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Abstract

A ferrocenel OCdnmit mo an wigh cher,0 p h-Berfyelr)r oceny | oc2b &Poja-di a mi
mide) di spl ayed nanomol ar p o tRGFPI6§, vas .p oHDeANCI3 . a nCdo nepealr eec
hi biPojamidedi spl ayed superior activity in HCT116 col o
TCH106 a n Romidepsin, potent HDAC1 i nhBRojamided ms ,c ed U tup err f qrrmod d
colony formation assays. Together, these data sugge
i mum-aanrtder beinteifdanasl.l yAPojhwdde-8 r d U 0 e dochraerdhmaxc ol ogy. I nd
ing HCT11 6Pojaneide|] sSMNMPthsodi um nitroprusside) and gl ut
cytotoxicity and DNA damage attributed to activatio

Introduction
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OQur increased knowledge of HDAC bi esleolgeyc thiavse ehnmpshtaosni
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Results and Discussion
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Hence, cdagpmo2awelise r eadisltyanndaadred bcyo u pl wa gcehrae aaccttiean s e

the solidaytargshwnl xoxgraphy (Figure 2)
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To expl ore t he 1hoai nrizh (Pojagnide)o diens HOOOAC3 we per f or med doc
structure of HDALCBedvoamdamod icwositol 2% eWe afpdRoja-p htah &
midebouwnhodohe zinc active site for miHh g fh ytdcreo gaem dbeo nadnsd
of Asp93, the bH naznadmitdhee acmairdbeo NNy I gpafn dGIltyhle4 3n,i ttrhoeg eann

and the carbonyl of Aspt70eagzawidlei msettdet ichhmr acter

The docked 1btsudooakedos$!| i @djamidg. slhti fftoerdmsf rhoyndr ogen b
and Gly143. However, -ctaréb omnu md ti ipthiett 8 cb cwdifad tnh & G r eas Wl
ti on boefnztahnei de group | eading to a | oss of key intere
Aspl70 as well as forcing zinc coordination from th
Comparison of the actiwe tdiatted eofr oHRAGI3 a&amud sd irteuvte a
in HDAC i Phjamided oashdadh Tyr 100 andsbkbwysnd3dgim HDMC8 ara b
t o t Rogamideifn HDAC3. Thus it is assunPejamidehathi Serecpemy
sibreHDAC3 selectivity (Figure 3C).
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demonstrated d@epemdemtr atcicamul atrieoBr$ 1o fl nH 4 Kl 2eaec s(efpia
ments the | evel of H4Kl2ac, asd diemtved toegnb nlgy swd gteart re
Pojamide; however, embryo devel opment was severely aff
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Ne x te, twePojamideon a panel 1o SAHAHDACC sHEIAC3 i3 (IThadbel tbch ilfjot h
Pojamided i s pl ay-adh dcfab2 dil 1sel ect i vity respectil/lveland oswiagmrd
cantly greater sei8cPojaniidei ¢ yproofeirl edDWELs | @aErpialri dvei t(hb e
zamide) inhibitors, bECH10G medt wsaismiollRGREP2G6G iotr astg e dfy
t o HBAQ3ect i SAHAdyi. agOmd yacti vity vs. HDACS8 (Table 1).
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Table 1. Biochemical evaluation of HDAC isoforms 4 8.

1Cs0 (BIM)
HDAC SAHAI] 1b 2blal RGFP966 TCH106!]

1 0.006 + 0.001 8.94 1.10+0.14 0.61 0.39
2 0.016 + 0.001 13.79 1.3+04 0.58 1.2

3 0.008 + 0.001 0.606 0.09 £ 0.02 0.015 0.05
4 19+1 >30 >30 >30 >30
5 9.7+0.1 >30 >30 >30 >30
6 0.030 £ 0.001 >30 >30 >30 >30
7 >30 >30 >30 >30 >30
8 0.36 £0.10 >30 >30 >30 >30

@ Profiling done in duplicate, n=8. All others n=4! Slow, tightbinding inhibitor, with
inverted ICso and K values, causes I value to drop over longer preincubation peri-
ods® The 1Go value was defined as the amount of compound that caused 50% reduc
tion in HDAC activity in comparison with DMS@reated control and was calculated us-
ing GraphPadPrism version 6 software.

Based on these data, this small panel of 1bPojarhidel i nes
and t he c o RGFPI66 a IHIOK106. s D e RGFP966es h o wi nfgo I6d. 5gr eat er pot
Pojamidei n bl BIDACBgacti vity ( TaRGFP266 4 h Bojawmide afr u redy uti lpaott e r
inhibiting HCT116 cell ulsawral pures! io® e 83a mwWie samedc d 1 s/, 1 gy i( 1



Table 2). RPE cell s on t hPejamidehser HEahHi6weekl as bahsw
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RGFP966 a n Pojamider e specti vely (TabRPElyrebhhd paoéei beentshg
HDACs 1,37 2sagdeSting that HDAC1 i nhi biptriodn fies ait mvpe
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To est abl Hsnh atsh ev ea mPojanpideaigiaeé s sof known HDACIi s, we i nyv

RGFP966, TCH106 a n Bojamideon HCT116 <cel l ul ar i ncviadseido nt.o Itne stth icsc
at 1x and Osdxl wd ddteemrmiGCed using the HCT116 cell
concentrati oPojamidedemedstomatyd robust inhibition of i
activityat htolwe vex, c onRGEP966raa Bojamide, beoxthhi bi ti nffotd. sé6o0
lectivity forr ddlOPE&toinwdaliryeidt it@mwn HDAC1 (Tabl e 1), i nhi
compared troH1060 %wlhh oc h s hfooMed wadlreycHA ACst.y HIDAC1 i nhi bi
5GI1 ) . Based on these data and taking into considera

|l i femaabssay, we concl wgmre rthyag f ifHDCAtCs i sarf ob en -eaxnpdl o i t
HDAG3*ective HDACiIis; pr ol mdrebad oHDnA Chle i mag da tptoesnsu abtl eyd
and invasimomebl adkreodulgsh HDAC3 inhibition.

Table2.Ce | lcuhhaarract erf i HDAICO 18

GGo (EIM) or (M)l

Cell Line 2b TCH106 RFP966 Romidepsin 1b
RPE 9.0x07= 1 na nd na
HCT116 8.6+1.22.2+0.2 8.9+0.7 0.52 + 0.02%] na
Hela na 15+£02 na nd na
HT-29 na = 1 na nd na

[@The GG value was defined as the amount of compound that caused 50% reduction
in cellular proliferation in comparison with DMSGtreated control and was calculated
using GraphPad Prism version 6 software; na = not applicable and nd = not deter

mined.

Pojamideapear s more efficacious in preventing HCT116 c¢
ti ob&Ad) . In addition, we wanted to explore the pos:
the iron atom in the rf er rundegruee naadiveatnyt angieg hatt auifdfreget i

ies with Ehrlri ¢gEAZT3cceéeésstamd HPB (human | eukemic T
with ferr ocASmS8( niPEHR Ciprehdi(btiutngpr owt h, whereasuntherd parft
were ineffective. Il ndeed, ferrod@®HKHi uvesmdscabsi antdyt ha
tion a@fam@MNA; repeated | aterr¥tn MCF7 and MCF10A cell

I n order to tfakrer cacdevrainum gey todt oxi ci t vy, we3b¢Fe(HIpr at e d
Poj) through standarPdjammideanshbgi t ea)s othaetgma f(INDor ohor at e
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(Ft ot al NAFr/ ADHr éacti ve o&Yyden edpe miogsma(l RGX)d (t o t
average (n=10) wasephtostadi stbchBl] TMmMoedut e ofvPruesan ¢
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Pojamidet r eat ment al one decuredapsed NAD+ | evels (Fig

I'n order to correlate thive isncresasseriemcNADe wixtylgeaonx
determined i n HCTI1Pbjamidee | t -t apai i) @awic ihb HRGEIRIHE8,i an d

ot her trantsddgddnc arjadfAaudnndd sr ut henocene. I ndeed, withou
| i g Pojaimddea nJAHAc aused an indocéefbactndBOBment eld gwaintdhs o
such as faemdr @aai fnedferrocene prodrugs,, wahnd hi nprtoldes clea

feceomi um catalystsithotrhd&®O&Sb $7¢ fo ceMNREBFRIGEENRI Tt henocene we
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RGFP966t r eat ment . Al though the cytotoxicity of ferroc
~10f0ol d r educ e Pojamidetf a rpeed htagpps due to | i mited membrar
their meagre inhibit ofMc oanccteinvtirtaiteiso nast ttehset edd .and 20

Conclusions



I n summary, the SNP/ GSH combination treatment is an
nNi um concentPojamidepnetuomsmoa .Fe(Al)-Pojg,s wheadruced back to tF
it Wwobé available to act upon HDACs. Due to hawving

depend®dgamidei s advantageous compared to other similat
hanced by its facile comwpercdiesn itno cteld sgy twhtidxsitc tk
cellular invasion through potently targeting HDAC3

cromol €4 HDAiIi bitory)actibsttygyt MEogaer ef 8i nitorma vaelnorug v
Pojamidead mi ni stration might offer a highly efficaciou
strategy that mi ght have broader, generalizable ap
Fe(ldc@p ai ni Agah@nafier (ocenes, f e4®m@uwrirfemts,stfiedirogua

at rut-besedmHDACi s and wil |l be reported in due cour

Experimental.

Solvents and reagents were purchased from commercial spliers and were used without purification. Fer-
rrocenylamine was purchased from TClI, UK, and used as such. All reactions were performed in a fume hood.
NMR spectra were recorded on Varian 500 MHz or 400 MHz spectrometers and chemical shifts are reported
in ppm, usually referenced to TMS as an internal standard. LCMS were performed by Shimadzu L-QOED
equipped with a Gemini® 5um C18 110A column and percentage purities were ran over 30 minutes in wa-
ter/acetonitrile with 0.1% formic acid (5 min at 5%, 5%-95% over 20 min, 5 min at 95%) with the UV de-
tector at 254 nm. Highresolution mass spectrometry (HRMS) was performed by the EPSRC National Mass
Spectrometry Facility, University of Swansea. Elemental analyses were conducted by Stephen Boyer (London

Metropolitan University). FT-IR were recorded on a PerkinElmer Spectrum Version 10.03.06.

Tert-butyl-2-(6-0x0-6-phenylamino)hexanamido)ferrocenyl carbamate 1a.
6-0Ox0-6-(ferrocenylamino)hexanoic acid4 (493.6 mg, 1.5 mmol, 1 equiv.) and Boc-o-phenylenediamine
(343.4 mg, 1.65 mmol, 1.1 equiv.) were dissolved in dichloromethane (18 mL). To this triethylamine (1.17
mL, 9 mmol) was added and the mixture was cooled in an ice bath. Next, propane phosphonic acid anhydride
(T3P) (50% solution in DMF, 1.38 mL, 1.1 mmdlas added and the reaction mixture was allowed to warm
up to room temperature overnight. Then the mixture was poured into a saturated solution of:2KQ, stirred

for 30 min. and extracted into CHCL (DCM). The organic layer was dried (MgS{) filtered and evaporated

in vacua The residue was purified by trituration with DCM to give an orange solid (576.3 mg, 74%rystal-
lization by solvent evaporation of DCM provided yellow crystalsH NMR (DMS@ils, 500 MHz):d=9.44 (1H,

s, NH), 9.22 (1H, s, NH), 8.31 (1H, s, NH), 7.53 (1H, d, J=7.8 Hz, CHAT), 7.41 (1H, d, J=7.8 Hz, CHAMA47.12
(1H, m, CHAr), 7.06 (1H, d, J=7.8 Hz, CHAr), 4.57 (2H, s, 2CH (Cp)), 4.08 (5H, s, unsusbst. Cp), 3.93 (2H, s, 2CH
(Cp)), 2.37 (2H d, J=8.3 Hz, GH 2.19 (2H, t, J=6.1 Hz, GH1.651.56 (4H, m, 2Ch), 1.45 (9H, s, 3CH). 13C



NMR (DMSGds, 126 MHz ):d = 171.0, 153.5, 130.1, 125.4, 125.3, 124.3, 124.1, 96.1, 79.8, 69.2, 64.1, 61.1,
36.2, 28.7, 28.5, 25.3.

N1-(2-Aminophenyl)-Né-ferrocenyladipamide 1b. The previous compound, drt-butyl-2-(6-0xo-6-(phe-
nylamino)hexanamido)ferrocenylcarbamate, (520 mg, 1.00 mmol, 1 equiv.) was suspended in dichloro-
methane (40 mL) and MeOH (4 mL). To this mixture 4N HCl/dioxane (8 mL) was added and thixture was
stirred at room temperature overnight. The volatiles were removedn vacuq then sat. NaCQ (aq.) was
added to the residue and the mixture was sonicated. The precipitate was collected by suction and washed
on the frit with water, dried, tritura ted with CHCk to give the title compound as a brown solid (318 mg,
76%). 1H NMR (DMS@ls): 9.21 (1H, s, NH), 9.09 (1H, s, NH), 7.15 (1H, d, J=7.8 Hz, CHAr);&7B(1H, m,
CHAr), 6.70 (1H, dd, J=7.8, 1.4 Hz, CHAr), 6.53 (1H, dd, J=7.8, 1.4 Hz, @8@r|2H, s, Nk, 4.56 (2H, s, 2CH
(Cp)), 4.08 (5H, s, unsubst. Cp), 3.92 (2H, s, 2CH (Cp)), 232 (2H, m, Ch), 2.252.10 (2H, m, Ch), 1.68
1.54 (4H, m, 2CH). 13C NMR (DMSs, 126 MHz )d=171.4, 171.1, 142.3, 126.1, 125.7, 124.1, 116.6, 116.3,
96.1, 69.2, 64.1, 61.1, 36.3, 36.1, 25.5. HRESI (m/z): found 420.1366, calc. for [&H2sFeNsO,]+ 420.1369.
Anal. calcd (%) for G:HasFeNsOz: C, 63.02; H, 6.01; N, 10.02. Found (%): C, 62.856185; N, 9.84.

Tert-butyl-2-(8-0xo0-8-(phenylamino)octanamido) ferrocenylcarbamate 2a. Methyl8-oxo-8-(ferro-
cenylamino)octanoic acid (215 mg, 0.6 mmol, 1 equiv.) and-Bloc-o-phenylenediamine (137.4 mg, 0.66
mmol, 1.1 equiv.) were dissolved in dichloromethaa (7.7 mL). To this triethylamine (0.5 mL, 3.6 mmol) was
added and the mixture was cooled in an ice bath. Next, propane phosphonic acid anhydride T3P (50% solu-
tion in DMF, 0.59 mL, 0.66 mmol) was added and the reaction mixture was allowed to warm up to noo
temperature overnight. Then the mixture was poured into saturated solution of ¥CQ, stirred for 30 min.
and extracted into CHCL. The organic layer was dried (MgS{ filtered and evaporatedn vacua The residue
was purified by trituration with DCM to give the orange solid (233.1 mg, 71%). Crystallization by solvent
evaporation of DCM provided yellow crystalstH NMR (DMS@is): 9.40 (1H, s, NH), 9.15 (1H, s, NH), 8.26
(1H, s, NH), 7.547.48 (1H, m, CHAr), 7.42.35 (1H, m, CHAr), 7.13.09 (1H, m, CHAY, 7.087.03 (1H, m,
CHA), 4.55 (2H, s, 2CH (Cp)), 4.06 (5H, s, unsusbt. Cp), 3.91 (2H, s, 2CH (Cp)), 2.33 (2H, t, J=7.9 Hz1GH
(2H, t, J=7.4 Hz, G} 1.621.54 (4H, m, 2Ch), 1.44 (9H, s, 3CH), 1.381.26 (4H, m, 2CH2):3C NMR (DMSO

ds, 126 MH2): d=171.6, 171.2, 142.3, 126.1, 125.7, 124.1, 116.6, 116.3, 96.1, 69.1, 64.1, 61.0, 39.7, 39.5, 36.4,
36.2, 29.0, 28.9, 25.7, 25.6.

N1-(2-Aminophenyl)-N8-ferrocenyloctanediamide 2b (Pojamide)
Tert-butyl-2-(8-0x0-8-(phenylamino)octanamido)ferrocenyl carbamate (136.8 mg, 0.25 mmol, 1 equiv.)
was suspended in dichloromethane (10 mL) and MeOH (1 mL). To this mixture 4N HCl/dioxane (2 mL) was
added and the mixture was stirred at room temperature overnight. The volatiles were removeith vacuq

then sat. NoCQ (ag.) was added to the residue and the mixture was sonicated. The precipitate was collected



by suction and washed on the frit with water, dried, triturated with CHCL to give the title compound as a
brown solid (82 mg, 73%).1H NMR (DMS@s): 9.18 (LH, s, NH), 9.05 (1H, s, NH), 7.14 (1H, dd, J=8.0, 1.5 Hz,
CHAr), 6.916.84 (1H, m, CHAr), 6.70 (1H, dd, J=8.0, 1.5 Hz, CHAr), 638 (1H, m, CHAr), 4.78 (2H, s, NH

4.57 (2H, t, J=1.9 Hz, 2CH (Cp)), 4.08 (5H, s, unsubst. Cp), 3.92 (2H, t, J=1.€CHZA))), 2.31 (2H, t, I=7.4

Hz, CH), 2.15 (2H, t, J=7.4 Hz, GH1.681.53 (4H, m, 2Ch), 1.351.29 (4H, m, 2Ch). 13C NMR (DMS@ls,

126 MHz):d=171.6, 171.2, 142.3, 126.1, 125.7, 124.1, 116.6, 116.3, 96.1, 69.1, 64.1, 61.0, 39.7, 39.5, 36.4,
36.2, 290, 28.9, 25.7, 25.6. HRMSSI (m/z): found 448.1675, calc. for [&GHz0FeNsO,]+ 448.1682. Anal. Calcd

(%) for CaaHaoFeNsQu: C, 64.44; H, 6.53; N, 9.39. Found (%): C, 64.23; H, 6.60; N, 9.29.

Tert-butyl-2-(8-0x0-8-(phenylamino)octanamido) ferroceniumcarbamate tetrafluoroborate, 3a.
Tert-butyl-2-(8-0x0-8-(phenylamino)octanamido)ferrocenylcarbamate (109.5 mg, 0.2 mmol, 1 equiv.) was
suspended in dry DCM (5 mL). To this NOBE37.4 mg, 0.32 mmol, 1.6 equiv.) was added. Thelor of the
solution changed from yellow to dark brown. Filtration afforded the title compound as a dark brown solid
(89 mg, 70%).19F NMR (DMS@ls): -2 9 ..1BBAMR (DMS@e): -2 . .536Hs;BFFeNsOs: C, 54.92; H, 5.88; N,
6.62. Found (%): C, 55.08; H, 5.84; N, 6.57. FTIR (9n992 (BFy).

N1-(2-Aminophenyl)-N8-ferroceniumoctanediamide tetrafluoroborate, 3b (Fe(IlI)-Poj). Nt-(2-Amino-
phenyl)-Né-ferrocenyloctanediamide (100 mg, 0.2 mmol, 1 equiv.) was suspended in dry DCM (5 mL). To
this NOBR (37.4 mg, 0.32 mmal 1.6 equiv.) was added. Theolor of the solution changed from yellow to
dark brown. Filtration afforded the title compound as a dark brown solid (78 mg, 73%}°F NMR (DMS&le):

-2 9 .. BBANMR (DMS@l): -1 . .34HBRFeN:Oy: C, 67.12; H, 5.80; N, ®4Found (%): C, 66.97; H, 5.84;
N, 9.31. FTIR (cm): 1038 (BF).
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