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Abstract-Two new 2-naphthoic acid derivatives have been isolated from the. aqueous extract of the 
heartwood of Ulmus thomasii Sarg. They have been shown to be 6-hydroxy-5,7dimethoxy-2-naphthoic 
acid (f) and dhydroxy-3-hydroxymethyl-5,7dimethoxy-2-naphthoic acid lactonc (IV). The NMR 
spectra of several related naphthols and naphthoic acids and their derivatives have been examined. 
Acetylation of naphthol derivatives produces a characteristic downfield shift of naphthalene protons 
orrho to OH groups in their NMR spectra. 

THOMASIC ACID, three other related lignans including a glycoside, and 2,6_dimethoxy- 
p-benzoquinone were previously isolated from aqueous extracts of the heartwood 
of Ulmus thomasii Sarg.‘* 2 These lignans are biogenetically interesting because they 
can be regarded as in viuo dehydrogenative condensation products of either sinapic 
acid or sinapyl alcohol. In this communication we report the proof of structure of two 
minor constituents isolated from the same aqueous extracts, the 2-naphthoic acid 
derivatives (I and IV). 

Compound I was found to have the molecular formula Ci3Hi20s and to possess 
two OMe groups. The presence of an aromatic OH and a carboxyl group were indi- 
cated by IR spectroscopy and by the bathochromic and hypsochromic shifts2 
observed respectively in the UV spectrum when sodium ethoxide solution and sodium 
acetate were added. The UV spectrum also indicated the presence of a naphthalene 
nucleus and the aromatic region of the NMR spectrum corresponded to four protons 
(Table 1). Three of these constituted a characteristic ABX system with coupling 
constants JAB = 8.4 MHz and JBx = 1.5 MHz, indicative of an ortho and a meta 
relationship of the protons, hence a 1,3+relationship of three hydrogens. Furthermore, 
the deshielding of these protons was also evidence for a 2-naphthoic acid derivative3 
with the remaining functional groups substituted on ring A. 

Compound I afforded a trimethoxy methyl ester CisHi60s (II) on treatment with 
dimethylsulfate in presence of K2CO3 and a monoacetoxydimethoxy-carboxylic 
acid (III) by acetylation. NMR spectra for the derivatives may be found in Table 1. 

The mass spectrum of compound II showed two fragmentation sequences (Fig. 1 
and Scheme 1). Loss of OMe from the molecular ion (m/e 276), caused by methyl 
ester cleavage, produced the ion at m/e 245. The molecular ion also lost successively 
CH,, CO, and CH3, which is characteristic of a 1,2,3-trimethoxybenzenoid 
compound.4 Of the two possible structures, only that of methyl 5,6,7-trimethoxy-2- 
naphthoate (II) was compatible with the NMR spectrum. In comparison with the 

l Maintained at Madison, Wis., in cooperation with the University of Wisconsin. 
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TABLE 1. NMR SPECTTU~*~*~ of fJ-NAPHTHOIC ACID DERIVATIYBS 

Compound H-l H-3 H-4 H-5 H-8 Mcthoxy MiscclIancous 

I 

II 

8.51 d (1) 
J = 1.5 

8.42 d (1) 
J’ = l-5 

III* 

Iv’ 

VII’ 

VIII 

IX 

8.58 d (1) 
J = 1.5; 

828 s (1) 

8G3 d (1) 
J = 1.5 

&31 d (1) 
J = 1.5 

8Q3 d (1) 
J= i-5 

7.89 m (1) 8216 d (1) 
J = &4; 1.5 J = 8-4 

7.83 m (I) 
J‘ = 99; 1-5 

804 d (1) 
J’ = 9.0 

793 m (I) 
J = 8.8; 1.5 

736 d (1) 
J = I.5 

7.70 d (1) 
J= 1-S 

7.26 d (1) 
J = I.5 

8.15 d (1) 
J = 8.8 

8.10 t (1) 
J’ = 1.3 

7.30 s (1) 

I.25 s (1) 

wOs(1) 

148 s (1) 

7.58 s (1) 7.38 s (1) 

7-18 s (1) 7*Ol s (1) 

7.48 s (1) 7.10 s (1) 

4Q2 s (6) 

4+30 s (3)t 
390 x (3b 

4.00 8 (3), 

402 s (3) 

391 s (6) 

398 s (3) 

401 s (6) 
393 8 (3) 

396 s (3) 
3.88 s (3) 

396 s (3) 

399 B (3) 

392 s (3) 

396 s (3) 

237 s (3) 

@myI) 

5.47 d (2) J’ = 1.3 

(c--eL---cw 

2.41 s (3) 
(aatyl) 

‘ S values in ppm using TINS as internal standard. s = singlet, d = doublet, t = triplet, m = multiple. Figures in parentheses = number 
of protons. J valuea in MHz 

b Figures given for a 60 MC instrument except those for III and IV that were measured by a 100 MC instrument. 
’ Solvent : de acetone except for VII with CDCl, as solvent. 
’ Gives singlet on decoupling. 
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H-l H-3 H-4 
Compound H-5 H-7 H-8 J L3 J I. J 34 Mcthoxy 

V 8.58 808 794 1.3 0.3 86 397 

Compound 
H-2 H-5 H-6 
H-3 H-8 H-7 J 16 J 37 J 58 J 67 

VI 6.70 8.17 7.45 8.3 1.4 0.3 66 

l W. Briigel, Nuclear Magnetic Resonance Spectra ad Chem&al Structure pp. 128-129. Acad. 
Press, New York (1967). 

NMR spectrum of dimethyl naphthalene 2$-dicarboxylate (V)3 (Table 2). it can be 
observed that the A component (HA) of the ABX system in the NMR spectrum of 

compound II is shifted downfield, whereas the B and X components are shifted 
upfield. The downfield shift of the A component is caused by perideshielding effect 
of the a-OMe group, as shown by the NMR spectrum of l$dimethoxynaphthalene 
(V1)3 in comparison with that of compound II. The three OMe groups of compound 
II are therefore substituted at C-5, C-6, and C-7. 

-4- 

FIG. 1 Mass spectrum of compound II (de&mined on an AEI MS 12 mass spectrometer). 

SCHEME 1. Transitions substantiated by an appropriate metastabk peak an indicated by an asterisk. 

m/e 245 (e) m/e 318 
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The mass spectrum of the mono-acetate (III) exhibited ion peaks corresponding 
to successive loss of CH2=C=0 and CH, from the molecular ion, which is charac- 
teristic of an u-acetoxy-methoxybennoid compound,* as indicated in Scheme 2 
and Table 3. Its NMR spectrum showed no marked difference from that of the parent 

TABLE 3. Mm SPECTRA OF 2-NAPH~HOIC ACE DW~VA-~W& 

Compound mle 43 89 105 133 201 233 234 248 249 290 

III I (%) 21 5 5 9 10 45 7 100 13 17 

Compound m/e 40 41 43 44 51 55 57 77 89 105 117 145 156 

IV I(%) 11 811 9 5 7 9 5 5 5 5 5 6 

173 213 216 217 231 245 246 260 261 

7 6 6 7 15 59 8 100 16 

’ All peaks with a relative abundance greater than 5% of the base peak are recorded. 

TAIILB 4. NMR SPY OF 2,3-DIH~DROXY NAP-W AND DLWVATIVES’ 

Compound 
H-l H-7’ H-8* 

H-l H-6 H-5 
Miscellaneous 

X 

XI 

XIII 

7,29 

s (2) 

780 

s (2) 

7,27 

s (2) 

7.23 

m (2) 

7.53 

m (2) 

732 

m (2) 

7.65 

m (2) 

794 

m (2) 

7.76 

m (2) 

8.74 (hydroxy) 

Br (2) 

2.33 (acetyl) 

s (6) 

3.93 (methoxy) 

s (6) 

’ See Table 1, footnotes a. b, c. 
b H-5, H-6, H-7, and H-8 constitute an AA’BB’ system. No accurate K, L, M, 

and N parameters could be calculated because of mer&g tines ; chemical shifts are 

therefore approximate values. 

TABLE 5. NMR Specrru OF 2,7-~mvvnoxv NAPMHALJDJE AND DEIWAJWEP 

Compound 
H-l H-3 H-4 

H-8 H-6 H-5 J L3 J I. J 34 Miscellaneous 

XIII 

XIV 

xv 

7.13 

s (2) 

7.58 

s (2) 

7.17 

s (2) 

7.00 

m (2) 

7.28 

m (2) 

694 

m (2) 

7.70 

m (2) 

789 

m (2) 

766 

m (2) 

2.7 03 8.6 

2.6 @3 8.6 

2.6 0.3 8.6 

8.92 (hydroxy) 

Br (2) 

224 (acetyl) 

s (6) 

3.85 (methoxy) 

s (6) 

’ See Table 1, footnotes a, b, and c. 
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compound I, except a slight downfield shift (-010 ppm) of all aromatic protons. 
In contrast, after acetylation of 4-hydroxy-6,7dimethoxy-2-naphthoic acid (VII), 
2,3dihydroxynaphthalene (X), and 2,7dihydroxynaphthalene (XIII), the protons 
ortho to OH groups showed a characteristic downfield shift in their NMR spectra 
caused by the deshielding effect of the acetyl group (Tables 4 and 5). Compound I 
therefore has no hydrogen atom ortho to its OH group. Furthermore, the A component 
in the NMR spectrum of compound III like that of compound I was apparently 
deshielded indicative of the presence of a C-5 OMe group. The compound I is there- 
fore 6-hydroxy-5,7dimethoxy-2-naphthoic acid. 

SCHEW 2. Transitions substantiated by an appropriate metastable peak are indicated by an asterisk. 

III: M+ m/e 290 (4, m/e 248 (e), m/e 233 

Compound IV isolated only in small amounts, was shown by mass spectrometry 
to have the molecular formula C,4H,20S. Its IR and NMR spectra showed the 
presence of an OH, two OMe, and a y-lactone groups. The UV spectrum and the 
characteristic bathochromic shift observed on the addition of sodium ethoxide 
solution revealed the naphthol nature of the compound. 

In its NMR spectrum, the application of double-irradiation technique resulted in 
decoupling of the two-proton doublet at 6 5.47 @r--X)-C&&) and the one- 
proton triplet at 6 8.10 (Ar-HJ to give singlets. This could be rationalized by assuming 
a four-bond long-range a-n-spin-spin interactions between those protons. This re- 
quired that the methylene group of the lactone be situated at kposition on a naphtha- 
lene nucleus. The large deshielding of the aromatic proton singlet at 6 8.28 was evidence 

of an a-proton ortho to a deshielding group such as the)C=O. The compound (IV) 

therefore is a derivative of 3-hydroxymethyl-2-naphthoic acid lactone with the 
remaining three functional groups substituted at ring A. The one-proton singlet at 
6 748 was apparently caused by the a-proton of a naphthalene nucleus. The deshield- 
ing of H-4 was evidence of a C-5 methoxyl group (see discussion of peri-deshielding 
effect of the a-methoxyl group). The mass spectrum of the compound (Table 3) 
exhibited a stable molecular ion and an (M-15) ion, indicative of an o-hydroxy- 
methoxybenzenoid compound. 4 Two possible structures for compound IV are 
therefore apparent. However, because of the structure of thomasic acid and compound 
I, we believe the compound is 6-hydroxy-3-hydroxymethyl-5,7-dimethoxy-2- 
naphthoic acid lactone (IV). 

Compounds I and IV have a skeleton that could be formed by aromatization of 
thomasic acid with the elimination of the pendant hydroxydimethoxyphenyl group. 
This together with the presence of 2,6dimethoxy-pbenzoquinoneZ indicates that the 
formation of these phenolic constituents in oiuo are biogenetically interrelated to 
thomasic acid and its homologs. 
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Recently, other naphthols and related compounds, 3-hydroxy-8-isopropyl-S 
methyl-2_naphthaldehyde, its 7-methoxy and 5,6,7,8_tetrahydro derivatives, and 
7-hydroxycadalene, were isolated from the heartwoods of Ulmus ruba Mfihl.,6 
U. glabra Huds. and U. carpinifblia Gled.’ However, no trace of these compounds 
could be detected in the extracts of U. thomasii Sarg. Thus, a clearcut chemical 
difference exists between several woods of different species of the genus Ulmus. 

I: R, = Rt = H 
II: R, = R2 = CH, 

III: R, = H; R, =CH,CO- 

OR, 

VII: R1 = R, = H 

VIII: R, = CH,; R, = CH$O- 
IX: R, = R, = -CH, 

bCH, 

IV 

X: R=H 
XI: R = CH,CO- 

XII: R=C& 

V: R, = -COOCH,; R, = H 
VI: R, = H; R, = -OCH, 

XIII: R = H 
XIV: R = CH,CO- 
XV: R = CH, 

EXPERIMENTAL 

M.ps are uncorrected. UV spectra were determined on a Beckman DK recording spectrophotometer in 
95% EtOH with diagnostic shifts obtained by adding (1) 1 drop/ml of 1N NaOEt in EtOH and (2) excess 

solid NaOAc to the alcohol soln. IR spectra were determined on a Baird infrared recording spectropboto- 
meter iz~ KBr pellets. 

NMR spectra were determined in db-acttone, unless otherwise specitied, on a Varian A-6OA or 100 MC 
instrument. To some solns D1O was added to check on exchangeable protons. 

Mass spectra were determined on an AItas CH-4 mass spectrometer unless otherwise specified. 
Isolution Compounds I and IV were isolated from aqueous extracts of finely ground heartwood of 

Ulmus thomosii Sarg, The isolation and physical constants of compound I including UV and IR spectral 
data have been previously reported.’ On paper chromatography, both of these compounds fluoresce 
vividly under UV light. Compound I gave a white color that brightened to a Iluoresccnt lavender on fuming 
with ammonia; compound IV, a white that brightened to fluorescent yellow-orange. 

Methyl 5,6,7-trimethoxy-2-Mphthwte (II). Compound I was methylated in acetone with Me,SO, in 
pnscnce of K&O,; the product was puritled by preparative TLC (1% MeOH in CHCl& and recrystallized 
from EtOH-water. It yielded white needles, m.p. 98-W; IR, 1710 (Ar ester C=O), 1625,1608,1480 (all Ar). 
1260 and 1247 (C-O-, Ar ether and ester), 1108 (-OMe), 1092, 1033, and 756 cm- *. 

6-AcPro.~~r-5.7-dimerho.~,~-2-naphrhoic m-id UII). Compound I was acctylated by refluxing it in Ac,O 
The product was recrystallized from MeOH uater. m.p. 219 220 : IR. 2970 (OH), 26W(Ar C‘OOH). 1770 
(acetyl C=O), 1686 (Ar acid C=O), 1626, 1608, 1473 (all Ar), 1400, 1325, 1266 (Ar ether), 1212 and 1192 
(Ar acetate and COOH), 1120 (OMe), 1024,910, and 825 cm-‘. 

6-Hydroxy-3-h~oxymetkyl-5,7-d~~~x~2-~ph~~~ acid &tone (IV). This compound was eluted 
from polyamide column in the same fraction as compound I.z It was separated from I by preparative PC 
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(banding in isopropyl alcohol-2N ammonia (3 : l), R, SS5), then purified by preparative TLC (solvent : 
T/. MeGH in CHCls), and recrystallixd from I&OH-water. It yielded pale tan needles (6 mg), m.p. 
1885-1895”. It gave a negative test with monochloroquinonimidc. UV qxctra, c 261 mn (E = 4.7 x 
l(r), 322 mn (e = 93 x 103); e 250,287, and 380 nm; ch 259,288,326, and 380 mn; IR, 3460 (OH), 
1761 and 1736 (r-la&one C=O), 1626, 1508, 1484, 1464 (ail Ar), 1427, 1311 @r-OH), 1276 and 1020 
(Ar ether). 1085 (-0Me~ and 906 cm- ‘. 

4-Hydroxy-6,7di.methxy-2-nupbthoic acid (VII). This compound was prepared according to the method 
of El-A& and El-Wahhab.s It gives m.p 245-246” (recorded, 245”). Compounds VIII. m.p. 141-142”. 
and IX, mp. 12s126” were prepared and purified by the methods described for II and III. 

2,3-Dihydroxyna@ti (X) and 2,74hydroxynuphtholene (XIII) were used as purchased (Eastman 
Organic Chemicals): Compound X, m.p. 160-161”;9 diacetate XI, m.p. 104-105’; dimethyl ether XII, 
m.p. 115-l 16” ; compound XIII. m.p. 189-190” ;‘O diacetate XIV, m.p. 135-136”; dimethyl ether XV, m.p. 
138-139”. 

Ac&nowledgements-The authors BTC indebted to Drs G. Spiteller and M. Spiteller-Friedmann, University 
of GBttingen, Gbttingen, West Germany, for providing mass spectra and useful suggestions, and to Forest 
Products Laboratory personnel M. F. Wesolowski for determining the NMR spectra and Dr. M. K. Seikel 
for advice on the manuscript. 

REFERENCES 

’ M. K. Seikel. F. D. Hostettler and D. B. Johnson. Tetrahedron 24, 1475 (1948). 
’ F. D. Hostettler and M. K. Seikel. Terruhedron 25. 2325 (19691. 
’ W. Briigel, Nuclem Magnetic Resononce Spectra and Cbemicol Structure pp. 128-129. Acad. Press, 

New York (1967). 
’ C S. Barnes and J. L. Occotowitq /lust&. 1. Chem. 16,219 (1963). 
’ S. Stemhell, Reu. Pure Appl. Char Australia 14, 15 (1964). 
’ M. Fracheboud, J. W. Rowe, R. W. Scott, S. M. Fanega, A. J. Buhl and J. K. Toda, Fores Prod. J. 

18(2), 37 (1968). 
‘I B. 0. Lindgren and C. M. Svahn, Phytocbtm. 7,1407 (1968). 
s S. L. El-A& and S. A. M. El-Wahhab, J. Chem. Sot. 849 (1960). 
9 P. Freidlgnder and S. V. Zakrzcwski, Ber. D&h. Chem Ges. 27,761(1894) 

lo A Weber, Ibid. 14,2206 (1881) 


