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SYNTHESIS OF THOMASIC ACID
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Abstract—Thomasidioic acid (2) has been synthesized in two steps by oxidative phenol coupling of

sinapic acid (6) to the dilactone (7) followed by acid-catalyzed rearrangement. The diol dibenzy! ether
(18), derived from thomasidioic acid dimethyl ester (9) by benzylation followed by LAH reduction,

was selectively oxidized to yield thomasic acid (1) after debenzylation and base hydrolysis.

From aqueous extracts of the heartwood of Ulmus
thomasii Sarg. (“rock elm”), Seikel et al isolated
the novel lignans, thomasic acid (1) and
thomasidioic acid (2) and established their struc-
tures by extensive spectroscopic and chemical de-
gradation studies.'” A significant contribution to the
assignment of configuration was also made by Wal-
lis.” Within the lignan class of natural products,
these compounds display several unusual structural
characteristics, (1) they are the only members
known to date of the 1-aryl-1,2-dihydronaphthalene
group, the only other naturally occurring aryl-
dihydronaphthalene lignan, collinusin (3)** having a
i-aryl-3,4-dihydronaphthalene structure, (2) the
presence of free carboxyl functionality in lignans is
rare, plicatic acid (4)** from Western red cedar
being apparently the only prior reported example,
(3) their lack of optical activity might indicate a
distinctive feature of biogenesis since all known
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naturally occurring aryltetralin lignans, for exam-
ple, (with sole exception of (*)-lyoniresinol (5)
which was also isolated from U. thomasii) are opti-
cally active, and (4) they provide interesting exam-
ples of a comparatively rare stereo-chemical situa-
tion in which trans vicinal substituents (at C-1,2)
adopt diaxial conformations.*" Naphthoic acid de-
rivatives which are conceivably biodegradation
products of thomasic acid have been isolated from
the same source.'" The heartwood extractives of
other elm species have also been examined, promp-
ted partly by the observation that the same phenolic
substances which are extracted from the heart-
wood, although absent in the sapwood, are found in
the “brown ring” area of the last annual growth
rings symptomatic of Dutch elm disease."”

The synthesis of these two lignan acids (1 and 2)
is the subject of this paper. Thomasidioic acid (2)
was first synthesized in two steps from sinapic acid

OH
MeO CH,OH MeO CH,OH
ok o0
HO “CO;H  HO "CH,OH
@ -
MeO OH MeO © OMe
OH OH
4 5

3753



3754

(6); regiospecific manipulation of the C-3 allylic
functionality then permitted the conversion of 2 to
thomasic acid (1).

The oxidative coupling of ferulic acid (19) to

M "
yield deh"drcd=fe.'uhc acid

strated by Erdtman," and the dilactone structure of
this product (20, without configuration assignment)
established by Haworth." The analogous oxidation
of sinapic acid (6) to give “dehydrodisinapic acid
dilactone” in 73% yield was later reported by
Freudenberg." As the first step in the synthesis, we
have repeated the ferric chloride-oxygen coupling
of sinapic acid. The y-lactone functionality of the
product is apparent in the IR spectrum and consid-
eration of the NMR spectrum leads to the conclu-
sion that the dilactone has the configuration of the
thermodynamically most stable stereoisomer (7),
with cis ‘“diequatorial” aryl substituents. With
strain considerations necessitating a cis fusion of
the lactone rings, three substituent possibilities
(two cis and one trans diaryl) exist. Since only one
resonance signal is given for the benzylic proton
(H-2,6) and one for the ring fusion proton (H-1,5),
the trans diaryl isomer can be excluded. The small
spin-spin coupling (J 1:5 Hz) shown by the H-1,5
protons is in agreement with that expected from the
dihedral angle formed with the H-2,6 protons. In
the model of the eclipsed conformation [A] the
H()C(1)C2)H(2) dihedral angle is 120° and a J
value ca 4 Hz might be expected. A staggered con-
formation model [B] is realized by rotating apart the
H, and H; protons in the sense ‘a’. This has the
effect of increasing the H(1)C(1)C(2)H(2) angle
(and would presumably enhance J to ca 4-16 Hz)
but introduces the destabilising feature of increas-
ing the proximity of H-2 and H-6. The alternative
staggered conformation [C]- by moving apart H-1
and H-S in the sense ‘b’ is presumably more favor-
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able since the H-2 and H-6 non-bonded interaction
is decreased. In this conformation the
H(DC(I)C(2)H(2) dihedral angle is decreased (ca
90-120°) with a smaller J (0—4 Hz) expected. In the

1 th 1 - ot th
other cis-diary! isomer, with ary! group trans to the

H-1,5 proton (‘‘diaxial’’), the coupling constant for
the H-1 and H-6 protons (dihedral angle ca 0°
should also be much larger.

Since we found the melting point of 7 to be rather
indefinite, the phenolic dilactone was further
characterized as the diacetate (8) with m.p. in ag-
reement with the previously reported value."

With the relative configurations of the four asym-
metric centres of 7 established, it was considered
that intermediate [E] (or an equivalent) obtained by
acidic hydrolysis of such a dilactone [D] would be
well disposed for both dehydration and cyclization
to yield the desired aryl trans-1,2-dihydro-
naphthalene system [F).

This was found to be the case and treatment of 7
with hydrochloric acid in aqueous dioxan gave
thomasidioic acid (2) in excellent yield." Alterna-
tively, by heating a solution of the dilactone (7) in
methanol saturated with hydrogen chloride, there
was obtained in quantitative yield thomasidioic acid
dimethy! ester (9). Both 2 and 9 were further
characterized by methylation with diazomethane to
yield the previously reported dimethyl ether di-
methyl ester (10). A comparison of the IR and NMR
spectra of 2 and 10 so obtained with authentic
specimens confirmed their identity.

Completion of the synthesis of thomasic acid (1)
requires a selective reduction of the C-2 carboxy!
of thomasidioic acid (2) to a primary alcohol. The
route chosen involved the reduction of both C-2
and C-3 carboxyl groups followed by a selective
oxidation of the C-3 allylic primary alcohol func-
tion. To test the applicability of this plan, the synth-
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esis of the known methyl thomasate dimethyl ether
(13) was first undertaken. Accordingly, the di-
methyl ester dimethyl ether (10) was reduced with
LAH to give the diol (11) (absence of IR CO ab-
sorption) which on oxidation with active mangan-
ese dioxide'’ gave the conjugated aldehyde (12)
(low field aldehyde proton in NMR spectrum and
conjugated carbonyl in IR spectrum). The aldehyde
function was then selectively oxidized in the pres-
ence of the C-2 primary alcohol function (Corey’s
method'®) by manganese dioxide in methanol solu-
tion containing hydrogen cyanide to give methyl
thomasate dimethyl ether (13). It was unnecessary
to isolate and/or purify any of these intermediates,
the essential completion of each step being ascer-
tained by appropriate spectra determination.

To prepare thomasic acid by the same pathway,
the phenol functions of dimethy! thomasidioate (9)
were protected by benzylation to yield the dibenzyl
ether dicarboxylic acid (14) which on LAH reduc-
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tion gave the diol (15). The double manganese diox-
ide oxidation first to the aldehyde (16), then to the
methyl ester (17) was followed by debenzylation by
mild hydrogenolysis to give methyl thomasate (18),
not previously described, but identical with a speci-
men prepared by methyl esterification of authentic
thomasic acid. Base hydrolysis of 18 gave thomasic
acid (1).

The NMR data for thomasic acid and synthetic
intermediates are summarized in Table 1 and sup-
port the assigned structures. Thus, in CDCI,; solu-
tion, the C-8 OMe group (with adjacent C-7 phenol
or methyl ether function) is located in the range (8
3.60-3:67) characteristic of shielding by an axial C-
1 aryl group.” It is noted that this signal is further
shielded (8 3-53) by an adjacent benzyl group. The
H-1 proton signal is typically a broadened singlet
and the H-2 either a singlet or doublet of small cou-
pling constant (J 1-5 Hz). Ayres, among his obser-
vations on spectroscopy and conformation of apo
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compounds of arylnaphthalene systems,” repro-
duced a 100 Hz spectrum of methyl o«-
apopicropodophyllate (21), a good stereochemical
analogue of thomasic acid except for the absence of
the C-8 OMe function, and noted a 4 Hz coupling
for these H-1,2 diequatorial protons; that difference
must reflect the increased steric repulsion of the C-
1 and C-8 substituents. In agreement with this, we
have prepared as previously described the dimethy]
ester (22)," the thomasidioic acid dimethyl ester
analogue lacking the C-8 (and C-5') OMe group, and
its diacetate ester (23) and find that a 3-5 Hz coupl-
ing is found for the H-1 and H-2 protons.

EXPERIMENTAL
M.ps were determined with either a Gallenkamp or
Fisher-Johns apparatus and are uncorrected. NMR
spectra were determined for solns with TMS as internal
reference on a Varian A60 spectrometer. IR spectra, un-
less otherwise stated, were determined in KBr pellets
using a Perkin-Elmer Infracord spectrophotometer.

r-1H-2c, 6¢-Bis - (4’ - hydroxy - 3',5 - dimethoxyphenyl) -
3,7 - dioxabicyclo - [3,3,0] - octane 4.8 - dione
*Dehydrodisinapic acid dilactone™ (7). A rapid stream
of O, was passed through a soln of FeCl; (20 g) in water
(800 ml) during the addition of a soln of 6 (10 g) in MeOH
(200 ml) over 10 min. A red-violet ppt immediately sepa-
rated. The O, passage was continued for 5 h and the mix-
ture allowed to stand overnight. The ppt was then col-
lected as a paste, suspended in water (120 ml), heated for
10-15 min on steam bath and acidified with dil (1:1)
H.SO, (120 ml) with vigorous shaking. After cooling, the
product was collected as a pink solid, washed with ether,
and crystallized from acetone-MeOH to yield the dilac-
tone as colourless prisms (6-5 g), m.p. 227-235° (darkening
at 2207, (it."” m.p. 208°%; A 2-97 (-OH) and 5-63 p (lac-
tone). NMR spectrum (hexadeuterioacetone): 8 3-85s. (12,
-OMe groups), 3:94d. (J 1-5) (2, H-1 and 5), 5-77br.s. (2,
H-2and 6), 6-75s. (4, Ar-H) and 7-15-7-50 br. (2, Ar-OH).

r-1H-2¢,6¢-Bis - (4'-acetoxy-3',5" - dimethoxyphenyl)-
3,7 - dioxabicyclo - [3,3,0] - octane - 4,8 - dione

* Dehydrodisinapic acid dilactone diacetate” (8). Ac,0
(5 ml) and pyridine (5 mi) were added to 7 (100 mg), the
mixture warmed for 5 min and stirred overnight at room
temp. The ppt produced on the addition of crushed ice
was collected, dissolved in acetone (charcoal treatment)
and crystallized from aqueous acetone as prisms (65 mg),
m.p. 232-234° (lit."” m.p. 228-230%; A 558 (lactone) and
5-65 4 (ester). NMR spectrum (hexadeuterioacetone) §
2-23s, (6, -OAc), 3-85s. (12, -OMe groups), 4-20d. (J ca 1)
(2, H-1 and 5), 5-88 br.s. (2, H-2 and 6) and 6-83s. (4,
Ar-H).

7-Hydroxy - 6,8 - dimethoxy - 1-(4'-hydroxy - 35" -
dimethoxyphenyl }-trans - 1,2-dihydronaphthalene - 2,3-
dicarboxylic acid

“Thomasidioic acid” (2). Conc HCI (1 ml) was diluted
with water (to 10 mi), and this soin (4 ml) added to a soln
of 7 (50 mg) in dioxan (5 ml). The mixture was heated on
the steam bath for 45 min and evaporated under reduced
pressure until a ppt appeared. This was collected (45 mg),
dissolved in NaOHaq and reprecipitated by acid neutral-
ization. Two “crystallizations™ from acetone-chloroform

R. AHMED, M. LEHRER and R. STEVENSON

gave thomasidioic acid as a white solid of indefinite m.p.
(typically decomposing ca 210° and completely liquified
ca 250°), A 5-88 (C-2 carboxyl) and 5-92 u (C-3 carboxyl).

+ t
Dimethyl  7-hydroxy-6.8-dimethoxy-1-{(&'-hydroxy-3'.5'-

dimethoxyphenyl )-trans-1-, 2-dihydronaphthalene-23-di-
carboxylate

“Thomasidioic acid dimethyl ester’” (9). MeOH (15 ml)
saturated with HCl was added to 7 (500 mg) and the mix-
ture heated under reflux for 2 h. Within the first 30 min, it
successively turned vellow, pale green, dark green and
then decolorized. Addition of water yielded a solid (500
mg) which on crystallization from aqueous MeOH gave 9
as plates, m.p. 201-203°, A 2-89 (-OH), 5-78 (C-2 ester) and
5-88 u (C-3 ester). (Found: C, 60-72, H, 5-31. C,,H..O\c re-
quires: C, 60-75; H, 5-52%).

Dimethyl 6,7,8-trimethoxy-14{3',4',5'-trimethoxy-phenyl)-
trans-1,2-dihydronaphthalene-2,3-dicarboxylate

“Thomasidioic acid dimethyl ester dimethyl ether’ (10).
(a) Excess diazomethane in ether was addedtoasolnof 9
(80 mg) in acetone (10 ml), stirred at 0° for 4 h and at room
temp overnight. The product, after solvent evaporation,
was chromatographed on silica gel PF [1 mm,
benzene-acetone (4:1)]. Crystallization from aqueous
MeOH gave the dimethyl ester dimethy! ether as rosettes
of needles (50 mg), m.p. 121-122° (Lit.? m.p. 142-5-143°).
Seeding of an aqueous methanolic soln with an authentic
higher melting form gave prismatic needles, m.p. and
mixed m.p. 143-143-5°. The higher melting form was also
obtained by crystallization from aqueous acetone. A 5:76
(C-2 ester) and 586 u (C-3 ester). A comparison of the IR
and NMR spectra of the synthetic and natural derivatives
established their identity.

(b) A soln of 2 (55 mg) in MeOH (10 mi) was similarly
methylated. One crystallization of the product from aque-
ous acetone gave 10 (25 mg), m.p. 117-118°

Conversion of thomasidioic acid dimethyl ester dimethyl
ether (10) to thomasic acid methy! ester dimethyl ether
a3

A soln of 10 (200 mg) in ether (75 ml) was added to LAH
(200 mg) in ether (100 mi) at 0°. The mixture was stirred
for 1 h, then worked up in the usual way to give an oil (180
mg) which deposited the diol (11) as a solid (120 mg), m.p.
125-126° (absence of CO absorption in IR spectrum; see
chart for NMR data). (Found: C, 64-79; H, 6-59. C,.H,,0s
requires: C, 64-56; H, 6:77%). The crude diol (200 mg) in
ether (15 ml) and hexane (5 ml) was added dropwise to a
suspension of MnO, (1 g) in ether (15 ml) at 0°, the mixture
stirred for 1 h, filtered and evaporated to give an oil, con-
sidered to be the aldehyde, 12 (A 295 (-OH) and 595 u
aldehyde; see chart for NMR data). This oil was dissolved
in MeOH (15 ml), and NaCN (60 mg), acetic acid (few
drops) and MnQ, (1-2 g) added. The mixture was stirred
overnight at room temp, filtered, evaporated and the
residue partitioned with water and ether. Evaporation of
the dried ether extract gave a solid residue (135 mg) which
crystallized from ether-light petroleum to yield methyl
6,7, 8 - trimethoxy - 1 - (3", 4, 5’ - trimethoxyphenyl) - 2 -
hydroxymethyl - trans - 1, 2 - dihydronaphthalene - 3 -
carboxylate (13) (“methyl thomasate dimethyl ether™) as
small needles (55mg), m.p. 118-120° (lit.' m.p.
121-5-122-5%, A 2.88 (-OH) and 5-86 u (ester).
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Conversion of thomasidioic acid dimethyl ester (9) to
thomasic acid (1).

(@) Formation of dibenzyl ether dicarboxylic acid (14).
Freshly distilled benzyl chloride (40 mg) and 9 (100 mg)
were added to a soln of KOH ( 150 mg) in water (1 ml), the
mixture heated under reflux for 5 h, cooled, diluted with
water and extracted with ether. Acidification of the aque-
ous phase with dil HCI precipitated 14 as an oily solid
(120 mg); NMR spectrum (see chart).

(b) Formation of dibenzyl ether diol (15). A soln of 14
(400 mg) in ether (20 ml) was added to a suspension of
LAH (300 mg) in the same solvent (15 ml) at 0°. The mix-
ture was stirred at 0° for 2 h then for a further 1h at
room temp. Work up in the usual way gave the diol (15) as
a solid (220 mg), A (CHCI,) 5-85 u (double bond); NMR
spectrum (see chart).

(c) Formation of dibenzyl ether aldehyde (16). A soln of
15 (150 mg) in ether (12 ml) and hexane (4 ml) was stirred
with MnO, at 0° for 30 min. Evaporation of the solvent
after filtration yielded 16 as a yellow oil (130 mg), A
(CHCI,) 6-00 o (conjugated carbonyl); NMR spectrum
(see chart).

(d) Formation of methyl thomasate dibenzyl ether (17).
A mixture of 16 (100 mg), NaCN (160 mg), AcOH (60 mg)
and MnO:; (11 g) in MeOH (20 ml) was stirred overnight at
room temp, filtered and evaporated. The residue was par-
titioned between water and ether, and the dried ether ex-
tract evaporated to give the methyl ester (17) as a yellow
oil (100 mg), A (CHCL) 5-91 u (conjugated ester); NMR
spectrum (see chart).

(e) Formation of methyl thomasate (18). A soln of 17
(100 mg) in AcOH (20 ml) was stirred with 10% Pd-C (100
mg) under a H, atmosphere (slightly reduced pressure) for
8-11 min (no further observed H, uptake). Methyl thoma-
sate, (18) was obtained, after filtration and solvent re-
moval, as a yellow oil (90 mg), identified by comparison of
IR and NMR spectra of authentic specimen prepared by
methyl esterification of natural thomasic acid.

(f) Formation of thomasic acid (1). 2N KOH (5 ml) was
added to a soln of the crude methyl ester (oil, 90 mg) in
MeOH (5 ml), the mixture heated under reflux for 2 h,
cooled, acidified with dil HC] and extracted with ether to
yield the product as a yellow oil (60 mg). Several crystalli-
zations from water yielded 1 as prisms, m.p. and mixed
m.p. 238-239° (after drying in vacuo over P,O; at 100°).
(Lit.' m.p. 232-234°); NMR spectrum (see chart).

Methyl 7 - hydroxy - 6, 8 - dimethoxy - 1 - (4' - hydroxy -
3,5 - dimethoxyphenyl) - 2 - hydroxymethyl - trans - 1,2 -
dihydronaphthalene - 3 - carboxylate

**Methyl Thomasate™ (18). Conc HCI (1 ml) was added
to a soln of thomasic acid (50 mg, isolated from U.
thomasii), the mixture heated under reflux for 2 h, con-
centrated, diluted with water and extracted with
chloroform. Evaporation of the dried extract gave a red
oil which was crystallized from aqueous MeOH to give
methyl thomasate as ‘“off-white’’ needles, m.p. 229°, A
5-96 (ester) (Found: C, 61-61; H, 6:11. C,,H,,0, requires:
C, 61-87; H, 5-87%).
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r-1H-2¢, 6c¢-Bis-4'-hydroxy-3'-methoxyphenyl)-3, 7-di-
oxabicyclo-[3,3,0]-octane -4,8-dione

*Dehydrodiferulic acid dilactone” (20). Prepared from
19 as previously described, had m.p. 207-211° (lit." m.p.
208—209°), A 557 ” (lactone). NMR spectrum (hexa-

< 2.07. £ NAEA ones ANOa /T _ 1
deitericacetone ) & 3-87s, (6, OMe groups), 4-08d. J =1

Hz) (2, H-1 and §), 5-80d. (J =1 Hz) (2, H-2 and 6) and
6-88-7-13 m. (6, ArH).

Dimethyl 7-hydroxy-6-methoxy-1-(4'-hydroxy-3'-meth -
oxyphenyl )-trans-1, 2-dihydronaphthalene -2, 3-dicarbox -
ylate, (22). Prepared as previously described, had m.p.
205-208° (lit."* m.p. 203-205%), A 5-77 and 5-91 p (esters);
NMR spectrum (see chart). Treatment with pyridine and
Ac,0 in the usuval way gave the diacetate (23) as fine nee-
dles, m.p. 199-201° on crystallization from
chloroform-MeOH.
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