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RESULTS AND DISGUSSION

ABSTRACT Background

The synthesis of the orbitide[1-8-NaC]-zanriorb The plant Zanthoxylum riedelianum Engl. has been used as an analgesic for toothache and reported folk _
A1l isolated from the medicinal blant uses of this species has been confirmed by the in-vitro anti-inflammatory and anti-nociceptive activities Synthesis From Route A:
1 _ _ P _ _ of the leaves and stem bark [1]. * Linear Peptide (LP): Yellowish liquid yield 55% (320 mg); tR 3.199 min; [a]25 D = 157.1 (c 0.0024, MeOH); FABMS m/z 825.4 [M+H]* (C43H53N809).
Zanthoxylum rledellanum, was |nvest|gated by There is only one study that reported the presence of cyclic peptides in the genus Zanthoxylum[1]. «  Synthetic Zanriorb Al: Yellowish liquid yield 22% (217 mg); tR 3.41 minFABMS m/z 807.3, HR-FABMS m/z = 807.3842 [M+H]+ (calcd. for C,3H:,04Ng, 807.3830).
: - : - foafi i - Synthesis From Route B:
solution-phase macrocyclization of a linear Characterization of a new orbitide named [1-8-NaC]-zanriorb Al (1) was reported from the leaves of . ' _ _ o _ _ _
id d . lid-ph li . Zanthoxylum riedelianum using NMR and mass spectrometry. When evaluated against three cancer HzN%fr“\/L {( ~—— T 70 —ho-0 «  Cyclic peptide 6a: Yellowish liquid yield 12% (130 mg); tR 3.41 min, HR-FABMS m/z = 807.3812 [M+H]+ (calcd. for 807.3830, C,3H:;,05Ny).
pep“ € and on-resin solia-pnase macrocyc |Ization cells lines, leukemia cell lines including K562 (chronic myeloid leukemia), Kasumi-1 (acute myeloid @ S Glﬁo” «  Cyclic peptide 6b: Yellowish liquid yield 2-3% ; HR-FABMS m/z = 807.3842 [M+H]+ (calcd. for 807.3830, C,3H;,05Ny). ggt?lz_clt}ll:a:frgltirixgzi%l\lél:\/l/lzga(tia for natural product and synthetic TABLE-2: List of biological activity and %yield all cyclic peptides.
. . . ' M6
with an acylsulfonamlde safety-catch linker. The leukemia), and Jurkat (T-cell leukemia), and also normal mononuclear cells from human healthy donors, Lp % - T 25 o TR 222 =5 X 02 Pro’-Ha/ Prol-H5,, and Prol-Hs, - - o
B i oo o L e r- @D D T D Y = o b oy N Reported °C data C data for synthetic peptides Analogs Structures m/z HRMS Activity R; Yield
O . 1 ihi 1 /1 1 1 50 N N <V7 5 = P o e i = -~ — Residue Position trans Pro?, cis Pro? (1 trans Pro?, cisPro? (1 cis Pro?, cis Pro? (3 - ) * Min 05
solutlon-phase route produced a mixture of zanriorb A exhibited cytotoxic a}ctlwty_onl_y against Jurk_at cells W|_th a low IC>Y value of 218 nM [1, 2]. me ?oro 5% Sk S FESERS 1 R I oo 0 = B B @ (-mleigm (Min) JEH!
_ ! We also note that reported cyclic peptide is trans and cis rotameric forms at Prol-Pro2 and Pro2-Phe3 Q\( i S&O | L : ] ’ 2% brans Sas Jrans 212 1 Synthetic 8074 | 8073842 | Inactive |3411 | 22
proline rotamers, and the main component was that is Prol, A8 CP (28.4) — Cg (24.6) = & 3.8 and Pro2 A CP (31.4) — Cg (21.7) = § 9.7 [2]. oy e : Tl %;
. . . . . ; . : : . . . . . . . . Gly* J iyt Re Pro1, AB CB (29.0) — Cy(21.4)=58.0 co 1720 172.0 173.4 om route- o © %o,
assigned as the trans, ois rotamer, identcal fo the - It gt A ol st A —— © B B B SO,
. . . . , trans-Pro"-Pro“, cis-Pro”“-Phe , . i i e cis - cis 210 cis Pheg-Proz-Prol- o H HN NH
— 3, cis-Pro'-Pro?, cis-Pro*-Phe’ ) ¥ - :
natural product. Th_e on rgsm cy_cllzatlon vyas less configurations vary significantly both in small peptides and in proteins [3, 4]. i | iU s i e °
SUCCGSSfUL producmg mamly a linear peptlde, and The signals of the B-C and y-C atoms are more separated in cis-proline than in trans-proline peptide v i / - J " T ii—i e ﬂ ’ e > Synthet T
. . . . H H - - - - = £ = glmpuritv (m/T:p';rznsvsﬁ) B 372 374 382 al’]_t‘iore c y ! . . nactive .
minor CyC|IC products as rotameric mixtures. bond_ 13C cr_lemlcal _shlfts for Pro in cis and trans configurations vary significantly both in small i ] " Zansiorb Al % ?
peptides and in proteins [3, 4]. | / z6 1287000 12621293 (CoHsONg) | (] Oy © g
AIthough the natural product was reported to be The signals of the B-C and y-C atoms are more separated in cis-proline than in trans-proline peptide | Pt Amide Pho Pt et B LT
signiﬁcantly cytotoxic against Jurkat leukemia T bond. Proline peptide bonds are trans as shown by the small 13C NMR chemical shifts difference of —— & A = 5 v ez Glys'g{l;i'](}lys' 4
= I i I I I i = CFidé tiiear Synthetic Cyclic Peptide products from route A _| - - - - Phe?*-Ho/ Pro*-H3,, and Pro2-H&g 2-6 126:8— 130.0 126:2— 129.3
cells, our Pro BC-yC and cis as indicated by t_he Iarge 13C ghemlt_:al shift dlfferer_lce of P_ro BC_yC [3]. _ _ Figure 1. DEPT 135 Spectra of Linear Peptide from Synthetic Route-1 Fiure 7 ROSEY Interastions of Linear Pepiide from Synihetic Route-1 co 3 7 . 7554 | 7553525 | Inactive | 336 61
] _ _ _ _ In NOSEY or ROSEY spectra cis-proline moiety give a-protons interaction with next amino acid Reagents and conditions: Synthesis of [1-8-NaCl-zanrior AL (1) via solution-phase oy N (C35FLiaNsOy) 3 H#
synthetic peptides were inactive, suggesting the moiety and trans-proline peptide bond identified by a-protons interaction of next amino acid with g- macolastamization. Reagents and conditions: Wang resin (1 g) () Fmoc-L-Gly-OH 5 equiv) SH5 25253893 YS85 53583858 553538335558 1385883 nIRIRREII RS2 '_ _.'=,. 3+ EEREEEEREE o 1m0 reos pho Al | oot "
presence Of Other rotamers or |mpu rltles |n the proton of prollne molety as shown in flgure [2, 3, & 4] zﬂir:/)./;pilr?e[r;s;g?(2?/)%'\3:; ((iuli)) ;ﬁﬂc’(c{v?"f,'n'l?u 22;?1e(nsc:%u%})ﬁpiltgd,(?%:,gué\é& ?f.ﬁ?g',:#,rez %3 2 & R e 2855 | Gly N . . s Gly -(I;il;s_-]Gly - O;QN o
. . - R ; 0 o of Q¢ § (v) Iimnerz::’i r[.;)eaptic(ie 20(100 mmol) in mlrcr)1 cr)nI+DMF, HATUm(ri](()JO mmr?;Bnieni r:]LO mrInDMF, rongraéei r?f - S:‘ 169.2 169.1 168.9 ';;_',*N S
naturally isolated material. Additional analogues of () = *;H@ ad HPLD coniions: ACN/HLOITEA B0%AOM0.08% B3 L1120 Posecrianie. Gude i M :
. . . . ) 0 ' B ; o products from route A _ _ o 6.4 26.0 287 :
Zanrlorb Al Were SyntheSIZed In WhICh prollne and - SO0 l | Scheme 1: Synthesis of Orbitide Zanriorb Al through Route A. ;_6 122:2_130-0 122:2_129-3 4 (C41H48808N8) ) 781.3 781.3673 65.0£3.5 | 3.23 39
. . . . trans i Trans is S R RS b e P RS L I TS co 173.9 173.4 Cyclo[-?he4-
glycine residues were replaced with alanine. o H ; i ST il
: . N ot (1) gy e = " o PR
While these analogues were not cytotoxic, several MET"ons A“n M n-I-Enl nl.s SYNT“ETIG nn“TE 2 > = SeEEEL = g-t Gly* ]
. .y = . ., - . . = 1 = = i - . Table-3: 1H (800 MHz) and 13C (125 MHz) data for 6b and natural peptide 1 in DMSO-d,. :
of them inhibited the production of nitric oxide In XA S RMA A R e s = T oo 7813 | 7813656 | Inacive 332 | 32
. - - T T T T T T T : T T Pro* ) 506 428 428,44 (40, 105) & Cyclo[-Phe’-
lipopolysaccharide (LPS)-stimulated — NoOm ﬁ =55 == =55 7= 5 D s o . pfj-pﬁozﬂal-
I baskagupEphi ' i ¢ A 0" o < Figure 3. (a) 'H NMR spectra of natural product 1 (amide region)® * shows Figure 4. DEPT-135° spectra of synthetic Zanriorb Alfrom route-1. * represent the o o8 L 2 nz Gly®-Phe’-Gly*-
macrophag es. The most ac“ve Compound’ General procedure D el o &JH Oﬂfk@(n A n\j\N,\i\i% 0 !')—o ungss(ljgnfd (pdgak in n;lt(l;ralpproduc; )Spectrum.p (b) *H N(MR spect%a o)f synthetic ,i\sl?;glmMriquiIts of natural product in DEPT-135° spectrum of synthetic Zanriorb Pre 0 ZZZ e e AR gfﬁii e Gly™]
. . . me o 0@ Mo gefl g0 peptide (amide region) (from route -1 v 2 ' oy L a1
CyC||C[A|a5’6’8]_Zanr|orb Al had an IC50 of 22 “M Bruker Avance 600 and 800 MHz NMR spectrometer was used for NMR spectra, respectively. NMR data were : o B ot e D . S% 5 = SEios g E i 60 as0355m 242 s 6 10 8494 | 849.4331 | 22.2#02 |4.80 52
. - Cyclic peptide (6a i m.cf[fcfm.‘:.”fi“"“‘”.".“'.w.c_f“?“"““"3".‘\!?“”‘9“".".9"2'&'.“"9”7??“9“?91”1”39“@“’: TeMoEne TEE i i A i NSNS N/ N Phe? NH 816t 810m (C46H356NgOg)
- collected at 25_C. FAB mass spectra were recorded on QSTAR XL MS/MS systems (Agilent, USA). Preparative RP- \J\ i % BEERRTATERRRSTOSLERIRATICOSAAE DRI SARSRAN RS Ay goiks u 41 419 459m 3 Cuelol Phet
— i g "o SO SN SNz 1 YNV pRad - (b) Symetic pep e S 6 37 301 318m 372 yelo[-Phe’-
and was more potent (_'\’O_mpared with the standaro HPLC separation was performed by using a Jaigel ODS-MAT 80 (C18) column using elution with acetonitrile/water ] | Cyec petide 60 . @9 x e A . f s 8 s JOERSO
[M+H]*= m/z =807.0 Phe* 0 -« . 2-6 126.2-129.3 7.16-7.25 7.30m 126.8-130.0 5
NG-monomethyI-L-arglnlne acetate (L-N \Y MA) (60:40) in 0.08% TFA. The purity of peptides was established by ultra-performance liquid chromatography (UPLC) i S Qe : JMM\JWJ WW'T‘ o o mo - ven 107 Ala®]
with an IC50 of 98 “M indicating their Strong anti- (Agilent 1260 Infinity Diode Array, C-4 reversed-phase analytical column, 5 um, 150 _ 4.6 mm), and analytical | WLH o“ék&UN N, o ‘O)@ wl % “%9* h H H ﬁ j IH( , H‘r b e o 2son %1
y et oo g gl g o Yoy L By B9[PeRSEB 8 ‘ 1 1378 o 1381
. . reverse-phase high-performance liquid chromatography (Waters, 2696, mobile phase: acetonitrile/water (60:40) in P " ARG | AR R Riilik cale ol <;.L 25 12631293 116725 ra0m 12681300 7 11 8814 | 881.4233 | 39.6=1.1 |3.06 19
Inflammatory potential. . . . . . . ety ! I | | o 5 @ (CadsiNOy0) S
0.08% TFA). Optical rotation was measured with a JASCO DIP 360 polarimeter (Japan) at the sodium D line (path . . . . - JWL.J' R YRt L L : - o " e 367 in 23 Phe- NN N
Reagent and conditions: Attempted synthesis of [1-8-NaC]-zanriorb Al by on-resin macrocyclization. : o, o Spno A ”y wl'h* " M e i " § oy e 1690 C);clo[ })‘he . ,?31’
|ength 50 mm) Reagent and conditions: Sulfamylbutyryl resin (1 g), (i) Fmoc-L-Gly-OH (5 equiv.), PyBOP (5 equiv.), M ﬂlrmi rﬁ Wﬂm m iMI ’ ’ F s Gly? NH ' 8.70 9.171(60) ' PheS-Glu;-Pros- o o=
. DIEA (8 equiv. in DMF); (ii) 20% 4-methylpiperidine in DMF; (iii) Fmoc-L-amino acid (5 equiv.), PyBOP ‘ £hdS5 s ‘1‘2'8?9 3 7im ‘1‘252 Ala —Phes -Ala’- \\(NH o\ _o
Phe SyntheSiS of zanriorb A1l by SynthetIC Route-1 (5 equiv.), DIEA (8 equiv.) in DMF; (vi) 20% 4-methylpiperidine in DMF; (v) repeat (iii) and (iv) until g%égg Phe’ NH ) 18 2 N Ala™-] O#HW/H?I’IL‘ H
sequence completed, 20% 4-methylpiperidine in DMF; (vii) (Boc)20 (6 equiv.), DIEA (6 equiv.) in DCM, | Ty . e g 3.0 301-273m 396m 3.4 I~
; ] . . . rt., 2 h; (viii) ICH2CN (10 equiv.), DIEA (12 equiv.) in 5 mI NMP, 2 _ 12 h; (ix) 95% TFA in H20; (x) 2% - - - - - - ™ - T T————— el o e s L B s S o B8 o
BT re§|n (1 g, 1.2 n_]mOI/g) was SoakEd_ Dkl e 20 mm’_ FmOC-GIy-OH asiloaced O_n W) TRl I [oltesEnee DIEA/THF for 12h Figure 5. DEPT 1359 spectra of synthetic Zanriorb Alfrom route-2. * and lines Figure 6. (a) 'H-NMR spectrum of natural product 1,* shows unassigned peak in ol o - . SR
of coupllng reagents, i.e., PyBOP (5 eC|UIV) and DIEA (8 equw). After successful completlon, the Fmoc group was represent the 13C-NMR shifts of natural product in DEPT-135° spectrum of synthetic natural product spectrum (b) !H-NMR spectrum of 6a (from on-resin « s a0 375m a2
removed by addition of 20% 4-methylpiperidine in DMFE for 30 min and a second Fmoc-protected residue was Scheme 2- Route B for the Synthesis of Orbitide Zanfiorb AL (1). Zanriorb Alfrom route-2. The right side is DEPT-135° spectra of reported natural macrocyclization) Arrows ind.icate .the chemical shifts of 6a similar to natural
coupled with the first amino acid attached to the Wang resin. The coupling was achieved by using 3 equivalents each product products. The unassignec chemical Shifsrepresent fhe unknown conformer. cnucl“Squs
p . -
of Fmoc-protected amino acids and coupling reagent at each successive step. Following, the above deprotection and “Plc Prnille
coupling strategies, linear peptide was synthesized and cleaved from the resin by using TFA cocktail with a RO & Se78A Mo TN ST TEAGGGR)— T RIS R T Ao - = o The cyclic orbitide [1-8-NocC]-zanri(_)rb A-1 was obtained as mixture of confor_mers by using '_[WO different rou_te_s towards the synthesis of
composition of 95% TFA in H20. The crude product was purified by RP-HPLC. The linear peptide was cyclized by mAU 4 | ";‘Ogj 3 .. . natt(eraI proldu<_:t L. I\tl)on_e O_f e cycl!c_ ETIIEE 0(; anai(f)gs o [1-8-fNocC]-ganr|orE A-l_exhlblted any Cytoltc?x'c't{] asb_r eio or_t edl for_ngturai
lion s mactoycizaton. A LIS of neat gt 2 56 o), HATU (100 o) W o mwas [ =1 | - UPLC condition for pure products from routes A and B: C4 reversed-phase analytical T O e
added to a stirming solution of DIPEA (600 mmol) + HATU (10 mmol) in DMF (10 ml) at a rate of 0.1 mi/min. After 4003 (a) z: (k) COIUmn, ACN/H20O/TFA 60 % /40 % / 0.08 %. a) CyCI IC prOdUCt from route A with was identified as a potent inhibitor of nitric oxide production in LPS activated J774.2 macrophages and non-toxic against normal fibroblast
addition of reagents, the reaction mixture was stirred for 24 h and reaction mixture was concentrated in vacuo and 3004 1004 - - - - - - - i i i 5,6,81-7anri identifi
" g _ _ ! : ] i.‘ retention time 3.411min. b) CyCllC product (63.) from route B with retention time 3.415 NIH :’3T3 ceI!s _Whlc_h can act as a sa_fe I_ead anti m_flammatory molecule. The Analog cyclic[Ala>®®]-zanriorb Al was identified as an
purified by RP-HPLC to obtain the synthetic cyclic peptide 1 (Scheme-1). o ii & 0‘ ) inhibitor of nitric oxide production which is more active than the standard L-NMMA]2].
Synthesis of zanriorb Al by Synthetic Route-2 e R SN SIS WS- BEFERENGES
4-Sulfamyl butyryl-aminomethyl resin (0.7 mmol/g, Novabiochem, 1 g) was used in the synthesis of linear peptide : - : : :
precursor 4. Fmocamino acid (5 equiv.), PyBOP (5 equiv.), and DIEA (8 equiv.) in 5 ml of DMF were added to resin = A .
which was preswo“en in DMF. The reaction mixture was kept on manual Shaking for Overnight_ The pep“dyl resin vntHGSIs ot nnalogs 1. Pamela J. dos S. B., Heron F. V. T., Carlos H. C. dos SantOS., Mario G. de Carvalho., Rosane N. C., Edgar J. P'G., Paulo T. de Sousa.,
was deprotected by 20% 4-methyl piperidine in DMF for 20 min and then washed with (3 DMF) and deprotection Jr., Marcos J. J., Virginia C. da Silva. J. Nat. Prod. 2016, 79(5), 1454-1458.
step was monitored by the Kaiser test. The same coupling and deprotection steps were followed in the construction Synthesis of Zanriorb A1 Analog-7-10 : : _ _ : _
: . : : : ) o : MADGRYES O Ztond il Synthesis of Z b A1 Analog-11 _ul-
of peptide sequence 4. The terminal amino acid was protected with Boc, by treating the resin with (Boc)20 (6 equiv.) R O ynesis ot fanrior o 2. Nadeem-ul-Haque. M'_’ Anila. B., Humira. K., Sadig Noor. K., Shah. Z. A., Almas. J., Shaista. Q., Ganesan. A., Choudhary. M. 1.,
and DIEA (6 equiv.) for a duration of 2 h. The safety-catch sulfonamide linker was alkylated by reaction with - Jﬁg J’w* < 0 Qi' . Cﬁ\i o, - Shaheen. F. J. Pept. Sci, 2022, p. €3405.
1 1 1 1 1 1 1 A Y ) T H O o 0 —O<T HO-Q
ICH2CN (10 equiv.) in DIEA (12 equiv.) in N_MP sol\_/ent for 24 h. The pe_ptldyl resin was thoroughly washed WIFh ) ”@Y” Bt NJLHJI o K00 T mo 3. Douglas E. D., Frank A. B. J. Org. Chem, 1973, 38(13), p 2379-2383.
THF, DCM and DMF. The Boc-group of peptidyl resin was cleaved by using 95% TFA for 1 h, and then the resin e - e ci" .
_ was washed with 2% DIEA in DMF. The peptidyl resin pre-soaked in THF was treated with 2% DIEA/THF for 12 h @C‘XWH Y o %ﬁJ?JLMQQ 4 - oy ot 4. Fang, W.Y., Dahiya, R., Qin, H. L., Mourya, R., & Maharaj, S. Marine drugs, 2016, 14(11), 194.
A in an inert atmosphere. The resin was then filtered and thouroughly washed with THF and DCM. The filtrate was anﬂ)b LT e HN .
concentrated in vacuo and the crude peptide product was precipitated with cold ether and products were purified by eSS ORI BT @l ncknulegment
= = itions: Wang resin (1g) (i) Fmoc-L-Gly-OH (5 equiv) g(;(‘}lomztjn:(r:t}h(y?p?s:riivdi)r‘leD'X'IIF’D?/INILI'-\PiiEO.ZFn?l?)l(J;i-\zla-rl;igz °© o 2 vovii
RenPLE (eheme ). e o ST G| )0
Synthesis of zanriorb A1 Analogs e gty || AT 020 e sorc conie oG G2 W 5%, | g W _ . . . - .
Similarly the cyclic analogs 7-10 of zanriorb Al were synthesis by adopting route-1 and cyclic analog 11 were et S A SO || i o e o1 i R @0 O e (1 TRA 6554 1 0 a3t T s Tl BEHT wels siugpelies] 19 & Erel resiSinelnNRPUIREDY AIEC200s e Righer Eeleaion Comiizien FELE, e &
(10 mmol) mixture in 10mL DMF. Recycling HPLC conditions: y! (10 equiv.); (vi) Ala 4 t P S F /NSLP /S HE J 290 f th P k t S F d t
synthesis by adopting route-2. ACNIIOTEA @A4AVISD, ODS 1120 Pysanie. o Cre pnatoge 1 gran - (290) from the Pakistan Science Foundation.




