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ABSTRACT

Large amount of montan resin is generated as bgyebduring production of refined montan wax frorantan
wax and cannot recycle. In order to elucidate matdyasis for realizing ecological utilization, faeen compounds
were isolated from the montan resin of Yunnan H€&drina) by modern chemical separation methods, ted
structures were elucidated by spectroscopic methddey were identified as 31-homohopanoic acld, (
bacteriohopanetetrol2), stigmasterol §), 24,25- dinoroleana-1,3,5-triene-19,28-epo®y, bis-(7-methyl-nonane)
phthalate §), terephthalic acid-cyclic ethylene esté},(3,4-quinoxaline®), 2-hydroxy-carboxyl- phthalic acidoctyl
ester B), dacane cyclohexan®)( methyl dodecyl10), methyl heptyalll), hendecanel@), decane 13), octane
(14). Those fourteen compounds were isolated from anomasin for the first time.
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INTRODUCTION

To produce humic acid and montan wax from lignst@mvironmentally friendly and effcient way to iz lignite.
Compared with the way to burning, more and morentrtes and companies are more inclined to produgk h
value-added and green products from lignite, sischumic acid and montan wax. As is known to almhwacid, as
a natural product, is used widely in forestry, agiture, pharmacy, chemical industry, etc. And raantvax,
especially refined montan wax, are also appliegraxision casting, printing, daily chemical indystand so on.
But in the process of production of refined montaax from montan wax, large amount of montan resin i
generated as by-product and can not recycle s@lfadf. Those by-products have not only caused thstev of
resources, but also formed a kind of potential mmvhental pollutants. Previous investigations oansical analysis
of montan resin from Yunnan (China) by our grouwpehghowed many kinds of constituents, mainly initigd
terpenoids, steroids, alkanes, and aromatic congsoby analysis methods of IR and GC-MS [3-7]. Idesrto
further research of its way to ecological utilipati we studied their chemical constituents by modsgremical
separation methods. In this study, fourteen comgsuvere isolated from the montan resin of YunnamE€hina),
and their structures were elucidated by spectrasaopthods. They were identified as 31-homohopanoid (),
bacteriohopanetetrol2), stigmasterol J), 24,25-dinoroleana-1,3,5-triene-19,28-epoxXy, (is-(7-methyl-nonane)
phthalate %), terephthalic acid-cyclic ethylene estes),(3,4-quinoxaline 1), 2-hydroxy-carboxyl- phthalic
acidoctyl esterg), dacane cyclohexan8)( methyl dodecyl 10), methyl heptyal X1), hendecanel@), decane 13),
octane {4). Those fourteen compounds were isolated from erorgsin for the first time.

EXPERIMENTAL SECTION

General methods

NMR spectra were recorded on Bruker AM 400 and DBO®-NMR spectrometers (Bruker BioSpin Group, Gefman
with tetramethylsilane (TMS) as an internal staddd@|-MS were measured on a VG Auto Spec-3000 mass
spectrometer. Column chromatography (CC) was pedrwith silica gel (100-200 mesh, 200-300 meshg@éo
Marine Chemical Factory, Qingdao, China). Sephatex20 (40-70 um, Amersham Pharmacia Biotech AB,
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Uppsala, Sweden). HPLC was performed on an Agil@d0 liquid chromatography using Zorbax SB-C18.u®,
9.4 mm x 250 mm) semi-preparative column or ZorlB«C18 (4.6 mm x 250 mm) analysis column with
MeOH/H,0O in gradient. Preparative TLC (0.4-0.5 mm) wasdumted on glass plates pre-coated silica gelsGF
(Qingdao Marine Chemical Factory, Qingdao, Chif&gactions were monitored by TLC plates, and spatsew
visualized by heating silica gel plates sprayedh\iid % BSO, in EtOH.

Experimental material
The montan resin from Esan Yunnan (China) wereectdd fromiTIANENGTONGALCo., LTD.

Extraction and Isolation

The montan resin from Yunnan Esan (49.6 g) wasaetéd with petroleum ether and acetone to obtaig 84
petroleum ether extract and 13.3g acetone extregpectively. The petroleum ether extract was stbjeto silica
gel column, eluted with petroleum-AcOEt (1:0-1:16)provide Fr.I-IV. Fr.l (13.5 g) was further subjed to silica
gel (100-200 mesh) and eluted with petroleum eff@DEt (35:1-1:10) to yield compourid (42.0 mg). Fr.ll (7.4 g)
was subjected to silica gel, eluted with petroleathier-acetone (10:1-1:15), and then subjected phakex LH-20,
eluted with chloroform-MeOH (1:1) to yield compowi(46.0 mg),6 (20.1 mg), and followed by preparative TLC
to give compoundt (16.2 mg). Fr.lll (4.9 g) was subjected to silpal column and Sephadex LH-20, eluted with
chloroform- MeOH (1:1) to yield compounds(14.2 mg),3 (20.3 mg). Fr.IV (5.0 g) was subjected to silica g
chromatography using eluent mixtures of petroleutimere acetone, followed by preparative TLC to affor
compoundd (38.4 mg),14 (32.1 mg). The acetone extract was subjectedita gjel column, eluted with petroleum
ether-acetone (1:0-1:10) to provide Fr.a-c. Fr.& (§ was subjected to repeated column chromatbgrap silica
gel, eluted with petroleum ether-chloroform- MeOHRdafollowed rechromatographed on Sephadex LH-20 wit
CHCI;-MeOH (1:1) to yield compoun8 (14.2 mg). Fr.b (4.9 g) was subjected to silichapdumn and Sephadex
LH-20, eluted with chloroform-MeOH (1:1) to yiel@mpounds (20.3 mg),13 (10.0 mg). Fr.c (6.5 g) was further
subjected to silica gel (100-200 mesh), eluted pitroleum ether-AcOEt (35:1-1:10) to yield compdsi@ (26.4
mg), 10 (12.1 mg),12 (25.0 mg).
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Fig.1. EI-M S data, corrected for background, of (a) 31-homohopanoic acid (1), (b) bacteriohopanetetrol (2), (c) stigmasterol(3), (d)
24,25-dinoroleana- 1,3,5-triene-19,28-epoxy (4)
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EI-MS data of compound4+4) were shown in Figl, and'"H-NMR and**C-NMR spectroscopic data of compounds
(1-14) were as below.

Compound 1[8] white crystal, GHs4O2, UV A max (MeOH): 210nm;*H-NMR (CDCl;, 500 MHz)6: 0.65 (3H, s,
H-25), 0.73 (3H, s, H-26), 0.76 (3H, s, H-28), 0(B#, s, H-27), 0.89 (9H, s, H-23, 24, 29), 1.022(32H, m,
H1-H21), 3.58 (1H, dJ = 6.2 Hz, H-32), 3.65 (1H, dd,= 5.0, 12.5 Hz, H-34), 3.69 (1H,H-35), 4.07 (1H, ddJ =
7.0, 12.5 Hz, H-33), 4.16 (1H, d,= 5.5 Hz, H-35);"*C-NMR (CDCk, 100 MHz)s: 40.2 (C-1), 20.8 (C-2), 42.0
(C-3), 33.1 (C-4), 56.0 (C-5), 18.6 (C-6), 33.2(41.5 (C-8), 50.3 (C-9), 37.3 (C-10), 22.6 (Q;123.8 (C-12),
49.1 (C-13), 41.7 (C-14), 33.5 (C-15), 27.3 (C-18),3 (C-17), 44.2 (C-18), 41.5 (C-19), 30.7 (C;2H.7 (C-21),
36.2 (C-22), 33.3 (C-23), 21.4 (C-24), 15.8 (C-ZH),3 (C-26), 16.4 (C-27), 15.6 (C-28), 31.0 (C;29.5 (C-30),
33.1(C-31),177.2 (C-32).

Compound 2[9] white crystal, GsHg:04, UV A max (MeOH): 210 nm;'H-NMR (CDCl;, 500 MHz)5: 0.65 (3H, s,
H-25), 0.73 (3H, s, H-26), 0.76 (3H, s, H-28), 0(B#, s, H-27), 0.89 (9H, s, H-23, 24, 29), 1.022(32H, m,
H1-H21), 3.58 (1H, dJ= 6.2 Hz, H-32), 3.65 (1H, dd,= 5.0, 12.5 Hz, H-34), 3.69 (1H,H-35), 4.07 (1H, ddJ =
7.0, 12.5 Hz, H-33), 4.16 (1H, d,= 5.5 Hz, H-35)*C-NMR (CDCk, 100 MHz)d: 40.2 (C-1), 20.8 (C-2), 42.0
(C-3), 33.1 (C-4), 56.0 (C-5), 18.6 (C-6), 33.3(;41.6 (C-8), 50.3 (C-9), 37.3 (C-10), 22.7 (Q;123.9 (C-12),
49.2 (C-13), 41.7 (C-14), 33.6 (C-15), 27.5 (C-1%),4 (C-17), 44.3 (C-18), 41.5 (C-19), 29.9 (C;23.9 (C-21),
36.7 (C-22), 33.3 (C-23), 21.5 (C-24), 15.8 (C-29.4 (C-26), 16.5 (C-27), 15.7 (C-28), 31.6 (C;29).9 (C-30) ,
33.2(C-31), 70.5 (C-32), 82.9 (C-33), 75.4 (C-342.42 (C-35).

Compound 3[10] white crystal, GgHsO, UV A max (MeOH): 210nm;*H-NMR (CDCl;, 500 MHz)4: 0.68 (3H, s,
H-18), 0.80 (3H, s, H-21), 0.84 (3H, s, H-29), 0(8H, d,J = 7.5 Hz, H-27), 0.92 (3H, d} = 8.0 Hz, H-26), 1.0
(3H, s, H-19), 0.73-2.40 (30H, m, H1-H25), 2.02 (B{H-25), 3.49 (1H, s, H-3), 3.57 (1H, m, H-336& (1H, m,
H-6); *C-NMR (CDC}k, 100 MHz)s: 37.2 (C-1), 31.6 (C-2), 71.7 (C-3), 42.2 (C-4717 (C-5), 121.7 (C-6), 33.9
(C-7), 31.8 (C-8), 50.0 (C-9), 36.5 (C-10), 21.040), 39.7 (C-12), 44.8 (C-13), 55.9 (C-14), 24C315), 28.2
(C-16), 56.7 (C-17), 11.8 (C-18), 11.9 (C-19), 36C120), 18.7 (C-21), 31.9 (C-22), 26.0 (C-23),382-24), 29.0
(C-25), 19.0 (C-26), 19.3 (C-27), 23.0 (C-28), 14C429).

Compound 4[11] white crystal, GHsgO,, UV & max (MeOH): 210nm;'H-NMR (CDCk, 500 MHz)4: 0.71 (3H, s),
0.91 (3H, s), 1.00 (3H, s), 1.05 (3H, s), 2.20 (IBHH-23), 7.12 (1H, dJ = 8.0 Hz, H-1), 7.06 (1H, t, H-2), 6.98
(1H, d,J = 7.0 Hz, H-3), 4.03 (1 H, s, H-195C-NMR (CDC}, 100 MHz)d: 123.2 (C-1), 125.4 (C-2), 127.0 (C-3),
140.1 (C-4), 135.9 (C-5), 24.6 (C-6), 25.9 (C-73,8(C-8), 40.59 (C-9), 134.6 (C-10), 25.8 (C-145,0 (C-12),
46.6 (C-13), 38.56 (C-14), 28.82 (C-15), 31.9 (G;M4%.3 (C-17), 36.1 (C-18), 85.9 (C-19), 37.9 (@®;232.4
(C-21), 28.6 (C-22), 19.6 (C-23), 13.0 (C-24), 18025), 28.8 (C-26), 24.0 (C-27), 179.9 (C-28).

Compound 5[12] yellow powder, GgHasOs UV A max (MeOH): 365nm;"H-NMR (CDClL, 500 MHz)d: 7.71 (2H,
dd,J=6.0, 9.5 Hz, H-2, H-6), 7.53 (2H, d#i= 4.0, 8.5 Hz, H-3, H-4), 4.30 (4H, t, H;2"), 1.71 (4H, m, H-3 3"),
1.56 (6H, m, H-8 8’, H-9, 9), 1.25 (16H, m, H3H7', H3"-H7"), 0.93 (6H, m, H-11 11"), 0.88 (6H, m,
H-10,10).

Compound 6[13] yellow powder, GH2,0s, UV A ax (MEOH): 365nm;H-NMR (CDCl;, 500 MHz)d: 8.19 (1H, d,
J=17.5Hz, H-6), 7.68 (1H, d, = 8.0 Hz, H-3), 7.48 (1H, t, H-5), 3.49 (2H, t,39; 1.56 (4H, m, H-3 H-4), 1.25
(8H, m, H3-H8',), 0.88 (3H, m, H-9.

Compound 7 [14] yellow powder, GHgOu UV A max (MeOH): 365nm;"H-NMR (CDCl;, 500 MHz)d: 4.69 (4H, s,
H-3', H-4), 8.10 (4H, s, H-2, H-3, H-6, H-533C-NMR (CDCk, 100 MHz)J: 134.2 (C-1, 4), 128.0 (C-2, 3, 5, 6),
167.7 (C-1, 6), 63.2 (C-3 4).

Compound 8 [15] yellow powder, GoHsN,O, UV A max (MeOH): 365nm:*H-NMR (CDCl, 500 MHz)d: 4.99 (4H,
s, H-1, H-10), 7.55 (2 H, s, H-3, H-8), 8.71 (Z1H-5, 6").

Compound 9[16] white powder, GHsz, UV & max (MeOH): 254nm;*H-NMR (CDCl, 500 MHz)4: 0.86 (3H, m,
H-7), 1.25 (10H, m, H2-H6), 1.61 (10H, m, H-cyclahee).

Compound 10[17] white powder, GH,05, UV A nax (MeOH): 254nm;H-NMR (CDCl;, 500 MHz)d: 0.87 (3H, m,
H-7), 1.25 (4H, s, H3-H6), 1.56 (3H, m, H-2), 3@H, s, H-1).

Compound 11 [18] white powder, §H1¢02, UV & max (MeOH): 254nm;*H-NMR (CDCl, 500 MHz)d: 0.87 (3H, m,
H-7), 1.25 (4H, s, H3-H6), 1.56 (3H, m, H-2), 3@#, s, H-1).
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Compound 12[19] white powder, GHys, UV A may (MeOH): 254nm:?*H-NMR (CDCl;, 500 MHz)s: 1.25 (18H, m,
H2-H10), 0.88 (6H, m, H-1, H-11).

Compound 13[20] white powder, GHaz, UV A max (MeOH): 254nm;"H-NMR (CDClL, 500 MHz)4: 1.25 (16H, m,
H2-H9), 0.88 (6H, m, H-1, H-10).

Compound 14 [20] white powder, @Hig UV X max (MeOH): 254nm;*H-NMR (CDCl, 500 MHz)d: 1.27 (12H, s,
H2-H7), 0.88 (6H, m, H-1, H-8).

RESULTSAND DISCUSSION

Aim to achieve utilization of the montan resin effintly and environment-friendly, our group, on thasis of
previous studies, conducts the in-depth researclutatlne chemical compositions in montan resin pceduin
Yunnan Esan (China). Fourteen compounds were éblatbm the montan resin by modern chemical sejparat
methods, and the structures of fourteen compoundse velucidated by spectroscopic methods. They are
31-homohopanoic acid 1), bacteriohopanetetrol 2, stigmasterol J),
24,25-dinoroleana-1,3,5-triene-19,28-ep@y( bis-(7-methyl-nonane) phthalate5),( terephthalic acid-cyclic
ethylene ester6j, 3,4-quinoxaline 7), 2-hydroxy- carboxyl-phthalic acidoctyl este8),(dacane cyclohexan®)(
methyl dodecyl 10), Methyl heptyal {1), hendecanel@), decane 13), octane 14). Our study not only further
define the compositions of montan resin, but alfferothe scientific basis for reasonable developmand
utilization of montan resin.

CONCLUSION

Those fourteen compound$-14) were isolated from montan resin for the firstdinAs we know, pentacyclic
triterpenoids and steroids are accepted as actimgounds in natural products. By separation, ttomsepounds
provided a reference for pharmaceutical developroEntontan resin.
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