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&s&act-The t3C NMR spectra of 15 neolignans of several structural types and two lignans were analyzed and 
their carbon shifts assigned. The shifts of pyrogallol ether and ethyl phenyl carbinyl ether models were used in 
this connection. The stereochemistry. of a dimeric sideproduct in the preparation of the latter models was determined 
by r3C NMR analysis. 

INZPlODUCTION 

Recent years have witnessed the isolation of a large 
number of Cc-C, oxidation dimers of the neolignan 
type[2]. In order to facilitate their structure analysis, 
several representatives of this proliferating class of natural 
substances were submitted to inspection by the new, 
powerful “C NMR analytical method. The present com- 
munication describes the first “C NMR analysis of neo- 
lignans and pinpoints carbon shifts characteristic of spe- 
cific structural types. 

RESULTS AND DISCUSSION 

The chemical shift assignment for the structurally un- 
usual neolignan aurein (1) [3] is based on that of 
1,2,3-trimethoxybenzene (2) and standard chemical shift 
theory [4,5-j. 

For the evaluation of the 2-aryl carbons of the neolig- 
nans of the benzofuran type and of their cyclohexa- 
dienone equivalents (uide infra) the r3C NMR analysis 
of ethylphenylcarbinol (3a) [6], its acetate (3b)[7J, 
methyl (3c) [S] and ethyl (Xl) [9] ethers and the ethyl 
ethers of 3,4dimethoxyphenylethylcarbinol (3e) [lo] and 

* Part 44 of the series entitled “Carbon-13 Nuclear Magne 
tic Spectroscopy of Naturally Occurring Substances”. For part 
43 see Ref. Cl]. 
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Table 1. Carbon shifts of models 3* 

: 
144.3 1443.3 1420 142.8 135.3 136.9 
125.7 126.3 126.5 126.4 109.0 106.5 

3 128.0 128.0 128.0 127.9 148.7 147 6 
4 127.1 127.5 127.2 127.0 147.9 146.5 
5 1280 128.0 128.0 127.9 110.4 107.6 
6 125.7 126.3 1265 126.4 118.8 120.0 
1’ 75.6 77.1 85.4 83.4 83.1 83.2 
2 31.7 29.1 30.8 31.1 30.9 31.0 
3 10.0 97 10.1 10.2 10.1 10.2 

*The b values are in ppm downgeld from TMS; 
G(TMS) = 8(CDClJ) + 76.9 ppm. t The acetyl c-0 and Me 
shifts are 169.9 and 21.0 ppm, respectively. J The OMe shift 
is 56.5 ppm. $The ethoxy CHr and Me shifts are 63.7 and 
15.2 ppm, respectively. TThe OMe shift is 55.5 ppm 11 The 
dioxymethylene shift is 100.7 ppm. 

3,4-methylenedioxyphenylethylcarbinol (3f) [ 111, 3g and 
3h, respectively, were undertaken. The synthesis of ethers 
3g and 3h is described in the Experimental and the car- 
bon shifts are shown in Table 1. As previously 
observed [12], the change of a vicinal dimethoxyphenyl 
unit to a methylenedioxy moiety causes shielding of the 
aromatic oxycarbons and their neighbors by l-l.5 and 
3-4ppm respectively, and deshielding of the remaining 
carbons by l-2 ppm. 

OR 

,,(Sa)R=Y *Y’=H (3.)R =H,Y*Y’.OMe 

(Sb)R=Ac.Y =Y’.H (3t)R =H,.Y+Y’=O,CH, 

(3c)R*Me,Y .Y’*H (Sg)R*Et,Y=Y’=OMe 

(3d) R *Et,Y = Y’. H (3h) R = Et, Y = Y’=O&H, 

The r3C NMR data of the models 3 aid in the shift 
assignment of the aromatic carbons of licarin A (4a) and 
B (4b) [13]. Comparison of the aromatic carbon shifts 
of 4a, 4b and 3f differentiates the 2-aryl sidechain from 
the dihydrobenzofuran nucleus in the two neolignans 
and permits the complete shift designation of the 2-aryl 
sidechain of licarin B(4b). The aromatic carbons of the 
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fused bicyclics are distinguished on the basis of the fol- 
lowing arguments. The oxycarbons are expected to be 
downfield of the other non-protonated centers and the 
methine ortho to the OMe group upfield of the methine 
pm-u to the OMe function, a condition mitigated by a 
countering y-effect of the 3-Me group on the latter meth- 
ine. Aliphatic proton decoupling differentiates the oxy- 
carbons by the methoxylated center being reduced to 
a singlet and the other site retaining three-bond coupling 
characteristics by interaction with the meta hydro- 
gem [12]. The remaining non-protonated centers are dis- 
tinguished from each other similarly in view of C(3a) 
degenerating into a singlet but C(5) still exhibiting cou- 
pling with the neighboring olefinic hydrogens. The mul- 
tiplicity of the latter, i.e. a triplet, shows this coupling 
to be of similar magnitude with both hydrogens. Finally, 
the assignment of the 2-aryl shifts of licarin A (4a) is 
based on the 6 values of model 3e as well as the differ- 
ence of the shifts of 1,2,3-trimethoxybenzene (2) and the 
monodemethylated compounds 2,3-dimethoxyphenol (5) 
and 2,6dimethoxyphenol (6). 

6Me 

604 
135 4 OMe OH _I34 I 

103.8 y107g \ 

(5) (61 
While the non-aromatic carbons of licarin A (4a) and 

B (4b) are identified readily, di%rentiation of the Me 
groups depends on the larger residual coupling of the 
allylic Me function [12]. All chemical shifts of 4a and 
4b are listed in Table 2. 

The carbon shift data for aurein (l), the licarins (4a 
and 4b) and model 3f permit the signal assignment of 
the “C NMR spectra of the naturally occurring cyclo- 
hexadienones 7a [14] and 7b [15]. The ring carbon shifts 

Table 2. Carbon shifts of the licarins, mirandins and the cyclo- 
hexadienonea 7* 

2 93.3 930 93.1 93.7 94.3 91.2 

3 452 45 5 42.6 426 46.9 49.8 

3a 132.8 132 7 1402 140.0 80.9 776 

4 112.9 113.0 134.1 134.1 131.6 130.9 
5 131.7r 1318 80.8 80.6 142 5 142 8 
6 109.0 109.2 199.3 199.2 186 8 186.8 
7 1436 143.7 99.5 99.6 104.6 102.7 

la 146.3 146.2 172.0 171.9 172.6 174.3 
3-Me 172 17.6 16.1 16.3 16.1 6.9 
0% 55.5 55.7 53 5 53.4 50.3 51.1 

1’ 131.6l’ 134.0 131.4 1332 135.5 132.7 
2 108.6 106.3 106.1 103.0 102.6 103.5 
3 146.1 147.5 148.1 153.4 152.8 153 3 
4’ 145.3 147.2 148.1 138.5 137.2 138 4 
5 113.8 1077 108.2 153.4 152.8 153.3 
6 119.3 119.7 120.0 103.0 102.6 103.5 
; 130.5 122.8 122.9 130.6 130.7 450 130.8 44.8 134.8 33.2 134.8 33.5 

I 180 18 1 1190 118.8 116.9 117.1 

*The 6 values are in ppm downfield from TMS; 
S(TMS) = B(CDC1,) + 76.9 ppm. t 8(3?-OMe) = 55.5 ppm. 
$ S(3’,4’-0,CH,) of 4b and 7a is 100.7 and 101.3 ppm, respect- 
ively. 5 6(3’-OMe) = 56.1 + 0.1 ppm and 8(4’-OMe) = 60.7 f 
0.1 ppm. q Signals may be interchanged. 

of the cyclohexadienone units are derived from 3-alkoxy- 
2-cyclohexenone models [ 163, while the other non-aro- 
matic carbons are assigned by standard chemical shift 
theory [4]. The similarity of the C(2), C(3) and 3-Me 
shifts of the cyclohexadienones (7a and 7b) and licarins 
(4a and 4b) show the four substances to possess the same 
furanoid stereochemistry. The shift non-identity of these 
centers as well as of C(l’) of licarin B (4b) and cyclohexa- 
dienone 7a reflects most probably the different electronic 
environment of the aromatic and cyclohexadienone nu- 
clei. Carbon-l‘ of compounds 4 and 7 is at a surprisingly 
high field position on comparison with the like centers 
in aurein (1) and 3h. The 6 values of 7a and 7b are 
listed in Table 2. 

OMe Me OR 

Cyclohexadienone 7b serves as a model for the assign- 
ment of the shifts of eusiderin (8) [17l except those of 
the aromatic carbons of the bicycle. The latter were 
determined by selective decoupling of proton 
regions [ 121. 

Me0 

(8) 

Mirandin A (Pa) [18] and B (Pb) [18] are angularly 
methoxylated cross-conjugated cyclohexadienones. Their 
r3C NMR analysis depends on compounds 7b and 8 
serving as models for the trimethoxylated C,-C3 unit 
and dehydrogriseofulvin [ 161 as a backdrop for the cyc- 
lohexadienone moiety. All shifts of the mirandins are in 
Table 2. 

Burchellin (lOa) [19] and other natural. Jnglrhrl~ tiy- 
lated cyclohexadienones lob [XJ] and I& [%j MI be 
analyzed by the utilization of the aromatic carbon shifts 
of 7a and 7b for the evaluation of the 6 values of the 
aromatic Cs-C3 unit. The shift designation of the cyclo- 
hexadienyl C6-C3 moiety is based on that of mirandin 
B (Pb) and 2-methoxy-2-cyclohexenone [21]. Expectedly, 
the 3-Me group of compounds 10 is shielded less strongly 
than that of mirandin B (Pb) in view of the lower y-effect 
of the angular ally1 group than that of the angular OMe 
function. The shifts of burchellin (1Oa) and its relatives 
(lob and lk) are quoted in Table 3. 

L Me OR 
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Table 3. Carbon shifts of natural, angular ally1 compounds* 

loat leb,: lW5 11F.t llbf? llcll 12: 

2 90.9 91.0 91.5 81.2 87.1 87.2 87.2 
3 49.5 49.3 49.6 44.6 444.5 44.5 42.5 
3a 50.9 51.0 49.8 53.9 53.8 53.9 50.2 
4 107 8 107.8 107.2 109.0 108.9 1089 32.0 
5 153.3 153.3 152.7 152.7 152.6 152.6 76.8 
6 182.8 182.6 189.7 1824 182.3 1824 196.6 
7 101.8 101.9 1660 101.8 101.8 102.0 100.1 
la 181.4 181.3 183.9 181.2 181.0 181.1 183.4 

3-Me 8.3 8.5 8.5 12.0 11.9 12.0 11.6 
5-OMe 55.8 55.2 55.3 55.2 55.1 55.2 58.7 

1’ 131.5 129.8 130.1 130.2 134.6 130.7 128.3 
r 106.5 109.1 109.2 106.0 99.1 102.4 108.6 
3 148.1 149.6 149.5 147.7 148.9 153.2 148.8 
4’ 148.1 149.2 149.2 147.1 131.0 132.1 148.5 
5 107.8 110.9 110.9 108.1 143.4 153.2 110.9 
6 120s 119.3 119.2 118.7 105.0 102.4 117.8 
; 130.9 36.6 130.7 36.7 130.7 36.7 131.5 43.9 131.5 43.8 131.5 439 132.5 39.0 

f 120.0 119.9 119.8 120.0 120.0 120.1 119.7 

*The 6 values are in ppm downfield from TMS; 
MTMS) = &CDCls) + 76.9 ppm. t @‘.4’-OsCHz) of lOa, lla 
and llb is 101.2,lOl.O and 101.4ppm respectively. $qOMe) = 
55.9 ppm. 4 6(7-OMe) = 60.4 ppm. lj &@‘-OMe) = 56.7 ppm. 
11 Z(3’-OMe) = 56.1 and 8(4’-OMe) = 60.7 ppm. 

Cyclohexadienone lla[14] is a stereoisomer of bur- 
chellin (lOa). The change of stereochemistry is insufficient 
to complicate the shift assignment of lla or its relatives 
llb[lSj and llc[lS] as well as the natural dihydro 
product porosin (12) [22].* The methylenes of the ally1 
and cyclohexenone units of the latter are distinguished 
by the difference of their residual coupling [ 121. All shifts 
are listed in Table 3. 

(Ila) R+R’=CHo,Y = H 
OR’ (I(b) R+R’=CH,,Y =OMe 

(Ilc)R=R’=Me,Y=OMe 

Y 

(12) 

The 13C NMR data reveal much about the configur- 
ation and some information about the conformation of 
the neolignans. The 3-Me shift especially is of diagnostic 
importance. Its similarity in the licarins (4) and the cyclo- 
hexadienones 7, both types of substances containing 
nearly planar benxohrranoid rings in which only C(2) 
can be non-coplanar, shows the aryl group to contribute 
no significant y-effect on the Me unit. While the reported 
H(2)-H(3) coupling constants of 9Hz[13] and 
3Hz [14,15] reflect the adoption of predominantly the 
conformation 1%~ and 13b by the licarins (4) and the 
cydohexadienones 7, respectively, the pseudo-equatorial 

*The structure of porosin had been considered earlier to 
be the 4%dehydro_7,7adihydro form of 12 [23]. The revision 
was necessitated initially by the r3C NMR analysis of the 
natural product. 

pP1uviatolide (18a) and hinokinin (1%~) were isolated 
recently from the heartwood of Libocadrus formosanc Florin 
(E. Wenkert and N. C. Franca, unpublished observations). 

Me group of compounds 4 must be mostly beyond non- 
bonded interaction range of the neighboring aryl side- 
chain. The identity of the 3-Me shift of mirandin A (9a) 
with that of compounds 7 shows this angularly methoxy- 
lated substance to possess a conformation related to 13b, 
i.e. a conformer like 14 in which the 1,3-diaxial interac- 
tion of the OMe and the aryl groups is relieved (see 
arrow on 14), in conformity with the known small 
H(2)-H(3) coupling constant (less than 0.5 Hz) [lS]. Con- 
trastingly, mirandin B (9b) reveals its Me group over 
9ppm upfield of that of its isomer A (9a) and its 
H(2)-H(3) coupling to be large (9.5 Hz) [lg]. A relaxed 
version of conformer 15 (see arrow) can account for these 
facts, especially in view of its support of the presence 
of at least two y-effects on the Me group exerted by 
its neighbors. The non-bonded interaction of the C(2) 
and C(3) substituents is shown also by the shielded pos- 
ition of Cyl’) in 9b vs 9a The r3C NMR analysis of 
the mirandins identities them clearly as 3a-epimers. 

la) (b) 
.. / 

(13) (14) (IS) 

Burchellin (1Oa) and its relatives lob and 1Oc possess 
the same relative cotiguration of the substituents of the 
furanoid ring as mirandin B and hence would be 
expected to prefer a conformation as in 15. In accord 
therewith the three substances were shown to exhibit 
9.5 Hz H(2)-H(3) coupling [19,20] and an upfield 3-Me 
signal. The ca 1.5 ppm decrease of shielding of the 3-Me 
group of compounds 10 vs that of mirandin B may be 
due mostly to the known higher y-shift by alkoxy over 
allcyl groups. In view of the reciprocity of the y-effect 
the a-methylene of the ally1 group of substances 10 is 
shielded by ca 7 ppm contrasted with this subunit in the 
3-epimer (11). The cyclohexadienones 11, confined to 
conformation 16 with a flattened five-membered ring (see 
arrow), cause their 3-Me group to feel one less y-effect 
than the C(3) substituent in substances 10 and hence to 
be de&ridded (ca 3.5ppm). Having the furanoid substi- 
tuents in the same relative configuration as the C(2), C(3) 
and C(3a) substituents of compounds 11, porosin (12) 
is restricted to conformation 17. In view of this con- 
straint and the reported PMR data revealing the axiality 
of H(5) (J = 5 and 12 Hz) [22,23] the C(5) stereochemis- 
try is as depicted in 12 and 17. This feature is con6rmed 
by the shielding of the a-methylene of the angular ally1 
group of porosin (12) with respect to the field position 
of this subunit in cyclohexadienones 11, induced by a 
y-effect from H(5). 

/&y&J “e*Ar 
Me 

(16) (17) 

In the absence of many r3C NMR facts on lig- 
nans [24-261 the following carbon shift assignment of 
pluviatolide (ISa) [27j, its acetate (18B) and hinokinin 
(18~) [28]f represents an early r3C NMR analysis in this 
field of natural products. The non-aromatic carbon sig- 
nals were distributed on the basis of standard shift 



Table 4. Carbon shifts of lignsns 18* 

129.5 
110.9 
1461 
144.2 
114.3 
121.0 

34.6 

46.3 
178.2 
131.1 
109.2 
147.5 
146.4 146,3 
107.9 108.1 
122.0 1221 

38.1 38.5 
41.2 41.0 
710 71.0 

lOa.% loo.9 

136.7 
112.5 
151.0 
138.4 
120.4 
122.7 
34.4 
46.5 

178.0 
131.1 
109.3 
1477 

131.F 
106.4 
147.4 
145.8 
107.6 
121.1 
34.4 
461 

177.9 
131.0$ 
1090 
147.4 
146.0 
107.R 
121.8 
37.9 
41.0 
70.7 

100.6 

*The 6 values are in ppm downfield from TMS; 
s(‘rMS) = s(CIX&) + 76.9 ppm, t &OMe) = 55.7 ppm. $ PC 
(C=O) = 168.7 ppm and 6*’ (Me) = 20.6 ppm. gS(O,CH,) = 
100.6 ppm. n Signals may be interchanged. 

theory [4], while the aromatic carbons could be dis- 
tinguished by the three compounds acting as models of 
each other. Alf shifts are shown in Table 4. 

(180) R=Me,R’=H 
(l8b) R=Me, R’=Ac 
(I&?) R+R’*CH, 

Styrenes or a&y1 aryl carbinots are known to give 
dimers of the I-aryhndane type on exposure to acid 
[2%34]. This facile reaction was enconntered also in the 
preparation of carbinois 3e and 3f on route to the model 
ethers 3g and 3h, respectively (utie 8upra). As a conse 
quence it was of interest to check the stereochemistry 
of the indane isomer, the cc-isomer 19 derived from 
3e [33], by r3C NMR analysis. Stereostructure 20 had 
been suggested for this compound on the basis of an 
exhaustive PMR determination [34J. 

“‘-‘bMe 

(IS) w3x5 (20) 
bMe 

The carbon shifts depicted on formula ZY were estab- 
lied in the following fashion. The d~ho~~~y~ 
shifts are based on those of 3g and the remaining aro- 
matic carbon and OMe shifts by dil&ence. The methy- 
lene part of the Et group is unique, while the Me part 
can be differentiated from the other Me group by taking 
cognizance of the known 121 ppm shift of the Me func- 
tion of e~yicy~ohex~e~4]. The benzylic methines can 

be distinguished from the remaining CYCbptane a’bon 
by the difference of their residual coupling [12], while 
the distinction of the benzyl carbons themselves is 
founded on the fact of the arylated center being de- 
shielded by an added /I-effect not experienced by the 
ethlated site. 

In order to assess the relative configuration of the Et, 
Me and 3&dimethoxyphenyl groups of 19, several points 
need to be recognixed. Firstly, as a comparison of the 
Me shifts of methyl~clo~~e (20.1 ppm), cis-1,2- 
d~ethylcyclo~n~e (14.8 ppm) and tray-l~~ethyi- 
cyclopentane (18.4 ppm) [35] indicates, the y-effect of a 
Me group on its Me neighbor in a cyclopentane system 
is normal in a cis relationship but very low in a truns 
case. Secondly, comparison of the Me shift of the 
1,3dimethyIindane (19.9 ppm) [4] and 1,3-dimethyIcyclo- 
pentane systems (ca 21 ppm) [35] reveals the benzene 
ring to offer only a minimal peri efkt, i.e. a y-effect 
of ca 1 ppm. Thirdly, as the 3-Me shift of the licarins 
(4) (17.4 ppm), a dihydrobenzofuran system structurally 
related to the indane moiety, indicates, the y-effect of 
a vi&al aryl group on a Me substituent is similar in 
magnitude to that of a Me group. Finally, the methylene 
of an Et group thus can be expected aIso to induce a 
r-shift of a simihu size on its neighboring Me sidechain 
in the five-membered ring of the substituted indane. Cai- 
culation of the benzyhc Me shift for a compound like 
19 in which the Et group is replaced by a Me function, 
using the known M value of 7.2ppm for the carbon 
directly attached to the ring in a ethyIcyclohexane--+ 
methy~~c~ohexane change f4], leads to a 6 vahte of 
15.Oppm, in accord only with a cis-1,2-diMe arrange- 
ment. As a consequence the Et and Me groups of 19 
must be cis to each other. Since the latter is shielded 
only by CQ 1 ppm, when compared with the Me groups 
of cis-l.%dimethylcyclopentane We supra), it possesses 
a rr~s relationship to its aryl neighbor. The stereostruc- 
ture 20 is in full agreement with the r3C NMR analysis. 

EXPERIMgN-FAL 

IR spectra were recorded as films and PMR spectra of 
CDCl, solns containing TMS (S = Oppm) at 60 MHz. 13C 
NMR spectra were obtained at 25.2 MHz in the Fourier trans- 
form mode. The shifts denoted on formulas 1, 2, S, 6, 8 and 
19 are from CDCI, solns; sfrMS) = &CDCl,) + 76.9ppm. 
The stars on form&as 1,g and 19 indicate permissible signal 
reversals. 

l-(3,4-Dimerhoxyphenyl-)l-eQroxypropune (3g). A mixture of 
7.32 g of alcohol 3e and 0.85 g of Na in 15 ml of toluene was 
refiuxed under N, for 4 hr. After cooling, a soln of 34.8 g EtI 
in 20 ml of toluene was added and the mixture retIuxed under 
Na for an ad~t~on~ 4 hr. It was then poured into Hz0 and 
extracted with Et@ The extract was washed with H,O, dried 
and evaporated. Residue was chromatographed on Si gel and 
emted with C6H6-CHC13 (1 :l). Distillation of the eluate 
yielded 5.32 g of ether 3g: bp 115”/18 Torr. (Found: C, 69.39; 
H. 8.81; C,3Ht00, requires: C,69.91; H, 8.99x.) v(cm-‘) 
1605, 1595 (Gq; 6 0.84 (t, 3, J 7Hz, Me), 1.13 (t, 3, I ~Hz, 
ethoxY Me), U-2.0 fur, 5 CH,X 3.32 (q, 2, J 7Hz, ethoxy 
CH& 3.90 Es, 6, (O~e)~l, 4.01 (b, 1, J 6 Hz, CH), 6.7-6.9 
(m 3, aromatic Hs), 

l-(3,~Methylenedioxyphenyl-)l-ethoxyproprme (3R). A mix- 
ture of 5.12 & of alcohoi 3f and 0.65 g of Na in 20 ml of toluene 
was &h.rxed under N, for 7 hr. After cooling a soln of 26.4 g 
of Rtf in Km1 of tohrene was added and the mixture refhrxed 
under N2 for 4 hr. After work-up the product was &stiit& 

yielding 42Og of ether 3b: bp 82O/l Torr. (Found: C, 68.98; 
H, 7.65; C,,H,,O, requires: C, 69.21; H, 7.74x.) v(~m-~) 
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1630, 1610 (C=C); 6 0.84 (t, 3, J 7 Hz, Me), 1.13 (t, 3, .J 7 17. Braz Fo., R., Moutio, J. C., Gottlieb, 0. R. and Maia, 
Hz, ethoxy Me), 1.4-2.0 (nt, 2, CHz), 3.32 (q, 2, J 7 Hz, ethoxy J. G. S. (1976) Tetr&edron Letters (in press). 
CH,), 4.01 (t, 1, J 6 Hz, CH), 5.92 (s, 2, OCHIO), 6.7-6.9 18. Aiba C. J.. Gottlieb, 0. R.. Paaliosa F. M., Yoshida M., 
h 3, aromatic Hs). 
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