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SUMb!ARY 

Preparative thin-layer (TLC) and column chromatography of Japanese Lac 
and the hydrogenated material have been used for compositional analysis by gravim- 
en-y and the isolation of certain polar minor components. From this examination 
the composition was approximately 62 y0 urushiol, 18 y! other monomeric/dimeric 
components and 20 % polymeric material_ By gas-liquid chromatography (GLC) of 
methylated or bistrimethylsilylated Japanese Lac on 2% PEGA, four unsaturated 
constituents the S-monoene (19 T/,), S,l l-diene (9 %), S,l 1,14-triene (6 %), which is a 
new constituent not previously detected and the 8,11,13-triene (62 7;) in addition to 
the saturated constituent (4%) were shown to be present. The results for the two 
derivatives have not been corrected for different response factors of the constituents 
but are in good agreement_ GLC-mass spectroscopy of bistrimethylsilylated Japanese 
Lac on 2% PEGA as stationary phase confirmed the nature of the unsaturated 
constituents, and on E-301 indicated the presence of Cl7 homologous urushiol and a 
minor polar component each comprisin, * four constituents. Mass spectroscopy was 
used to determine the unsaturated composition and the semi-corrected results in- 
dicate a close similarity to those found by GLC. Bis(trimethylsilyl)urushiol is more 
volatile than the dimethyl derivative only on a polar stationary phase (PEGA). The 
dimethyl ether is more polar than the monomethyl ether (2-methoxyl-6- 
pentadeeylphenol) by TLC but the reverse holds in GLC. 

In the minor components a more polar material has been shown to be nuclear 
hydrosyurushiol while one of the less polar materials appears to be a diphenyl de- 
rivative isomeric with a previously described substance isolated from oxidised Jap- 
anese Lat. A mechanism for their formation is proposed_ 

1NTRODUCTION 

The quantitative composition of the major constituents and the identity of 
certain minor materials in Japanese Lac, Rims verniciferu have been investigated- 
___ 

* Part XXI. J. H. P. Tyman. V. Tychopoulos and B. A. Colenutt, J. Chromarogr.. 113 (1981) 287. 

OOZl-9673182, ‘~/S02.75 8 1957 Elsevier Scientific Publishing Company 
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-4lthough this work is not yet complete it is desirable to describe the results. briefly 
referred to in a preliminary communication’, in view of a recent account” of an 
analysis of urushiol diacetate by high-performance liquid chromatography (HPLC). 

The heterogeneous nature of urushiol and its partial structural determination 
was originally investigated by iMajima3 although the column chromatographic sepa- 
ration of methylated urushiol constituents of Japanese Lac and of Rllrrs toskOden- 
dram was first effected by Dawson and co-workers’*’ and followed by structural 
studies which showed the former to comprise four materials ( 1. R = R’ = H; a. b. c. 
e) and the latter three similar materials (a, b. c) and a fourth (d). The detailed 
chemistry has been reviewed6_ 

The increasing utilisation of Japanese Lac and interest in the biosynthesis of 
urushiol’ makes it of interest to have quantitative information on the component 
phenols and the unsaturated constituents present_ No gas-liquid chromatographic 
(GLC j. mass spectroscopic (MS) or GLC-MS studies on the phenols have previously 
been carried out. 

As found possible for the constituents of the component phenols of Amacur- 

ciirm;occridentale’. the unsaturated composition of the urushiol constituents has been 
quantitatively determined by IMS and confirmed by GLC on the dimethyl and 
bis(trimethylsily1) ethers_ 

In addition to a small proportion of the less polar material cardanol’ (2; II = 
0.2.4.6) several substances more polar than urushiol have been found and partially 
identified. one probably a diphenyl compound isomeric with an earlier described ma- 
teriaig and the other a nuclear hydroxy urushiol, the o-quinone of which has been 
postulated as an intermediate in certain photochemical transformations”_ 

In the methylated and methylated hydrogenated derivatives of urushiol, strik- 
ing differences’ i _ m polarity have been found between the monomethyl (l_ R = HI R’ 
= CH,) and the dimethyl ether series (1, R = R’ = CH,) and the former* appears to 
be a type of ‘-hindered” phenol. 

Our GLC work on the determination of relative molar response values of the 
constituents of urushiol and on HPLC analysis will be described in a subsequent 
paper_ 

EXPERIMENTAL 

Muteriuis 
Japanese Lac was obtained through the help of Dr. M. Sato, National Indus- 

trial Research Institute. Sendai. Japan. and the Japanese Trade Centre. London. 

= Forsteric rezxons the methyl goup has been assigned to the l-position. the C,, chin being in the 3- 
position_ 
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Cashew nut-shell liquid (natural) used as a reference material was obtained” from 
Mozambique cashew nuts. 

Hydrogenations were carried out in a Parr apparatus with Japanese Lac 
(5.2455 g) in ethyl acetate (48 cm3) with 10 % palladiumxarbon (0.5215 g) at 15 p_s_i._ 
and also in a glass apparatus at atmospheric pressure_ They were monitored by ‘H 
nuclear magnetic resonance (NMR) and argentation thin-layer chromatography 
(TLC). Methylations were carried out under nitrogen on Japanese Lac (1.000 g) in 
refluxing benzene (27 cm3) containing anhydrous potassium carbonate and dimethyl 
sulphate (4.00 g) or by the phase transfer method’. Silylations were effected in warm 
anhydrous pyridine solutions with bis(trimethylsilyl)acetamide or bis(tri- 
methylsilyl)trifluoroacetamide in five molar proportion. 

TLC 
TLC was carried out on silica gel G (Merck Type 60) with self-prepared mi- 

croscope slides, analytical plates (10 x 8 cm, and 20 x 10 cm) with a 0.25mm layer, 
and preparative plates (20 x 20 cm) with a 1 -mm layer. Spots and bands were visualised 
with 0.1 o/0 ethanolic Rhodanrine 6G. Silver nitrate plates (15 a/o silver nitrate) were 
self-prepared by aqueous slunying’3 and bands were visualised with 0.1 72 ethanolic 
dichlorofluorescein. All TLC sample applications (10 % urushiol in chloroform) were 
made in a nitrogen-box which was also used for removal of solvent after development/ 
visualisation. Bands were eluted overnight under nitrogen with diethyl ether, whereby 
selective removal of the organic material but not the fluorescein indicator occurred. 
the suspensions were filtered and the filtrate then concentrated. All evaporations 
were carried out below 60cC and samples brought back to atmospheric pressure under 
nitrogen_ 

Coltin~m cht-ornatography 
Column chromatography was effected with silica gel (MFC) in a glass column 

(21 x 1.25 in.) equipped with a silica disc of zero porosity and outlet tap fitted with a 
PTFE key. The column was wrapped with tin foil to esclude light. Japanese Lac 
(2.5682 g) was applied directly to the column and fractions were monitored by TLC 
and GLC as indicated in the results and discussion section. 

GLC and GLC-MS 
GLC was conducted generally with a Pye 104 dual column chromatograph 

equipped with a flame ionisation detector and a Vitatron recorder_ Peak areas were 
measured by accurate triangulation and the results expressed were the average of at 
least six determinations. Glass columns (5 ft. x & in.) with nitrogen at a flow-rare 45 
cm3/min and 20 p.s.i. were used containing acid-washed and silanised diatomite C 
with 3 y0 SE-30 and (for unsaturated constituents) diatomite M (SO-100 mesh) with 
2 “/, polyethyleneglycol adipate (PEGA). 

GLC-MS was effected by the Physico-Chemical Measurements Unit (PCMU) 
(Aldermarston and Harwell, Great Britain) with a Pye 104 and 2% E-301 as sta- 
tionary phase at 230°C with helium as carrier gas (40 cm3jmin). For the silylated 
unsaturated constituents, 2 o/0 PEGA on diatomite C at 185°C was used under similar 
gas flow conditions. Subsequently the low resolution D3 1 service was used by PCMU 
(Harwell) with a 6-ft. column coated with 3 Y0 OV-1 with helium (30 cm3/min) and 
temperature programming from 200 to 250°C the mass spectrometry being carried 
out at 7L0 eV with a resolution of 1000 and the ion source at 2OOC. 
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TLC SEPARATION OF JAPANESE LAC .4ND HYDROGENATED JAPANESE LAC IN DIF- 
FERENT SOLVESTS 

Naturd 

Hydrosenattxi 
urushiol 

Solrevl 
_____ ______.___ __ _------ 

R, values curd obsrrwrions 

Chloroform So migmtion beyond R, 0.1 
Benzene No migration beyond RF 0.1 
Acetone All components. R, 023-0.9 
Chloroformxthyl acetate Separation: R, 0.49 (1. urushiol): 

(19:l) 0.23 (7): 0.09 (3); 0.0 (4 and 5) 
Chloroform-ethyl acetate Good seprtmtion: R, 0.65 (1. urushiol); 

(9O:IO) 0.46 (2); 0.25 (3); 0.1 (4): 0.0 (5) 
Chlorofonnxthyl acetate Good separation. sharper bands. with less 

(9O:lO) tailing 

Mass spsctrometry f-or axtlytical purposes was carried out on an IMS 902 
instrument by a repeated scanning procedures with direct sample insertion. through 
the courtesy of Mr. D. Carter_ School of Pharmacy. London. andmore recently by 
the PClMU (Hanvell) low resolution Dl 1 service (with the VG ZAB system). Ac- 
curate mass measurements were made vvith the D21 service_ 

r H NM R spectra were determined on a Varian 160 instrument with tetrameth- 
ylsiiane as internal standard. Infrared spectra were obtained with a Unicam SP200 
instrument_ Elemental analyses were czlrried out by Mr. G. Crouch. School of Phar- 
macy. London. and by Buttenvorth Analytical Services (Teddington. Great Britain). 

RESULTS ASD DISCtiSSIOE 

Most separatory techniques were used in conjunction or with spectroscopic 
identification of materials_ but it is convenient to discuss the former individually_ 

TLC‘ 

Solvents. chloroform. benzene. acetone. chlorof-orm-ethyl acetate (955. 9O:lO 
and SO20) were used for the analytical TLC examination of Japanese Lac and the 
results are summarised in Table I_ Generally chloroform-ethyl acetate (9O:lO) gave 
the best separation and the bands with R, values 0.65 (urushiol). 0.46 and 0.25 appear 
to approximately correspond with those observed ‘. in a different solvent. namely 0.3 
(urushiol). 0.37 and 0.20 for a mildly osidised Japanese Lat. Our hlS results on the 
material from the two bands below urushiol have led us to different conclusions from 
the latter authors concerning their identity as discussed subsequent&. A small band 
RF 0.75, in chloroform-ethyl acetate (9O:lO). has been identified as cardanol’. 

Preparatise TLC was used to estimate the composition and to isolate new 
components for structural determination_ Following an initial experiment which in- 
dicated gravimetrically 6 1.2 yrO urushiol to be present. four preparative separations on 
Japanese Lac (2.040 g) carried out with chloroform-ethyl acetate (9O:lO) indicated 
urushiol(61.9 IF;). 3.3 “/; of less polar material (cardanol). fraction 3 (4.7 ‘IO), fraction 4 
(XOY,) and fraction 5 together with polymeric material (27.1 “/;;) to be present_ The 
streaking and manipu!ative problem in recovering materials sensitive to osidakon led 
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TABLE II 

VARIATION IN R, VALUE (TLC) OF URUSHIOL MONO- AND DIME-I-HYL ETHERS WITH 
PERCENTAGE OF CHLOROFORM IN CHLOROFORM-LIGHT PETROLEUM (B.P. 40-6O”C) 

Urushiol Chloroform-Iigbt perroleum (b-p_ 40-6O’C) 
conlpotulL’ 

O.-IO0 2o:so 40:60 60r40 lOOr 

Monomethyl ether 0.11 029 0.38 0.60 0.70 
Dimethyl ether 0.06 0.17 0.24 0.48 0.65 

us to use hydrogenated Japanese Lat. Hydrogenation was monitored by ‘H NMR 
esamination and was continued until olefinic absorption (6. Ccl,, 5.1-6.2) and meth- 
ylenic absorption in proximity to double bonds (6, 1.69-2.9) had disappeared*. 
Although less streaking was encountered, accurate analyses, particularly of smaller 
y0 components. were rendered difficult due to variations in the delineation of bands 
observable at the visualisation stage with level of solvent impregnation. TLC on this 
material revealed the main components present and was useful for the isolation of the 
more polar material such as fraction 3 (2.05-4_70 >@, fraction 4 (3.0-6-l%), fraction 5 
(8.2-8.6 %) and baseline polymeric material (18.7-24.8 %)_ 

Methylation of hydrogenated phenolic lipids has been useful analyticaily’a and 
was expected as well in the present work to both aid volatilisation and stabilisation of 
Japanese Lat. Methylated and methylated/hydrogenated Japanese Lac were exam- 
ined by TLC in the solvent system. chloroform-light petroleum (b-p. 60-SOC) and 
the variation in RF values with solvent composition of the two main bands, an upper 
purple and a lower yellow zone, are shown in Table II. ‘H NlMR and MS exami- 
nation of the preparatively separated bands indicated that the purple band consisted 
of urushiol monomethyl ether (1, II = 0, R = H, R’ = CH,) apd the yellow band 
was the dimethyl ether (1, II = 0, R = R’ = CH,), the parent molecular ions having 
mle values 334 and 348 respectively. 

The phenolic methyl ether is evidently a hindered phenol similar in TLC be- 
haviour” to 2,6-di-rerr.-butyl4-methylphenol and a number of similar compounds in 
relation to the corresponding dimethyl ethers all of which had greater polarity_ By 
GLC the monomethyl ethers were more polar than the dimethyl ethers as discussed 
subsequently_ 1Methylation either of Japanese Lac or the hydrogenated material did 
not enable fractions 3, 4, 5 and the baseline component to be more easily charac- 
terised although it was useful for the quantitative analysis of the unsaturated con- 
stituents by GLC. 

Cohmtr dtrontatogrupli_v of Japanese Luc 
Column chromatography of Japanese Lac on silica gel (MFC) was conducted 

with chloroform initially and then with chloroformethyl acetate as shown in Table 
III. Twenty-two fractions were collected and monitored by analytical TLC. Although 
the method was useful for obtaining larger quantities of minor components its pro- 

* The ‘H NMR absorption of unsaturated constituents of urushiol in connection with synthetic 
studies will be described elsewhere in full. 
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TABLE III 

COLUMN CHRO_MATOGRAF’HIC SEPARATION OF JAPANESE LAC 

EA = Ethyl acetate; C = chloroform_ 

I 

3-11 
E-15 
16-1s 
19-22 

(residue on 

column) 

Chloroform 0.1160 ( 45) 

c-EA (955) 1.4515 (.5S) 
C-EA (9030) O-1969 (S) 
C-U (SSr15) 0.3156 (11) 
C-M (8020 0.106s (3) 
to 7525) 

( 13.5) 

RF (TLC) in chIorofomr-erhd 

acerare (9O:IO; 

0.75 (Cardanol and non-polar 
material) 

0.65 (Urushiol) 
0.46 cf-. Fraction 3 
0.25 cJ. Fraction 4 
Baseline cfl Fraction 5 and base- 

line material. 

* Percentages are giLen in parentheses. 

tracted nature resulted in some deterioration of fractions, a feature observed by 
others”, and only an approximate estimate of composition could be obtained_ Meth- 
ylated Japanese Lac was considerably more stable in column chromatographic con- 
ditions. By column chromate graphy of methylated Japanese Lac the phenolic mono- 
methyl ether (purple fraction) and the dimethyl ether (yellow fraction) were effec- 
tively separated, the former being eluted first thus confirming its less polar character in 
adsorption conditions. The extensive range of fractions collected was monitored by 
analytical TLC and by GLC upon the stationary phase SE-30 and small differences 
both in RF values and retention times su,, =wsted that some fractionation of the un- 
saturated constituents of the mono- and dimethyl ethers was taking place in column 
adsorption chromatographic experiments- 

GLC of Jupunese Lot and its iylrogenuted and nretllhted products 

GLC examination of Japanese Lac on the stationary phase 3 7; SE-30 at 220-C 
showed a series of peaks. at first thou&t to be due to the bands found in TLC 
analysis_ at the (uncorrected) retention times of 6.4 min (trace ?A), 9.0 min (trace 7”). 
10.S min (5-S 7;). 14.2 min (26.7%). 17.3 min (57.3 >A), 21.0 min (lo_?“/;;) and 28.6 min 
(trace y,,,)_ The main urushiol band from preparative TLC gave a similar chromato- 
zram while the lower bands referred to as fractions 3.4 and 5 were substantially non- 
volatile. Similar results were shown by the fractions from column chromatography. 
The succession of peaks was clearly due to the partial resolution of urushiol into its 
unsaturated constituents since hydrogenated urushiol exhibited only one peak. Sub- 
sequently this partial resolution_ which does not take place with cardanol or card01 
upon 3 .?; SE-3O’6 and is largely due to the triene constituent having S.l1.13- rather 
than S-1 1.1~unsaturation, was confirmed later by GLC-MS on the 
bis(trimethylsiIyl)ether. The uncertain level of separation of the first peak comprising 
the saturated and monoene constituents from the second consisting of the diene and 
triene constituents and the tailing encountered precIuded quantitative analysis of the 
phenols_ Methylations of Japanese Lac afforded products with symmetrical peaks but 



LONG-CHAIN PHENOLS. XXII. 

iJ J J 
9 0 

Fig. 1. GLC of methykted urushiol on 2% PEGA at 200°C DME = Dimethyl ether; MME = mono- 
methyl ether. 

still showing resolution not only of the unsaturated constituents but also of mono- 
and dimethyl ethers. GLC monitoring of fractions from the column chromatographic 
separation of methylated Japanese Lac again confirmed these findings. Hydrogenated 
and methylated Japanese Lac by GLC analysis on 3 72 SE-30 at 22O’C gave peaks at 
the uncorrected retention times of 9.7 min ( 1.9 %). 13.5 min [64.7 “/A, (15:0)-urushiol 
dimethyl ether]. 15.2 min [27_7 “/;;, (15:0)-urushiol monomethyl ether] and 22.6 min 
[5.7 “/;;, (17:0)-urushiol dimethyl ether]. The identity of the two main bands was con- 
firmed from the GLC retention times of the purple band (monomethyl ether) and 
yellow band (dimethyl ether), separated by preparative TLC, both of which gave 
single GLC peaks. 

By GLC the monomethyl ether is more polar than the dimethyl ether while the 
reverse holds for TLC. Quantitative analysis could only be achieved by complete 
resolution of the unsaturated constituents for which 2 y0 PEGAli appeared to be a 
more suitable stationary than 3 T0 SE-30_ IMethylated Japanese Lat. the methylated 
urushiol band from preparative TLC and the hydrogenated and methylated mono- 
and dimethyi ethers were esamined on 2 7; PEGA at 2Oo’C and the retention times 
observed have been summarised in Table IV. Five peaks were observed in each group 
as seen in Fig. 1, the fourth and fifth peaks being due from MS studies to the isomeric 
S, 11.14 and S, 11,13-trienes respectively. Prolonged methylation resulted in a dimi- 
nution of the series of peaks due to the monomethyl ether and a corresponding 
increase in those of the dimethyl ether as seen in the GLC trace (Fig. 2). The relative 
retentions” of the (15:0), (15:1), (152) and (15:3) constituents of cardanol methyl 
ether were similar to those for the first four peaks in each group_ The greater retention 
of the major Peak due to the S.11,13-triene was in conformity with data for con- 

jugated compared with non-conjugated dienes lb: and the retention time of the S. 11.14- 
tricnr: was in a_mcement with that observed for the triene constituent of Rims tosico- 

Fig_ 3. GLC of methylated Japanese Lacquer (prolonged reaction) on 2 “/, PEGA at XO’C. 
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dendron7-lg. Mass spectral and GLC-IMS examination has confirmed these observa- 
tions as described in the next section. The co-occurrence of a minor proportion of the 
S,l 1,14-ttrienr with the S,l 1,13-triene is both of biosynthetic interest and because 
previous analyses by column chromatography’.’ have not detected its presence. 

Following a number of GLC analyses, summarised in Table V, a semi-quanti- 
tative* determination of the >< composition of the unsaturated constituents was 
possible_ Methylation although useful*for spectral characterisation was not ideal fdr 
volatilisntion purposes since it was a substantially incomplete process and the elution 
of the monomethyl series of peaks prolonged the procedure_ Remarkably, complete 
trimethylsilylation was found to be relatively easily achieved by interaction of uru- 
shiol in \mrm pyridine solution with bis(trimethylsilyl)acetamide. The retention times 
of the bis(trimethylsily1) derivatives of the constituents of urushiol on 2 ?/;, PEGA at 
2OO’C are given in Table IV, and a chromatogram shown in Fig. 3 obtained at ISYC 
for GLC-MS purposes_ The compositional results of semi-quantitative analysis are 
shown in Table V and the results are in good agreement with those for the dimethyl 
ether series and indicate the presence of 62 :f,, of the 5, ll.l3-triene, 6 7;; of the S. ll.l4- 
triene. 9 1,” of the S-1 I-diene, 1996 of the S-monoene and 47; of the saturated con- 
stitueat. 

TABLE Vi 

“- COMPOSIT1ON OF UNS.4TtiRATED CONSTITUENTS OF URUSHIOL BY IMASS SPEC- 

TROMETRY 

__. _ _____ 

Lncomxted normalixd 
composition (from p~2k s.53 * 0.97 19.31 i: 1.69 
height) 

(Pi 2,pzlk. “,ofP Z-63 1.63 

Normaiistxi composition. 
Wmi-correctcd s.11 19.5-s 

On PEGA as stationary phase urushiol bis(trimethylsily1) ethers were more 
volatiIe than dimethyl ethers \vhile on SE-30 the reverse applied. The relative reten- 
tions on the latter of ( 15:0)-urushiol bis(trimethylsily1) ether. (15:0)-cardanol trimeth- 

_vlsilyl ether. ( 15:0)-urushiol dimethyl ether and ( 1 5:0)-urushiol monometh_vl ether 
were l-725. l_OO_ I-00, l-15 respectively. 

Our work on the determination of relative response factors of the unsaturated 
constituents is as yet incomplete_ Argentation analytical TLC with the solvent, chlo- 
roform-ethyl acetate-formic acid (80202) indicated the presence of five unsaturated 

* The an;llsis is trrmcxi semi-qwntitativs zincs response factors for the unsaturared consGtucnts 
were nor. available to correct the mulrs. The magnirude of the correction is considered to be small however. 
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TABLE VII 

COMPOSITION OF TRIMETHYLSILYLATED JAPANESE LAC BY GLC-MS ON NON-POLAR E-301 

No. Rel. peak Uncorrected composition (%) , normalisedf 
heighr 

CGLC, C,, tirushiol c,, 0rushi0i C, s H~dro_qwushiol 
- 

MW45S 460 462 46-1 456 488 490 492 546 54s 55u 552** 

( 15:3) (15:2) (15.1) (I5.0) (17:3) (17:2) (17.-I) (17:O) 

1 0.97 169 20.2 54.7 9.2 
2 2.35 7.8 22.3 59.7 10.4 
3 1.20 4.4 18.6 44.2 32.8 
4 0.56 37.7 20.1 18.8 23.4 
5 3.32 80.9 15.3 3.4 0.4 
6 I-14 7x5 19.3 7.7 OS 
7 0.03 17.2 59.0 16.9 6.9 
8 0.06 13.1 29.5 59.0 10.8 
9 0.04 8.8 14.6 38.4 10.1 3.9 12.5 8.7 3.0 

10 0.14 9.5 11.7 17.2 4.7 28.1 19.3 7.5 3.0 

11 0.27 43.6 41.4 1x2 1.8 
12 0.15 42.5 37.8 16.1 3.3 

* Calculated from peak heights in the mass smtrum. 
l * Earlier determinations had indicated this group of peaks as having peaks in the range 515-554. 

materials, in agreement with the GLC results described_ Preparative separations how- 
ever were unsatisfactory because of the instability of urushiol. Currently work is 
proceeding on the argentation TLC separation of the bis(trimethylsily1) ethers which 
are readily converted to the parent phenol, rather than by column chromatography of 
rhe dibenzyl ether and reductive chemical removal of the protective group”. Our 
more recent analytical-scale results” suggest that preparative HPLC would be a 
more convenient separatory procedure for obtaining the saturated, monoene, diene 
and triene constituents. 

We have examined the conversion of urushioi to its diacetate in pyridine solu- 
tion with acetic anhydride and found it to be an inferior procedure to the formation 
of ether derivatives. Molecular distillation of Japanese Lac, acetylation of the dis- 
tillate with acetic anhydride containing sulphuric acid followed by HPLC analysis of 
the diacetate has revealed a complex mixture’, which may be partly ascribable to the 
acidic conditions of derivative formation_ These can result in rearrangement, isom- 
erisation and polymerisation of cashew phenol&. Our GLC results on 
bis(trimethylsily1) derivatives have not indicated the presence of fully conjugated 
material at longer retention than the S,ll,l3-triene although such peaks would be 
broad and, if minor materials, would be difficult to observe at long retentions. 

MS and GLC-MS 
The unsaturated composition of Japanese Lac by the direct insertion tech- 

nique. as for the cashew phenols ‘, has been determined by mass spectroscopy_ The 
normalised results from peak height measurements for the saturated, monoene, diene _ 
and triene (S,l I,13 and 8,11,14) constituents are summarised in Table VI, the peak 
heights of the diene, monoene and saturated having been corrected for the (P + 2) 
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Fig. 3_ GLC-MS ofurushiol bis(trimeth~Isilyl) ether on 2?_ PEGA at 185’C. - 
Fig. 4. GLC-IMS of Japanese Lacquer trimethylsilylated on 2:; E-301 at I3O’C. 

peak contribution of the triene. diene and monoene respectively”. but without allox~- 
ante for the small difference in response factors to be expected for the unsaturated 
constituents. IModerately good agreement is shown with the results of GLC analysis 
(Tables IV and V)_ Methylation prior to MS did not appear necessary since the 
phenolic unsaturated constituents were sufficiently volatile. The unsaturated com- 
position obtained from peak heights for the dimethyl and monomethyl ethers of the 
triene, diene, monoene and saturated constituents although reproducible, was dif- 
fcrent from that derived from the phenols suggesting that response factors may bc 
intrinsically more important for the methyl derivatives, since the same sample es- 
amined by GLC gave results in agreement with those from MS on the phenols*_ The 
unsaturated composition of C,: urushiol (bis-homourushiol) was also found from the 
series of peaks at 343. 344, 346, 34s for its triene, diene, monoene and saturated 
constituents respectively_ Mass spectroscopy of methylated hydrogenated Japanese 
Lac was convenient for determining, by the repeated scanning procedure. the propor- 
tion of monomethyl and dimethyi ethers from the peak heights of the molecular ions 
at nz/e 334 and ~ri;‘e 345. 

GLC-MS was used to identify the major Ion, a retention S. 1 1 ,I 3-triene con- 
stituent and certain minor components of greater polarity than urushiol. The 0; 
compositional results in terms of the normalised peak heights with the non-polar 
stationary phase E-301 which gives separations similar to SE-30 are shown in Table 
VII for the chromatogram of bistrimethylsilylated Japanese Lac represented by Fig. 
4. Scans 1-6 show the results of the partial separation which takes place into a first 
Fak for the saturated and monoene constituents (IMW 464.462) and a second peak 
for the diene and triene constituents (MW 460. 458). Scans 7 and 8 are for the Cl7 
urushiol constituent (MW 456. 488. 490. 492) and scans 9-12 evidence of a minor 
component existing as four constituents (MW 546,545.550,552) all of which were SS 
mass units greater than their urushiol counterparts. 

GLC-iMS of the bistrimethylsilylated Japanese Lac on the semi-polar 2]‘, 
PEGA at 185‘C (Fig. 3) shows the peaks A, B. C. D referred to in Table VIII 

* Our results on the hfS of the dimethyl ether of urushiol show some agreement with those in a brief 

communication” on meth~lated Japanese Lac of uncertain origin. and u hich uere not corrected in any wag. 
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TABLE VIII 

COMPOSITION OF TRIMETHYLSILYLATED JAPANESE LAC BY GLC-MS ON SEMI-POLAR 
PEGA 

scan 
NO. 

Peak Rel. 
peak heighr 

1 A 1.3 66.3 32.3 

2.49 

1 A 1.4 79.5 19.1 
3 B 1.00 54_ 1 35.6 10.4 
4 C 0.74 28.9 26.6 33-l 11.4 
5 D 65.6 18.3 11.3 1.7 

6 D 4.87 61.5 20.8 13.4 4.3 
-- 

* Some cany over from successive scans was encountered giving in eltch case a higher background of 
the preceding constituent than expected for y0 (P + 3)_ 

with major masses corresponding to the S-monoene, S,l 1-diene. 8,11,14-triene and 
S, 11,13-triene constituents respectively, confirming that the major material is 

trienoid. E represents the saturated constituent and F, G appear to represent traces of 
monotrimethylsilylated constituents. 

From the peak height in the gas chromatogram at the particular scan number 
(I-6) in Table VIII an approsimate composition can be calculated based on Z (peak 
height,,, x peak height,,,) for each constituent and final normalisation, the results 
of which show a measure of agreement with those in Tables V and VI. 

M illor- components of‘ Japanese L.ac 
The minor components of Japanese Lac were most readily seen by TLC. By 

GLC-MS of the bistrimethylsilylated natural product only one minor component 
(Ilzie 546-552) was revealed. It seemed probable that the remaining minor materials 
had masses above this and since GLC was negative, MS on the trimethylsilyl deriva- 
tives of the fractions having R, values 0.46. 0.25, 0.1, obtained by preparative TLC 
was investigated_ The findings have been summarised in Table IX_ 

The main urushiol band (R, 0.65) trimethylsilylated gave as expected from 
Table VII principal masses in the range 45064 and 456-492. Material of R, 0.46 
contained some of the preceding masses and higher constituents with rl~/‘e 914-922 
suggesting the presence of dimeric material. Bands with R, 0.25 and 0.1 in addition to 
containing trimethylsilylated urushiol revealed /Ilie 546-552 corresponding to those 
masses found in GLC-MS examination on E-301. Different levels of side-chain un- 
saturation were clearly present and with the objective of obtaining the more stable 
saturated form and also of preventin, 0 reversion of dimeric type substances to the 
monomer*, hydrbgenated Japanese Lac was used for the isolation of the minor ma- 
terials. 

IMS examination of the trimethylsilylated materials gave single peaks with 
prominent molecular ions. The more polar material (R, 0.25) indicated a molecular 

* Diels-Alder adducts (~5. 8) underso this reversion. 
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TABLE IX 

MOLECt.JIAR IONS OF PRlNClPAL COtMPONEiNTS FROM PREPARATlVE TLC SEPARA- 
TIONS BY MS 

(!) (0.75) - 304. G,H,,O (15:O)cardanoW 
(2.) ivain urushiol 458.460.462.464. (C,, side chain) 464. Cr,H,202Si2 

band (0.65) 486.488.490.492 (C;, side chain) 492. C,,H,,O& 
(3) ww 914-926 (and 458-464) 926. C,,H,,IO,Sia 
(4) (0.25) 546-581 (and 458-W) 552. C,,H,,Si,; 926 (small) 
(5) (0-l) 546-552 (and 4584) 552. C,,H,,O,Si, 
(6) Baseline (0) 458.460.462.464 (small) 348. C,, Ha-L02 

* Sokent. chloroform-ethyl acetate (9O:lO). 
l * Ref. 7. 

ion m;e 552 and the moIecular weight by accurate mass measurement was 552.3858 
(C,,H,,O,Si, requires 552.3850). The ‘H NMR spectrum, in particular the ratio of 
aromatic to benzylic protons, the polarity, the similar unsaturation to that of urushiol 
and the molecular weight [SS mass units more than for bis(trimethyisiIyl)urushiol] 
suggest that this component is an hydrosyurushiol (3) in the tristrimethylsilylated 
form. From limited spectral evidence compound 3 appears to be 2,3,5trihydroxy- 
rctiher than 1,3,Ptrihydroxy-substituted but further work is required wit’n model com- 
pounds to substantiate this. Although this compound has not been isolated previously 
from Japanese Lx its transient formation in the photochemical decomposition of di- 
lute solutions of Japanese Lac has been postuiated”. The less polar component (RF 
0.46) exhibited a molecular ion at ~nje 926 in which region accurate mass measurement 
was not possible_ Its structure is most probably 4 or 5, in the form of the tetrakis (tri- 
methylsiIyl) derivative_ rather than 6 which has been described as a product of o_xidised 
Japanese Lacz3 having R, 02 Our own spectral work is incomplete at the present and 
we ha\-e resenxtions on this group of diphenyls pending the preparation of certain 
reference compounds_ X greater R, value and reduced polarity would be expected for 
the stericahy hindered structures 4 and 5 in comparison with 6. For the pairs of 
compounds_ 2,2’,41,4’.6,6’- and 3Y3’,4_4’,5.5’-hexachlorodiphenyl, 2,2’,4_4’-tetra- 
chloro- and 4.3’-dichlorodiphenyl, the R, values reported“l support this. 

Structures such as 7 have been postulated9 as minor components of oxidised 

3 4 
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OH 

7 

8 

Japanese Lac on the basis of model reactions. Trimethylsilylation of the fully satu- 
rated material (7, n = 0) would aKord a derivative with nzje 554, a mass not observed 
however in our work as a major peak. A Diels-Alder type product such as S, rem- 
iniscent of kitol from vitamin Az5sz6, after saturation and trimethylsilylation would 
Sive a mass at +e 924. it would be expected to be chromatographically similar to 
urushiol itself but our experiments have not revealed its presence_ 

it seems likely that minor materials arise from a common precursor of a reac- 

9 lo 

I 
Gs’% 

Ho 86 H 
OH 

3 4.5.6 

OH 
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tive intermediate type which can then yield diverse products. An ionic mechanism has 
been proposed” to explain the ethoxylation of urushiol in dilute ethanol solution in 
the presence of light and moisture. In hexane. carbon tetrachloride and chloroform 
solutions of urushiol were observed to be stable. The conditions in our work of 
preparative TLC and the subsequent processin, = of separated bands under essentially 
anhydrous conditions and in the absence of light are therefore unlikely to have con- 
tributed to the formation of minor materials. Their origin must lie with Lac in its 
natural state and at the extraction stage. 

A scheme proceeding by a radical participation is shown involving attack at 
either oxygen of saturated urushiol to give the resonant radicals 9, 10 or to a less 
extent at benzylic carbon to give 1 I which could then by the action of water or by 
coupling reactions lead to the observed products (3) and others (4-5-6) believed to be 
present. In the natural product the side-chain allyhc methylene system would be likely 
to be inroIved aIso and it is clear that other modes of reaction such as the formation 
of 12.and 13 could occur_ A radical such as 9 would be more sterically stabilised” 
than IO as well as through the contribution of a tertiary C radical and thus the 
formation of 2,X5-trihydroxypentadecylbenzene would appear to be favoured. From 
preparative TLC it is clear that many minor polar products are present in urushiol 
and a more complex oxidative situation is apparent than has perhaps hitherto been 
appreciated- 
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