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Key Uord I&x Sch~src~h~lo oppdtrulu~u. Jungermanmaks. Hepa~~ac: long chatn alkyl phenols; 3.undayl. 3- 

lndccyl. 3-pcntadecyl phenols; bund~yl. 6-~r~dccyl. 6.pentada-yl sal~cyhc a&s. powslum bundccyl. birrdayl. 6- 

pcnradnyl salcyla~a; 6-undccyl cawchol; alkrgy. chcmosystcmaws. 

- - - - - -.- __ .-. --- -----.-.-.- -- 
Abatrrc+_)-Undecyl phenol, bundecyl salicylic acid and potassium 6-undecyl sabcylatc were isolated from the New 
Zealand liverwort Schisrochilo oppendiculara. 3-Tridecyl and 3-pentadecyl phenol, btridecyl and Qentadecyl salicylic 
acid, potassium 6-tridecyl and bpentadacyl salicylatc and bundecyl catechol were also detected in the same specks. The 
chemical constituuon of S. appendiculuro is quite similar to that of the brown algae Coulocysris species,and of the higher 
plants Gi&o biloba and some of the Anucardia species. The allergic reaction brought on by S. oppendiculao might be 
due to the presena of these phenolic compounds. 

- - 

ISTRODLCTIOPi 

The members of the Schistochibceae are one of the 
most beautiful of all hepatics and there are about 32 
spazies in the world [I]. Schisrochilo uppendiculatu IS 
the largest of the Jungermanniaks and its shoot may be up 
to 1 IO cm ( x 2.6cm) tall [I]. Thus species causes alkrgcnlc 
contact dermatitis. In our continuing search for biologi- 
cally active substanas from liverworts 12.43, we in- 
vestigated the chemical constituents of the New Zealand 
S. upppn&cu/aro and isolated some new phenols posses- 
sing a linear alkyl side chain. These new phenols may be of 
value when considering the evolution of the Hepaticac. 

In this paper, we wish to report the chemical structures 
of these phenols and to discus the natures of the allergy 
inducing substances In, and the chemosystematics of, 
S. appundicularo. 

Rk3LLl.S A3D DISCLSSIOS 

The ether extract of dned S. appendicuLu gave one 
major and two minor spots on TLC and five peaks on GC 
which were tentatively identified as undecyl (95 :b), tridc- 
cyl (3 “;) and pentadecyl phenol (0.2 S/,), undecyl catechol 
(0.2”;) and heptadecadienyl phenol (0.2’:;) by GCiMS 
and by comparison with the MS spectra of those reported 
for 3-tridecyl [S] and authentic 3-pentadecyl phenols. 
The extract was chromatographcd on slhca gel followed 
by Sephadex LH-20 to afford three alkyl phenols ( 1.2 and 
3), corresponding to the three spots on TLC. 

High resolution mass spectrometry showed that the 
molecular formula of 1 was c’, -H,,O. The spectral data 
showed the presence of a hydroxyl group (3350 cm- ‘). a 

--- ---- 

‘Part 20 m the sencs ‘Chcmusystematics of Bryophytes”. For 
par1 19. see Asakawa. Y.. Takikawa. K., Tori, M. and CampbdL 
E. 0. (1986) Phyrochrwy 25. 2543. 

benzylic methykne (62.53, dd. J = 7.7 Hz), a homoben- 
zylic methylene (6 1.58. m) and an ethyl group (60.88, r, I 
= 7.1 Hz), four protons 16.63, dd (br), J = 7.6, 2.5 Hz, 

6.65. s (br), 6.74 d (br), J = 1.6 Hz 7.12. ddd_ J - 7.6. 7.6, 
1.3 Hz] on a 1,3disubstituted benzene ring [S] and a long 
chain rnethylene group (6 1.25, s. 16H). The MS spectrum 
of I showed the base peak at m/z 108. indicating that the 
alkyl group was longer than C1. These spectral data were 
quite similar to those of 3-tridacyl phenol (6) [S] and the 
authentic 3-pentadazyl phenol (1 I) isolated from Ginkgo 
hrlobo. Methylanon of 1 gave a monomethyl ether (4). 
C,,H,,,O ([Ml’ 262, 3.78, 3H, s). Treatment of I with 
mvrochloroperbenzoic acid afford4 a para- 
bcnzoqumone (18). C, ,Hz,Oz ([Ml ’ 262; 246 nm; 
1665 cm - I). From the above spectral and chemical evi- 
dence coupled with the molecular formula, the structure 
of I was established as 3-undecyl phenol. The arrangment 
of the benzene ring was further confirmed by a difference 
NOE examination of 2 (see Fig. I). The isolated phenol (1) 
and its methylated product (4). however, contained two 
minor components, respectively. which were separabk by 
GC. The MS spectra of the two components were 
identical to those of 3-tndecyl(6)and 3-pentadecyl phenol 
(11) in the parent phenol and IO 3-tridecyl (9) and 3- 
pcntadecyl methoxybenzcne (14) in its mcthylated 
dcrlvatlve. 

The second compound (2) had the molecular formula 
C,,H1,O, (high resolution MS: 292.2074). Its spectral 
data indicated the presence of a n-undecyl group on a 
benzene ring and a chelated carboxylic group (1660 cm I; 
6, 10.90; 6;‘ l76.Q this latter finding showing that the 
carboxyhc group and phcnolic hydroxyl group were orrho 
to each other. These data were very simtlar to those of 6- 
tndecyl salicylic acid (7) isolated from the brown algae 
[S]. Methyhtlon of 2 with MCI gave a methylated 
compound (S), CZOHJIO, ([Ml ’ 3% 1738 cm- ‘; 63.81. 
3.W each 3H, s). On the above evidena, coupled with the 
molecular formula, the structure of 2 was confirmed as 6- 
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[‘H NMR (400 MHr) and “CNMR (100 MHz)]; EIOH (UV) 

and CHCll (IR) unkss o~bcrwise stated. 

Plum murerwl. Schistochila oppnduulara ~dcnt~M by E.O.C. 

was dcporltai in the Herbarium of InsIitute of Pharvy. 

Tokushlma Bunri Umnruty. 

Exfr~rron und isolfion. S. oppendirularo (111.60 glcol~al in 

New Zealand. AugUP( 1984. was cx1ractc.d with McOH for 3 

months. The crude Extract. after removal of the solvent. was 

pxrtluoncd between Et,0 and H,O. Evaporatron of tbc EI,O 

extract under vacuum gave a grctn oil (I % 8). A small amoun1 of 

the crude Extract was subwed to ‘TLC. GC and GC. MS. One 

mayor. non-polar and two nunor. polar spots were detccIcd by 

TLC‘. GC of the crude extract Indicated 5 peaks In the ratto 

95: 3.0.2:O 2:0.2 (“J. Thcsccomponents.m Iurn. wercsuggptcd 

IO bc undecyl. tndccyl and pcntadccyl phenols. undccyl catahol 

(16) and heptadmyl phenol (17). rapccuvely. by direct com- 

partson of thcu MS spectra with those of the reported tr&cyl 

phenol (61 [S] and authentic pentadccyl phenol (I I) or by 

analysn of thclr GC MS spccIra. L’ndcryl curecho/ (16): MS m,.- 

(rcl. mt.). 264 (12) [Ml’. 132 (IS) and 124 (100). Ifrpl&cenn)-l 

phenol (17). MS m:; (rcl m1.l: 328 (ISI I20 (400). IO8 (100). 

The remainder of the extract (I.90 gl was chromatographcd on 

SIIKX gel using a n-hexanc EtOAc gradient and d~vidcd Into two 

fracItons. ‘Ihe first fraction (n-hcxanc EtOAc, 4: I) (I.205 g), was 

further chromatograpbed on Scphadcx LH-20 usmg 

Cllc’l, M&H ( I : I) to g~vc 3-undecyl @no/ (I) (830 mg) as a 

viscous 011. C’, .H,.O (high rcsoluuon MS: found 248.2226; cak. 

248.2140); uv i,, nm (loge): 217 (3.88). 273 (3.37) and 279 

(3.32). IR ~2, cm ‘: 3350. 1610. IS90. 1460, 1452. 1263. 1150. 

772and6!l7; ‘H NMR:60.88(3H. J = 7.1 Hc). 1.25(16H.s~, 1.58 

(ZH.m).2.53(2ll.dd.J = 7.7 Hr).5.30~l~l,s(hr).OH].6.63[lH. 

dd (hr~ J - 7.6. 2 5 Hz]. 665 [ IH. s (hr)]. 6.74 [ IH. d (br) J 
- 7.6 Hz] and 7 I2 (IH. ddd. J = 7.6, 7.6, I.3 Hrk “CNMR: 

n 14.12 (MC. qL 22.71 (C-Hz. I). 29.36 (CH> x 2. I). 29.54 (CH>. I). 

2961 (C‘~11.r).29.66(CH~.r).29.69(C~l~.r).31 31 (CH,.rh31.94 

(CH1. I). 35.84 (C-Hz. f). 112.52 (Ph CH. d). I IS.36 (Ph CH. dJ. 

I21 01 (Ph CH. d), 144.99 (Ph C. s), 155.31 (Ph-C. s); MS m;z 
(rel.In1.l: 248( I I)[M]‘. I21 (IO), IO8(lOO).‘Ihealkylphenol thus 

obtained. however. mclurkd a small amount of Iwo long chain 

alkyl phenols whose MS spectra wcrc ldcntral to those rcportcd 

lor 3-tndacyl phenol (6) [S] and the autbrnlr 3-pentndccyl 

phenol (Ill. ‘TAX ratlo of 1.6: II as dctcrmmed by GC was 

9s: 3:0.2 ( “.). The second fracrion (374 mg) was funher chromat- 

ographcd on Scphadcx LH-20 (CHCI, McOH. I : I) IO gtve IWO 

alkyl phenols. 2 (180 mg) and 3 (IO1 mg). as white crysIals. 6. 

C’nduc-)-/ w/w~/u- wtd (2). mp 8 I 82 . C, nH,.O,, (high resolution 

MS found 292.2074; cak. 292.2038). L:V i,, nm (loge): 213 

(4.17). 242 (3.62) and 309 (3.43), IR vEcm ‘: 3300 2400. 1660 

(OCO~ HO). 1605. 1446. 1303. 1242 and 1212; ‘HNMR: 

60.86 (3H. r. J - 6.8 Hz). 1.2s 1.40 (co 16H.s). I.61 (ZH, dddd.J 

= 7.X H~A2.98(2H.dd.J = 7.8 HrA6.7x[lH.d(brAJ = 7.6Hz]. 

6.87 [I H, d (hr). J _ 8.3 Hz]. 7.35 (IH. dd. J = 8.3. 7.6 Hz) and 

10.90[ IH.s(br). hydrogen bonded OH];“C NMR:6 14.13 (Me). 

22.71. 29.39. 29.52, 29.69. 29.72, 29.80. 29.84. 31.95. 32.01. 36.49 

(each (‘Hz). 110.43, I15.91, 122.83 (each Ph CHA 135.49. 147.94. 

163.62 (each Ph C) and 176.53 (CODH); MS m;z @cl. Inc.): 292 

(29) [Ml’. 149 (100). P0fawm bun&cyl dicylorc (31 mp 

201 204 (docomp.), UVI, nm (1og.z)~ 212.5 (3.88), 240 sh 

(3 3I)and 302 (3.lgk IR vkcm ‘: 1590.1500.1468.1408.1330. 

1270.830.820.780.710.700and 593; ‘H NYR (CD,ODI: 60.89 

(3H. r.J - 6.8 Hr). 1.24 1.26 (co 16H.s). I.58 (2H. m), 3.08 (2H. 

dd. J = 7.8 Hrb 4.92 [IH. s (hr). OH], 6.64 (IH. dd. J - 7.6, 

1.2HzA6.66(IH.dd.J-81.l.2Hr)and7.09(IH.dd.J-8.1. 

7.6 Hz); “C NMR: 614.39 (MC). 23.47.30.21. 30.50 (each CHzl, 

30.60 (CHI x 3l. 30.83. 32.79, 33.05. 36.04 (wh CH,). 114.83. 

118.62. 122.24 (each Ph CHA 131.89. 147.39. I61 85 (each Phc) 

and 178.16 (COOL MS m/z (RI. mt.)z 292 (5) [M - K + I] ‘, 274 

(4), 248 (14), I08 (lOOk FAB/MS: m/z (rcl. int.): 331 (I) [M + H] ’ . 

423 (16) [M+H+&ohc]‘. 
McrthyLitm oj I. Compound l(50 rn& in Mc2C0 (4 ml) was 

tratcd with Mel (0.1 ml) in the ~~XCIKZ ofanhydrous KICO, 

for I.5 hr. Work up as usual pvr the monomeIhyl ether 4 

(47 mr): C,,H,,O; UV1, nm (logcb 218 (3.59),271 (3.07)and 

278 (3.05): IRv_cm ‘: 1605. IS89. 1490. 1468. 1260. 1150, 

1045.772and692;‘HNMR:60.88(3H,r.J : 7.0 Hz). 1.26(16H. 

s), 1.60 (2H. m), 2.57 (2H. dd. J - 7.0 Hz), 3.78 (3H, s), 6.71 (IH. 

dd.J - 7.6.2.5 Hz).6.72[lH,s(br)].6.77[lH.d(br).J = 7.6 Hz] 

and7.17(IH.ddd,J = 7.6.7.6.1.3HzkMSm~z(rel.mt.):262(Ig) 

[Ml’. 122(100),91 (10).Themcthylether (4)includcd 9and I4 

as minor components. The ral,o of 4:9: 14 was atlmaIcd by GC 

to be 95:3:0.2 (“.). 

.qerhylofron o/2. Compound 2 (45 mg) was treated in the same 

manner as described above to afford methyl 2-mcthoxy-6- 

undccyl benzoa~e (5) (43 mg): C2,H,20,; IJVi, nm (loge). 

210.5 (4.12). 278 (3.52) and 272 sh (3.46); IR ~~~cm ‘: 1738. 

1600.1583,1469.1430,1265.I107, 1070.822 and 740, ‘H NMR: 

60.88 (3H. f. J - 7.0 Hz), I.25 (co 16H.s). I.57 (2H. mJ, 2.53 (2H. 

dd.J - 7.0 HzA3.81 (3H,sl,3.90(3~i.s).6.75(lH.d.J - 8.3 HZ). 

6.8l(IH.d.J~7.6Hz)and7.26(IH,dd.J=8.3.7.6Hz~MS 

mir @cl. mt.): 320(17)[M]‘. 289 (23). l80(4lA I61 (100),91 (9). 

The methyl ester (5). however. coata~nad two mmor mcthylatcd 

components which were daccted by GC and w/MS. The MS 

spcc~ra of IbcsecompoDenIs wcreconsrsten1 with those of methyl 

2-mcIhoxybIridazyl bcnzoate (IO) and methyl 2.mcthoxy-6. 

pcnladccyl benzoate (IS). rapactrvely. The ratio of 5: IO: IS as 

measured by GC wax 60: 17:0.2 (:<). 
Methykafion o/J. Compound 3 (45 mg) m Mc~CO (4.5 ml) was 

methyla1c.d with Mel (0.3 ml). Work-up as usual gave a product 

(42 mg) whose ~paaral data were idmtual IO those of methyl 2- 

mcthoxydundacyl benzoatc (51 GC and GC: MS showed tha1 

[he methyl cs~cr (5) contained two minor components, methyl 2- 

methoxy-6tndecyl benzoatc (IO) and methyl 2-mcthoxy-6 

pen~adccyl bcnzoate (IS). The ratio of 5.10: IS as measural by 

GC wu 60: 10:0.2 (%). 

Oxidarion o/ I. To compound I (Is0 mg) in CHCl, (6 ml) was 

added m-chloropabcnzor ocld (I71 mg) and the soln was 

rcfluxai for 23 hr [l3. 141. The rcactlon mixture was filtered IO 

remove cxctss benzoic XXI and the product. after removal of the 

solvent. was chromatographcd on sephodex LH-m 

(CHCl, MeOH) IO afford 2-undccyl-I$bcnzoqumone (18) 

(5 mgl: C,,H,,O,; UVi, nm (logc~ 204 (3.Sl)and 246 (3.93): 
IRV 111 cm ‘: 1665. 1600. 1468. 1292, and 902; ‘H NMR: 60.88 

(3H. f. J - 7.0 Hz), 1.22-1.27 (16H. s), 1.49 (ZH, m), 2.41 (ZH,dd. 

J - 7.0Hz). 6.56 (IH. ddd. J 5 7.7, 2.4 HZ). 6.70 (IH, dd. J 
= 10.0. 2.4 Hz) and 6.75 (IH. d, J = IO.0 Hzk MS m;: (rel. mt.): 

262 (28) [M] ‘, 149 (27). I36 (26l, 123 (100). 
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