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Abstract-From the fruits of V~olu seblfera 2,3-dlbenzylbutanes were isolated together with tetrahn and naphthalene 
neohgnans 2,3-Dimethyl-4-plperonyl-4-veratrylbutan-l-01, a further constituent, probably arises by a retro- 
Fnedel-Crafts reaction from a tetrahn neohgnan An additional component was ldentfied as a dlmenc neohgnan 

INTRODUCTION 

The frmts of Varola seblfera Aubl have been found to 
contam four dlbenzylbutyrolactone hgnans [2], aght 4- 
aryltetrahn-l-one [l, 33 and three 3-aryhndan-l-one [l] 
neohgnans The present paper describes the lsolatlon from 
the same plant of further hgnans (la, lb) and neohgnans 
(2, 3, 4, 5, 6a, 6b, 7) In order to facilitate compansons 
among the different compounds numbering of neohgnans 
follows the blogenetlc rules outlined m a review [4] 

RESULTS AND DlSCUSSlON 

The hgnans were ldentdied by spectral analysa, mclud- 
mg ‘H and “C NMR, as well as mass spectrometry with 
epl-eudesmm (la) and with fargesm (lb) [S, 63 

The formula of compound 2, CZfH3,,05, was deduced 
by ‘H NMR which mdlcates the presence of a 1,4- 
dlsubstltuted 2,3-dlmethylbutan-l-01 and of two veratryl 
umts Indeed, the base peak of the mass spectrum at m/z 
167 testifies strongly for the existence of a dlmethoxy- 
benzyl alcohol unrt As expected, even m the presence of a 
trace of acid 2 gves a dehydration product CZ2HZB04 
This proved to be identical wrth the Isolate 5 The negative 
Cotton effect at 290 nm [7] and the truns-dlaxutl relatlon- 
ship of H-7’ and H-8’ (J = 8 Hz) establish the ldentlty of 5 
either with (-)-galbuhne (7’S, S’S, 8’R) or with (+)- 
lsogalbuhne (7’S, 8’S, 8’S) [8] The published ORD curve 
of the former and of 5 are not superimposable and this 
compound can thus only be identical with (+)-a~- 
galbuhne Its precursor 2 must hence have the configur- 
ation shown 

The formula of compound 3, CZ1HZ20s, was deduced 
by tnvlal spectral analysis, including Eu(fod), Induced 
‘H NMR shifts necessary to remove the two methme 
signals from the methoxyl region As expected, even m the 
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presence of a trace of acid 3 gves a dehydration product, 
CZ,H2,-,05, the mass and ‘H NMR spectra of which are 
consistent only with structure 8 Compound 3 [a]k5 = 
- 30 Y, and the dlmethyl ether of dlhydroguruaretlc aad 
9, [a];’ = -77” [9], are both laevorotatory Since the 
replacement on a choral carbon of a benzyl by a benzoyl 
substltuent causes mverslon of optlcal rotation [lo], 3 
must have the 8RJ’R-configuratlon shown 

The base peak at m/z 271 m the mass spectrum of 
compound 4, CZ1HZ605, suggests the presence of a 
plperonyl-veratryl-methme moiety The ‘H NMR spec- 
trum indeed contams all the correspondmg signals 
Addition of Eu(fod), IS necessary to separate the ong- 
mally supenmposed carbmohc and benzyhc proton 
signals The doubly benzyhc methme 1s represented by a 
doublet (63 55, J = 11 5 Hz) The relevance of this 
evidence, as well as of all further chemical shifts and 
couplings, 1s interpreted by means of one of the possible 
Newman proJectIons (10) As expected for a pnmary 
alcohol, acetylatlon causes a paramagnetlc shift of 
043 ppm of the doublet (.I = 7 Hz) asslgned to the two 
carbmohc protons 

Compound 6a, C2,H1s05, 1s an aldehyde (‘H NMR 
610 17, s) which by air oxidation 1s converted mto 6b, 
C2, H1 sOs, the correspondmg carboxyhc acid (6 13 77) 
The structures of these compounds become obvious upon 
‘H NMR spectral comparison chiefly with 6c [ll], but 
also with 11 and 12 [12] The chermcal shift of H-7 m 6a 
and 6b (6 7 76) 1s comparable mth the corresponding value 
for 6c (67 48) and 11 (67 72), but not with the value 
observed for 12 (68 31) Thus the methyls, and not the 
carbonyl functions of 6a and 6b, occupy posltlon 8 
Besides, methyls at 8’ would be expected to be shielded by 
the ortho-aryls as m 6c (62 16) Thus does not occur with 
the methyls at 8 of 6a, 6b (62 40) and 6c (62 46) Finally, 
the methoxyls, rather than the methylenedloxy group, are 
located on the naphthalene system on account of the 
dlfferentlal shielding Ado,, 0 27 for 6a and 6b, 0 22 for 6c 

A sample of the model compound 6c was prepared by 
sequential LtiH4-reduction of the naturally occurrmg 
hydroxytetralone Ma [3] and TsOH-aromatlzatlon of the 
resultmg dlol 16b to the naphthalene denvatlve (6c) A 
good knowledge of the spectral propeties of this com- 
pound proved to be important m the structural elucl- 
datlon of 7 
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OMe 

OMe 

la RI-- RZ=CH2 
lb R’=R’=Me 

Me0 

Me0 

Number and chemical shifts of ‘H and “C NMR 
signals suggested 7 to be a dlmenc neohgnan Indeed these 
spectra showed features closely remmlscent of 13, an 
additional isolate of the same plant materlal [l] and of 6e 
[11] Only the C-9 methyls of 13 and of 6e are not 
represented by signals m the NMR spectra of 7 (Tables 1 
and 2) This compound must contam instead a methylene 
(62 3-3, m, 2H, 6 19 5, t, 1C) and a methme (6 196, ca d, J 
= 5 Hz, lH, 683 0, d, 1C) The chermcal shifts are 
consistent Hrlth the benzyhc nature of the former and the 
inclusion m an epoxlde of the latter Assummg the 
comparison with model compounds to be sound, the 

bMe 

OH 

Me0 

Me0 

R 

6a CHO 

6b COzH 

6c Me 

linkage of the two units must involve the CH&H moiety 
as shown m 7 

Three additional groups of evidence are consistent with 
this deduction Initially, reaction of 7 and L&H_, gave a 
product (14) the NMR data of which (Tables 1 and 2) 
indicate reduction to have taken place at the carbonyl and 
the epoxlde functions More importantly, m contradls- 
tmctron to 7, the HR mass spectrum showed a [Ml+, its 
m/z value 704 180 1s compatible, as expected, with the 
formula C42H4001,, 

The HR mass spectrum of 7 and 13 share a prominent 
peak at m/z 353 to which structure 15 can be assigned, 
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Me0 

Me0 

8 

C--Me9 

I 

10 

while the analogous spectra of 7 and 6c share a series of 
promment peaks at m/z 189, 176 and 165 

The Eu(fod)J induced ‘H NMR shifts for 7 are mmnnal 
for the two groups of 2,5,6-protons The phenyl nng thus 
cannot be substituted by an ortho-dlmethoxy umt which, 
contranly to the methylenedloxy unit, assocmtes strongly 
with the reagent [13] as evidenced by their AS values as 
well as the A6 values of their protomc entourage The 
h@est AS value for an aromatic proton 1s given by H-2, 
addItIonal evidence for tts vlcmahty to the carbonyl 

OMe 

bMe 

9 

H' , HR J=7Hz 

H”, H9 J=7Hz 

H”, H” J=2Hz 

H7: H” J=ll 5Hz 

Ha’, H9’ J= 7Hz 

The lsolatlon of the dlbenzylbutane denvates 2 and 3 
opens the question If tetrahn (e g S), hydroxytetrahn (e g 
S), tetralone (e g 13) and naphthalene (e g 6) neohgnans, 
previously reported to cccur also m other plant species 
[4], are artrfacts This, however, IS consIdered to be 
nnprobable on account of the conconutant presence m V 
seblfea of the 4,4&arylbutan-l-014, which IS very clearly 
derived from a tetrahn by a retro-Fr&el-Crafts conden- 
sation, and the dnnenc neohgnan 7, w&h IS clearly 
derived from a tetralone and a naphthalene by oxldatlve 
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OMe 
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condensation Such reamons would hardly be expected to 
occur durmg the Isolation process 

EXPERIMENTAL 

Isolar~on o/constrtuents Isolation ofcompounds la, lb, 2,3,4, 

5,6a, 6b and 7 IS d-bed m full m a previous paper [l] in whzh 
the compounds appear marked by the same numbers wtth an 
appended astensk, la*, lb*, 2*, etc 

(8S,7’S$‘S)-7’-Hydroxy-3,4,3‘,4’-tetramethoxy-l? 8’-neolrgnan 
(2) 01 ([Ml+ found 374 189, Cz2Hs00s reqwres 374 209) 

R’ R’ 

Me0 

161~ R’=R* =0 

16b R’=H, R*=OH 

IR v$‘$m -I 3520, 1600, 1590, 1510, 1450, 1420, 1250, 1150, 
1030 ‘H NMR (60 MHz, CDCIs) 66 9-6 3 (II), 6 ArH), 3 84,3 82, 
3 76 (3s, resp 1, 1 and 2 OMe), 4 38 (d, J = 8 Hz, H-7’), ca 2 4, 
2-12 (2m, 2H each), 100 and 079 (2d, J=7Hz, 2Me) 
‘“C NMR (20 MHz,CDCl,) 6133 9,1369 (2s, C-l, C-l’), 1110, 
109 5 (2d, c-2, C-2’), 1494 149 2 (2s, c-3, C-3’), 147 2,147 5 (2s, 
C-4,C-4’), 113 3,1109 (2d,C-5,C-5’), 1210,1192 (2d, C-6,C-6’), 
414 (t, C-7), 77 8 (d, C-7’), 35 3,416 (2d, C-8, C-8’), 14 5,9 6 (2q, 
C-9, C-9’), 55 8, 55 7 (2s,4 OMe) MS m/z (rel mt ) 374 (6), 219 
(13),178(12),168(11),167(100),165(4),151(30),139(40), 137(4) 

(8R,8’R)-3,4-Dunethoxy-3’,4’-methylened~oxy-7,7’-d~oxo-8 8’- 
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Table 1 ‘H NMR data (a, J m Hz m brackets) of model neohgnans (13, 6c) and dunenc 
neohgnans (7,14) (60 MHz, CDCI,) 

7 14 7 14 
H 13 tetrahn unit 6e naphthalene umt 

2 750s 763s C 706s B C 
5 626s 633s 623s 677s B C 
7 - - 546s 748s 751s 753s 
9 158s 23-25-d(5) 23-3 246s 26-3 233 
2 A B C 676d (14) B C 
5 A B C 6956 (78) B C 
6 A B C 6 71 dd (7, 8, 14) B C 
9 186s 196s 166s 216s 2 10s 208s 
OIUe 373s 376s 366s 379s 376s 373s 
OMe 396s 394s 394s 401s 400s 403s 
O&Hz 603s 608s 596s 605s 602s 600s 

A (6 5-7 l), B (6 6-7 2), C (6 4-7) signals located wthm the indicated band envelopes 

Table 2 ‘OCNMR data (~5) of model neolignans (13, 6c) and dimeric 
neohgnans (7, 14) (20 MHz, CD&) 

7 14 7 14 
C 13 tetrahn unit 6c naphthalene unit 

1 1231s 1241s 127 7s 1275s 1291s 1293s 
2 105ld 1058d 1059d 105 9d 1084d 1084d 
3 1470s 1492s 1485s 1488s 1484s 148 6s 
4 148 2s 1542s 1483s 1489s 1484s 1486s 
5 1091d 1090d 1146d 1057d 108 2d 108 4d 

6 1421s 1412s 133 OS 1278s 128 7s 1288s 
7 2037s 1993s 751d 1260d 1240d 1239d 
8 1013s 1008s 830s 1334s 1348s 133 OS 
9 2929 83 Od 227t 2099 195t 2091 
1’ 1319s 1326s 137 7s 1346s 1348s 1345s 
2 108 Id 1086d 1084d 108 4d 1092d 108 4d 

3’ 1477s 1480s 1478s 1478s 147 7s 1478s 
4 1468s 1470s 1464s 1465s 1466s 1464s 
5’ 108 7d 1114d 1113d 1107d 1125d 1107d 
6 1220d 123 Od 1184d 123 3d 1231d 1234d 
7 1302s 1306s 1285s 1315s 1322s 131 OS 
8 1547s 1542s 1493s 1369s 1348s 1335s 
9 1489 1549 1659 1739 1709 1719 
OMe 5594 5599 5609 5569 5579 5574 

OMe 5619 5629 5624 5579 5599 5629 

02CH2 1012 t 10121 101 Or 101 Or 10101 1004t 
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neolrglurn (3) Amorphous sohd, [a] h5 = - 30 5” (CHCl,) ([M] + 
found370 180;Cz,H2z06 reqmres370 142)IR v=cm-I 1670, 
1600,1500,1440,1420,1350,1250 UV ,lgH nm 304,273,232 
(s17800,19400,37200) ‘HNMR(6OMHz,CDCl,) 6740,736 
(2d, J = 2 Hz., H-2, H-2’), 6 83,6 76 (2d, J = 8 Hz, H-5, H-5’), 
7 61,7 53 @id, J = 8,2 Hz, H-6, H-6’), 5 92 (s, OzCH,), 4-3 7 (m, 
H-8, H-8’), 3 88, 3 83 (2s, 2 OMe), 14-l 1 (m, 3H-9, 3H-9’) 
13C NMR (20 MHz, CLXI,) 61294,1312 (2s, C-l,C-l’), 1109, 
1104 (2d, C-2, C-2’), 149 1,148 3 (2s, C-3, C-3’), 153 4,149 2 (2s. 
C-4, C-4’). 108 4,108 0 (2d, C-5, C-S), 123 2,124 7 (2d, C-6, C-6’), 
2024 (s, C-7, C-7’), 43 6 (d, C-8, C-8’), 160, 156 (q, C-9, C-9’), 
1019 (t, OzCHz), 56 0 (q, 2 OMe) MS m/z (rel mt ) 370 (7), 194 
(19), 178 (20), 166 (8), 165 (lOO), 149 (48), 137 (6), 121 (ll), 107 (5) 

2,3-Damethyl-4-prperonyi-4-veratrylbutan-l-01 (4) 011 

IR v%cm-’ 3454 1590,1504,1485,1245,1145,1042 ‘H NMR 
(60 MHz, CDCI,) 67-6 6 (m, 6 ArH), 3 7-3 4, 31 1 (2 m, 2H 
each, 073, 066 (2d, J=7Hz, 2Me) 13CNMR (20MHg 
CDCI& 6136 8,138 6(2s,C-l’,C-1”), 1114,107 8(2d,C-2,C-2”), 
148 8,147 2 (Zs, C-3, C-3’), 147 4,145 4 (Zs, C-4, C-4’), 1114,107 8 
(2d, C-S, C-5”). 119 5, 120 6, (2s, C-6, C-6”), 66 5 (t. C-l), 35 6 (d, 
C-2), 35 6 (d, C-3), 55 5 (d, C-4), 9 3 (q, Me-2), 11 5 (q, Me-3), 100 5 
(t. OzCHz), 55 7,55 6 (2s, 2 OMe) MS m/z (rel mt ) 358 (7), 272 
(19), 271 (100) 

(8S,7’S$‘S)-3,4,3’,4’-Tetramethoxy-6 7’,8 %‘-neohgnan [( + )- 

isogalbuhne, 53 Mp 120-123” (MeOH), ht [14] mp 100-101 5 

(CW’ found 356206, CzzHzsO. reqmres 356 199) 
UV ,lzH nm 220,285 (s3500,2300) IR v= cm-’ 1605.1590, 
1510, 1470-1445,1260-1220 ‘H NMR se-e ref [15] “C NMR 
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(20 MHz, CDCI,) 6129 2,139 2 (2s, C-l, C-l’), 1122, 110 5 @j, 
C-2, C-2’), 148 9,147 1(2s, C-3, C-3’), 148 5,147 1 (2s, C-4, C-4’), 
110 5,112 4 (2d, C-5, C-S), 132 6 (s, C-6), 122 0 (d, C-6’), 39 1 (t,C- 
7), 35 6 (d, C-8), 20 0 (q, C-9), 54 3 (d, C-7’), 43 8 (d, C-8’), 17 2 (q, 
C-9’), 55 9, 55 8 (2q, 40Me) MS [8] ORD (MeOH) 
C4l:ko +82W[41%, + 14600,[~]%,, +9950,[~]&, + 11750 
CD (MeOH) [0]% + 2150, [fl]E - 1070 Compound s was 
also produced when 2 was kept m CDCl~ so1n ovemlght 

3,4-Dunethoxy-3’,4’-methylenedloxy-9’-oxo-A’ **’ 8 -6,7’,8 8’- 
neolzgmm (6a) ([Ml’ found 350119, C2,Hi805 reqmres 
350115)IRv$$cm -’ 1715,1605,1500,1425,1350,1250,1215, 
1020 ‘H NMR (60 MHz, CDCl,) 67 76 (s, H-7), 7 00 (d, J 
= 8 Hz, H-S), 6 69 (dd, J = 8,2 Hz, H-6’), 6 9-6 6 (m, H-2, H-5, 
H-2’), 6 10 (s, O,CH,), 4 03,3 76 (2s, 20Me), 2 40 (s, Me), 10 17 (s, 
CHO) 

9’ - Hydroxy -3,4 -dtmethoxy -3’,4’ -methylenedloxy -9’- oxo- 
A’ * ’ 8 -6 7’,8 8’-neobgnan (6b) Yellow, mp 173-175” (MeOH) 
([Ml+ found 366 110, CZIH1s06 366 110) IR v=cm-’ 
3100-3000,1684,1600,1504-1450,1350,1300-1220,1165,1125, 
1042,943 ‘H NMR (60 MHz, CDCI,) with the exception of the 
signal at 6 10 17 replaced by 13 77 (s, COIH) identical to 6a MS 
m/z (rel mt ) 366 (lOtI), 365 (6), 351 (5), 336 (4), 321 (4), 307 (a), 
306 (5), 293 (lo), 279 (4), 278 (4), 277 (4), 265 (5), 189 (5), 165 (14), 
149 (7) 

3,4-Dnnethoxy-3’,4’-methylenedvoxy -A’~* ’ 8 -6 7’,8 8’-neo- 
lzgnan (6c) Yellow,mpandht [ll] mp 188-190” (MeOH)([M]+ 
found 336 135, Cz1Hz004 rcqulres 336 136) UV see ref [11] 
‘H NMR see Table 1 [l l] 13C NMR see Table 2 MS m/z (rel 
mt) 336 (49), 306 (lo), 292 (16), 291 (lOO), 275 (13), 263 (63), 248 
(31), 220 (14), 202 (19), 191 (15), 190 (15), 189 (42), 176 (22), 165 
(Jl), 153 (40), 152 (20), 139 (35), 124 (27), 109 (23), 101 (15) 
Compound 6e was obtained by sequential reduction of 16a 
(LtilH., THF) and aromatuatlon of the resulting 16b (TsOH, 

GH6, reflW 131 
Dunene neolzgnan (7) Yellow, mp 16165” (MeOH). [a]” - 

- 10 3” (CHCl,) UV ne” nm 223 255 290 (~47900 77550 
25 650) IR vz cm -’ 1690,1600,15bo, &4,1440,13&, 1295: 
1227, 1170, 1124, 1115, 1045,943,885,864,813,758 ‘HNMR 
Table 1 13C NMR (Table 2) MS m/z (rel mt ) 700 (< 1), 403 
(< l), 364 (c l), 363 ( < l), 362 (c I), 352 (lOO), 351(34), 350 (24), 
349 (< l), 338 (l), 336 (l), 335 (2), 323 (l), 265 (9), 189 (lo), 176 
(lo), 165 (20) Hydrogenatron product (7 In THF + LiAIH4 + 14) 
Yellow, mp 154-156” (MeOH) ([Ml+ found 704260; 
C42H4,,0,0 requires 704 262) IR vg cm-’ 3500, 1600, 1500, 
1480, 1470, 1450, 1430, 1380, 1350, 1220,1160, 1120, 1040,935, 
880 ‘H NMR see Table 1 13C NMR See Table 2 MS m/z (rel 

mt ) 704 (< I), 703 (3), 366 (< l), 364 (l), 354 (l), 353 (7), 352 (52), 
351 (lOO), 338 (18), 336 (22), 335 (2), 323 (S), 265 (6) 

3,4-Dmzethyl-2-p~peronyl-3-uerutry&iiran (8). Mp 166-169 
(MeOH) UV AEH nm 310, 280, 230 (~5800, 7050, 10750) 
IR v=cm-’ 1600, 1500, 1440, 1260. ‘HNMR (60 MHz, 
CDCIs) 67 5-6 8 (m, 6 ArH), 6 00 (s, O&Hz), 3 96, 3 94 (2s, 
2 OMe), 2 20 (s, 2 Me) MS m/z (rel mt ) 352 (5), 165 (24), 149 
(22), 137 (5), 121 (6) Compound 8 was obtamed by addmg to a 
soln of 3 (67 mg) m CHCl, (1 ml) drops of HCI After standmg 
overnight the soln was refluxed (30 mm) and evapd The residue, 
subnutted to TLC (s&a gel, petrol-EtOAc, 9 l), gave 8 (4 mg) 
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