in the 

section 7.1 of this ESI was followed. The following amounts of starting materials were used: 

Oxyma (12.5 mg, 0.088 mmol, 1.03 equiv), caffeine (2.1 mg, 0.011 mmol, 0.13 equiv), DIC 

(13.3 µL, 0.085 mmol, 1.00 equiv).  

 

 

Figure S82. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 1 h in DMF-d7 (full 

spectrum). 
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Figure S83. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 1 h in DMF-d7 (zoom-in). 
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Figure S84. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 5 h in DMF-d7 (full 

spectrum).  
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Figure S85. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 5 h in DMF-d7 (zoom-in).  
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Figure S86. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 10 h in DMF-d7 (full 

spectrum).  
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Figure S87. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 10 h in DMF-d7 (zoom-in).  
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Figure S88. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 16 h in DMF-d7 (full 

spectrum). 
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Figure S89. 1D 1H NMR spectrum of DIC/Oxyma reaction at 0.5M after 16 h in DMF-d7 (zoom-in). 
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Figure S90. Overlay of 1D 1H NMR spectra of DIC/Oxyma reaction at 0.5M (in blue), 0.4M (in 

red) and 0.3M (in purple) after 16 h in DMF-d7 (zoom-in). 
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7.4 Assessment of HCN formation in 0.37M DMF-d7 solution of Oxyma and DIC with 

5 equiv DMTS 

 

General Procedure for Oxyma and DIC reaction using DMTS 

A solution was prepared by dissolving Oxyma (12.0 mg, 0.084 mmol, 1 equiv) and 

caffeine (2.3 mg, 0.012 mmol, 0.14 equiv) in 170 µL of DMF-d7. The solution was mixed by using 

an ultrasound bath. DMTS (44.0 µL, 0.425 mmol, 5 equiv) and DIC (13.3 µL, 0.085 mmol, 1 equiv) 

were added to the solution. DMTS is carried out prior to addition of DIC. The latter was transferred 

into a 3mm NMR tube and transferred to the spectrometer for monitoring at 20°C. 1D 1H NMR 

acquisition was done after 1 h, 5 h, 10 h and 16 h.  

 

 

Figure S91. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 1h 

in DMF-d7 (full spectrum). 
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Figure S92. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 1 h 

in DMF-d7 (zoom-in). 
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Figure S93. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 5 h 

in DMF-d7 (full spectrum). 
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Figure S94. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 5 h 

in DMF-d7 (zoom-in). 
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Figure S95. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 10 h 

in DMF-d7 (full spectrum). 
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Figure S96. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 10 h 

in DMF-d7 (zoom-in). 
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Figure S97. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 16 h 

in DMF-d7 (full spectrum). 
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Figure S98. 1D 1H NMR spectrum of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M after 16 h 

in DMF-d7 (zoom-in). 
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Figure S99. Overlap of 1D 1H NMR spectra of DIC/Oxyma reaction with 5 equiv DMTS at 0.37M 

after 5 h (in purple), 10 h (in red) and 16 h (in blue) in DMF-d7 (zoom-in). 
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7.5 Assessment of HCN formation in 0.32M DMF-d7 solution of Oxyma and DIC with 

10 equiv DMTS 

 

The general procedure for the reactions of DIC and Oxyma using DMTS in DMF-d7 as described 

in the section 7.4 of this ESI was followed. The following amounts of starting materials were used: 

Oxyma (12.4 mg, 0.087 mmol, 1.03 equiv), caffeine (1.9 mg, 0.010 mmol, 0.12 equiv), DMTS 

(89.6 µL, 0.85 mmol, 10 equiv), DIC (13.3 µL, 0.085 mmol, 1.0 equiv).  

 

 

Figure S100. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

1 h in DMF-d7 (full spectrum). 
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Figure S101. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

1 h in DMF-d7 (zoom-in). 
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Figure S102. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

5 h in DMF-d7 (full spectrum). 
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Figure S103. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

5 h in DMF-d7 (zoom-in). 
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Figure S104. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

10 h in DMF-d7 (full spectrum). 
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Figure S105. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

10 h in DMF-d7 (zoom-in). 
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Figure S106. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

16 h in DMF-d7 (full spectrum). 
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Figure S107. 1D 1H NMR spectrum of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M after 

16 h in DMF-d7 (zoom-in). 

 

  



S92 

 

 

Figure S108. Overlay of 1D 1H NMR spectra of DIC/Oxyma reaction with 10 equiv DMTS at 0.32M 

after 5 h (in purple), 10 h (in red) and 16 h (in blue) in DMF-d7 (zoom-in). 
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Figure S109. Overlay of 1D 1H NMR spectra of DIC/Oxyma reaction after 16 h at 0.3M (in red), 

0.4M (in blue), at 0.32M with 10 equiv of DMTS (in purple) and at 0.37M with 5 equiv of DMTS (in 

brown) in DMF-d7 (zoom-in). 
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7.6 Summary of HCN formation during Oxyma/DIC reaction at different concentrations in 

DMF-d7 with and without DMTS 

 

This section summarize the results in sections 7.1 – 7.6.  

 

Figure S110. 1H NMR assessment of the presence of HCN in DMF-d7 solutions of 

DIC/Oxyma (1:1) with 0, 5, 10 equiv DMTS at different concentrations at rt.  

Conclusion of the experiments summarized in Fig. S110: i) keeping the concentration low appears 

to be a good way to keep HCN formed in the solution and avoid the release in the gas phase; ii) 

of an HCN scavenger (DMTS) decreases significantly the amount of HCN in the solution. The use 

of this scavenger during DIC/Oxyma mediated amide bond formations is detailed in the ensuing 

sections of this ESI.  
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8. NMR analysis of different constituents of DIC/Oxyma mediated amide bond formations 

 

8.1 Starting materials  

In this section, NMR analyses are reported for the starting materials used in the DIC/Oxyma 

mediated amidation of Fmoc-Gly-OH and (S)-(-)-1-phenylethylamine, with and without DMTS 

(sections 8.1.1 – 8.1.2). The purpose of this investigation was to determine whether any of these 

materials reacts with DMTS to an appreciable extent and thereby could affect the course of the 

amidations in the presence of DMTS. 

 

8.1.1 Starting materials without addition of DMTS 

 

Figure S111. Overlay of 1D 1H NMR spectra of starting materials and internal standard in DMF-d7.   

Fmoc-Gly-OH 

Oxyma 

DIC 

(S)-(-)-1-Phenylethylamine 

caffeine 

DMTS 
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Figure S112. 1D 1H NMR spectrum of DIC in DMF-d7.   
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Figure S113. 1D 1H NMR spectrum of Oxyma in DMF-d7.   
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Figure S114. 1D 1H NMR spectrum of Fmoc-Gly-OH in DMF-d7.   
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Figure S115. 1D 1H NMR spectrum of (S)-(-)-1-phenylethylamine in DMF-d7.   
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Figure S116. 1D 1H NMR spectrum of DMTS in DMF-d7.   
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Figure S117. 1D 1H NMR spectrum of caffeine in DMF-d7.   
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Figure S118. 1D 1H NMR spectrum of Fmoc-Gly-OH with Oxyma in DMF-d7.   
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Figure S119. 1D 1H NMR spectrum of Fmoc-Gly-OH with Oxyma and (S)-(-)-1-phenylethylamine 

in DMF-d7.  
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8.1.2 Starting materials with addition of DMTS 

 

Figure S120. 1D 1H NMR spectrum of DIC with 5 equiv DMTS in DMF-d7.   
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Figure S121. 1D 1H NMR spectrum of Oxyma with 5 equiv DMTS in DMF-d7.   
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Figure S122. 1D 1H NMR spectrum of Fmoc-Gly-OH with 5 equiv DMTS in DMF-d7.  
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Figure S123. 1D 1H NMR spectrum of (S)-(-)-1-phenylethylamine with 5 equiv DMTS in DMF-d7.  
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8.2 Products  

 

Considering that NMR was used to assess the DIC/Oxyma mediated reactions herein, 1H NMR 

spectra of the different products was required.   

All NMR spectra in section 8.2 of this ESI were recorded on a 400 MHz Brucker instrument.  

Sample of 23 was obtained as follows:  

Oxyma (142.1 mg, 1 mmol, 1 equiv) was dissolved in 2 mL MeCN. DIC (156.6 µL, 1 mmol, 1 equiv) 

was added to the solution. The resulting mixture was stirred for 16 h at rt and concentrated under 

vacuum. The residue was purified by normal phase chromatography using silica gel as stationary 

phase employing Cyclohexane/EtOAc (10:1)  EtOAc to elute the product.  8.9 mg of a colorless 

oil was obtained.  

 

 

Figure S124. 1D 1H NMR spectrum of 2 in DMF-d7.    
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The 1H NMR spectra of 2 and 3 were in keeping with those described by Mc Farland et al.3  

 

Figure S125. 2D HSQC NMR spectrum of DIC/Oxyma reaction in DMF-d7: evidence of HCN 

presence in the solution, a correlation of H and C resonances in 1H and 13C was observed.  

HCN. 1H NMR (400 MHz, DMF-d7): 6.21 ppm. 13C NMR (400 MHz, DMF-d7): 113.97 ppm. 

 

Figure S126. 2D HSQC NMR spectrum of DIC/Oxyma reaction in DMF-d7 (zoom-in). 
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8.3 Reaction of Fmoc-Gly-OH, Oxyma and DIC in DMF-d7 with and without DMTS 

 

In this section, NMR assessment of HCN formation during the reaction of Fmoc-Gly-OH, Oxyma 

and DIC in DMF-d7 with and without DMTS is delineated. The results pertaining to the reaction of 

Fmoc-Gly-OH, Oxyma and DIC without DMTS are described in section 8.3.1 and the results 

related to this reaction performed in the presence of DMTS are summarized in section 8.3.2. A 

summary of the results of both experiments is detailed in section 8.3.3. 

 

8.3.1 Assessment of HCN formation during activation of Fmoc-Gly-OH using Oxyma/DIC 

in 0.1 M DMF-d7  

 

General Procedure for Fmoc-Gly-OH/Oxyma/DIC (1:1:1) reaction. 

A stock solution was prepared by dissolving Oxyma (10.0 mg, 0.070 mmol, 1.03 equiv), 

Fmoc-Gly-OH (20.1 mg, 0.068 mmol, 1.00 equiv) and caffeine (8.2 mg, 0.042 mmol, 0.62 equiv) 

in 680 µL of DMF-d7 and the solution was mixed by using an ultrasound bath until all starting 

materials were dissolved after which DIC (10.65 µL, 0.068 mmol, 1 equiv) was added to the stock 

solution. 2 x 170 µL (25% v/v of the solution i.e.  0.017 mmol based on Fmoc-Gly-OH) of this 

stock solution was taken out and transferred to a separate reaction vessel. To this vessel, 5 equiv 

of DMTS (8.96 µL, 0.085 mmol, 5 equiv) was added and the resulting mixture was transferred to 

a 3 mm NMR tube. Resulting Fmoc-Gly-OH/Oxyma/DIC DMF-d7 mixtures with and without DMTS 

were analysed by 1H NMR at 1 h, 5 h, 10 h and 16 h and the contents of HCN at these time points 

were determined. 

 

Protocol for the determination of HCN content. 

1) Caffeine (2.05 mg, 0.0105 mmol, 0.155 equiv) present in each NMR tube was the reference 

standard, the singlet at 3.47 ppm (Figure S117) corresponds to 3 protons (CH3).  

2) The integration of the singlet at 6.23 ppm, which corresponds to the HCN proton, would be 1 if 

the amount of substance was 0.0105 mmol. 

3) The integration of peaks in 1) and 2) enabled us to determine the amount of HCN formed from 

which the concentration of HCN was calculated.  
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Figure S127. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

1 h in DMF-d7 (full spectrum).  
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Figure S128. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

1 h in DMF-d7 (zoom-in). 
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Figure S129. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

5 h in DMF-d7 (full spectrum). 
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Figure S130. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

5 h in DMF-d7 (zoom-in). 
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Figure S131. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

10 h in DMF-d7 (full spectrum). 
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Figure S132. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

10 h in DMF-d7 (zoom-in). 
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Figure S133. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

16 h in DMF-d7 (full spectrum). 
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Figure S134. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction at 0.1M after 

16 h in DMF-d7 (zoom-in). 
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8.3.2 Assessment of HCN formation during activation of Fmoc-Gly-OH using Oxyma/DIC  

with 5 equiv DMTS in 0.1 M DMF-d7  

 

The general procedure for the reactions of Fmoc-Gly-OH activation in DMF-d7 as described in the 

section 8.3.1 of this ESI was followed.  

 

 

Figure S135. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 1 h in DMF-d7 (full spectrum). 
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Figure S136. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 1 h in DMF-d7 (zoom-in). 
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Figure S137. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 5 h in DMF-d7 (full spectrum). 
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Figure S138. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 5 h in DMF-d7 (zoom-in). 
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Figure S139. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 10 h in DMF-d7 (full spectrum). 
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Figure S140. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 10 h in DMF-d7 (zoom-in). 
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Figure S141. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 16 h in DMF-d7 (full spectrum). 
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Figure S142. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction with 5 equiv 

DMTS at 0.1M after 16 h in DMF-d7 (zoom-in). 
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Figure S143. Overlap of 1D 1H NMR spectra of Fmoc-Gly-OH/DIC/Oxyma (1:1:1) reaction without 

DMTS (in red) and with 5 equiv DMTS (in blue) after 16 h in DMF-d7 (zoom-in). 
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8.3.3 Summary of HCN formation during activation of Fmoc-Gly-OH using Oxyma/DIC in 

0.1 M DMF-d7  

 

This section summarize the results in sections 8.3.1 and 8.3.2.  

 

 

Figure S144. HCN concentration over time at rt in DMF-d7 with and without 5 equiv DMTS. The 

concentration was calculated according to the method described in section 8.3.1. 

 

Conclusion of the experiments summarized in Fig. S144: HCN concentration was lowered by 

using 5 equiv of DMTS during activation of Fmoc-Gly-OH with Oxyma/DIC. As the key step of 

peptide synthesis is not the activation of the AA but rather the amide bond formation itself, the 

impact of using DMTS as HCN scavenger during DIC/Oxyma mediated amide bond formation is 

described in the ensuing section of this ESI.  
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9. NMR analysis of HCN formation during amide bond formations mediated by DIC/Oxyma 

with and without DMTS 

 

The impact of using DMTS as HCN scavenger in the reaction of DIC with Oxyma and during 

Fmoc-Gly-OH activation by DIC/Oxyma was described in sections 7 and 8 of this ESI, 

respectively. The aim of this section was to assess the amide bond formation using DMTS as an 

HCN scavenger. First, amidation reaction without DMTS was evaluated over time by 1H NMR 

after which the same amide bond formation in the presence of 5 and 10 equiv of DMTS was 

evaluated.  

 

9.1 Assessment of HCN formation during amide bond formation in 0.1 M DMF-d7  

 

General Procedure for amide bond formation. 

A stock solution was prepared by dissolving Oxyma (10.1 mg, 0.071 mmol, 1.04 equiv), 

Fmoc-Gly-OH (20.3 mg, 0.068 mmol, 1 equiv) and caffeine (8.0 mg, 0.042 mmol, 0.62 equiv) in 

680 µL of DMF-d7. The solution was mixed by using an ultrasound bath. 

(S)-(-)-1-phenylethylamine (8.77 µL, 0.068 mmol, 1.0 equiv) and DIC (10.65 µL, 0.068 mmol, 

1.0 equiv) were added to the stock solution. (S)-(-)-1-phenylethylamine addition was carried out 

prior to addition of DIC. 170 µL (25% v/v of the solution i.e.  0.017 mmol based on Fmoc-Gly-OH) 

of this stock solution was taken out and 0, 5, 10 equiv of DMTS were added to the 170 µL solution. 

The latter was transferred into a 3 mm NMR tube and transferred to the spectrometer for 

monitoring at 20°C. 1D 1H NMR acquisition was done after 1 h, 5 h, 10 h and 16 h. 

 

The method used for the determination of HCN concentration is described in section 8.3 of this 

ESI.  
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Figure S145. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 1 h in DMF-d7 (full spectrum). 

  



S131 

 

 

Figure S146. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 1 h in DMF-d7 (zoom-in). 
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Figure S147. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 5 h in DMF-d7 (full spectrum). 
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Figure S148. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 5 h in DMF-d7 (zoom-in). 
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Figure S149. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 10 h in DMF-d7 (full spectrum). 
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Figure S150. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 10 h in DMF-d7 (zoom-in). 
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Figure S151. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 16 h in DMF-d7 (full spectrum). 
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Figure S152. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 16 h in DMF-d7 (zoom-in). 
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9.2 Assessment of HCN formation during amide bond formation with 5 equiv DMTS in 0.1 M 

DMF-d7  

 

The general procedure for the amide bond formation in DMF-d7 as described in the section 9.1 of 

this ESI was followed. The following amount of DMTS was used: (8.96 µL, 0.085 mmol, 5 equiv).  

 

 

Figure S153. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 1 h in DMF-d7 (full spectrum). 
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Figure S154. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 1 h in DMF-d7 (zoom-in). 
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Figure S155. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 5 h in DMF-d7 (full spectrum). 
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Figure S156. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 5 h in DMF-d7 (zoom-in). 
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Figure S157. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 10 h in DMF-d7 (full spectrum). 
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Figure S158. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 10 h in DMF-d7 (zoom-in). 
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Figure S159. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 16 h in DMF-d7 (full spectrum). 
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Figure S160. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 5 equiv DMTS at 0.1M after 16 h in DMF-d7 (zoom-in). 
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9.3 Assessment of HCN formation during amide bond formation with 10 equiv DMTS in 

0.1 M DMF-d7  

 

The general procedure for the amide bond formation in DMF-d7 as described in the section 9.1 

of this ESI was followed. The following amount of DMTS was used: (17.92 µL, 0.17 mmol, 

10 equiv).  

 

 

Figure S161. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 1 h in DMF-d7 (full spectrum). 
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Figure S162. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 1 h in DMF-d7 (zoom-in). 
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Figure S163. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 5 h in DMF-d7 (full spectrum). 
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Figure S164. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 5 h in DMF-d7 (zoom-in). 
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Figure S165. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 10 h in DMF-d7 (full spectrum). 
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Figure S166. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 10 h in DMF-d7 (zoom-in). 
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Figure S167. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 16 h in DMF-d7 (full spectrum). 
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Figure S168. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction with 10 equiv DMTS at 0.1M after 16 h in DMF-d7 (zoom-in). 

  



S154 

 

 

Figure S169. Overlap of 1H NMR spectra of amide bond formation at 0.1M (in purple), with 5 equiv 

DMTS (in red) and with 10 equiv DMTS (in blue) after 16 h in DMF-d7 (zoom-in). 
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9.4 Determination of amidation conversion based on 1H NMR spectra of 

Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine (1:1:1:1) reaction mixtures with 

and without DMTS containing caffeine as internal standard 

 

General method to calculate the amidation conversion. 

1) One well defined (without any overlap) signal of a starting material had to be chosen to follow 

the amount of this starting material over time. The well defined septuplet at 3.55 ppm 

corresponding to DIC was deemed as a signal suitable for use in amide bond formation 

conversion calculations (Figure S170). 

2) The amount of DIC was calculated using the internal standard (caffeine) which does not react 

with the constituent of the amide bond forming reaction and has three well defined singlets at 

3.28, 3.48 and 3.98 ppm respectively corresponding to its three methyl groups. 

3) The calibration was done on the septuplet at 3.55 ppm corresponding to DIC, which 

corresponds to two protons. We considered that 1 equiv of DIC was in the solution at this time 

point. 

4) Once the calibration was completed, we carried out the integration for the caffeine at 3.28, 3.48 

and 3.98 ppm, corresponding to three protons. Comparing the integrated peak ares for 3) and 4) 

respectively allowed us to determine the area of the DIC peak at the outset of the amide bond 

forming reaction. 

5) The conversion throughout all amide bond forming reactions studied was calculated integrating 

the peak of the DIC vs the peak of the caffeine reference at a given timepoint. 

This method was used to calculate the conversion of the amide bond forming reactions shown in 

Fig. 5.  
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Figure S170. 1D 1H NMR spectrum of Fmoc-Gly-OH/DIC/Oxyma/(S)-(-)-1-phenylethylamine 

(1:1:1:1) reaction at 0.1M after 1 h in DMF-d7 (zoom-in). 

 

The results of this section are summarized in Fig. 5.  

Specifically, DMTS exhibited good properties in terms of minimizing HCN concentration, both with 

5 equiv as well as 10 equiv. The lowering of HCN concentration proceeded faster and more 

efficiently by using 10 equiv of DMTS. No significant additional peaks were observed by using 

DMTS, i.e the HCN scavenger does not seem to interfere with the amide bond forming reaction 

by means of side product formation.      
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10. Assessment of amide bond formation kinetics during DIC/Oxyma mediated 

coupling of 1.0 equiv Fmoc-Ser(t-Bu)-OH with (S)-(-)-1-phenylethylamine with and without 

10 equiv DMTS in DMF and NBP/EtOAc (1:4) 

 

The aim of this section of the ESI was to show that DMTS does not interfere with the amidation 

using different solvents, for which DMF and NBP/EtOAc (1:4) were evaluated. 

The general procedure for the assessment of the kinetics of amide bond formation during 

DIC/Oxyma mediated couplings of Fmoc-Ser(t-Bu)-OH with (S)-(-)-1-phenylethylamine in DMF 

and NBP/EtOAc (1:4)  as described in the section 6 of this ESI was followed. In this section, the 

impact of using 10 equiv DMTS on the kinetics of the amide bond formation is described. 

Specifically, in section 10.2 an experiment carried out in DMF in the presence of 10 equiv DMTS 

is described and in section 10.4, an experiment carried out in NBP/EtOAc (1:4) in the presence 

of 10 equiv DMTS is described. In both cases, DMTS addition was carried out prior to addition of 

DIC. For all four experiments 10 µL of aliquots of reaction mixtures were taken out and quenched 

with 0.5 % TFA/MeCN (1.0 mL) at 0, 10, 30, 60, 120 and 960 min. The conversions of the 

amidation reactions were then determined by HPLC using the following analytical system: column: 

Waters XBridge C18 100Å 3.5 µm 4.6x50mm; column temperature: 25°C; injection volume: 12 

μL; sampler temperature: 4°C; detection wavelength: 273 nm, flow: 1.0 ml/min; mobile phase A: 

0.1 % TFA in water, mobile phase B: 0.1 % TFA in MeCN. Gradient (Time(min), %B): 0, 10; 15, 

100; 20, 10; 25,10. Following peaks were integrated: i) Fmoc-Ser(t-Bu)-OH (starting material), rt 

11.8 min; ii) Fmoc-Ser(t-Bu)- (S)-(-)-1-phenylethylamide (product of amidation reaction), rt 13.7 

min. 
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10.1 Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine amidation reaction in 

DMF  

 

Following amounts of starting materials were used: Fmoc-Ser(t-Bu)-OH (95.6 mg, 0.25 mmol, 

1.0 equiv), Oxyma (35.4 mg, 0.25 mmol, 1.0  equiv), (S)-(-)-1-phenylethylamine (32.2 µL, 

0.25 mmol, 1.0 equiv), DIC (39.1 µL, 0.25 mmol, 1.0 equiv) in 5 mL DMF.  

 

 

Figure S171. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in DMF at t=10 min. 

 

Table S48. Area% for integrated peaks. 
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Figure S172. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in DMF at t=30 min. 

 

Table S49. Area% for integrated peaks. 
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Figure S173. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in DMF at t=60 min. 

 

Table S50. Area% for integrated peaks. 
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Figure S174. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in DMF at t=120 min. 

 

Table S51. Area% for integrated peaks. 
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Figure S175. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in DMF at t=960 min. 

 

Table S52. Area% for integrated peaks. 
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10.2 Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine amidation reaction with 

10 equiv DMTS in DMF  

 

The following amounts of starting materials were used: Fmoc-Ser(t-Bu)-OH (95.5 mg, 0.25 mmol, 

1.0 equiv), Oxyma (35.4 mg, 0.25 mmol, 1.0  equiv), (S)-(-)-1-phenylethylamine (32.2 µL, 

0.25 mmol, 1.0 equiv), DMTS (263.5 µL, 2.5 mmol, 10 equiv), DIC (39.1 µL, 0.25 mmol, 1.0 equiv) 

in 5 mL DMF.  

 

 

Figure S176. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in DMF at t=10 min. 

 

Table S53. Area% for integrated peaks. 
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Figure S177. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in DMF at t=30 min. 

 

Table S54. Area% for integrated peaks. 
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Figure S178. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in DMF at t=60 min. 

 

Table S55. Area% for integrated peaks. 
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Figure S179. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in DMF at t=120 min. 

 

Table S56. Area% for integrated peaks. 
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Figure S180. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in DMF at t=960 min. 

 

Table S57. Area% for integrated peaks. 
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10.3 Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine amidation reaction in 

NBP/EtOAc (1:4) 

 

The following amounts of starting materials were used: Fmoc-Ser(t-Bu)-OH (95.5 mg, 0.25 mmol, 

1.0 equiv), Oxyma (35.1 mg, 0.25 mmol, 1.0  equiv), (S)-(-)-1-phenylethylamine (32.2 µL, 

0.25 mmol, 1.0 equiv), DIC (39.1 µL, 0.25 mmol, 1.0 equiv) in 5 mL NBP/EtOAc (1:4).  

 

 

Figure S181. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in NBP/EtOAc (1:4) at t=10 min. 

 

Table S58. Area% for integrated peaks. 
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Figure S182. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in NBP/EtOAc (1:4) at t=30 min. 

 

Table S59. Area% for integrated peaks. 
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Figure S183. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in NBP/EtOAc (1:4) at t=60 min. 

 

Table S60. Area% for integrated peaks. 
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Figure S184. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in NBP/EtOAc (1:4) at t=120 min. 

 

Table S61. Area% for integrated peaks. 
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Figure S185. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction in NBP/EtOAc (1:4) at t=960 min. 

 

Table S62. Area% for integrated peaks. 
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10.4 Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine amidation reaction with 

10 equiv DMTS in NBP/EtOAc (1:4)  

 

The following amounts of starting materials were used: Fmoc-Ser(t-Bu)-OH (95.8 mg, 0.25 mmol, 

1.0 equiv), Oxyma (35.2 mg, 0.25 mmol, 1.0  equiv), (S)-(-)-1-phenylethylamine (32.2 µL, 

0.25 mmol, 1.0 equiv), DMTS (263.5 µL, 2.5 mmol, 10 equiv), DIC (39.1 µL, 0.25 mmol, 1.0 equiv) 

in 5 mL NBP/EtOAc (1:4).  

 

 

Figure S186. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in NBP/EtOAc (1:4) at t=10 min. 

 

Table S63. Area% for integrated peaks. 
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Figure S187. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in NBP/EtOAc (1:4) at t=30 min. 

 

Table S64. Area% for integrated peaks. 
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Figure S188. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in NBP/EtOAc (1:4) at t=60 min. 

 

Table S65. Area% for integrated peaks. 
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Figure S189. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in NBP/EtOAc (1:4) at t=120 min. 

 

Table S66. Area% for integrated peaks. 
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Figure S190. HPLC chromatogram of the Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reaction with 10 equiv DMTS in NBP/EtOAc (1:4) at t=960 min. 

 

Table S67. Area% for integrated peaks. 
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10.5 Summary of HPLC conversions for amide bond formation kinetics during DIC/Oxyma 

mediated coupling of Fmoc-Ser(t-Bu)-OH with (S)-(-)-1-phenylethylamine with and 

without 10 equiv DMTS in DMF and NBP/EtOAc (1:4) 

 

Table S68. A summary of conversions during Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-

phenylethylamine amidation reactions with and without 10 equiv DMTS in DMF and 

NBP/EtOAc (1:4). 

 Time (min) 

      Solvent    DMTS 0 10 30 60 120 960 

  HPLC % conversion 

DMF No 0.0 6.1 16.9 30.0 47.5 89.7 

DMF Yes 0.0 7.1 19.6 34.4 53.4 94.3 

NBP/EtOAc (1:4) No 0.0 18.9 44.0 64.4 82.1 99.3 

NBP/EtOAc (1:4) Yes 0.0 17.0 40.3 59.9 77.9 98.7 

 

 

Figure S191. A schematic representation of conversions during 

Fmoc-Ser(t-Bu)-OH/Oxyma/DIC/(S)-(-)-1-phenylethylamine amidation reactions with and without 

10 equiv DMTS in DMF and in NBP/EtOAc (1:4). 
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Conclusions of the experiments summarized in Fig. S191: The presence of DMTS did not have 

an appreciable impact on the conversion of amide bond forming reaction in neither of the two 

solvents. Irrespective of whether DMF or NBP/EtOAc (1:4) was used as a solvent no appreciable 

side reactions were observed as a consequence of addition of DMTS to the DIC/Oxyma mediated 

amide bond forming reactions.    
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