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ATTENUOL—STRUCTURE, STEREOCHEMISTRY AND
SYNTHESISt
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Abstract—A pew lignan, attesnc, isolated from Kaems attenseta (Wall.) Warb,, has beea assigned structure (1) on
the basis of spoctral data. Ligaan (1) and the stereoisomer (4) (2-epiaticauo]) bave been syothesized and the

strecture assigaed to atteouol has beea confirmed.

From the hexane extract of the bark of Knema attennata
(Wall.) Warb. (Family : Myristicaceae), we isolated a new
lignan, attenuol, CisHO:. In a preliminary com-
munication' we had assigned structure (1) for the com-
pound. We wish to report bere full details of this work as
well as the synthesis of 1 and the stereoisomer (4).
Attenuol, in its 'H NMR spectrum (Fig. 1, Table 1),
showed the presence of two secondary C-Me groups, a
meth joxy group and a p-hydroxypbenyl residue.
The "H NMR spectrum and the ’C NMR spectrum (see
experimental for assignments) of atteauol were in
agreement with the structure (1). The presence of a
hydroxy! was coafirmed by the preparation of an acetate
(2) and a methyl ether (3). The mass spectral frag-
meatation’? of attenuol fitted well with the gross struc-
ture (1). The large coupling (J = 9.5 Hz) between C,-H
and C-H in the 'H NMR spectrum of attenuol showed
them to be frans to each other. The ORD'” of attenuol
shows the molecular amplitude (a X 107%) of -347° lead-
ing to the assignment of the stereochemistry 1, 28, 3R
as shown in 1.

L:R=H
16 : R= CHyPh

22:R = CHyPH

Attenuol is the sole example of a 1-aryltetralin lignan
in which the ring C contains only one oxygen substituent.
Its structure as well as relative stereochemistry have
pow been confirmed by the synthesis of 1 and the all-cis
isomer (4) as follows:

Addition of bromine to methyl p-benzyloxycinnamate
followed by alkaline hydrolysis yielded p-ben-
zyloxypbenyl propiotic acid. The acid chioride of the
latter was condessed with frans-3,4-methylenedioxycin-
namyi alcobol to yield the ester (5) and the by-product
(6) arising by addition of hydrogen chloride during the
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Fig 1. 'H NMR spectrum (CDCly, 90MHz) atteosol (1).
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Fig. 2. '"H NMR spectrum (CDCly, 90MHz) 2-epiatienuo (4).

acid chioride formation. The latter (6) gave the chloro-
cinnamic acid (7) on hydrolysis. The ester (5) was cycl-
mdbyhannmenhc:DMFotmmhydndeto
yield by an internal Diels-Alder reaction,™* the 1-aryl-
3 4-dihydronaphthalene lactone (8). Catalytic reduction
of 8 with Raney nickel yielded the all-cis lactone 9 as in
the case of y-apopicropodophyilin.® The benzyloxy
mpnnduwmndocuvecleawdlmubydmm-
tion. A by-product obtained in the reduction was
identified as the carbinol (10) arising by hydrogenation of
the phenolic ring C. Catalytic reduction of 8 with Pd-C
also yielded 9 and none of the ring A-reduced product as
observed with y-apopicropodophyftin.® The Iactone (9)
was rebenzylated to 11 and then reduced with LAH to
yield the diol (12) and a minor by-product (13). Treat-
ment of 12 with p-toluenesulfonyl chloride in pyridine
gave the ditosylate (14) and the ether (15). The former
was hydrogenolysed by LAH to yield the benzyl ether
(16). Catalytic debeazylation of 16 yielded 2-epiatteauo!
(4) which was different from atteauo! in its IR and NMR

spectra.
Whereas benzylation of the lactooe (9) with benzyl
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Attenuol—structure, stereochemistry and synthesis
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9:R=H

Nn:R= CHyPh
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chloride and K CO, in acetone yielded the all-cis lactone
(ll).mpheementolwe(ooebyEtOHmuhedmpuml
epimerisation at C,. The desired trans, fraas-stereo-
chemistry was best achieved by treatment of 11 with
NaOAc in EtOH which resulted in compiete epimerisa-
tion at C; followed by opening of the lactone in the
product®™® 1o give a mixture of the lactone (17) and the
hydroxyester (18). The IR of the cis-lactone (11) shows
the carbonyl peak at »1745cm™' whereas the trans-
Iactone sbom the peak at a higher frequency®’
»IT0cm™ mC,-Hmthehydroxym(lt)lpmn
in the NMR spectrum as a doublet at 8 4.21 (J = 11 Hz)
by trans-diaxial coupling with C~H. Reduction of 18
with LAH yielded the diol (19) which, with p-
toluenesulfonyl chloride, gave the ditosylate (20) and the
cyclic ether (21). Reduction of 20 with LAH gave the
dimethy! compound (22) which, on debenzylation, gave
the racemic pheno! (1), identical with natural attenuol in
its IR (in CH,CL,) and NMR (in CDCl,) spectra. This
synthesis confirms the structure (1) and the trans, trans-
stereochemistry assigned earlier (o attenuol.

The NMR spectra of attenuol, its derivatives and the
synthetic compounds are presented in Table 1.

The NMR spectra of attenuol (1) and 2-epiattenuol (4)
(Figs. 1 and 2) show significant differences in the chem-
ical shifts of He, H,, C-methyls and the methylenedioxy
groups. The conformation of attenuol (1) is best
explained as shown in Fig. 3, the three substituents on
ring B being pscudoequatorial. The pendant ring C which
is orthogonal to ring B shields H, which appears at 8 6.12

as compared to Hs which appears at 8 6.52. Ring C also
shields the methyl on C, which appears at 8 0.85 as
compared to the Cy-methyl at 8§ 1.05. H, is axial and
coupled with the axial H, and appears as a doublet at 8 3.39
(J=9.5Hz). The methylenedioxy group appears as a
singlet. A very similar picture is seen in the acetate (2), the
methyl ether (3), and the beazyl ether (22). The methy-
leoednoxymuawetmcomndﬂ‘l 18 and 21
which afl have the trans, trans

In comparison, 2-epi-attenuol (4) shows H.lt66.43
which is close to H; (8 6.56) signifying tack of
by ring C. H,ocamuulomldd,64l9(d.1-
4.4 Hz), indicating that it is with a
H-C-CrH dibedral angle of about 55°. The methy-



CHz‘ph
19:X=0H
20:X=0Ts

Ienedioxy growp appears as a quartet (J = 1.4 Hz) due to
non-equvﬂonoe cansed by the influence of the pseu-
dounlm These factors favour the conformation
shown in F&. mtheuylnndcrmlhylm
being mCruthylhmMom
as a doublet at 3 0.58. The doublet at the normal value of
alﬁskmdwthecrmuhyl.‘muehvcbwum

group is bmduC:.C.Wbathcma
C..Cy mlytheywnanndu.'l‘he

the methylesedioxy group at Ce, C
hshovevabwnobnuvedmdmxypodopbyioﬁom

(23) in the presence dbm"huwmu
hmnbothe Cis
!neoq:omds 11, B.u.ls:ndliwhchalhve

theds.cis-amochmttry Hs and Hy occur cloee to
other and the yleoedioxy.mamqul

Fg 4
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H3CO OCH,

CH,
23

EXPERIMENTAL

M.ps are wacorrected. UV aad IR spectra were recorded on
Bocksme DK-2A and Perkin-Elaer 421
respectively. NMR spectra were run 0w Variao A-60 aad Bruker
WH-S0 instrumests. Mass spectrs were determined os an Atlas
Varisa Mat CH-7 spectrometer. ORD aad CD messurements
were carried ot oa Jasco J-20 spectropolarimeter.

Tsoletion of sttensol (1)

Powdered bark of Knema attensate (coliecied at Agwesbe)
(14 kp) was extracted with hexase (2 x 201) and conceetrated to
2 small volume. The solid thet separnted, on crystallisation from
CHCly-bexaoe sfiorded colouriess acedies (150 mg) m.p. 160-
161°. (Found: C, 76.8. H, 72 C,HyO requires: C, 77.0: H,
68%); (a)p® -~ 205" (c. 1.16, CHCY); ORD (c 0.11, EtOH),
S~ [0hes—11910°, [dhm+22.760°, [éhue+ 148",
[Ohn+3611°, [Phu+ 1874, [$lne+36,17% CD (c 0.1,
EtOH), (0} 0. [0~ 25,190, [0)ps+ 11,600, [0+ 2546,
[0hs + 12050, (0], — 26,250, [0hse + S0.960; AZSH 223 (sh),
287, 294 (sh) om (log ¢ 4.16, 3.69, 3.63); »52¢ 3410, 2970, 2095,
1600, 1490, 1450, 1360, 1290, 1230, 1238, 1190, 1158, 1038, 970,
942, 958, §78, mmmw 0. 155 cm™"; 'H NMR (CDCly)
(Table 1); "CNMR (in ppm ia CDCY at 25.155 MHz vs tetrs-
methylslane; anignments are testative), Cia 53.1 () G, Co,
143.5, 1453 (s); Cy1, 1390 (5); Cien 1338 (8); Cyp, Cioe 1305 (d);
Ca 130.1 {8); Cyy, Cis, 115.2 (d); Cs, 109.7 (d); Cy, 1076 (d): Cy,
100.4 (1); Cy, 54.1 (d): C,, 440 (d); Cy, 395 (d); Co 355 (1): Coe
Ca 198, 17.1 (g oach). Mass spoctrem, e (%), 296 (M°, 100,
3;(!5).239(93),&3(50). 210 (60), 181 (30), 165 (18), 153 (20),
152 25).
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The bark was furtber extracted with MoOH (2 x 15 1) which oa

xane Lo
n.p. ll&lll’(?md C.745:;
H, 6.6%); »23% 1764, 1235, 1220, 1198, 1038, .
mde(ﬁ).l”(ll’ T2), 296 (72), 266 (3), 254 (3), 240
(69), 239 (60), 223 (100), 210 (48), 202 (21), 167 (27), 165 (18),
(12), 152 (12).

Sz
E
%
!
g

-—
el
-

A mixture of p-benzyloxybenzaldehyde (32g), malomic acid
mammmwwammmwn

UeOHtoytddthem-ad(}lg).np 208-209", M* 254,
pupued benzyiatioa of p-hydroxycinaamic acid, is
reported” to have m.p. 210-213°.

26.0; H, 6.2. C,;H 0, requires: C, 76.1; H, 6.0%).

Methyl a, p-dibromo--p-benzyloxyphenyl propionats

A soln of Br, (23) in CHCly (80 i) was added to a stirred,
ice-cooled soln of the above ester (32g) ia CHCI, (300 ml). The
solo was stirred for | b more, cvaporasted in secwo and the
m«wmmmny&um&m
ester (39g), m.p. 121-122°. (Pound: C, 41.7; H, 3.9. CsH(Br
requires: C, 41.7; H, 3.8%).

p-Benzyloxphenyl propiotic acid

A soln of the above ester (39 g) and KOH (24 g) in 95% E2OH
(200 ml) was reftuxed with stirring for 6 b and cooled. The K salt
that separsted was filtered, dissolved ia 1:1 aq MeOH aad
acidified at 10-15° with cold 20% H,SO, The solid was filtered
aad crystaliised from aq. EtOH 10 yield the propiolic acid (12 g),
m.p. 158-160° (Fownd: C, 76.2; H, 5.1. C1¢H 10, requires: C, 76.2;
H, 4.5%); »23%* 2220, 1700, 1660, 1620cm™".

Trans-3 4-methylenedioxycinnemyl alcohol

The alcobol was prepared by reduction’’ of methyl 3 4-methy-
Jeacdioxycinmamate with LAH at —15° t0 —3°. The purity of the
product, m.p. 70-72°, was checked by mass (M° 178) aad NMR
spoctra.

34-Methylonodioxycinnamyl r-bauybmbaﬂrmﬂobu(n
p-Benzyloxypheoyl propiolic acid (S g) was stirred at 30° for
thﬂSOCl,(SnnDryC.H. dddndm.d
solvent evaporated in secwo. The residue C.H.(lmnl)m
refuxed for Sh with trans-3,4-methylenediox y‘ldcobol
(u)udPyOnl).Tbcwhmlhmd remove m
material, washed (d8 HCl, H,O, di NaHCO,), dried and
evaporated in secao. The residue was over

silica gol io CH,Cly-bexase 1o yield the ester (5) (6.4 g) as a gum,
CHICh 2200, 1705 cm~'. Mass spectrum: m/e 412 (M*). The later

B. S. Josmu e ol

fractions ia the chromatography yielded the S-chiorociamemate
(6) (0.7 g), m.p. 96-98° (from CH,Cl-ether) (Found: C, .1; H,
5.1; Cl, 76 CxuliyC1 Os requires: C, 6.6; H, 4.7; C1, 79%);
U 1720 con ', Mass spectram, me (%), 414 (M*-HC, 10), 357
(10), 288 (1%), 271 (100). NMR (CDCk), & 585 (2H, s,
-O.CH,.0-), 5.77 (2H, 4, ] = S Hz, C=<CH-CH0), 5.05 (2H, s,
-0.CH,.Ph).

Mild hydrolysis of the cster (6) with KOH yielded the acid (7),
m.p. 196-198° (from E:OH) (Fowad: C, 66.5; H, 4.9. C,(H,yC10,
requires: C, 66.6; H, 4.5%). Mass spoctrum, m/e (%), 290 (M*33)
288 (M* 90), 208 (100).

14p-Benzyloxyphenyl)-3 A-dik ydro-3-hydroxymethyl 6,1-
mathyiene-dioxynephtheione-2-carboxylic acid lectone (8)
(2) A soln of the crude ester (5) (Bg) in DMF (450 ml) was

(Fousd: C, 75.9: R, $5.1. CxHyOs requires; C, 75.7; H, 4.9%); .
»Z% 1735 cn™". Mass spoctrum, mie (%), 412 (M°, 100), 321 (38),
2T (15), 263 (18), 247 (35), 219 (20
(b)A.ohd!(‘;)hAc,O(m:anlall.
cooled and pou'do- (320g). The sola was cvaporated in
vacwo, the residee takeo wp in CH,Cl,, washed (NaHCO, aq),
wuwmm over

(p-hydroxyphenyl)
mm-l.u.t-mum 2. my&'
»

10 yield the lactone (11) 2g), m.p. 183-185° (Fowad: C, 749; H,
56. CuHnOs roquires: C, 75.3; H, 5.4%); ram 1740cm™'. Mass
spectrum, mie (%), 414 (M°, 100), 342 (15), 323 (30), 29 32).

Cis, cis - | - (p-bemzplaxyphenyl) - 23 - bi-hﬂmy-dﬂ 67-
Mxy 1234 -
Anholthcm(ll)(lohtymﬂiod)wwm
LAH (1.5g) in THF (30 mi) at 15-20°. The sola was stirred st
room temp. for 3b and decomposed with BtOAc followed by -
saturated aq NHCL The soln was extracted with CH,Cl, and the

(12) (0.68) as a gum, homogenous by tic. Mass spectrem, sWe
(%), 418 (M*, 1009, 400 (), 369 (42), 309 (52), 39 (89), 1

a3
<
=



(40 mg), m.p. 252-254" (from acetome) (Fousd: C, 6-3; H, 63.
CnH Oy roquires: C, 69.5; H, 6.1%). Mass spectram me (%),
328 (M°, 90), 310 (25), 293 (12), 279 (108), 265 (14), 252 (%), 299
(85), 223 (36), 210 (39), 173 (40).

wdu(mmwﬂm

(15) (03g), m.p. 145-147 (from CH,Cl,-MeOH)
(Fouad: C, T7.8; H, 6.3. CyH/0, roquires: C, 78.0; H, 6.0%).
Mass spectrum, mie (%), 400 (M°, 100), 369 (10), 343 (12), 309
(N).Bl(U).m(“).

later fractions in the chrometography yielded the ditosyl-
14) (150 mg), m.p. 163-165* (from CH,Cl,-MeOH) (Fouad:
H, 5.3. CHi300S; requires: C, 66.1; H, 5.3%).

lk(
C.66.2;

Cis, cis - 1- (p-benxyloxyphenyl) - 23 - dimethyl- 6.7 - methy-
- 1,234 - tetrakydronsphthaiene (16)

A sols of (16 (125 mg) i dry THF (10 mi) was added dropwise
10 a stirved suspeasion of LAH (200 mg) ia THF (5 mi). The sola
was refiuxod for 3 b, cooled and with moist cther.
The other sola was washed (dl NaHCO,, H;O), dried asad
evaporsiod. The resideal gum was chromatographed over silica
pol ia CHobhexane (1:1). The carfier fractioas yisided the
dimothyl derivative (16) (35 mg), m.p. 121-122° (from CH,Clr
McOH). Mass spectrum, mie (%), 386 (M*, 60), 240 (16), 29
(100), 223 (10), 211 (12), 202 (25), 187 (12), 181 (11), 153 (20).

E

2-Epiattensol (6)

A sola of (16) (25 mg) in MeOH (8ml) was shaken at room
temp. with H; at atm pr in preseace of 10% Pd-C catalyst (S0 mg)
for 45 min. The soln was fltered from the catalyst, evaporated
aad the product crystalised from CHCly-bexase to yiold 2-
epiatteanol (4) (15 mg), m.p. 155-156°. Mass spectrum, m/e (%),
296 (M°, T2), 240 (80), 239 (160), 223 (50), 210 (80), 182 (40), 181
(35), 165 (39), 153 (42), 152 (52).

Trans, traas - | - (p-benryloxyphenyl) - 3 - hy‘mn-dyl 67-
mathylenedioxy - 1234 - tatrehydronaphthelane - 2 - carboxylic
odllaaou(mﬂmm- athyl - | - (p-bemryloxphenyl) -

- hydroxymaethyl - 6,7 - methylonedioxy - 1,234 - tetrahydro-
w 2 -carboxyiste (18)

A sola of the lactome (11) (1 p) in EtOH (400 mi) was refluxed
for 48h with ambydrous NaQOAc (5g). The solvest wms
evaponated, H,O added and the sola extracted with CH,Cl,. The
product was chromatographed over silica gol in CHobexane
(1:1). The eartior fractions yielded the lactoac (17) (70 mg), m.p.
198-201° (from CH Cl-hexane) (Fowad: C, 75.4; H, 3.6. CoHgOs
requires: C, 75.3; H, 5.4%); 52 1770 cm™". Mass spectrom, sWe
(%), 414 (M°, 100), 342 (10), 324 (40), 323 (30), 239 (38). The later
ﬁmmmumym(m(mw.um-lw
(from CH,Cly-hoxase) (Fowsd: C, 73.1; H, 64. CpHyO,
requires: C, 73.0; H, 6.1%); »22 3420, 170cm™". Mass spec-
tram, m/e (%), 460 (M*, 10), 414 (100), 324 (38), 239 (55).

A soln of the hydroxyester (18) (450 mg) in dry ether (50 mi)
mn&dbu}{(loimmd),uind'nm-npp.la

418 (M°, 100), dl)'(IO). 3 (33), 2 (IS). 328 (20), 309 (40), 279

(p-bemzylaxyphenyl) - 23 - dimethyl - 6.7 -
Mﬂac-‘oxy-l.z,i.l-wtﬂm ()
A sola (250 mg) in dry pyridine (10 mi) was
st room temp foc 24 h. Workup
ditosylate (20) as a gum (220 mg) coe-
(z|)numre¢mdmuﬂ(ozo
in refluxing etber (30 mi) for 3h. The product was chromato-
in CdHe-bexane (1:1). The eartier frac-
tioas yielded the dimethy! compound (22) (55 mg), m.p. 100-101°
from MoOH). (RFound: C, 80.6; H, 7.2. CyH 0, requires: C, 80.8;
. Mass spectrum, mie (%), 386 (M", 100), 239 (65), 202
(18), 184 (22), 181 (20), 165 (15), 153 (25). The later
fractions yielded the ether (1) (45 mg), mp. 160-162°, (from
CHClr-MeOH) (Found: C, 77.8; H, 6.3. CyHyO, requires: C,
78.0; H, 6.0%). Mass spectrum, m/e (%), 400 (M°, 100), 186 (22).

d-Attennol (1)

A sola of (22) (25 mg) io MeOH (10 mi) was shaken with %
P4-C catalyst in H; ot atm pr to yield di-atteswol (1) (15 mg),
mp. 165-166° (from CH,Clr-bexane) (Found: C, 76.7; H, 7.1.
CH O, requires: C, 77.0; H, 6.8%) Mass spectrum, s/e (%),
296 (M*, 90), 240 (85), 239 (100), 223 (50), 210 (70), 181 (37), 165
Q). 153 (26), 152 (32). It was idestical with aatural attesvol in IR
(ia CH,Ch)) and NMR (in CDCl,) spectra.
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