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I. Supplementary Results 
 
Supplementary Figure 1 

 
Supplementary Figure 1 Comparative profiling of HDAC substrates identifies 
preferences distinct from molecular phylogenetic class assignments.  (a) Chemical 
structure of substrates 3 and 5.  (b) Comparative activity of HDAC1, 2, 3 and 6 for Boc-
protected acetyl-lysine substrate 5 and tripeptide acetyl-lysine substrate 3, studied at 
equivalent substrate concentrations (10 μM).  Substrate 3 is the preferred substrate for 
these Class I and IIb enzymes. (c) Chemical structure of substrates 4 and 6.  (d) 
Comparative activity of HDAC4, 5, 7, 8 and 9 for Boc-protected trifluoro acetyl-lysine 
substrate 4 and tripeptide trifluoro acetyl-lysine substrate 6, studied at equivalent 
substrate concentrations (10 μM).  Substrate 6 is the preferred substrate for these Class 
I and IIa enzymes.  The robust activity of HDAC8 for trifluoro acetyl lysine-based 
substrates resonates with published observations from the Schwienhorst laboratory, who 
have innovated HDAC assay design and substrate preference determination1,2  See 
Supplementary Methods for complete assay details.   
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Supplementary Figure 2 
 

 
 
Supplementary Figure 2   Determination of KM for substrate 6.  (a-e) Michaelis-Menten 
Plots for substrate 6 and human, recombinant HDACs (as labeled) in a miniaturized, 
kinetic trypsin-coupled assay.  (f) Table of KM values derived.  Also provided are 
concentrations of enzymes required for the miniaturized HDAC assay, afforded by 
substrate 6.  The reduction in enzyme used per well enables reagent-efficient compound 
annotation as well as high-throughput screening.  See Supplementary Methods for 
complete assay details.   
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Supplementary Figure 3     
 

 
Supplementary Figure 3    Chemical structures of tool and pharmaceutical HDAC 
inhibitors used for biochemical profiling. 
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Supplementary Figure 4 

 
Supplementary Figure 4   Phylogenetic analysis of human HDAC1-11.   Amino acid 
sequences for each human histone deacetylase were retrieved from the National 
Centers for Biotechnology Information, and aligned using MAFFT as described below.  
(a) Maximum parsimony (MP) tree for full-length HDAC1-11.  (b) Maximum likelihood 
(ML) tree for full-length HDAC1-11.  Bootstrap support values are provided on the ML 
tree.  The MP and ML trees have identical topologies, consistent with high observed 
bootstrap support.  See Supplementary Methods for a complete description of 
computational methods. 
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Supplementary Figure 5 
 

 
Supplementary Figure 5 Pairwise comparative biochemical profiling of meta- (red) and 

d) HDAC5 and HDAC7, e) HDAC5 and HDAC9, f) HDAC7 and HDAC9,  

para-substituted (blue) sub-libraries for relative inhibition of Class IIa HDACs.  The 
complete library was studied and is displayed at a range of concentrations (0.03, 0.3, 3.0 
and 30.0 μM). a) HDAC4 and HDAC5, b) HDAC4 and HDAC7, c) HDAC4 and HDAC9, 
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Supplementary Figure 6 

 
 
Supplementary Figure 6   Comparative biochemical profiling of (a) trichostatin A (TSA), 
(b) SAHA and (c) pandacostat, for inhibition of HDAC1-9.  Compounds were arrayed in 
384-well plate format as library stock solutions at 10 mM top concentration.  Dilution 
series (3-fold) were created by hand micropipette.  Compounds were studied for 
inhibition of HDACs following robotic pin transfer and a brief pre-incubation period as 
described in Supplementary Methods.  Dose-response data are presented for each 
compound.  Data comprise the mean of three replicates.  Curves were fit by logistic 
regression using Graph Pad Prism.  These data confirm the unexpected selectivity of 
TSA and SAHA; they also confirm the markedly improved selectivity of pandacostat.
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 Supplementary Figure 7 
 
 

 
 
 
Supplementary Figure 7  Biochemical inhibition of HDAC1-9 by pandacostat 22.  (a) 
Visualization of biochemical inhibition of individual HDAC isoforms by pandacostat 22.  
(b) Summary of pandacostat Ki values for HDAC1-9 presented with standard deviation 
(Spotfire DecisionSite). 
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Supplementary Figure 8    

 

 
 
Supplementary Figure 8   Examination of Zinc chelation by HDAC inhibitors in 
published, crystallographic data.  (a) Trichostatin A bound to HDAC8 (1T64)3.  (b) SAHA 
bound to a bacterial Class II histone deacetylase homologue (1ZZ1)4.  (c) HDAC4 in 
omplex with hydroxamate based inhibitors (2VQM) 5.  (d) HDAC7 in complex with TSA 
C10)6.  All data were obtained from the Protein Data Bank (Research Collaboratory for 

 

c
(3
Structural Bioinformatics) and images were created in PyMOL Molecular Viewer 
(DeLano, W.L. The PyMOL Molecular Graphics System (2002) DeLano Scientific, Palo 
Alto, CA, USA.).   
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Supplementary Table 1   Biochemical inhibition of HDAC1-9 by tool and 
ors (Ki [μM]). pharmaceutical HDAC inhibit
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MAFFT Alignment of HDAC1-11 

 
HDAC1        M--------- ---------- ---------- ---------- ---------- 
HDAC2        M--------- ---------- ---------- ---------- ---------- 
HDAC3        M--------- ---------- ---------- ---------- ---------- 
HDAC8        M--------- ---------- ---------- ---------- ---------- 
HDAC4        MSSQSHPDGL SGRDQPVELL NPARVNHMPS TVDVATALPL QVAPSAV--- 
HDAC5        MNSPNESDGM SGREPSLEIL PRTSLHSIPV TVEVKPVLP- RAMPSSMGGG 
HDAC9        M--------- ---------- -----HSMIS SVDVKSEVPV GLEPIS---- 
HDAC7        M--------- ---------- ---------- ---------- ---------- 
HDAC6        M-------TS TGQDSTTTRQ RRSRQNPQSP PQDSSVTSKR NIKKGAVPRS 
HDAC10       M--------- ---------- ---------- ---------- ---------- 
HDAC11       M--------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ------PMDL RLDHQFSLPV AEPALREQQL QQELLALKQK 
             ---------- GGGSPSPVEL RGALVGSV-- -DPTLREQQL QQELLALKQQ 
             ---------- ------PLDL RTDLRMMMPV VDPVVREKQL QQELLLIQQQ 
             ---------- --------DL RVGQR---PP VEP-----PP EPTLLALQRP 
             IPNLAEVKKK GKMKKLGQAM EEDLIVGLQG MDLNLEAEAL AGTGLVLDEQ 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             QQIQRQILIA EFQRQHEQLS RQHEAQLHEH IKQQQEMLAM KHQQEL---- 
             QQLQKQLLFA EFQKQHDHLT RQHEVQLQKH LKQQQEMLAA KQQQEMLAAK 
             QQIQKQLLIA EFQKQHENLT RQHQAQLQEH IK---ELLAI KQQQEL---- 
             QRLHHHLFLA GLQQQRS--- ---------- ---------- ---------- 
             LNEFHCLWDD SFPEGPERLH AIKEQLIQEG LLDRCVSFQA RFAEKEELML 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- -LHTTQLYQH VPE------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ----LEHQRK LERHRQEQEL EKQHREQKLQ QLKNKEKGKE SAVASTEVKM 
             RQQELEQQRQ REQQRQE-EL EKQRLEQQLL ILRNKEKSKE SAIASTEVKL 
             ----LEKEQK LEQQRQEQEV ERHRREQQLP PLRGKDRGRE RAVASTEVKQ 
             ----VEPMR- LSMDTPMPEL QVGPQEQELR QLLHKDKSKR SAVASSVVKQ 
             VHS-LEYIDL METTQYMNEG ELRVLADTYD SVYLHPNSYS CACLASGSVL 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
            KLQEFVLNKK --KALA---- ---------- ---------- ----------  
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             RLQEFLLSKS --KEPT---- ---------- ---------- ---------- 
P---- ---------- ---------- ----------              KLQEFLLSKS ATKDT

             KLAEVILKKQ --QAAL---- ---------- ---------- ---------- 
             RLVDAVLGAE IRNGMAIIRP PGHHAQHSLM DGYCMFNHVA VAARYAQQKH 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ----HRNLNH CISSDPRYWY GKTQHSSLDQ SSPPQS---G 
             ---------- ----PGGLNH SLPQHPKCW- -GAHHASLDQ SSPPQSGPPG 
             ---------- ----TNGKNH SVSRHPKLWY TAAHHTSLDQ SSPPLS---G 
           ---------- ----ERTVH- --PNSPGIPY RTLEPLETEG ATRSML----   

             RIRRVLIVDW DVHHGQGTQF TFDQDPSVLY FSIHRYEQGR FWPHLK---- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             VSTSYNHPVL G-MYDAKDDF PLRKTASEPN LKLRSRLKQK VAERRSSPLL 
             TPPSYKLPLP G-PYDSRDDF PLRKTASEPN LKVRSRLKQK VAERRSSPLL 
             TSPSYKYTLP G-AQDAKDDF PLRKTASEPN LKVRSRLKQK VAERRSSPLL 
           --SSFLPPVP SLPSDPPEHF PLRKTVSEPN LKLRYKPK-K SLERRKNPLL   

             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ----AQTQ-- ---GTR---- 
             ---------- ---------- ---------- ----AYSQ-- --GGGK---- 
             ---------- ---------- ---------- ----A----- ---------- 
             ---------- ---------- ---------- ----EEPEEP ADSGQS---- 
             RRKDGPVVTA LKKRPLDVT- -----DSACS SAPGSGPSSP NNSSGSVSAE 
             RRKDGTVIST FKKRAVEITG AGPGASSVCN SAPGSGPSSP NSSHSTI-AE 
             RRKDGNVVTS FKKRMFEVT- ----ESSVSS SSPGSGPSSP NNGPTGSVTE 
           RKESAP--PS LRRRPAETLG D---SSPSSS STPASGCSSP NDSEHG----   

             ---------- ---------- ---------- --------AS NWSTTGFGQG 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             NGIAPAVPSI P--AETSLAH RLVAREGSAA PLPLYTSPSL PNITLGLPAT 
             NGFTGSVPNI P--TEMLPQH RALPLDSSPN QFSLYTSPSL PNISLGLQAT 
             NE-TSVLPPT PHAEQMVSQQ RILIHEDSMN LLSLYTSPSL PNITLGLPAV 
           -------PNP ILGSEALLGQ RLRLQETSVA PFALPTVSLL PAITLGLPAP   

             QGYTINVPWN Q--VGMRDAD YIAAFLHVLL PVALEFQPQL VLVAAGFDAL 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 

12 



             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             --------GP SAGTAGQQDT ERLTLPALQQ RLSLFPGTHL TPYLSTSP-- 
             VTVTNSHLTA SPKLSTQQEA ERQALQSLRQ -----GGTLT GKFMSTSSIP 
             ----PSQLNA SNSLKEKQKC E---TQTLRQ -----GVPLP GQYGGSIPAS 
             ---------- -----ARADS DRRTHPTLGP RGPILGSPHT PLFLPH---- 
             QGDPKGEMAA TPAGFAQLTH LLMGLAGGKL ILSLEGGYNL ---------- 

           ---------- ---------- ---------- ---------- ---------- 

           ------RALA EGVSASLHTL LGDPCPMLES PGAPCRSAQA SVSCALEALE 

           PFWE------ ---------V LVRSTETVER DNMEEDNVEE SEEEGPWEPP 

           VLPILTWPVL Q--------- ---------- ---------- ---------- 

             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             -------LER DGGA-AHSPL LQHMVLLEQP PAQAPLVT-- GLGALPLHAQ 
             GCLLGVALEG DGSPHGHASL LQHVLLLEQA RQQSTLI--- ---AVPLHGQ 
             SSHPHVTLEG KPPNSSHQAL LQHLLLKEQM RQQKLLVA-- G--GVPLHPQ 
             ------GLEP EAGG-TLPSR LQPILLLDPS GSHAPLLTVP GLGPLPFHFA 
  
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             S-LVGADRVS PSI---HKLR QHRPLGRTQS APLPQNAQAL QHLVIQQQHQ 
             SPLVTGERVA TSMRTVGKLP RHRPLSRTQS SPLPQSPQAL QQLVMQQQHQ 
             SPLATKERIS PGIRGTHKLP RHRPLNRTQS APLPQS--TL AQLVIQQQHQ 
             QSLMTTERLS GS-------G LHWPLSRTRS EPLPPSATAP PPPGPMQPRL 
  
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             QFLEKHKQQF QQQQLQMNKI IPKPSEPARQ PESHPEETEE ELREHQALLD 
             QFLEKQK--- -QQQLQLGKI LTKTGELPRQ PTTHPEETEE ELTEQQEVLL 
             QFLEKQKQ-- YQQQIHMNKL LSKSIEQLKQ PGSHLEEAEE ELQGDQAMQE 
             EQLKTHVQ-- ---------V IKRSAKPSEK PRLRQIPSAE DLETDGG--- 
  
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             EPYLDRLPGQ KEAHAQ---- ---------A GVQ-VKQEPI ESDEEEAEPP 
             GEGALTMPRE GSTESE---- ---------S TQEDLEEEDE EEDGEEEEDC 
             ----DRAPSS GNSTRSDSSA CVDDTLGQVG AVK-VKEEPV DSDEDAQ--- 
             ---------- ---------- ---------G PGQ-VVDDGL EHRELGHGQP 
  
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 

13 



 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             REVEP----- -GQRQPSEQE LLFRQQALLL EQQRIHQLRN YQASMEAAGI 
             IQVKDEEGES GAEEGPDLEE PGAGYKKLFS DAQPLQPLQV YQAPLSLATV 
             ---------- -IQEMESGEQ AAFMQQP-FL EPTHTRALSV RQAPLAAVGM 
             EARGPAP--- -LQQHP---- -----QVLLW EQQRLAGRLP RGSTGDTVLL 
             ---------- ---------- ---------- ---------- ---------- 

           ---------- ---------- ---------- ---------- ------SRTG 

           LVYDQNMMNH CNLWD--SHH PEVPQRILRI MCRLEELGLA GRCLTLTPRP 

           ATEAELLTCH SAEYVGHLR- ATEKMKTREL HRE------- ---------- 

             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ------RKVC 
             ---------- ---------- ---------- ---------- ------KKVC 
             ---------- ---------- ---------- ---------- ------KTVA 
             ---------- ---------- ---------- ---------- ------LVPV 
             PVSFGGHRPL SRAQSSPASA TFPVSV---- -------QEP PTKPR-FTTG 
             P-----HQAL GRTQSSPAAP GGMKSP---- -------PDQ PVKHL-FTTG 
             D-GLEKHRLV SRTHSSPAAS VLPHPA---- -------MDR PLQPG-SATG 
             PLAQGGHRPL SRAQSSPAAP ASLSAPEPAS QARVLSSSET PARTLPFTTG 
  
             ---------- ---------- ---------- ---------- -------GTA 
             ---------- ---------- ---------- ---------- ------TRWP 
 
             YYYDGDVGNY YYGQG----H PMKPHRIRMT HNLLLNYGLY RKMEIYRPHK 
             YYYDGDIGNY YYGQG----H PMKPHRIRMT HNLLLNYGLY RKMEIYRPHK 
             YFYDPDVGNF HYGAG----H PMKPHRLALT HSLVLHYGLY KKMIVFKPYQ 
             YIYSPEYVSM CDSLA----- -KIPKRASMV HSLIEAYALH KQMRIVKPKV 
             LVYDTLMLKH QCTCGSSSSH PEHAGRIQSI WSRLQETGLR GKCECIRGRK 
             VVYDTFMLKH QCMCGNTHVH PEHAGRIQSI WSRLQETGLL SKCERIRGRK 
             IAYDPLMLKH QCVCGNSTTH PEHAGRIQSI WSRLQETGLL NKCERIQGRK 
             LIYDSVMLKH QCSCGDNSRH PEHAGRIQSI WSRLQERGLR SQCECLRGRK 
  
             LVYHEDMTAT RLLWDDPECE IERPERLTAA LDRLRQRGLE QRCLRLSARE 
             IVYSPRY--N ITFMGLEKLH PFDAGKWGKV INFLKEEKLL SDSMLVEARE 
 
             ANAEEMTKYH SDDYIKFLR- SIRPDNMSEY SKQ------- ------MQRF 
             ATAEEMTKYH SDEYIKFLR- SIRPDNMSEY SKQ------- ------MQRF 
             ASQHDMCRFH SEDYIDFLQ- RVSPTNMQGF TKS------- ------LNAF 
             ASMEEMATFH TDAYLQHLQ- KVSQEGDDDH PDS------- ------IE-Y 
             ATLEELQTVH SEAHT-LLY- GTNPLNRQKL DSKKLLGSLA -SVFVRLPCG 
             ATLDEIQTVH SEYHT-LLY- GTSPLNRQKL DSKKLLGPIS QKMYAVLPCG 
             ASLEEIQLVH SEHHS-LLY- GTNPLDGQKL DPRILLGDDS QKFFSSLPCG 
             ASLEELQSVH SERHV-LLY- GTNPLSRLKL DNGKLAGLLA QRMFVMLPCG 
  
             ASEEELGLVH SPEYVSLVR- ETQVLGKEEL QAL------- ---------- 
             ASEEDLLVVH TRRYLNELKW SFAVATITEI PPV------- ----IFLPNF 
 
             NVGEDCPVFD GLFEFCQLST GGSVASAVKL NKQQTDIAV- NWAGGL---- 
             NVGEDCPVFD GLFEFCQLST GGSVAGAVKL NRQQTDMAV- NWAGGL---- 
             NVGDDCPVFP GLFEFCSRYT GASLQGATQL NNKICDIAI- NWAGGL---- 
             GLGYDCPATE GIFDYAAAIG GATITAAQCL IDGMCKVAI- NWSGGW---- 
             GVGVD---SD TIWNEVHSAG AARL-AVGCV VELVFKVATG ELKNGFAVVR 
             GIGVD---SD TVWNEMHSSS AVRM-AVGCL LELAFKVAAG ELKNGFAIIR 
             GLGVD---SD TIWNELHSSG AARM-AVGCV IELASKVASG ELKNGFAVVR 
             GVGVD---TD TIWNELHSSN AARW-AAGSV TDLAFKVASR ELKNGFAVVR 

14 



             --SSN---FD SIYICPSTFA CAQL-ATGAA CRLVEAVLSG EVLNGAAVVR 

           PPGHHAEQDA ACGFCFFNSV AVAARHAQTI SGHALRILIV DWDVHHGNGT 

           QHMFEDDPSV LYVSLHRYDH GTFFPMGDEG ASSQIGRAAG TGFTVNVAWN 

           G---PRMGDA DYLAAWHRLV LPIAYEFNPE LVLVSAGFDA ARG--DPLGG 

           CQVSPEGYAH LTHLLMGLAS GR---IILIL EGGYNLTSIS ESMAACTRSL 

             --SGQ---FD AIYFHPSTFH CARL-AAGAG LQLVDAVLTG AVQNGLALVR 
             LV------QR KVLRPLRTQT GGTIMAGKLA VERGWAI--- NVGGGF---- 
 
             ---HHAKKSE ASGFCYVNDI VLAILELLKY H---QRVLYI DIDIHHGDGV 
             ---HHAKKSE ASGFCYVNDI VLAILELLKY H---QRVLYI DIDIHHGDGV 
             ---HHAKKFE ASGFCYVNDI VIGILELLKY H---PRVLYI DIDIHHGDGV 
             ---HHAKKDE ASGFCYLNDA VLGILRLRRK F---ERILYV DLDLHHGDGV 
             PPGHHAEEST PMGFCYFNSV AVAAKLLQQR L-SVSKILIV DWDVHHGNGT 
             PPGHHAEEST AMGFCFFNSV AITAKLLQQK L-NVGKVLIV DWDIHHGNGT 
             PPGHHAEEST AMGFCFFNSV AITAKYLRDQ L-NISKILIV DLDVHHGNGT 
             PPGHHADHST AMGFCFFNSV AIACRQLQQQ S-KASKILIV DWDVHHGNGT 
  
             PPGHHGQRAA ANGFCVFNNV AIAAAHAKQK H-GLHRILVV DWDVHHGQGI 
             ---HHCSSDR GGGFCAYADI TLAIKFLFER VEGISRATII DLDAHQGNGH 
 
             EEAFYTTDRV MTVSFHKYGE Y--FP--GTG DLRDIGAGKG KYYAVNYPLR 
             EEAFYTTDRV MTVSFHKYGE Y--FP--GTG DLRDIGAGKG KYYAVNFPMR 
             QEAFYLTDRV MTVSFHKYGN Y-FFP--GTG DMYEVGAESG RYYCLNVPLR 
             EDAFSFTSKV MTVSLHKFSP G-FFP--GTG DVSDVGLGKG RYYSVNVPIQ 
             QQAFYSDPSV LYMSLHRYDD GNFFP--GSG APDEVGTGPG VGFNVNMAFT 
             QQAFYNDPSV LYISLHRYDN GNFFP--GSG APEEVGGGPG VGYNVNVAWT 
             QQAFYADPSI LYISLHRYDE GNFFP--GSG APNEVGTGLG EGYNINIAWT 
             QQTFYQDPSV LYISLHRHDD GNFFP--GSG AVDEVGAGSG EGFNVNVAWA 
  
             QYLFEDDPSV LYFSWHRYEH GRFWPFLRES DADAVGRGQG LGFTVNLPWN 
             ERDFMDDKRV YIMDVY---N RHIYP--GDR FAKQ-----A IRRKVELEWG 
 
             DGID----DE SYEAIFKPVM SKVMEMFQPS AVVLQCGSDS LSG--DRLGC 
             DGID----DE SYGQIFKPII SKVMEMYQPS AVVLQCGADS LSG--DRLGC 
             DGID----DQ SYKHLFQPVI NQVVDFYQPT CIVLQCGADS LGC--DRLGC 
             DGIQ----DE KYYQICESVL KEVYQAFNPK AVVLQLGADT IAG--DPMCS 
             GGLDPPMGDA EYLAAFRTVV MPIASEFAPD VVLVSSGFDA VEGHPTPLGG 
             GGVDPPIGDV EYLTAFRTVV MPIAHEFSPD VVLVSAGFDA VEGHLSPLGG 
             GGLDPPMGDV EYLEAFRTIV KPVAKEFDPD MVLVSAGFDA LEGHTPPLGG 
             GGLDPPMGDP EYLAAFRIVV MPIAREFSPD LVLVSAGFDA AEGHPAPLGG 
  
             ---QVGMGNA DYVAAFLHLL LPLAFEFDPE LVLVSAGFDS AIG--DPEGQ 
             ------TEDD EYLDKVERNI KKSLQEHLPD VVVYNAGTDI LEG--DRLGG 
 
             FNLTIKGHAK CVEFVKSFNL PM---LMLG- GGGYTIRNVA RCWTYETAVA 
             FNLTVKGHAK CVEVVKTFNL PL---LMLG- GGGYTIRNVA RCWTYETAVA 
             FNLSIRGHGE CVEYVKSFNI PL---LVLG- GGGYTVRNVA RCWTYETSLL 
             FNMTPVGIGK CLKYILQWQL AT---LILG- GGGYNLANTA RCWTYLTGVI 
             YNLSARCFGY LTKQLMGLAG GR---IVLAL EGGHDLTAIC DASEACVSAL 
             YSVTARCFGH LTRQLMTLAG GR---VVLAL EGGHDLTAIC DASEACVSAL 
             YKVTAKCFGH LTKQLMTLAD GR---VVLAL EGGHDLTAIC DASEACVNAL 
             YHVSAKCFGY MTQQLMNLAG GA---VVLAL EGGHDLTAIC DASEACVAAL 
  
             MQATPECFAH LTQLLQVLAG GR---VCAVL EGGYHLESLA ESVCMTVQTL 
             LSISPAGIVK RDELVFRMVR GRRVPILMVT SGGYQ-KRTA RIIADSILNL 
 
             LDTEIPNELP YNDYFEYFGP DFKLHISPSN -MTNQNTNEY LEKIKQ---R 
             LDCEIPNELP YNDYFEYFGP DFKLHISPSN -MTNQNTPEY MEKIKQ---R 
             VEEAISEELP YSEYFEYFAP DFTLHPDVST RIENQNSRQY LDQIRQ---T 
             LGKTLSSEIP DHEFFTAYGP DYVLEITPSC -RPDRNEPHR IQQILN---Y 
             LGNELD---P LPEKVLQQRP ---------- ---NANAVRS MEKVMEIHSK 
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             LSVELQ---P LDEAVLQQKP ---------- ---NINAVAT LEKVIEIQSK 
             LGNELE---P LAEDILHQSP ---------- ---NMNAVIS LQKIIEIQS- 
             LGNRVD---P LSEEGWKQKP ---------- ---NLNAIRS LEAVIRVHSK 
           LGD------P PPLLTLPRPP ---------- ---LSGALAS ITETIQVHRR   

             LGD------P APPLSGPMAP ---------- ---CQSALES IQSARAAQAP 
             FGLGL----- ----IGPESP ---------- ---SVSAQNS DTPLLP---- 
 
             LFENLRML-- -----PHAPG VQMQAIPEDA IPEESGDE-D EDD--PDKRI 
             LFENLRML-- -----PHAPG VQMQAIPEDA VHEDSGDE-D GED--PDKRI 
             IFENLKML-- -----NHAPS VQIHDVPADL LTYDRTDEAD AEERGPEENY 
             IKGNLKHV-- ---------- ---------- ---------- ---------- 
             YWRCLQRT-- -----TSTAG RSLIEAQ--- ---------T CENEEAETVT 
             HWSCVQKF-- -----AAGLG RSLREAQ--- ---------A GETEEAETVS 
             ---------- ---------- MSLKFS---- ---------- ---------- 
             YWGCMQRL-- -----ASCPD SWVPRVP--- ---------G ADKEEVEAVT 
             YWRSLRVMKV EDREGPSSSK LVTKKAPQPA KPRLAERMTT REKKVLEAGM 

           GKVTSASFGE ESTPGQTNSE TAVVALTQDQ PSEAATGGAT LAQTISEAAI 

           GGAMLGQTTS EEAVGGATPD QTTSEET--- --------VG GAILDQTTSE 

           DAVGGATLGQ TTSEEAVGGA TLAQTTSEAA MEGATLDQTT SEEAPGGTEL 

             HWKSLQQQ-- ---------- -DVTAVPM-- ---------S PSSHSPEGRP 
             ---------- ---------- ---------- ---------- ---------- 
 
             SICSSDKRIA CEEEFSDSEE EGEGGRKNSS NFKK-AKRVK TEDEKEKDPE 
             SIRASDKRIA CDEEFSDSED EGEGGRRNVA DHKKGAKKAR IEEDKKETED 
             S------RPE APNEFYDGDH DN-------- ---------- ---------D 
             ---------- ---------- ---------- ---------- ---------- 
             AMASLSVGVK PAEK------ ---------- ---------- ---------- 
             AMALLSVGAE QAQAAAAREH SP-------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ALASLSVGIL AED------- ---------- ---------- ---------- 
  
             PPLLPGGPVC KAAASAPSSL LDQPCLCPAP SVRTAVALTT PDITLVLPPD 
             ---------- ---------- ---------- ---------- ---------- 
 
             EKKEVTEEEK TKE---EKPE AKGVKEE--- ---------- ---------- 
             KKTDVKEEDK SKDNSGEKTD TKGTKSE--- ---------- ---------- 
             KESDVE---- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- -------RPD EEPMEEE--- ---------- ---------- 
             ---------- -------RPA EEPMEQE--- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- -------RPS EQLVEEE--- ---------- ---------- 
  
             VIQQEASALR EETEAWARPH ESLAREEALT ALGKLLYLLD GMLDGQVNSG 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
  
             IAATPASAAA ATLDVAVRRG LSHGAQRLLC VALGQLDRPP DLAHDGRSLW 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
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             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             IQTPLASSTD HQTPPTSPVQ GTTPQISPST LIGSLRTLEL GSESQGASES 

           QAPGEENLLG EAAGGQDMAD SM-----LMQ GSRGLTDQAI FYAVTPLPWC 

           PHLVAVCPIP AAGLDVTQPC GDCGTIQENW VCLSCYQVYC GRYINGHMLQ 

           HHGNSGHPLV LSYIDLSAWC YYCQAYVHHQ ALLDVKNIAH QNKFGEDMPH 

           PH 

             LNIRGKEAAA LSMFHVSTPL PVMTGGFLSC ILGLVLPLAY GFQPDLVLVA 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
  
             LGPGHGLQGP HAALLAAMLR GLAGGRVLAL LEENSTPQLA GILARVLNGE 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ------Q--- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ------P--- ---------- 
             ---------- ---------- ---------- ------P--- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ------E--- ---------- 
  
             APPSLGPSSV ASPEDVQALM YLRGQLEPQW KMLQCHP--- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
 
             ---------- ---------- ---------- ---------- --------VK 
             ---------- ---------- ---------- ---------- --------LS 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- --------PL 
             ---------- ---------- ---------- ---------- --------AL 
             ---------- ---------- ---------- ---------- ---------- 
             ---------- ---------- ---------- ---------- --------PM 
  
             ---------- ---------- ---------- ---------- --------HL 
             ---------- ---------- ---------- ---------- --------PA 
 
             LA 
             NP 
             -I 
             -V 
             -- 
             -- 
             -- 
             NL 
  
             VA 
             VP 
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II. Supplementary Methods 
 
Reagents. All chemical reagents were purchased from Lancaster, Sigma-Aldrich, Alfa-

no 

l-
 
psin 

d buffer components were purchased from Sigma-Aldrich.  Black, opaque-bottom 

MR) 
uker 
 per 
the 

ows: 
plet) 
ass 

 by 
 

ass 
 Ion 
Ion) 

Aesar, or Fluka Chemicals and were used as received unless otherwise stated.  Ami
acids were purchased from Bachem.  Substrates for biochemical assays were 
synthesized by RM.  Antibodies for immunoblotting were obtained from Sigma (Acety
tubulin, 6-11B-1) and Upstate Biotechnology (Acetyl-H3K18, 07-354).  Recombinant,
human histone deacetylases were expressed purchased from BPS Biosciences.  Try
an
microtiter plates were purchased from Corning. 
 

1 13Instrumentation. Proton and carbon nuclear magnetic resonance ( H & C N
spectra were recorded on Varian AS-500 (500 MHz), Varian AS-400 (400MHz) or Br
300 (300 MHz) spectrometers. Chemical shifts for protons are reported in parts
million (ppm) downfield from tetramethylsilane and are referenced against 
dimethylsulfoxide lock signal (1H, 2.50; 13C, 39.52 ppm).  Data is reported as foll
chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, m = multi
and coupling constants (Hz). Preparatory and analytical LCMS were performed on m
directed Autopurification systems from Waters Co. (Milford, MA), operated
Fractionlynx 4.0 or Masslynx software with Waters Xterra columns (C18, 10 μm, 19 x 50
mm for preparatory; C18, 5 μm, 4.6 x 50 mm for analytical). High-resolution m
spectra were acquired on a Bruker Daltonics APEXIV 4.7 Tesla Fourier Transform
Cyclotron Resonance Mass Spectrometer (FT-ICR-MS), with ESI (Electro Spray 
source. 
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Synthetic Procedures 
 
Scheme S1.  Synthesis of hydrazide S-51. 
 

 
 
(E)-4-(3-ethoxy-3-oxoprop-1-enyl)benzoic acid (S-1) 
 
To a flask was added 4-formylbenzoic acid (1.5 g, 10 mmol), 3-ethoxy-3-oxopropanoic 
acid (2.0 g, 15 mmol), piperidine (0.08 mL, 0.81 mmol), and pyridine (4 mL) at room 
temperature. The reaction mixture was heated to 100 ˚C for 18 h under a steady flow of 
nitrogen gas, cooled to room temperature, and poured into 2 M aqueous HCl (100 mL). 
The resulting mixture was cooled to 0 ˚C and filtered. The filter cake was washed with 
acetonitrile (2 x 10 mL) and dried in vacuo. Cinnamyl ester S-1 (1.63 g, 74%) was 
isolated as a white solid and carried on to hydrazide formation without further 
purification. 
 
(E)-ethyl 3-(4-(hydrazinecarbonyl)phenyl)acrylate (S-2) 
 
To a solution of S-1 (0.44 g, 2.0 mmol) in dichloromethane (10 mL) was added 
triethylamine (0.36 mL, 2.0 mmol) and methyl chloroformate (0.19 mL, 2.0 mmol) at 0 ˚C. 
The reaction mixture was stirred for 1 h at 0 ˚C before hydrazine (0.30 mL, 6.0 mmol) 

                                                 
1 The routes to S-1 - S-10, S-5*HCl, S-10*HCl, S-5, and S-10 were proposed by the authors and 
the syntheses were performed at Medicilon Shanghai.  The characterization data for S-5 and S-
10 were collected and compiled by the authors. 
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was added. The resulting solution was stirred for an additional 2 h at 0 ˚C. Saturated 
queous NaHCO3 (10 mL) was added to the reaction mixtures and the resulting biphasic 

perature. The organic layer was separated, 
ried, and the solvent removed via rotary evaporation. The resulting residue was purified 

by flash chromatography on silica (eluting with EtOAc) to yield compound S-2 (0.23 g, 
49%) as a white solid. 
 
(E)-tert-butyl 2-(4-(3-ethoxy-3-oxoprop-1-enyl)benzoyl)hydrazinecarboxylate (S-3) 
 
To a solution of hydrazide S-2 (6.00 g, 25.6 mmol) in dichloromethane (300 mL) was 
added Boc anhdyride (5.40 g, 26.2 mmol) and DMAP (12.5 g, 103 mmol). The mixture 
was stirred at room temperature for 3 h, concentrated, and loaded directly on to silica. 
Flash chromatography, eluting with 1:1 EtOAc / petroleum ether, yielded S-3 (5.76 g, 
67.3%). 
 
(E)-tert-butyl 2-(4-(3-(hydroxyamino)-3-oxoprop-1-enyl)benzoyl)hydrazinecarboxylate (S-
4) 
 
To a solution of S-3 (5.76 g, 17.2 mmol) in methanol (300 mL) was added a solution of 
hydroxylamine hydrochloride (11.9 g, 171 mmol) in 1 M NaOH / ethanol (341 mL). The 
reaction mixture was stirred for 18 h and concentrated. The residue was dissolved in 
water to yield a colorless homogenous solution, which was neutralized to pH 7 by the 
addition of aqueous 1 M HCl. The resulting suspension was extracted with ethyl acetate. 
The combined organic extracts were dried and concentrated via rotary evaporation.  
Crude S-4 was loaded on to silica and purified via flash chromatography, eluting with 
ethyl acetate, to yield S-4 (3.80 g, 68.8%). 
 
(E)-3-(4-(hydrazinecarbonyl)phenyl)-N-hydroxyacrylamide  hydrochloride (S-5*HCl) 
 

oc protected hydrazide S-4 (3.50 g, 10.9 mmol) was dissolved in 6 M HCl / methanol 
hile a white precipitate formed. The 
d as a white solid (2.38 g, 84.9%). 

.49 (d, J = 15.8, 1H), 6.55 (d, J = 15.8, 1H), 4.72 (s, 2H); 13C NMR (126 
, 128.22, 128.07, 121.36. HRMS 
+H]. 

a
soluton was stirred for 30 min at room tem
d

B
(20 mL) and stirred at ambient temperature for 1 h, w
eaction mixture was filtered to yield the title compounr

 
(E)-3-(4-(hydrazinecarbonyl)phenyl)-N-hydroxyacrylamide (S-5) 
 
A solution of 1 M aqueous NaOH was added dropwise to a suspension of S-5*HCl (1.8 
g, 7.0 mmol) in water (200 mL) until the pH reached 11. The colorless, homogeneous 
solution was neutralized with dilute aqueous HCl. The resulting precipitate was isolated 
via filtration and dried in vacuo to yield S-5 (1.2 g, 78%) as a gray solid.  1H NMR (500 
MHz, DMSO) δ 10.85 (s, 1H), 9.84 (s, 1H), 9.12 (s, 1H), 7.85 (d, J = 7.8, 2H), 7.63 (d, J 

 7.8, 2H), 7=
MHz, DMSO) δ 165.92, 163.13, 138.08, 138.03, 134.44
ESI+) found: 222.0876s [M+H] calculated: 222.0873 [M(
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Scheme S2.  Synthesis of hydrazide S-10. 
 

 
 
(E)-3-(3-ethoxy-3-oxoprop-1-enyl)benzoic acid (S-6) 
 
To a flask was added 3-formylbenzoic acid (1.5 g, 10 mmol), 3-ethoxy-3-oxopropanoic 
acid (2.0 g, 15 mmol), piperidine (0.08 mL, 0.81 mmol), and pyridine (4 mL) at room 
temperature. The reaction mixture was heated to 100 ˚C for 18 h under a steady flow of 

itrogen gas, cooled to room temperature, and poured into 2 M aqueous HCl (100 mL). n
The resulting mixture was cooled to 0 ˚C and filtered. The f

cetonitrile (2 x 10 mL), and dried in vacuo. Cinnamyl ester S
ilter cake washed with 
-6 (2.20 g, 100%) was 

nal 2 h at 0 ˚C. Saturated 
queous NaHCO3 (10 mL) was added to the reaction mixture and the resulting biphasic 

soluton was stirred for 30 min at room temperature. The organic layer was separated, 
dried, and the solvent removed via rotary evaporation. The resulting residue was purified 
by flash chromatography on silica (eluting with EtOAc) to yield compound S-7 (0.26 g, 
56%) as a white solid. 
 
(E)-tert-butyl 2-(4-(3-ethoxy-3-oxoprop-1-enyl)benzoyl)hydrazinecarboxylate (S-8) 

a
isolated as a white solid and carried on to hydrazide formation without further 
purification. 
 
(E)-ethyl 3-(4-(hydrazinecarbonyl)phenyl)acrylate (S-7) 
 
To a solution of S-6 (0.44 g, 2.0 mmol) in dichloromethane (10 mL) was added 
triethylamine (0.36 mL, 2.0 mmol) and methyl chloroformate (0.19 mL, 2.0 mmol) at 0 ˚C. 
The reaction mixture was stirred for 1 h at 0 ˚C before hydrazine (0.30 mL, 6.0 mmol) 
was added. The resulting solution was stirred for an additio
a
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To a solution of hydrazide S-7 (6.00 g, 25.6 mmol) in dichloromethane (200 mL) was 
added Boc anhdyride (5.40 g, 26.2 mmol) and DMAP (12.5 g, 103 mmol). The mixture 
was stirred at room temperature for 3 h. The mixture was concentrated and loaded 
directly on to silica to yield S-8 (7.2 g, 84%) following flash chromatography (eluting with 
1 : 1 EtOAc / petroleum ether).  
 
(E)-tert-butyl 2-(4-(3-(hydroxyamino)-3-oxoprop-1-enyl)benzoyl)hydrazinecarboxylate (S-
9) 
 
To a solution of S-8 (7.0 g, 20.8 mmol) in methanol (300 mL) was added a solution of 
hydroxylamine hydrochloride (14.5 g, 208 mmol) in 1 M NaOH in ethanol 420 mL). The 
reaction mixture was stirred for 18 h and then concentrated. The residue was dissolved 
in water to yield a colorless homogenous solution, which was neutralized to pH 7 by the 
addition of aqueous 1 M HCl. The resulting suspension was extracted with ethyl acetate. 
The combined organic extracts were dried and concentrated via rotary evaporation.  
Crude S-9 was loaded on to silica and purified via flash chromatography, eluting with 
ethyl acetate, to yield S-9 (5.2 g, 78%). 
 
(E)-3-(4-(hydrazinecarbonyl)phenyl)-N-hydroxyacrylamide  hydrochloride (S-10*HCl) 
 
Boc protected hydrazide S-9 (4.50 g, 14.0 mmol) was dissolved in 6 M HCl / methanol 
(30 mL) and stirred at ambient temperature for 1 h, while a white precipitate formed. The 
reaction mixture was filtered to yield the title compound as a white solid (3.0 g, 83%). 
 

)-3-(3-(hydrazinecarbonyl)phenyl)-N-hydroxyacrylamide (S-10) 

e to a suspension of S10*HCl (2.0 

(E
 

 solution of 1 N aqueous NaOH was added dropwisA
g, 7.8 mmol) in water (100 mL) until the pH reached 7. A precipitate formed and was 
isolated via filtration and dried in vacuo to yield S-10 (1.1 g, 63%) as a gray solid. 1H 
NMR (500 MHz, DMSO) δ 10.81 (s, 1H), 9.85 (s, 1H), 9.08 (s, 1H), 8.02 (s, 1H), 7.80 (d, 
J = 7.5, 1H), 7.69 (d, J = 7.4, 1H), 7.63 – 7.36 (m, 2H), 6.55 (d, J = 15.8, 1H), 4.58 (s, 
2H); 13C NMR (126 MHz, DMSO) δ 166.12, 163.22, 138.37, 135.63, 134.60, 131.04, 
129.72, 128.45, 126.28, 120.75. HRMS (ESI+) found: 222.0879 [M+H] calculated: 
222.0873 [M+H]. 
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Scheme S3.  Library synthesis. 

ach well of a 96-well microtiter plate was charged with 10 μL of a distinct, 

22. 

 
E
commercially-available aldehyde (0.2 M in DMSO) and 190 μL of a stock solution of the 
appropriate hydrazide (S-5 or S-10) in DMSO (0.0105 M). The plate was heated at 70 °C 
for 36 h.  LCMS analysis confirmed that a sampling of acyl hydrazone products were 
analytically pure (>95%). This stock plate of m- and p- substituted cinnamyl acyl 
hydrazones was used in screening, as described. Library compounds were enumerated 
using Reactor 5.2, ChemAxon, Budapest, Hungary. www.chemaxon.com/products.html 
 
Scheme S4.  Synthesis of Pandacostat 

 
 
(E)-N-hydroxy-3-(4-((E)-2-(2,3,4-trihydroxybenzylidene) hydrazinecarbonyl) phenyl) 
acrylamide (22) 

 
 

Compound 22 was resynthesized and purified to be re-subjected to the biochemical 
assay to confirm the results from the initial library screen. To a 4 dram vial charged with 
2,3,4-trihydroxybenzaldehyde (25.9 mg, 0.168 mmol) was added 420 �L of a 200 mM 
solution of hydrazide S-5 (0.084 mmol) in DMSO. The solution was heated on a rotating 
heating block at 70 °C for 16 h. Reaction progress was monitored via LCMS. Following 

urification by reverse phase preparatory LCMS (44 mL / min, CH3CN / H2O with 1% 
formic acid, 5 min gradient), 22 (7 mg) was isolated as a yellow powder (98% pure, by 
analytical LCMS). 1H NMR (300 MHz, DMSO) δ 12.01 (s, 1H), 11.51 (s, 1H), 10.84 (s, 
1H), 9.49 (s, 1H), 9.13 (s, 1H), 8.54 (s, 1H), 8.48 (s, 1H), 7.96 (d, J = 8.3, 2H), 7.73 (d, J 
= 8.2, 2H), 7.53 (d, J = 16.2, 1H), 6.80 (d, J = 8.6, 1H), 6.59 (d, J = 15.9, 1H), 6.40 (d, J 
= 8.4, 1H); m/z (ES) 356 ([M-H]). 13C NMR (126 MHz, DMSO) δ 163.1, 162.6, 151.0, 
149.5, 148.2, 138.8, 138.0, 134.0, 133.4, 128.9, 128.2, 121.9, 121.8, 111.5, 108.4. 
HRMS (ESI+) found: 358.1033 [M+H] calculated: 358.1034 [M+H]. 
 
(S)-2-amino-N-(4-methyl-2-oxo-2H-chromen-7-yl)-6-(2,2,2-
trifluoroacetamido)hexanamide (ε-trifluoroacetyl-L-lysine-AMC) S-11 

p
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tion of Boc-ε-trifluoroacetyl-L-lysine-AMC (4.6 g, 9.2 mmol) in dry 
7

, 
41.46, 126.11, 115.64, 115.59 (q, J = 289 Hz), 115.47, 112.69, 106.07, 52.93, 38.79, 

und: 400.1469 [M+H] calculated: 400.1479 
[M+H]. 

etamido-4-methylpentanamido)acetamido)-N-(4-methyl-2-oxo-2H-
chromen-7-yl)-6-(2,2,2-trifluoroacetamido)hexanamide (6) 
 

To a solu
dichloromethane at 0 °C was added 5 mL of a 4 M solution of HCl / dioxane . The 
reaction mixture was warmed to room temperature and stirred over night. The solvent 
was evaporated under reduced pressure to afford the desired product in quantitative 
yield (4.0g) and excellent purity as white powder, which was used without further 
purification. 1H NMR (400 MHz, DMSO) δ 11.53 (s, 1H), 9.47 (s, 1H), 8.47 (s, 3H), 7.95 – 
7.80 (m, 1H), 7.76 (d, J = 8.8, 1H), 7.58 (d, J = 8.1, 1H), 6.30 (s, 1H), 4.12 (s, 1H), 3.17 
(d, J = 5.5, 2H), 2.41 (d, J = 6.7, 3H), 1.88 (s, 2H), 1.61 – 1.46 (m, 2H), 1.38 (d, J = 6.4, 
2H); 13C NMR (101 MHz, DMSO) δ 168.33, 159.93, 156.15 (q, J = 35.8), 153.54, 153.09
1
30.60, 27.75, 21.45, 18.04. HRMS (ESI+) fo

 
 
(S)-2-(2-((S)-2-ac

 
 
S-11 hydrochloride (1.35 g,  3.10 mmol) was added to a solution of N, N-
diisopropylethylamine (2.5 mL) and Ac-Leu-Gly-OH (805 mg, 3.50 mmol) in 100mL 
anhydrous dichloromethane followed by PyBop (1.8 g, 3.5 mmol) in dichloromethane (5 
mL). After stirring over night at room temperature the reaction mixture was diluted with 
dichloromethane (200 mL) and washed with dilute HCl and then saturated aqueous 
sodium bicarbonate solution. The organic layer was dried over sodium sulfate and the 
olvent was removed under reduced pressure. The crude product was purified on silica 

uct as off-white solid (1.57 g, 
H), 8.35 (t, J = 5.8, 

1H), 8.11 (d, J = 7.3, 1H), 8.05 (dd, J = 7.9, 4.0, 1H), 7.79 (d, J = 2.0, 1H), 7.71 (d, J = 
8.7, 1H), 7.51 (dd, J = 8.7, 2.0, 1H), 6.26 (d, J = 1.2, 1H), 4.46 – 4.28 (m, 1H), 4.22 (dd, 
J = 15.0, 7.3, 1H), 3.85 – 3.63 (m, 2H), 3.16 (dd, J = 13.1, 6.8, 2H), 2.39 (d, J = 1.1, 3H), 
1.86 (s, 3H), 1.81 – 1.19 (m, 9H), 0.85 (dd, J = 17.5, 6.5, 6H); 13C NMR (101 MHz, 
DMSO) (mix of confomers) δ 172.93, 172.31, 171.38, 169.75, 169.13, 169.07, 166.34, 

s
gel (dichloromethane, MeOH 10:1) to yield the desired prod
83%). 1H NMR (400 MHz, DMSO) δ 10.39 (s, 1H), 9.42 (t, J = 5.6, 1
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160.04, 156.10 (q, J = 36Hz), 153.65, 153.10, 142.13, 125.95, 115.98 (q, J=288Hz), 
115.30, 115.16, 105.76, 53.53, 51.49, 50.88, 45.57, 44.89, 42.03, 41.24, 40.96, 40.52, 
31.30, 27.98, 25.63, 24.18, 23.74, 23.09, 22.95, 22.72, 22.52, 22.49, 21.64, 21.55, 
18.02. HRMS (ESI+) found: 612.2645 [M+H] calculated: 612.2640 [M+H]. 
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