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Abstract-The heartwoods of Peltogynepubescens and P uenosa contam the predominant pan ( +)-peltogynol and 
(+)-mopanol, their 4-epimers, (+)-peltogynol B and (+)-mopanol B, together with the first catechm analogue 
of peltogynol, (+)-2,3-trans-pubeschm These are accompanied by ( f )-2,3-czs- and (&-)-2,3-trans-3-O-methylfus- 
tins, and by a,2’.3,4,4’-pentahydroxychalcone Other mmor metabohtes are 4’,7-dihydroxy- and 3’,4’,7-trihydroxy- 
flavanones and 5,6-dlhydroxyphthahde (+)-2,3-Trans-pubes&m trlmethyl ether was synthesized by reduction 
of the correspondmg (+)-2,3-trans-peltogynone analogue with NaBH,/BF, m chglyme, and its absolute configur- 
ation shown to be 2R 3S 

INTRODUCTION 

FOLLOWING early indications by Robinson and Robinson’ of the presence of (+ )-pelto- 
gynol in a number of Peltogyne spp. (“purple heart”, from the West Indies, Northern Brazil 
and French Guiana); subsequent revision of its structure by Chan et al.;’ determination 
of its absolute configuration (1. R,=OH, RrH) by Drewes and Roux3 and isolation of 
its structural isomer (+)-mopanol (1. R1=H, RpOH) from Colophospermum mopane by 
Drewes and ROUX,~ both (+)-peltogynol and (+)-mopanol together with their 4- 
epimers 2,3 (2. R,=OH, RFH and 2. R1=H, RFOH) were shown present by chromat- 
ography m P. porphyrocardza, P. venosa and P. pubescens4 In the first-mentioned pair the 
peltogynols predominate, but in the latter peltogynols and mopanols exist m equivalent 
concentration, as in the case of C. mopane.3 ( + )-Peltogynol and ( + )-mopanol were 
accordingly isolated from P. pubescens.4 

In the present extension of this work the woods of P. pubescens and P. venosa are exam- 
med m greater detail for minor concentrations of novel flavonolds and peltogynoids. 

RESULTS AND DISCUSSION 

Complete analysis of the purple heartwoods has confirmed the presence of (+)-2,3,- 
pans-3,4-aans-peltogynol (1. R,=Ofl, RrH) and -mopanol (1. R,=H, R,OH) and their 
4-epimers, (+)-2,3-trans-3,4-cis-peltogynol (2. R l=OH, RpH) and -mopanol (2. R,=H, 

’ ROBINSON, G M and ROBINSON, R (1935) J Chem Sot. 744 
2 CEMN, w R_ ~ FnRSYTH, w G C aLInn KA3.%plr_r C H (1958$. I Che.m.. Snc 3174. 
3 DREWES, S E and Roux, D G (1966) J Chem Sot (C) 1644 
4 DREWES, S E. and Roux, D G (1967) J. Chem SOL (C) 1407 
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RpOH) as predpmmant metabohtes The latter pair are probably mainly responsible for 
the purple colour of the woods due to the relative ease of 3,4-trurw-ehmmatlon (3-tr.u.-H, 
4-ux.-OH) of the elements of water and subsequent anthocyamdm formatlon ’ 

The above peltogynolds were accompamed by very low concentrations of a number of 
Interesting components, requiring stabllizatlon by methyiation to fkliitate their lsoiatlon 
on TLC, after imtlal fractlonatlo_n of the free phenohc forms on sihca gel The most notable 
of these represents the first catechm analogue amongst peltogynolds This compound (3. 
R,=R_F_H), named pubeschm. was Jsolated as the trnnethyl ether (3. R,=R_FM~). prc- 
vlously synthesized by Has&l and Weatherston,’ and also as the 4’.Y-dimethyl ether (3. 

R,=H, RFMe). followmg methylatlon with dlazomethane of the appropriate fractions 
from column chromatography of extracts from both P. puhes~~zs and P. PUKIFU The 
dlmethyl ether was converted to the acetate (3. R,=Ac, R-Me), and the 7-position of the 
acetyl group deduced from the chemical rhlfts of the A-rmg protons of the acetate com- 
pared with those of the dl- and trimethyl ethers. 

2 

..i~;i$HOf&$ ..~~ff”~~ 
BH OH 0 

(1) (2) (3) (41 

Synthesis of the trimethyl ether of (+)-pubeschm by another route was effected by 
reduction of (+ )-tri-0-methyl-2.3~tralzs-peltogynone6 [MnO,-oxidation product of 
(2R : 3S:4R)-trl-0-methylpeltogynoljl with NaBH,/BF, m dlglyme. The absolute con- 
figuration of (+)-tri-0-methyl-2,3-trarls-pubeschm may accordingly be assigned as 2R.3S. 

Couplmg constants of the heterocychc C-rmg protons of the trimethyl ether (J2,3 10.0. 
J 3,4cq 5 1 ; J3,4u, - 4.8; lJ4ur.4ry 9 4/) correlate with i-chair conformations for the C- and 
D-rings, and almost coplanar arrangement of the benzene A- and B-rings. The general 
planarity ofthe molecule IS reflected m Its lack of-moblilty (K,. 00) In .Y,, acetic aclcf on 

paper chromatograms 
Related to the above peltogynolds IS 5,6-dlhydroxyphthahde (4. R=H), ldentlfied as 

meconme (4. R=Me) after methylatlon of fractions of both Prltoy~~r~r spp. with dlazometh- 
ane, and comparison with a synthetic specimen T Meconme was previously Isolated bq our 
research group from Aarcra curwl ’ after slmllar methylation, and the orlgmal phthaltde 
(5. R=H) may m both instances represent the blochemlcal oxldatlon product of the 
associated (+)-peltogynol. its 4-eplmer (1, 2. R,=OH. R3=H), or of (+I-pubeschin (3. 
R I=R~H) 

Some of the associated flavonolds. namely (_f)-3-O-methyl-2,3-crs-fustm (5. R=H). (+)- 
3-O-methyl-2,3-cls-fustm (6. R=H) and x.2,.3.4.4’-pentahydroxychalcone (7. R=H), Ident+ 
fied as methyl ethers (5, 6, 7. R=Me) were previously found m assoclatlon with mopanols 
and peltogynols m the heartwood of anot her genus of the Caesalpmioldeae. TVLK’/I\ /oh~u~n 
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oerucomm.9 The natural presence of the 3-O-methyl function in the 2,3-crs- and 2,3-trans- 
fustins (5,6. R=H) is beyond doubt,’ since dihydroflavonols do not methylate at the 3-OH- 
position with diazomethane. 
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* Racemates. only ZR-enantlomers shown. 
t Only vans-enohc form shown 

Two partly-racemized flavanones, (+ )-3’,4’,7_trihydroxy (8. R=H) and (+)-4’,7-dlhyd- 
roxy (9. R=H) (butin and liqulritigenin respectively) represent minor components which 
were isolated as partially racemized” (+)-methyl ethers (8, 9. R=Me). Both flavanones 
thus exhibit an excess of (ZR)-enantlomers,” whereas (2S)-forms usually predominate in 
Nature.” 

Ro+: Ro+“R 

t6)* (s)* 

* Partial racemates (ZR)-enantlomers, as Illustrated predommate 

The series of components l-9 are common to P. pubescens and P. uenosa with little dif- 
ference in their relative concentrations. Compounds 5-8 are of interest as metabolites 
which may possibly represent precursors (a-hydroxychalcone) or offshoots (3-O-methyldi- 
hydroflavonols) of a biogenetic path’* which leads to peltogynols (1, 2. R,=OH, RFH), 
mopanols (1,2. R I=H, RFOH) and pubeschin (3. R ,=RFH), and eventually by oxidation 
of peltogynols to 5,6_dihydroxyphthalide (4. R=H). Peltogyne spp. represents the fourth 
source of the recently-discovered class of a-hydroxychalcones (cf lit.9), amongst which cis- 
trans isomerism13 resulting from keto-enol tautomerlsmg~’ ‘,I2 has been shown to exist. 

TABLE 1 PHFNOLIC FRACTIONS OF P putwcer~~ EXTRACT FROM CHROMATOC;RAPHY ON SILICA GFL 

R, as mdlcated by 
TLC m C,H,-EtOAc-Me,CO 

(7 2 2) 

Colour 
on TLC with 

HCHO/H,SO, (1.40) 
spray 

016 Red-black 
020 Red-black 
027 Orange-brown 
o-33 Pink-brown 
038 Green 
042 Yellow 
046 Green 
0 52 Black 

Yield (g) 

221 
028 
067 
022 

> 
031 

@14 

9 VAN DER MERWE, J P., FERREIRA, D, BRANDT, E V and Roux, D G (1972) J Chem Sot Chem Commun 
521 

lo Du PREEZ, I. C, FERREIRA, D and ROUX D G (1971) J Chem Sot (C) 336, Roux, D G and PAULUS, E 
(1961) &o&m. .I 80,62 

I1 DEAN, F. M (1963) Naturally Occurrmg Oxygen Rmg Compounds, p. 357, Butterworths, London 
I2 Roux, D G and FERREIRA. D (1974) Phvtochemntrv to be pubhshed. 
” Vr.xsn.U.,r.< F IZJ_I R...R_&LL..C; J. H md.Rr,u~_ !2 G !.1.973! Tcr,o/~r!r/~o~~. Lcitt I(X)I 
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EXPERIMENTAL 

Authenticated samples were kindly supplied by Professor D Normand, Centre Techmque Forestlet- Tropical, 
Nogent-sur-Marne. Peltogyne pubescens Bentham (CTF W 18146. herbanum No 714, collected by I Petrov m 
the Kaw mountams, South Cayenne, French Guiana). and P ueno~a Bentham (CTF W 18155. herbarium No 
223, collected by 1 Petrov m the Samt Laurent area of Mdrom and Iracoubo) 

NMR spectra were recorded m CDCI,, unless otherwlse specified. with TMS as mterndl standard, optlcal 
rotations on a Hllger and Watts M-412 polarlmeter usmg CHCl,. and CD-curves on a IASCO J-20 spectropolar- 
lmeter 2-D chromatograms were run by ascent on Whatman No l(28 x 46 cm) sheeta m water-satd tee -BuOH 
and m 2% HOAc TLC was on Kleselgel PF 254 (0 25 mm) and on preparative scale on the same substrate (1 
mm) Plates were air-dried and unactlvated, and sprayed with H,SO, 40”;, formaldehyde (40 1) Column chro- 
matography was on Kleselgel 60 (12&230 mesh) Introduced with the solcent as a slurry and compacted with 
a PIFCO orthopaedlc vibrator Columns were used m conJunctIon with an ISCO model 273 fraction collector 

Extructron and prrl~mmarp xparutron Drlllmgs (1 94 kg) from each of the heartwoods of P p~rhcc~r~.~ and P 
oenosa were dewaxed with petrol (b p 4&60”) m two successive extractlons (24 hr each) at ambient temp. dnd 
thereafter extracted slmllarly with EtOAc--Et,0 (3 2) Evaporation under reduced pressure gave light brown 
solids (8 2 g) Thereafter extraction was continued with Me,CO (3 I SUCC~SSIVC extractions lor 24 and 4X hr) 
yielding a red-brown sohd (53 6 g) under reduced pressure The powdered extract uns zhaken with water-satd 
EtOAc to free It of oxldlzed material, the solubles glvmg a reddish sohd (30 2 g) 

The products of EtOAc-Et,0 and Me,CO-uet EtOAc extractions were chromatographed on a column 
(extract substrate ratlo I 50) to give fractions represented m Table I The higher R, fractions (0 33-O 52) predo- 
minated amongst the EtOAc-Et?0 extractlves. while those of lower R, (0 16-O 38) wele emphasized m the ace- 
tone extract The band at R, 0 52 represented d steroid fraction 

(+ )-7 3-Trans-3.4-trans-peIToc/I,,lol (1. R ,=OH. RZ=H) clnd -mopanol (I. R ,=H. R,=OH) and thr 4-t~p1~~ s ( + )- 
Trr-0-n~rthyl-2,3-trans-3 4-trans-peltoyyrlol The red-black fractions (RI 0 16, 0 20) were examined by two-way 
PC and the presence of( +)-peltogynol, (+)-peltogynol B, (+)-mopanol and i + )-mopanol B established by com- 
parison with reference compounds 

Methylatlon of these fractions with CH2N, and subsequent separation of the methyl ethers by TLC m 
MeCOEt-toluene (3 7)4 confirmed the presence of the tnmethyl ethers of both (+ )-peltogynol (R r 0 40) and m 
low concentration of ($)-peltogynol B (b.71) 4 The former was separated, and the sol& from the fr&tlon crystal- 
lazed as Drlsms (400 mg) from Me,CO-EtOH, rn~ 194-198” with smtermg from 157’. M’ 344 (18%). rrli?” + _. 

“‘I - -r 252” (c 0 46) {ht ’ m p 196-200”, [alo + 250”) The NMR spectrum was ldentlcal to that m the hterature 
(+)-Trl-0-methyl-2.3-trans-3.4-trans-mopa& The above methylated fractions also showed the presence of the 

trl-O-methyl ethers of (+)-mopanol (0 54) and low concentrations of (+)-mopanol B (0 88) under the same condo- 
tions Separation of the former on preparative TLC gave needles (35 mg) from Me,CO-EtOH, m p l93-195”, 
M’ 344: [a];’ + 231’ (c 0 88) (Ilt A m p l-93-195”.~ [v<;” + 235”; The NMR spectrum v\as ldentlcal wlfh that 
m the hterature 3 

(+)-2,3-trans-Pubrsch~~~ (3. R,=RFH) [( +)-2,3-trans-4-drsox~pelfo~~n~i] The pmk- brown tractlon (R, 0 33) 
from the primary fractlonatlon was methylated with dlazomethane to give three products (R, 0 26. 0 48 and 0 51) 
on TLC separation m C,H,-EtOAc-Me,CO (20 2 I) 

(f)-4’,5’-Df-O-merhLI-2,3-trans-puhesch~~f (3. R,=H, R,Me) The compound with R, 0 26 proked to be par- 
tially methylated pubeschm, affording the same red colour with H,SO,/HCHO spray ds the trImethyl ether The 
band gave an amorpltous s&d (40 mg), m p 69-71”, M ’ 314 (2%), [r 2 77 (s, 6’-H), 3 00 (d 5-H) 3 44 (7, 3,-H), 
344 (d, 8-H), 3.53 (4, 6-H). 5 I2 /\, CH?(D-ring)). 5 26 (d, 2-H). 603. 6 13 (, 2 x OMe). 6 70 (m, 1-H). 704 (m. 
4-CH*), J, 3 10 Hz] 

(+)-7-O-A~etyl-4’,5’-d1-O-,nrtkyl-2,3-trans-p~~~s~h~ri (3. R,=Ac. R~kfr) The 4’ 5’-dnnethyl ether of pubes- 
chm (35 mg) was acetylated with Ac,Ojpyrldme and punfied by TLC In C,,H,-Me,CO (8 I ) (K, 045) The 
amorphour solrd (31 mg), m p 58-~60”. M + 356, v,,, ‘““I 1755 cm-’ (acetyl), [T 2 77 (5. 6,-H). 2 85 (d. 5-H). 3 20 (d, 
8-H). 3 30 (4, 6-H). 3~43~(s, Y-X), 5 $6 (d, Z-I-), 5 3.2 /s, CH JE-iii&), 603 6 12 i.5, 2 % CSff?). 6 17 {ill, 3-I*). 6 97 
(m, 4-CH,), 7 69 (s. OAc), J, 3 10 0 Hz], Found C 67 3, H 5 7 Calculated for CL,HZoO, C 47 4. H 5 65’:” 

(+ )-4’,5’,7-Trl-O-methy(-2,3-trdns-pub~~c~~~~ (3. R ,=R2=Me) Solids from the band R ,, 0 4X crystalhLed from 
Me,CTj-ChH,-jZt(3H as needles (53 mg) wtth a shght yellow tinge. m p I fly (smtermg II om 146 ) (ht ’ 165’). 
M+ 328 (2 5x), [%I&’ + 188’ (c 049). [T 2 73 (s, 6,-H), 2 92 (d, 5-H). 3 37 (5. 3,-H). 3 43 (L/, 6-H) 3 43 (d 8-H), 
5 10 [ 7, CHz(D-ring)), 5 23 (d, Z-If), 6 14 (itt, 3-H), 6 02, 6~ 1 1, 6 20 (s, 3 fi GMe), 7 0: (m 4-CH,), ;2,3 100, 
J 3 4<,u 5 1 JJ - 4 8, 9 4ul IJa,,, 9 4/ d<.n The complex AB part of the ABXY Sam svstem 15 m <lgreement with an 
anal&is of the correspond&portlon of an ABX system by Bovc~‘~] Found -C 69 S. H S-5 Calculated for 
C,,HZoOj C 69 9, H 5 5% Repeated recrystalhzatlon did not Increase the m p or the rotation to that of the 
synthetic product (lot clt) However. the NMR spectrum of the natural derlvatlve +oued no lmpurltles and 
11s CD-curve was slmllar to that of the synthetic product 

(+ )-3’,4’,7- Trh!,dro uy-and (i)-3’,7-d,hydrou~~paIutlor7es (8, 9. R=H) (+ )-4’,7-Dr-O-rner/1~~l~a~ar~or~r The frac- 
tlon R, 0 51 from the methylated band. which also yields the dl- and trlmethql ethers ot pubeschm gave a WY 
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(22 mg), M+ 284 (28x), [a];@ + 29” (c 04), v:!:‘~ 1679 cm- ’ (C=O &&lung), [T 2 07 (d, 5-H), 2 53 (d, 2’-H + 
6’-H), 3 03 (d, 3’-H + 5,-H), 3 36 (q, 6-H), 3 43 (d, 8-H). 4 55 (9, 2-H), 6 13 (s, 2 x OMe), 6 9&7 17 (m, CH,)] 

(+ )-3’,4’.7-Trr-O-mrrhy2flaoanone Methylatlon of the orange-brown fraction (0 27) from the primary fractlona- 
tlon with CH,N,, followed by separation ofTLC with C,H,-EtOAc-Me, CO (7 2 2) gives a sohd (37 mg) which 
separates from C6H,-MeOH m yellow crystals, m p 108” (ht ‘* 73”, 114-f 15”. 12&121” according to degree 
of racetnizatlon), M’ 3 14, [a];@ + 11” (c 0 4), v~~~~ 1677 cm- ’ (C=O stretchmg), [s 2 06 (d, 5-H). 2 95 (4, 6’-H), 
2 97 (d, 2’-H), 3 07 (d, S-H), 3 33 (q, 6-H), 3 40 (d, 8-H). 4 53 (y, 2-H). 6 91-7 15 (m CHZ), 6.03, 6 13 (s, 3 x OMe)] 

5,6_Dfh~drol~phthaIlde, (k)-3’,4’7-rr rh~drouy-3-0-,,leth~/-2,3-c~s-d~h!:rlro~atono/. (+)-3’,4’7-trthydrowy-3-0- 
methyl-2,3-trans-dthydroflavonol and x,2:3,4,4’-pentahydroxychalcone Due to the low mchvidual concentrations 
of fractions R, 0 38-O 46 from the primary fractionation and some degree of mutual contarnmation, they were 
combined and methylated with CH,N, The methylated product was separated by column chromatography 
(loading 1 100) when four “components” were obtained which showed R, 0 23, 0.34, 0 42 and 0 46 by TLC in 
C,H,-EtOAc-Me,CO (20 2 1) 

5,6-Dlmethoxyphthaltde (m-mecomne) (4. K=Me) The methylated component of R, 023 from TLC gave 
rosettes (18 mg) from C,H,-Me,CO-MeOH, m p 154-155” (ht ’ 155%157”), vZY:‘~ 1775 cm-’ (GO stretchmg 
lactone), M+ 194 (70x), m/e 165 (loo), [z (acetone-d,) 2 69 (s, 7-H), 2 76 (s, 4-H), 4.72 (s, CH,), 603, 607 (s, 
2 x OMe)] 

(+)-3,3’,4’,7-Tetra-O-methyl-2,3-cis-fust~n (5. R=Me), The band. R, 0 42 (TLC) from the column gave a non- 
crystalline waxy compound (21 mg), M’ 344, [alo 0” (c 0 4), v,,, CHC’s 1685 (C=O stretching), [r 2.05 (d, 5-H), 2 83 
(4, 6’-H), 3 00 (d, 2’-H), 3 07 (d, 5,-H), 3 32 (4, 6-H), 3 44 (d, 8-H). 4 65 (d, 2-H), 6 27 (d, 3-H), 6 05, 6 15, 6 62 (s, 
4 x OMe), J2,3 2 0 Hz (cf ht9.‘5)] 

(+)-3,3’,4’,7-Tetra-0-methyl-2,3-trans-fustm (6. R=H) The band, R, 0 34 (TLC) yielded crystals (57 mg) from 
ethanol, m p 140” (ht 9,14 143”), M+ 334, [a]o 0” (c 0 4), vzy$ 1685 cm-’ (C=O stretching), [t 2 10 (d, 5-H), 
2 87 (4,6’-H), 2 93 (d, 2’-H), 3 10 (d, S-H), 3 35 (4,6-H), 3 52 (d, 8-H), 4 73 (d, 2-H), 5 92 (d, 3-H), 6 07 (s, 2 x OMe), 
6 12, 6 57 (s, 2 x OMe), JZ,3 102 Hz] 

2’-Hydroxy-a,3,4.4’-trtralnethoxy-trans-chalcone (7. R=Me) A yellow waxy amorphous compound (25 mg) was 
obtained from the band with R r 0 46, v,,_ CHC’s 1633 cm- ’ (C=O stretching), M+ 344 (loo”/,), [r - 2 64 (s, 2’-OH), 

1 95 (d, 6’-H), 2 48 (d, 2-H). 2 66 (q, 6-H), 3 10 (d, 5-H), 3 46 (d, 3’-H), 3-53 (q, S-H), 3 59 (s, B-H), 6 05, 6 12 (s, 
3 x OMe). 6 25 Is. r-0Me)l (cf ht ? Refluxme. of the chalcone with NaOAc m ethanol (rave a I. 2 ratio of (+ )- 
3,3’,4’,7-teira-O-&ethyl-2,I&- and :2,3-rrans-f;stms (5,6. R=Me) respectively (cf ht ‘) - 

~-, 

Synthrss ofm-meconme (4. R=Me) ’ Veratrlc acid (2 g), formaldehyde (3 ml, 35% v/v) and cone HCI (8 ml) 
were heated on a waterbath for 12 hr After cooling an equal volume of water was added with shaking The solu- 
tion was extracted with ether, and the residue obtained purified by TLC m C,H,-EtOAc-Me,CO (20 2 1) The 
band R, 0 23 gave m-meconme (210 mg) from aqueous ethanol as crystals, m p 155157”, with physical properties 
ldentlcal to the natural product 

Synthesis of( +)-trl-0-methyl-2,3-trans-pubeschzn (3. R ,=R,=Me) The trimethylether (200 mg) of (+)-2,3-trans- 
peltogynol in CHCI, (25 ml) was stirred with activated MnO, (16 g) for 24 hr at amblent temperatures. The 
product was filtered through cehte and the residue washed with CHCl, (3 x 10 ml) The combined solvent was 
removed under vacuum to give a residue (180 mg) (+)-Tri-0-methyl-2,3-trans-peltogynone crystalhzed readily 
from ethanol m off-white crystals, m p 215” (ht ’ 211-213”), vc”? 1688 cm-‘, M+ 342, rr 2 30 (d, 5-H), 2.82 

(s, 2’-H), 3 36 (4, 6-H), 3 39 6, 5,-H), f39 (d, 8-H), 4 73 (d, 2-H)y?07 (s, CH,), 5 70 (d, 3-Ha 6 03 (s, OMe), 6 11 

(s, 2 x OMe), J, 1 12 Hzl. The neltoavnone (170 mg) m dIglyme (2 ml) and dry ether (5 ml) was added slowlv 
together with SF; (850 ig) m diglyme (1 mljand d& ethe; (5 mi) to NaBH, 1200 rng) m hlglyme (1 ml) anh 
dry ether (5 ml) cooled man Ice/salt mixture over 20 mm (cf lit 16) After a further 30 mm at ambient temperature 
the mixture was refluxed for 1 hr AdditIonal NaBH, (100 mg) was added and refluxmg continued for another 
hour The mixture was acidified with dilute 0 3 N HCl, the ether layer separated and washed successively with 
N HCl, aqueous NaHCO, and water The ether solution was dried (Na,SO,), evaporated to dryness and the 
product separated by preparative TLC (RI 049) with C,H,-EtOAc-MeZCO (20 2 I), crystallized as needles 
from ethanol (115 mg), m p. 16&161” (ht 6 165”), [a& + 261” (c 0 4) (lit 6 + 258” m tetrachloroethane) The NMR 
spectrum was Identical to that of the corresponding natural derivative 
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