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Abstract-Dichloroketcnc was allowed to react with a mixture of I- and 2-isopropylcyclopentadienes (1 

and 2) to afford a mixture of the cycloadducts 5.7 and 8. The adducts 5 and 8 were isolated, and an adduct 

7 was obtained as a mixture with 5. Tbe structures of these adducts were assigned. Some derivatives of the 
adducts were prepared and their structures discussed. A mixture d & and y-thujaplicins (19 and 20) were 

produced after a mixture of the adducts was heated in acetic acid containing potassium acetate, 2-lso- 
propylcyclopentadiene (2) was prepared from cyclopentadienylmagnesium bromide and isopropyl tosylate, 
and the adduct obtained gave only g-thujaplicin under the same solvolytic reaction conditions. 

INTRODUCTION 

THUJAPLICINS (isopropyltropolones) were isolated from ChamaecyparFF fuiwunensis 
Masamune et Suzuki’ and Thuju plicata D. Don2* 20a* 21 as the first members of 
naturally occurring terpenic tropolones, and their antibacterial and antifungal 
activities have been demonstrated. In spite of low content and laborious procedure, 
g-thujaplicin$ (hinokitiol) (19) has been isolated on a commercial scale from the 
essential oils of plants, especially 77wjopsi.v dolubrutu Sieb. et Zucc3 

A useful synthetic process of tropolones consists of the cycloaddition of cyclo- 
pentadiene, its derivatives, or fulvene derivatives and dichloroketene, followed by the 
solvolytic fragmentation of the resulting adducts. This process has been successfully 
applied to the synthesis of tropolone,4 P_ and y-methyltropoloneq5 l3- and y-ethyl- 
tropolomq6 adolabrin,’ and 4,5benzotropolone.* However, in the synthesis of 4- 
or 5alkyltropoloneq as seen in the above examples, this process usually gives a 
mixture of both products which is not always easy to separate. Very recently, Nozoeg 
reported, without giving a detailed explanation, the synthesis of f% and y-thujaplicins 
by the sovolysis of the cycloadducts obtained from isopropylcyclopentadienes and 
dichloroketene. We have also independently studied the structures of the adducts of 
isopropylcyclopentadienes and dichloroketene and on the correlation between each 
adduct and its solvolysis product, l3- or y-thujaplicin. The correlation was also expected 
to give a clue to the mechanism of this solvolytic fragmentation.” 

Current experimental work has revealed that 1-isopropylcyclopentadiene (2) is 

l Present address: Central Research Laboratory, Ogawa Perfumery Co., Horiagcdori, Higashiyodo- 
gawa-ku, Osaka. 

t Address correspondence to this author. 

$ The prefu a+ g or y indicates the tropolone to be 3-, 4-, or S-substituted rcspctively 
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essential for the preparation of 8-thujaplicin based upon this synthetic process.” 
1 -1sopropylcyclopentadiene was prepared from cyclopentadiene in high purity, and 
8-thujaplicin not contaminated with the y-isomer was obtained from the dichloro- 
ketene adduct of the pure diene. 

RESULTS AND DISCUSSION 

A mixture of isopropylcyclopentadienes (2 and 3) was prepared, according to 
Ziegler et al., l2 from LAH reduction of 6,6-d~e~ylfuIvenef3 (1) which is easily 
obtainable from cyclopentadiene and acetone. Although the original authors have 
not mentioned the structure of the diene, it was shown to be a mixture of two dienes 
(1: 1 in approximate ratio). This was demonstrated by GLC, wherein a dimethyl- 
sulfolane-Neopak 1 B column l4 .was used, andby the NMR spectrum of the mixture, 
which showed integrated areas at methyl and blefmic proton regions approximately 
corresponding to an isopropyl group and three olellnic protons, respectively. Of 
three possible dienes (2,3 and 4), 5-isopropylcyclo~ntadie~ (4) might be ruled out 
for the following reasons; (a) in general, 5-alkylc+lopentadienes have been reported 
as more thermodynamically unstable than the other two isomers and as isomerizing 
readily to other isomers even at room temperature, ls (b) no cycloadduct derived from 
S-isopropylcyclopentadiene could be detected in the adducts of the diene mixture and 
d~hloroketene (uide post). Hence, it was concluded that the diene mixture consisted 
of l- and 2-isopropylcyclopentadien~ (2 and 3). 

CHART 1 

1 2 3 4 

The reaction of the diene mixture withdichloroketene (dichloroacetyl chloride and 
t~ethylamine) produced a mixture of adducts in 80% yield The mixture was separated 
into two pure adducts, 5 and 8, and a mixture of the adducts (5 + 7) by means of 
chromatography. Another possible adduct 6 could not be isolated. The structures of 
these adducts will be discussed later. 

In order to check the ratio of the formation, a total mixture of the cycloadducts was 
reductively dechlorinated by chromous chloride quantitatively, giving a mixture of 
the corresponding cyclobutanones, 9, 10 and It, because insu~cient separation (or 
decomposition) was observed for the former mixture in GLC. The GLC of the resulting 
cyclobutanone mixture showed that it consists of three ketones in the ratio of 4: 67: 29. 
Each cyclobutanone was separated by preparative GLC. On the other hand, the pure 
adducts 5 and 8, were similarly treated with chromous chloride to give the cyclo- 
butanones 9 and 11, respectively, and the mixture fraction of the adducts 5 and 7 was 
also dechlorinated into a mixture of9 and 10. As demonstrated by the retention times, 
the largest peak in GLC of the total mixture of cycfobutanones was the peak for 9, 
and the smallest one was that for 11. It would be reasonable to estimate that the above 



Cycloaddition of isopropylcyclopentadienes and dichloroketene 4891 

ratio of the cyclobutanones was approximately parallel to the formation ratio of the 

cycloadducts. These cyclobutanones (9, 10 and 11) were characterized as crystalline 
semicarbazones. 

CHART 2 

n 

6 

17 18 
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The structures of the cycloadducts 5,7 and 8 were assigned as follows: the addud 5, 
most abundantly produced in the cycloaddition of the diene mixture and dichloro- 
ketene, was a 1 :l adduct of the diene and dichloroketene, and its NMR spectrum 
showed the presence of an olefinic proton. Although the NMR signals of 5 were 
insufficiently separated, they were assignable as shown in the structure 5, except for the 
orientation of the dichloroketo group, by means of decoupling experiments (Experi- 
mental). On the other hand, in the epoxylactone 13, which was obtained from oxida- 
tion of 5 with excess mchloroperbenzoic acid, the signals were separated sufficiently 
to be easily assignable by a simple first-order treatment. The spectrum of the epoxy- 
lactone was consistent with the structure 13, and the coupling constant J, (0 Hz) 
(formula 13a) indicated that the oxirane ring was tram to the lactone ring These 
observations showed that the structure of the adduct is 5. The cyclobutanone 9 was 
also oxidized to the epoxylactone 12 in a similar manner. 

The NMR spectrum of the minor cycloadduct 8, which was also a 1: 1 adduct, 
showed that this compound possesses two olefinic protons of an AB-system (J = 5.6 
Hz). Consequently, the structure 6 or 8, or the structures in which dichloroketo groups 
are oppositely oriented respectively, may be assigned to it. Sodium borohydride 
reduction of this cycloadduct selectively yielded the en&-alcohol 17. The IR spectrum 
of this alcohol indicated the presence of an intramolecular H-bonding of the OH group 
at 3568 cm-‘, while in the NMR spectrum the a-proton of the OH group showed a 
quartet signal (J = 7.5 and 10 Hz). Treatment with deuterium oxide changed the 
quartet into a doublet (7.5 Hz). The dihydro alcohol 18, resulting from hydrogenation 
of 17, no longer showed intramolecular H-bonding in the IR spectrum, and the NMR 
signal of the a-proton was observed as a doublet (J = 90 Hz). Accordingly, it was 
concluded that the larger coupling constants of the a-proton of 17 was due to the 
coupling between the a-proton and the OH proton, and that the H-bonding observed 
was the bonding between the OH and the double bond (formula 17r). The above 
results are consistent with the formula 8 assigned to this minor cycloadduct. 

Both the cycloadduct 8 and the corresponding cyclobutanone 11 resisted Baeyer- 
Villiger oxidation. 

As described earlier, the adduct 7, which was obtained as a mixture with 5 from 
column chromatography, afforded the cyclobutanone 10 by chromous chloride 
reduction of the adduct mixture following separation of the product by preparative 
GLC. The cyclobutanone, whose NMR and IR spectra showed an isopropyl group, an 
olefinic proton and carbonyl absorption due to cyclobutanone at 1782 cm- ‘, was 
oxidized to the epoxylactone 16 with m-chloroperbenzoic acid. The NMR signals 
were assigned by NMDR experiments (Experimental). These results suggested the 
structure 7 to the cycloadduct. 

A total mixture of the cycloadducts resulting from the diene mixture was heated in 
acetic acid containing potassium acetate,4 and the tropolones formed were extracted 
with phosphoric acid from the mixture in 46% yield. Phosphoric acid-impregnated 
paper chromatography I6 showed, on comparison with authenic specimens, that the 
tropolone mixture seemed to consist of B- (19) and y-thujaplicins (20). In fact, both 
thujaplicins were separated from the mixture by chromatography using a column 
packed with phosphoric acid-impregnated Celite,” and identified by their m.ps 
and spectral comparison. These results were in accordance with those reported by 
Nozoe.’ On the other hand, the pure cycloadducts 5 and 8 were solvolyzed under 



Cycloaddition of isopropylcyclopentadienes and dichloroketene 4893 

CHART 3 

5 19 8 

similar reaction conditions. Both yielded only ~-thu~plic~ (19), in 50% and 20% 
yields respectively.? However, the mixture fraction of the adducts 5 and 7 afforded, 
on solvolysis, a mixture of p- and y-thujaplicins, as identified by phosphoric acid- 
paper chromatography. This indicated us that 84hujaplicin resulted from both 
adducts 5 and 8, while the adduct 7 gave rise to the formation of the y-isomer, and 
this correlation was also compatible with the reaction mechanisms recently proposed 
by two groups” for this solvolytic fragmentation, Consequently, it was found that 
I-isopropylcyclopentadiene (2) is essential for the preparation of @-thujaplicin (19), 
provided no double bond migration takes place in the diene during the cycloaddition 
reaction with dichloroketene. 

In order to examine this deduction, we attempted to prepare pure l-isopropyl- 
cyclopentadiene from cyclopentadiene. A means of preparing 1-alkylcyclopentadiene 
from cyclo~n~diene has been reported for the methyl derivative by Mironov et al.,” 
who have alkylated cyclopentadienylmagnesium bromide with dimethyl sulfate. In 
THF, cyclopentadienylmagnesium bromide (23) was alkylated with isopropyl 
tosylate to give a diene. The diene showed a single peak in GLC and was identified to 
be one of the two aforementioned dienes. The NMR spectrum showed no characteristic 

t The selective formation of @-t-butyltropolone (22) from the adduct 21 has been found by Bartlett and 
Ando. See Ref 1 lb. 

2l 22 
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signals at 6 cu 5.95 ppm which appeared in the spectrum of the diene mixture. This 
single diene isomerized easily to the same diene mixture as that obtained earlier on 
heating or especially on the addition of triethylamine, and was added to tetra- 
cyanoethylene at ice-bath temp, giving the single adduct 24 whose structure was 
proved by IR and NMR. These facts showed the single diene to be desired l-isopropyl- 
cyclopentadiene (2). 

CHART 4 

23 2 24 

Triethylamine was added to a solution of the single diene and dichloroacetyl 
chloride in light petroleum at ice-bath temp to provide an adduct, whose spectra were 
superimposable with those of the adduct5. The identification of the adduct demonstra- 
ted that no double bond migration was observable under the conditions used. That 
this adduct afforded only P-thujaplicin on heating in acetic acid containing potassium 
acetate was a matter of course. The crude adduct was treated with excess peracid, 
and the product was chromatographed. Thus a small amount of the epoxyketone 14 
could be separated from the major oxidation product 13. 

The NMR spectrum of the epoxyketone 14 (Experimental) gave no decisive evidence 
for its stereochemistry; however the corresponding epoxyalcohol 15, obtained from 
14 by sodium borohydride reduction, showed the presence of an intramolecular 
H-bonding between the OH and the epoxy groups in the IR and NMR spectra 
(formula 15a), viz., the OH group absorbed at 3412 cm-‘, and the a-proton and the 
OH proton appeared as a double quartet (J = 14G, 7.0, and 3.2 Hz) and a doublet 
(J = 140 Hz), respectively. Treatment of 15 with deuterium oxide, concurrently with 
disappearance of the signal of the OH proton, changed the signal due to the a-proton 
into a quartet (J = 7+0 and 3.2 Hz). These observations supported that the epoxy 
ring in 14 was cis to the cyclobutane ring. 

Thus we failed to observe the formation of the adduct 6 in the cycloaddition reac- 
tion, however, according to the proposed mechanism,” this adduct may not produce 
any tropolonic product. 

EXPERIMENTAL 

M.ps were uncorrected. IR spectra were run on a Hitachi EPI-S2 spectrophotometer, and a Perkin-Elmer 
Model I25 spectrophotometer was also used for measurements of diluted solns. NMR spectra of CCI, solns 

(unless otherwise stated) containing Me,Si (6 = 0 ppm) as internal standard were taken on a JEOL 
JNMC-60-HL spectrometer (60 MHz) or Varian HA-100 spectrometer (100 MHz), and coupling constants 

were given in Hz Mass spectra were obtained using a Hitachi RMU-6D spectrometer. 

Isopropylcyclopentadlenes (2 and 3) 
According to Ziegler et &9 an ethereal soln of freshly distilled 6,6dimethylfulvene’” was allowed to 
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react with LAH to obtain a mixture of 2 and 3. After the ether was removed, the residue was distilled 

in racuo (5 mm) in a bath keeping the temp below lo”, and the distillate was trapped in a cooled receiver 

at -20”. The distillate showed two peaks (51:49 in relative area) in GLC (dimethylsulfolane-Neopak 1B 

column;” do 3 mm x 1.5 m; column temp., 40”; He flow, 164 ml/min) at the retention times of 18.5 and 22 

min, respectively. 

1 -Isopropylcyclopentaiene (2) 

To a THF soln of EtMgBr prepared from 149 g EtBr and 30 g Mg, 8a g of cyclopentadiene was added, 

and the mixture was relluxed for 8 hr under N,. A soln of 27tl g Isopropyl tosylate’s in THF was added to 
the above Grignard reagent soln at 0”, and after standing for 13 hr at the same temp, the mixture was 

poured into a cold NH,CIaq. The product was extracted with light petroleum and the combined extracts 

were dried over MgSO,. The diene thus obtained showed a single peak at the retention time of 22 min in 

GLC. In GLC the diene mixture (uide supra) showed enhancement of the peak at 22 min by addition of this 

single diene; 6 I.1 3 (6H, d, J = 7.5), 2.7 (I H, Sept., J = 7.5), 2.8 (2H, m), 6.056.45 (3H, m). 

The diene was isomerized slowly into a mixture of 1 and 2 by refluxing its ethereal soln and the isomeriza- 

tion was remarkably accelerated by addition of Et,N to afford a 1: I mixture after 1.5 hr. 

Die/s-Alder adducr 24 of I-isopropylcyclopentadiene and tetracyanoethylene 

An ethereal soln of tetracyanoethylene and a small excess of I-isopropylcyclopentadiene was allowed to 

stand in an ice-bath for 2 hr, and the ether was distilled ON in oacuc at room temp. The solid residue was 

recrystallized from CHCI, to give the adduct 24 as colorless prisms, m.p. 165-165.5”. v (KBr) 2230 cn- I, 

6 (C,D,N) 0.95 (3H, d, J = 7.0), I.30 (3H, d. J = 7.0), 200 (2H, 1, J = 2.0), 2.45 (lH, Sept., J = 7.014.16 

(lH, quint., J = 2Q, 6.72 (2H, d, J = 2.0). (Found: C, 71.28; H, 4.88. C,,H,,N, requires: C, 71.16; I-1, 

5.1 2y0). 

Cycloaddition of the diene mixture (2 + 3) and dichloroketene 

Et,N (4.7 g) was added to an ethereal soln of the diene mixture obtained from 5.3 g 6,6-dimethylfulvene 

in the manner described. A soln of dichloroacetyl chloride (3.5 g) in the same solvent was added to the 

stirred diene soln at 5” dropwise over a period of 40 min. Stirring was continued for an additional 2 hr at 

the same temp. The precipitated salts were filtered off, and the filtrate was washed with 1N HCI and then 

water, and dried over MgSO,. After removal of the solvent, the oily residue was poured onto a silica gel 

column and eluted with n-hexane-CHCI, (4: 1) to separate the adducts from resinous products. The eluate 

was distilled in vacua to give 4.2 g of the adduct mixture (8Oo/0 on the basis of the dichloroacetyl chloride 

used). An aliquot (2.0 g) of the adduct mixture was carefully chromatographed on a silica gel column using 

n-hexane-benzene (10: I) as the eluting solvent. The adduct 5, a mixture of5 and 7 and 8 were eluted in this 

sequence. The pure adducts 5 and 8 weighed 647 and 60 mg, respectively. 

The adduct 5 was an oil, v,,,(neat) 1807 cm- ‘, 8 (C,D,)* (see formula Sn) 0.82 (H., 6H, d, J,, = 7.5), 

291 (Hd. d.m., J,, = 16.3, J,, = 7.5). 2.04 (H,, sept, J,, = 7.5). 2.42 (H,, dm, J,, = 16.3). 3.57 (H,, m), 

3.71 (H,, dt, J,, = 7.5, J,, = 1.8). 512 (H,, m). (Found: C, 55.00; H, 5.36; Cl, 34.28. C,,,H,,OCI, requires: 

C, 54.8 I ; H, 5.52: Cl, 32.36”;). 

The adduct 8 was also an oil, r&neat) 1807 cm- ‘, 6* (see formula 8~) 0.81, I.10 (H., 3H, d, Jzb = 7.5 

each). 2.45 (H,, 1 H, a pair of dt J 3 de= 17.5, J,, = J,, = 1.95). 260 (H,, IH, sept, J., = 7.5). 2.77 (H,, IH. 

l These NMR spectra were measured at 100 MHz, and the signals were assigned by decoupling experi- 

ments. 
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brd, J,, = 17.5). 3.63 (H,, lH, brd, J,, = 7*5), 575 (H,, lH, m), 6Q5 (H, lH, d.t., Jlh = 5.6). (Found: 
C, 5441; H, 5.52; Cl, 3264. CiOH,sOCl, requires: C, 54.81; H, 552; Cl, 32.36%). 

Cycloaddition of I-isopropylcyclopentadiene (2) end dichloroketene 
Dichloroacetyl chloride (80 g) was added to a stirred light petroleum solo of 2 prepared from 80 g 

cyclopentadiene as described, and then the soln was cooled to 0”. A solo of 70 g Et,N in the same solvent 
was added to the stirred soln of the diene during a period of 40 min, and the mixture was stirred for an 
additiona 4 hr at the same temp. The precipitated salts were liltered 06 and the liltrate was washed with 
tN HCl and then water, and dried over MgSO.. The soln was poured onto a silica gel column, and the 
product was eluted with a mixture of light petroleum+ther (10: 1). Removal of the solvent lelt a residue, 
which was then distilled in uccuo to give 5.88 g of an oil (79% yield on the basis of the dichloroacetyl chloride 
used). The oil was identical with the adduct 5 on a comparison of IR and NMR spectra 

Chrornous chloride reduction of cycfoadducts 
2-19 g of a mixture of the cycloadducts, obtained from the mixture of l- and Z-isopropylcyclo~ntadien~ 

was dissolved into 200 ml acetone. CrCl, aq (100 ml) prepared according to Djerassi et aLi was added to 
this acetone soln. The soln was allowed to stand at room temp under N, for 3 hr. and diluted with water. 
The product (1.33 g) was extracted with ether, and its IR spectrum showed no absorption at 1807 cm-’ 
(a-dichlorocyclobutanone). In GLC (PEG 20M-Celite column, Q, 3 mm x 1.5 m; column temp, 155”; 
He flow, 12 ml/mink the product showed three peaks at the retention times of 9.5,ll and 13 mm in the ratio 
of 4,67 and 29?&,,, respectively. Each cyclobutanone was also isolated by preparative GLC. 

The cycloadducts 5 and 8, isolated by coiumn chromatography, were similarly treated with CrCI,aq, 
and the resulting 9 and 1 I were checked for their retention times by GLC. The comparison indicated 111 it 
the first peak corresponded to 11 and the second one to 9. On the other hand. similar treatment of the 
mixture fraction (5 + 7) gave a mixture of cyclobutanones which showed two peaks at the retention times 
oPl1 and 13 mitt in GLC. The peak which eluted faster was identified as 9 by the peak enhancement experi- 
ments. 

The isolated cyclobutanones were characterized as follows. 
(a) Cyclobutanone 9; v_(neat) 1782 cm- ‘, 8 1.05 (6H, d, J = 7@), 2W.O (7H), 5-40 (lH, quint, J = l-9). 

Its semicarbazone was colorless leaflets and melted at 183-184’. (Found: C, 63.96; H, 7.74; N, 20.10. 
C, iH,,ON, requires: C, 63.74; H, 8.27; N, 20*27%). 

(b) Cyclobutanone 11: v_(neat) 1783 cm-‘, 8 0*85,0.% (3H, d, J = 70 each), 16-3.5 (7H), 5.73 (2H, s, 
accompanied by satelite bands). The semicarbazone, m.p. 189-1895”, was obtained as colorless leaflets. 
(Found: C, 63.97; H, 8.35. C,,H,,ONs requires: C, 63.74; H, 8.27%). 

(c) Cyclobutanone 10; v,,(neat) 1782 cm- ‘, 8 1.05,l.lO (3H, d, J = 70 each), 2+W (7H), 540 (IH, s). 
The semicarbazone was colorless leaflets and meited at 182-183”. (Found: C, 6364; H, 8.27; N, 2054. 
C,,H,,ON, requires: C, 63.74; H, 8.27; N, 20.27%). 

Epoxylactone 13 
A soln of 104 mg of the adduct 5 and 312 mg of m-chloroperbenzoic acid in 6 ml CH,Cl, was allowed to 

stand for 20 hr at room temp. NaxSO, was added to destroy the excess oxidant. The resulting mixture was 
extracted with ether, and the combined extracts were washed with NaHCOsaq and then water, and dried 
over MgSO,. Removal of the ether left 89 mg of a residue, which was then chromatog~ph~ on a silica 
gel column. Colorless needles (35 mg) were eluted by n-hexane-CHCl, (5: l), and an analytical sample, 
m.p. V-77.2”, was obtained by recrystallization from light petroleum (Found: C, 47.95; H, 5-10. 
C,,H,sOJCl, requires: C, 47.83; H, 4.82%); v_ (KBr) 1805, 1187, 1170 cm-‘; 8* (see formula 13a) @98, 
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1.01 (H,, 3H, d, Jrb = 6.8 each). 190 (Hb, sept, Jzb = 6.8), 2.03 (H,, dd, J,, = 40, J,, = 14.8), 2.44 (Hd. dd, 
J,, = 6.8, Jcd = 14.8), 3.55 (1 I,. d, J,, = 68), 3.63 (H, s), 4.79 (H,. dt, I,, = 4Q, J,, = J,, = 6.8). 

. 
13s 

Epoxyloctone 12 
A soln of 177 mg of the ketone 9 and 503 mg of m-chloroperbenzoic acid in 20 ml CH,Cl, was allowed 

to stand for 12 hr at room temp. After worked up as described, 160 mg of the crude product was obtained 
and purilied by preparative TLC employing CHCI, as the eluting solvent, giving 67.5 mg of the oily lactone 
12; v,(neat) 1783 cn-‘, 8’ (CDCI,) 0.98, 1QO (3H, d, J = 70 each), 1.88 (lH, sept, J = 7Q), 1.92 (lH, 
dd, J = 15.3 and 3.5). 2.31 (lH, dd, J = 182 and 7Q), 2.45 (lH, dd, J = 70 and 15.3), 2.72 (lH, dd, J = 104 
and 18.2), 3.11 (lH, dt, J = 1@4, 7Q and 7Q), 3.22 (lH, s), 4.81 (IH, dt, J = 3.5, 70 and 7.0), M+ = 182. 
(Found: C, 66.20; H, 8.23. C,,H,,O, requires: C, 65.91; H, 7.74%). 

Epoxylactone 16 
A CH,Cl, soln of 100 mg of the ketone 10 and 350 mg of mchloroperbenzoic acid was similarly worked 

up after standing for 24 hr at room temp. affording 92 mg of the crude product The latter was purified, 
employing CHCI, as the eluting solvent, by preparative TLC to give 22 mg of 16; v,,(neat) 1783 cm- I, 
8 (CDCI,) (formula 1611) 0.82, 1.05 (H,, 3H, d, Jib = 7Q each), 1.79 (H,, a pair of dd, J,, = 1.5, Jd = 15.0, 
J,, = 5Q). 2.12 (H,, Sept. J., = 7Q), 2.28 (H,, dd, J,, = 9.6. Jij = 17.5), 2.54 (H,. dd, J,, = 9.6, J,, = 17.51 
2.56 (Hd, dd, J,, = 7.5, J,, = 15.0), 3.08 (H,, dt, Jef = 7.5, J,, = J,, = !MA 3.37 (H, d, J,, = l.S), 464 
(H,, dt, J,, = 5.0, J,, = JIr = 7.5). M’ = 182. (Found: C, 65.57; H, 7.70. C,,H,,O, requires: C, 65.91; 
H, 7.74O/;). 

0 I 0 Ye Yc 
’ He 

t4 

? 

H( d ..A 
Y 

l H. Hb 

16a 

Alcohol 17 
30 mg of NaBH, was added to a soln of 102 mg of the adduct 8 in 5 ml of MeOH, and the soln was allowed 

to stand at room temp for 2 hr. The MeOH soln was diluted with water and extracted with ether. The 
combined extracts were washed with water and dried. Removal of the ether left 94-6 mg of a crystalline 
residue, which was shown as an almost single spot on TLC. Recrystallization from n-hexane gave colorless 
plates, m.p. 84+85Q, v, 3564 cm- ’ (c = lo-’ mol/l), P (formula 17a) 065,098 (H,, 3H, d, J = 70 each), 
1.97 (lH, d, J = lOQ, OH), 2.13-2.72 (H,,. H, and H,, 3H, m), 2.82 (HP lH, t, J = 7Q), 4.27 (H,,. q, J = 1OQ 
and 7Q), 5.67.6Q5 (H, and H,, m each). The quartet at 4.27 ppm changed into a doublet (J = 7.0) by treat- 
ment with D20. (Found: C, 54.34; H, 6.06; Cl, 32.38. C,,H,,OCl, requires: C, 54.24; H, 6.38; CI, 32Q7%). 
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Dihydro alcohol 18 
A soln of 95 mg of the alcohol 17 in 5 ml of EtOH was hydrogenated over 10% Pd-C at room temp under 

atm pressure. After ca 1 mole equiv of H, was absorbed, the mixture was filtered. The filtrate was evaporated 
to leave a crystalline residue, which gave colorless needles, m.p. 73Q-73.5”. on recrystallization from 

n-hexane; v_,(CCI,) 3598 cm-’ (c = 10m3 mol/l), 8 @83, 0.95 (3H, d, J = 65 each), 1.1-3.1 (9H), 450 

(IH, d, J = 9.0). (Found: C, 54.05; H, 7.65. C,,H,,OCI, requires: C, 53.82; H, 7.2306). 

Epoxyketone 14 
2.9 g of the cycloadduct 5, which was prepared from 2, was oxidized with 84 g m-chloroperbenzoic acid 

as described earlier in the preparation of 13. After worked up in a similar manner, the crystalline residue 

obtained was chromatographed on a column of silica gel (100 g) using CHCI, as the eluting solvent. From 

less polar fractions, 138 mg of the epoxyketone was IelI after evaporation of the solvent. Recrystallization 

of the epoxy-ketone gave colorless needles, m.p. 61Q-61.5; Y,, (KBr) 1806 cm-‘, 8 (CDCI,)* @97, 1.00 
(3H, d, J = 6.5 each). 1.93 (1 H, sept, J = 6.5). 2.07 (IH, dd, J = 14.5 and 9Q, 2.51 (11~. dd, J = I45 and 

1.5), 3.33 (IH, dd, J = 8.0 and 2.3) 3.57 (I H, d, J = 2.3), 404 (1 H, dt, J = 9Q I.5 and 8.0). (Found: C, 

51.76: H, 5.28. C,OH,,OCI, requires: C, 51.08; H, 5.14qd). 

Epoxyalcohol 15 
46 mg of NaBH, was added to a soln of I IO mg of 14 in 5 ml MeOH, and the soln was allowed to stand 

at room temp for 2 hr. After dilution with H,O the product was extracted with ether. Evaporation of the 

ether left I09 mg of an oil, which was chromatographed on a silica gel column. CHCI, eluted 103 mg of 

alcohol 15, v,,JCCI,) 3412 cm-’ (c = 10-s mol/l), 8 (CDCI,)* (formula Ha), 0.98, 1.01 (H,, d, .I,, = 7 

1.95 (Hb, sept, J,, = 7). 1.92 (H,, dd, J,, = 85, J,, = ISQ, 2.20 (Hd, dd, J,, = 15.0, J,, = l.E), 3.15-3.55 

(H,, H, and H, m), 4.31 (H,,, a pair of quartets, J,, = 3.2, Jch = 7.0, Jhi = 14.0X 4.87 (H,, d, Jh, = 14.0) 
Treatment with D,O changed the pair of quartets at 4.31 ppm into a quartet (J,, = 3.2, J,, = 7.0). 

Double resonance at about 3.4 ppm changed the signal of H, into a sharp doublet (J = 14.0). 

H. 
15s 

f?- and y-Thujaplicins (19 and 20) /iom the adduct mixture 
A soln of IO g of the adduct mixture and I.1 g of KOAc in 16 ml of95% HOAcaq was refluxed for I2 hr, 

and then poured into water. The product was extracted with ether, and the extracts were extracted again 

with NaOHaq, separating the acidic product from colored material. After acidification of the aq extracts 

with HClaq, the acidic product was collected in ether. The tropolonic product was extracted from the above 

ether extract with ES:/, H,PO,. Dilution of the H,PO, extracts with H,O gave a mixture of thujaplicins 
(322 mg), and the latter was collected in ether. In H,PO,-impregnated paper chromatography,‘6 two spots 

were developed by sparying FeCI, soln. and their R, values were identical with those of authentic specimens 
of 8- and y-thujaplicins. The mixture was then chromatographed on a column packed with H,PO,- 

impregnated Celtic” employing n-hexane-benezene mixture (4: 1) as the eluting solvent. f3- and y-thu- 

japlicins were obtained from less polar and polar fractions, respectively. The mps of 8-thujaplicin (47.5-48.0”) 
and y-thujaplicin (765-77.0 1 thus separatal were Identical wrth the respective reportal values (tit. p-tsomer. 

52-52.5’;” y-isomer, EO-8102’), and showed no depression of the mps on admixture with authentic 
specimens. Their spectra were also superimposable with those of authentic specimens. 

8-7hujapIicin (19) from the adduct 5 
A soln of 244 mg of 5 and 0.6 g of KOAc in 6.8 ml of 90 y’, HOAcaq was relluxed for 20 hr. and then worked 

up similarly to give 92 mg (SO’?&) of a crystalline tropolonic product. The latter showed a single spot in 
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paper chromatography, and by recrystallization from light petroleum afforded crystals melting at 472-47X’. 
Its IR and NMR spectra were identical with those of II-thujaplicin. 

$-‘Thujaplicin (19) from the adduct 8 
A soln of 59 tug of 8 and 0.6 g of KOAc in 6.6 ml of 90% HOAcaq was similarly treated and worked up 

to give 30 mg of crystalline g-thujaplicin, which was identified by a comparison of the spectra. 

I% and y-Thujupficins (19 and 20) from the adduct mixture of 5 and 7 
A s0h-1 of 2-00 g of the adduct mixture (5 + 7) obtained by column chromatography and 2-5 g of KOAc 

in 31 ml of 95:& HOAcaq was similarly treated and worked up to afford 685 mg (4@/,) of an oil, which 
was a mixture of & and y-thujaplicins as demonstrated by paper chromatography and NMR. 

9-Thujapl~cin (19) from the ndduct obtained in ~yclaadd~tion of ~-~sopropylcyc~apentadiene (2) 
A soln of 2.19 g of the adduct, which was obtained from l-isopropylcyciopentadiene and 30 g of KOAc 

in 31 ml of95% HOAcaq was treated and worked up as described above, yielding 718 mg (44%) of crystals. 
The crystals showed a single spot on paper chromatography at R, value identical with that of $-thujaplicin, 
and melted at 49.5-50.0” after recrystallization from ligroin. The IR and NMR spectra demonstrated the 
crystals to be $-thujaplicin. (Found: C, 73.34: H, 7.10. C,,H,,O, requires: C, 73.14; H, 7-3701,). 
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