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Phenolic Compounds in Living Tissues of Woods VIIL.*
Olivil from the sapwood of yachidamo
Fraxinus mandshurica RUPR. var. japonica MAXIM.**
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Abstract

The compound SE-1, which had been isolated from the sapwood of yachidamo
(Fraxinus mandshurica RUPR. var. japonica MAXIM.) together with (%) -syringaresinol (I)
and fraxinol (II), was identified to be olivil (III) by *H-NMR and MS spectroscopies.

The specific rotation of the compound SE-1 was (a)p, —56.0° and that of an authentic
olivil given by Dr. Ayres was (aJp —38.0°. They were not exactly same even though
measured in the same condition. However, the values were similar each other.

Since SE-1 (olivil) was not detected in the heartwood, it might convert into other
compounds such as cycloolivil (VIII) during the heartwood formation.
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1. Introduction

In the previous work?, three phenolic compounds SE-1, SE-2 and SE-3 were isolated
from the sapwood extractives of yachidamo (Fraxinus mandshurica RUPR. var. japonica
MAXIM.) and the latter two compounds were identified to be (+) — syringaresinol (I) and
fraxinol (II), respectively. One of them SE-1 has not been ascertained to date although it
was characterized as a lignan.

This paper deals with the structural elucidation of the compound SE-1 by 'H-NMR and
MS spectroscopies.

2. Results

2.1 Structure of the compound SE-1 (olivil)

The molecular ion peak of SE-1 in the high mass spectrum appears at m/z 376.2534
and it attributes the formula C; H,,0, (Teble 1). However, the calculated elementary
composition was rather different from that of the found (See 5.2.1). The cause of the
difference was clarified by its 'H-NMR spectrum. The 'H-NMR spectrum of SE-1 (in d;-
DMSO) showed two signals (at ¢ 1.05 and 3.60) originated from a mole of ethanol. The
ethanol was contained as solvent of crystallization in the compound SE-1. Considering the
above result, the elementary compositions of the calculated and of the found ones well
coincided with each other.

Methylation of SE-1 with diazomethane (CH,N,) gave a dimethyl ether (V) and
methylation with dimethyl sulfate gave a tetramethyl ether (VI). This indicates that SE-
1 has four hydroxyl groups and two of them are phenolic or enolic hydroxyl groups and the
other two are alcoholic hydroxyl groups.

Acetylation of SE-1 with pyridine and acetic anhydride at 55 + 2°C for 8 hr yielded a
tetraacetate (IV). Fig. 1 shows the '"H-NMR spectrum of SE-1 tetraacetate (IV). It shows
the existence of methyl protons of the tertiary alcohlic acetoxyl group at & 1.80 in addition
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Table1l. High mass spectral data of olivil (SE-1, III)

OBSD. CALCD. ERROR FORMULA INT.

m/z 376.1534 1522 +1.2 CaoHaO, 0% M*
303.0546 0504 +4.1 CieHuiOs 2
239.0934 0919 +1.4 CioHisOs 34
238.0868 0841 +2.6 CuaHOs 3%
221.0829 0813 +1.5 CieHusOs u
209.0825 0813 +1.1 CuHiO, 32
208.0729 0735 ~0.5 CuuHuO. 2
207.0685 0657 +2.8 CuHuO, 2
181.0857 0864 ~0.6 CioHisOx 27
180.0778 0786 ~0.8 CioH1:0s 38
165.0725 0759 ~3.3 CuHuO; 4
153.0517 0551 ~3.4 CoHOs 54
151.0380 0395 —1.4 CH,0, 50
139.0723 0759 -3.5 CeH..0, o
138.0663 0680 ~1.7 CyHuO: 63
137.0594 0602 —0.8 CeHLO; 58

to those of the primary alcoholic acetoxyl group at § 2.05. The signal at & 2.29 are those
of two phenolic acetoxyl groups. These data support the assumption on the hydroxyl
groups obtained in methylation of SE-1 as described above.

Two singlets at ¢ 3.79 and 3.82 indicate that SE-1 has two aromatic methoxyl groups.
The singlet at ¢ 2.29 derives from six protons of two phenolic acetoxyl groups. The
multiplet in the region & 7.15-6.58 corresponds to six protons of the two aromatic nuclei.
The fragment ion of SE-1 at m/z 137 in its mass spectrum is originating from the
hydroxymethoxybenzy! group (Table 1). Oxidation of the SE-1 dimethyl ether (V) with
permanganate yielded veratric acid (VII). These data of spectroscopies and degradation
indicated that SE-1 has two guaiacyl nuclei.

The subtraction of two guaiacyl groups C,,H,,O, from the molecular formula
C0H..0; of SE-1 gives the C;H,,0; moiety. It is evident from the NMR spectrum (Fig. 1)
that two of the three oxygen atoms in the partial structure C4H,,0s are of those of the
primary and the tertiary alcoholic hydroxyl groups. The residual one oxygen is con-
sidered to be alloted for one ether linkage since the IR spectrum of SE-1 showed no
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Fig.1. 'H-NMR spectrum of SE-1 (olivil) tetraacetate (IV) in CDCl,.
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Fig. 2. Mass spectrum of SE-1 (olivil) tetramethyl ether (VI) and its
main fragment ions.

absorption bands of ketone and aldehyde, and the index of hydrogen deficiency is one for
the partial structure C4H,,0;. Pinkish red color reaction with diazotized sulfanilic acid
(DSA) implyed the absence of benzyl alcohol group? The doublet at 6 4.82 (J =7.5 Hz)
is integrated as one proton (Fig. 1.) and could be attributed to the hydrogen on the benzyl
carbon atom of the benzyl ether group judging from its chemical shift. Since this peak is
AB doublet (J =7.2 Hz), the adjacent C8 must substitute only one hydrogen. The singlet
at ¢ 2.95 is equivalent to two protons corresponding to benzyl methylene group of «’-
carbon atom. The adjacent g’-carbon atom must contain no protons because the signal of
C a’ at ¢ 2.95 is singlet. These spectral data suggest that the tertiary alcoholic hydroxyl
group inevitably locates of the C 8. The multiplets in the region ¢ 4.5-4.2 were corres-
ponding to four protons of two methylenes of v and y’ carbon atoms. It presumes that one
oxygen of the posturated ether linkage is alloted to a tetrahydrofuran ring which links Ca
and Cy’ of two CsC; units as a lignan. From these spectral data, the structure of the
compound SE-1 is supposed to have the structure III. The structure III is same as that
of olivil, of which structure was revised by M. SMITH ?

Fig. 2 shows the mass spectrum of SE-1 tetramethyl ether (VI) and its main fragmen-
tation ions. The fragment ions of m/z 267, 237 and 222 support the above structure III
indicating strongly that the tertiary alcoholic hydroxyl group locates at CA. The
fragment ions of m/z 191, 181, 166, 165, and 151 are assigned to the fragments containing
veratryl pendant groups. Table 2 shows high mass spectral data of SE-1 tetramethyl ether
VD).

The physical and chemical properties of SE-1 were all same as those of olivil report-
ed** and of the authentic specimen given by Dr. D.C. AYRES except the specific rotation as
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Table 2. High mass spectral data of olivil (SE-1) tetramethyl ether (VI)
OBSD. CALCD. ERROR FORMULA INT.
m/z 432.2133 .2089 —1.4 C..H;.0, 31% M*
267.1250 1232 +1.8 C1.H,40s 26
237.1189 .1126 +1.3 CsH,,0, 27
224.1052 .1048 +0.3 Ci.H,60, 26
222.0888 .0892 -0.3 C..H,,0, 30
208.1077 .1099 —2.2 Ci2H,60,4 33
206.0926 .0942 -1.6 Ci.H,,0, 34
191.1085 .1073 +1.3 Ci.H,s0. 35
190.0990 .0993 —-0.2 C:2H,.0, 27
181.0857 .0864 —0.6 CioH;50, 41
179.0712 .0708 +0.4 Ci0H1,0, 10
166.0963 .0993 -2.9 CioH1.O, 50
165.0990 .0915 —1.4 CioH120, 49
147.0448 .0446 +0.2 C,H,0, 40
138.0646 .0680 —3.4 CsH,,0, 46
137.0598 .0602 —0.4 C:H,0, 55
Table 3. Specific rotations of the compound SE-1 and olivil
Compound Specific rotation Reference
SE-1 [a] D —37.5 (C=1.0, in acetone) M. TERAZAWA ¢t al.?
SE-1 [a] D —56.0" (C=0.5, in H,0) in this work
Olivil [«a] D —38.0° (C=0.5, in H,0) in this work
Olivil (] D —127.0° (in H,0) D. C. AYRES et al®
Olivil [«] D —35.5° (C=1.0, in MeOH) G. KUDO et al.'®

described in 2.2.
SE-1 (IIT) was converted into cycloolivil (VIII) by the method reported.®

2.2 Specific rotation of the compound SE-1
The specific rotations of the compound SE-1 and olivil are shown in Table 3.
Although the reported optical rotation of olivil is (a)p, —127° (in H,0)® those of the
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compound SE-1 and an authentic olivil given by Dr. AYRES are (a)p —56.0° (¢c=0.5 in H,0)
and (a)p —38.0° (¢=0.5 in H,0), respectively. The SE-1 has the specific rotation (a)p —
37.5° in acetone. The specific rotation is influenced by the solvent used.

3. Discussion

3.1 Olivil
Olivil was isolated from Olea europeae L. in 1833%, but its structure was not determined
for a long time until B.L. VANZETTI® offered the structure (IX) for it. The structure (IX)
was used for olivil even after G. TRAVERSO” had proposed two possible revised structures
(I1T) and (X) for it. Although K. FREUDENBERG and K. WEINGES® adopted the structure
(X) for olivil, the structure (III) was finally established by M. SMITH® based on the NMR
spectral data : from the 'H-NMR spectral data of olivil dimethyl ether (V), a doublet at »
5.25 (¢ 4.75, ] =7.5 Hz, in CDCl;) was satisfied only by the structure (III) .
As described in 2.1 in detail, the assignment of the doublet at & 4.82 (J =7.5 Hz) of SE-
1 (olivil) tetraacetate (IV) is the key point to elucidate its structure. The data on the mass
fragmentation of SE-1 (olivil) tetramethy! ether (VI) support the structure III of olivil.
D.C. AYRES and S.E. MHASALKER" confirmed the revised structure of olivil as (I) from
the behavior of optical rotatory dispersion of the diacetate of dimethyl-a-apocycloolivil
(XI), which was derived from the olivil dimethyl ether (V). The structure of olivil as (III)
is now widely accepted.
3.2 Specific rotation of SE-1
Specific rotations of the compound SE-1 and olivil are not exactly same even though
they were measured in the same condition and are different from that of olivil reported?
Although the discrepancy in the specific rotations of the compound SE-1 and the authentic

Chart B
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olivil is not essential to their structures, it may rise a problm whether or not the co-
occurrence of the optical isomer of olivil ((+)-olivil) reduces the levorotatory of the
compound SE-1 ((—)-olivil).

The co-occurrence of optical active lignans ((+)-pinoresinol'® and (—)-olivil) and
optically inactive lignan ((+)-syringaresinol) in yachidamo™ is very interesting.

3.3 Phenolic compounds in yachidamo

M. TERAZAWA el al have isolated many glycosides of coumarins® arylethanols'?, 4-
hydroxycinnamyl alcohols'?, secoiridoids'® and lignans'® from the inner bark of yachi-
damo.

Since most of phenolic compounds occur generally as glycosides in the inner bark, the
compound SE-1 found in the sapwood may also exist as glucoside in the inner bark of
yachidamo. Olivil monoglucoside was isolated from the inner bark of Ligstrum japonicum
THUNB. (Oleaceae) by KUDO et al recently®

As mentioned before, the compound SE-1 (olivil) was not detected in the heartwood
extractives by PPC and TLC, it might have converted into some other compounds such as
cycloolivil (VIII) during heartwood formation.

Yachidamo is known as one of trees which has wet heartwood in dark brown color'®
The phenolic compounds in the sapwood might be involved in the discoloration of the wood
during the heartwood fromation although the mechanism of the formation of wet heart-
wood is yet unknown.

4. Conclusion

The one of the three compounds isolated from the sapwood of yachidamo (Fraxinus
mandshurica RUPR. var. Japonica MAXIM.) was identified to be olivil (III) by *H-NMR and
MS spectroscopies.

Specific rotations of the compound SE-1 were (a)p, —37.5° (c=1.0 in acetone)?,

(@)p —56.0° (c=0.5 in H,0), although that of an authentic olivil was (a)p —38.0° (c=0.5
in H;0).

Since olivil was not detected in the heartwood extractives, in might have converted
into the other compounds such as cycloolivil (VIII) during the heartwood fromation of the
wood of yachidamo.

5. Experimental

5.1 Isolation of the compound SE-1 (olivil)

The compound SE-1 (olivil, III) was isolated as described in the previous paper? from
the sapwood extractives of yachidamo (Fraxinus mandshurica RUPR. var. japonica
MAXIM.).

The conditions for TLC : Wako-gel B-10, 250 zm thickness ; developing solvents: SG
-III: toluene, formic acid, ethyl formate/5: 1: 4 (v/v)? The conditions for PPC: Toyo
Roshi No. 51 (15x60 cm). Developing solvent : G-I: xylene: dimethylformamide/9:1 v/v"
The conditions for HLC : Hitachi 635 HLC. Column: 8 x 500 mm, gel: Hitachi gel # 3011.
Solvent : 95% EtOH, flow rate: 1.0 ml/min.
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5.2 Physico-chemical properties of SE-1 and its derivatives

The instruments used for analyses were same as those described in the other
papers®~'® except a JMS-01SG-02 for high MS and a Hitachi R-24 for 90 MHz NMR
spectroscopies. Melting points were not corrected.

5.2.1 SE-1 (olivil, III): Mp 112-114°C (recrystallized from 96% EtOH, Ref*. 118-120
°C from MeQH), 136-138°C (recrystallized from H,0O, lost crystalline water during 80-100°
C). TLC (SG-III) R, 0.22. PPC (G-I) Ry 0.14. (a)p —37.5 (c=1.0 in acetone), (alp
—56.0° (c=0.5in H,0). (An authentic olivil (&), —38.0° (¢=0.5 in H,0)). Pinkish red
with DSA. Amnal. Calcd. for Co0H.,0;: C, 63.83; H, 7. 16 and for C;,H.,0O,. EtOH : C, 62.
54; H, 7.16. Found: C, 62.50; H, 7.10 (the sample recrystallized from ethanol). MS
m/z . 376.1534 (M*, int. 40%), Calcd. for C,,H,,0; M=376.1522, measured by a JMS-
01SG-2. Other fragments: see Table 1. UV A 5%F nm (log &): 232 (3.28), 282 (2.85);
A EtOH-0.1NNaOH pyy (Jogr £) : 354 (3.40), 296 (2.95). IR v B¢ cm™': 3380, 3360 (OH), 2950-2850
(CH), 3080, 3020, 1620, 1610, 1510 (Ph), 1470, 1440. 'H-NMR (10% in d;-DMSO, 60 MHz)
¢ ppm: 8.62 (s., 1H ph-OH), 8.49 (s., 1H ph-OH), 7.02-6.50 (., 6H, aromatic), 4.60 (d., J =
6.5 Hz, 1H, overlapped partially by signal of OH at 4.53), 4.35 (m., 2H. -CH,-), 3.60 (., J =
6.3 Hz, 2H, methylene proton of ethanol as solvent of crystallization), 3.65-3.20 (m., -CH,
- and g-methine protons), 3.72 (s., 6H, two Ar-OCH;), 2.79 (s., 2H, «’-methylene protons),
2.49 (m., CD,HSOCD,), 1.05 (¢., J=6.3 Hz, 3H, methyl proton of ethanol as solvent of
crystallization). This spectrum was changed by dilution with two drops of D,O as follows :
7.15-6.60 (., 6H, aromatic), 4.64 (d., ] =7.2 Hz, 1H, a-proton), 3.75-3.30 (m., 5H, over-
lapping of -CH,- of ethanol, /=6.3 Hz, -CH,-, and 8-methine protons), 2.85 (s., 2H, a’-
protons), 2.60 (m., CD,HSOCD), and 1.10 (¢., 3H of ethanol, J =5.3 Hz).

5.2.2 SE-1 tetraacetate (IV): olivil (III) was treated with pyridine and acetic
anhydride at 55+2°C for 8 hr and a tetraacetate was obtained as amorphous, but pure on
TLC, R; 0.43 (SG-III). Anal. Caled. for Cp;sHs04,: C, 61.31; H, 5.84. Found: C,
61.42; H,5.93. IR B cm™': 1760, 1730. 'H-NMR (40mg in 0.5 ml CDCl;) é ppm: 7.15
-6.58 (m., 6H, aromatic), 4.82 (d., J =7.27 Hz 1H, a-methine), 4.56-4.34 (m., 2H, y-methy-
lene), 4.2-3.9 (m., 2H, y’-methylene), 3.82 (s., 3H, ArOCH,). 3.78 (s., 3H, ArOCH;), 2.96 (s.,
2H, o’ -methylene), 2.29 (s., 6H, two ArOCOCH,), 2.05 (s., 3H, primary alc-COCH;,), 1.80 (s.,
3H, tertiary alc-COCH;). MS m/z: 544 (M*), 502 (M* —42), 484 (M*—42—18), 442 (M* —
42x2-18x2), 332 (M*—42x2—18x3), 246, 222, 1888, 150, 136.

5.2.3 SE-1 dimethyl ether (V): olivil(Ill) was treated with CH,N,. The crude
methyl ether was purified by HLC. Mp 154-155°C (Ref*. 156°C). Anal. Calcd. for C;2Hs
O,: C, 65.33; H, 698. Found: C. 65.37; H, 7.80. MS m/z: 404. 1855 (M*, int. 10%,
Calcd. 404. 1835). MS m/z: 404 (M*), 386, 355, 253,239, 235, 223, 194 177, 167, 165, 151,
137. 'H-NMR (40mg in ds-DMSO) ¢ ppm : 7.20-6.79 (m., 6H, aromatic), 4.75 (d., ] =7.2 Hz,
1H, a-methine), 3.9-3.4, (m., 4H, y-and y'-methylenes), 2.30 (m.,1H, a-methine), 2.0 (m.,
CD,HSOCD,), 3.5 (OH). Peak of hydroxyl group at ¢ 3.5 and 2.72 disappeared by D,O
dilution and multiplet at ¢ 2.98 changed to a doublet at 6 3.0 (J=7.2 Hz). The other
signals were not changed.

5.2.4 SE-1 tetramethyl ether (VI): Olivil (IIl) was treated with dimethyl sulfate and
potassium hydroxide aq. Mp 143-146°C. Amnal. Calcd. for C, Hs3,04, :C, 66.6; H, 7.46.
Found : C, 65.93; H, 7.62. MS m/z: 432.2133 (M*, int. 31%, Calcd. as C;H;,01 M=
432.2089). The other fragments: see Table 2. 'H-NMR(40mg in 0.5 ml ds-acetone, 90
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MHz, by a Hitachi R-22) ¢ ppm: 6.85-6.50 (m., 6H, aromatic), 4.42 (d., ] =7.2 Hz, 1H, «-
methine), 3.6-3.1 (m., 4H, y-and y’-methylenes and 12H, four ArOCH,), 2.68 (m., 2H, a’-
methylece), 2.95 (m., 8-methine), 1.7 (m., CD.HSOCD;).

5.2.5 Cycloolivil dimethyl ether (VIII): Olivil demethylether (V) was treated with
boron trifluoride etherate and sodium borohydride by the same method reported by D.C.
AYRESY and a compound was obtained. 181-182°C (Ref¥. MP 180-181°C). Anal.
Caled. for C;H3,0,,: C,65.99; H, 6.04. Found : C, 65.87, H, 6.11. IR v X5t cm~': 3300,
3200 (OH), 2850-2950 (CH), 1605, 1590, 1510, (Ph), 1465, 1450, 1415, 1400, 1350, 1315, 1300, 1260,
1250, 1230, 1210, 1190, 1150, 1140, 1120, 1110, 1095, 1080, 1030, 1020, 985, 950, 925, 870, 855.

5.2.6 Permanganate oxidation of SE-1 dimethyl ether: Veratric acid (VII): Olivil
dimethyl ether (V) was treated with potassium permanganate and sodium hydroxide aq.,
and then degradation product was extracted with diethyl ether after acidification with dil.
H,SO,. Veratric acid (VII) was obtained as colorless crystals. Mp 195-197°C. Anal.
Calcd. for CoH,,0, (M=200): C, 59.33; H,5.33. Found: C,59.40; H,5.28. TLC: R,
0.82 (SG-III).
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Olivil from the sapwood of Fraximus mandshurica (TERAZAWA + SASAYA) 813

= 3]

7% (Fraxinus mandshurica RUPR. var. japoniica MAXIM) 047 & MM = 17>
3ENT x /—)VESr SE-1, SE-2,SE-3 7m0 ) &, % 2 #i3, £ L #Fhd-syringaresinol ()
& fraxinol (II) ERIEENT Iz, L L, SE-1I3RAENE ETHho 72, A3, SE-
1 D#EICOWT, NMR, MS, SBEEZ Xk 2#ERE 2 IKk-> T35,

LB SE-1 13, 2DNL 22K N BONLSTFA L E—2 m/2z 376.2534 2 5, 3 F
RN CoHo O, 0 #EEE 1172 (Tablel), =8/ —up L BRI $72SE-113, HEBEES LT
I/ =NE1IENLZFLI LAMH-NMR 27 Pk DB L ISR ), TRAHENERIE
L OALERAE L I 5 72,

SE-1iz v 2> - SAKBEBEYD, ZRTRTELICT L FILENT VAN, 55+ 2°C Tlimk
—NDTAMNITET—F (V) 2523, ZHT7E7T—F (IV) #'H-NMR 227 b Lic i3
50180 >7vy M, BIRTLI—NWET X LEDAF LT 0 b VicHRT 2
LANHTH B (Fig.1). SE-1(I) D=2 2RI bNHD m/z2 137 D75 7 4> + 4 4> (Table
Did, " FaXi XX RO FAICHLEL, F0T2F— F D'H-NMR 227 }
NOMRLDbE, 2D T4 TINMEERV T P IN—TLLTETAZENHEIN
2o TNZ ., SE-1Y AFNI—F N (IV) 2 KMOBILT 22 80k 0RF LB

(VI) 271822225 XHEE N2, SE-1 05 FRK CoHoi 0205, 2D TAT LK
CiH, 0, 2EZL3IWTH 2 CeHi O nEFHEF D SENBEEN S b, 2T L2 — it
KEEIZLZLNTHBZ EH'H-NMR 27 s A 5865 TH S (Fig. 1),

o 1 ENEEFEIL, IR 27 P IZBWTSE-14%, PATEF, ¥}, TXFLDIE
WERE LW EBLV, KETREEOREL L, T—TAESCHEL T30 LHEE
ENd, 2EHEINMGBEN S B, 1BEIVINAFLCORNERL, #0327
TN Ty FTHBZ L LBMBERRIIIBRETHL I L2 T, o 1EIR, ~u
NI—=TFTNDRYIPNRAFLDERNERL, ZEDL T FANABI TV Y FTHBZ EDL
BEERIC7o Y IEFETLILPHL2TH S, SE-1EAEEL ) 7 T3
&, EINDZ—TIREIR, a BIUVyREZRBELLT I I F7I9 By
25D BOLERTH S, LE, NMR, MS 27 } LT — F DfETIZ & ), SE-1 3%
M%EFT 5 e#EL 2, ZoMEINIZX, M. Smith i2 & - TETEE 1172 Olivil D#:E 2% L\,

SE-17 Fo2FNZ—FN (VD) D= AZARI FNABESEDNDT7F T AV F—1 5 vt
SE-1 BZRMOT N a—WAMEKBEEY FOLIcHDZ L 2R, BEIVEET L2 L3 XFHT
% (Fig 2. Table 2),

SE-1 DB ¥HFEEHE % Olivil d #45 & HEk L 22848, SE-1 # Olivil X FEL 72,
1B L WBEXE IS Olivil 0T EE#H L o & itﬁo TWBZ EHBHLP L -7 (Teble 3),
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SE-1 (Olivil) i3, BMICFORSTH Y, LHHbYHic, TLC, PPCHFic & 541
TRHRBLZEP -2, ¥FFEIR, BHEENLHMEALTEY, SR HELTIAMLNT
w3, @HH0 SE-113, LHERERCHOBRS ICERT 5 L#EEEND,



