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Abstract—Products of reaction between caryophyllen&5&-epoxide and carbonyl compoundacrolein,
crotonaldehyde a-methacrolein, and acetone) wesgnthesized orclay. Two dastereomers in reaction
with each aldehyde and a single isomer with acetaeee obtained. In reaction of thepoxide with acetone
an isomerization product was isolateti4,9-trimethyltricyclo[6.2.2.8"dodec-9-en-B-ol that was unknown
before.

We showed formerly that olefins of terpene seriesAp,5a-epoxide () and some carbonyl compounds.
on aluminosilicate catalysts entered into variousNote that quite a number of publications concerns the
reactions with aldehydes providing heterocyclic com-isomerization of epoxidel effected by proton or
pounds [1]. However for various reasons some Lewis acids under homogeneous conditi¢sse,e.g.,
terpenoids do not undergo this kind of transforma-{3, 4]), but thedata of intermolecular reactions of this
tions. We revealed [2] that epoxidation of olefins compound are scarce [3, 4], especially under hetero-
removedthese obstacles. For instarais, andtrans  geneous condition$1].
epoxides  of (+)-3-carene andlimonene with We studied reactions of epoxide with acrolein
aldehydes in the presence of askafhientonite clay I), crotonaldehydell] ), o-methacrolein IY), and
afford acetals. Therewith the sterical factors are( ), ety @ P
decisive in determining the extent of intra- andacetone \) in the presence of askanisentonite
intermolecular processei?] clay at 20C. In all reactions were |solated_1,3-d|oxo-

' lanes, products of reactiobetween epoxidd and

In extension of the studies on the poorly knowncarbonyl compoundfl -V. It were respectively com-
reaction of epoxides with carbonyl compounds wepoundsVlla, b (two diastereomers)Vlilla, b (two
investigated the reaction between caryophyllenaiastereomers)|Xa, b (two diastereomers), anid
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(one diastereomer) (Scheme 1). The compounds fail The *H and **C NMR spectra of compoundl,
to react in the absence daflay. XIl', and of diol Xl are consistent with those

Alongside 1,3-dioxolans from the reaction mix- published in [].
tures were isolated products of intramolecular re- It should be noted that because of insignificant
arrangement of epoxidel, previously described difference in thelH and **C NMR spectra of acetal
alcohols: @-hydroxyclovene X1), 2,3,8-trimethyl-  pairs Vila, b, Vllla, b , and IXa, b we did not
12a-methylenetricyclo[6.3.1.%dodec-2-ene@-0l  sycceed in establishing the cause of themerism:
(XII) and 3,9a-dihydroxyclovane XIII ) [5], and  \yhether it was due to the- or B-configuration of the
also 4,10, 10-trimethyl-7-methylenebicyclo[6.2.0]- methy| group at the Eatom or to different position

decEn:a4-carbr?>ialdehyde|XI(/) and - 4,11,11-tr- ot e glkenyl substituent attached td°CThe forma-
methyl-8-methylenebicyclo[7.2.0Jundecan-5-00&/) o1 of a single ketalX in the reaction of epoxidé

[3] (S_gh:eme %)' Tlhese'shubstanegse ?ISO at keeéalng and ketoneV, and also the fact that in thdd NMR
epoxidel on the clay without carbonyl compounds. spectra of the above acetals the greatest difference in
The reaction of epoxidé with ketoneV gaverise  the chemical shifts is observed for the pefisn H!®
alongside aldehyd&XIV, ketoneXV, acetalX, and suggest the second assumption torbere probable.
diol XllI also a previously unknown compound
4,4,9-trimethyltricyclo[6.2.2.b%dodec-9-en-g-ol
(XVI') whose formation is presented in Scheme 3.

Note that for all the acetals obtained in this study
the signals from & C? C3 C5 and C in the
_ 13C NMR spectra are considerably broadened. With
The structure of compounds obtained Wwasising temperature the signals getirrower. These
established from'H and **C NMR spectra. In the (eyersible temperature changes are apparently due to

1
H NMR spectra of compoundXIV ‘and XV only  the conformational lability of the nine-membered ring
the signals of methyl groups and olefin protons WEr€, the acetalmolecules.

formerly reported, and in thepectrum of compound _ o

XIV also a signal of the aldehyde group proton [4, 6]. Let us consider the estimation of the structure of
In the present paper we give more completethe previously unknown alcoh®VI. To the analysis
14 NMR spectra of these compounds, and also theipf "H NMR spectra were applied the data obtained by
13C NMR spectra. Weassigned thex-configuration  double resonancéH-'H and those of'*C NMR

to the methyl group at €carbon in compoun&V in  spectra (also of the spectra with off-resonance and
agreement with the published dd4§. selective decouplingfrom protons and of two-di-
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mensional spectra 3fC-1H correlation COSY). Asa remote constants)Basing on theresults obtained by
result we established the coupling between the corsuccessive pulse irradiation of protons of methyl
respondingprotons, the number of methymethyl-  group with a signal ad.68 ppm, ofolefin proton with
ene, methine groups and quaternary carbons in the signal at5.37 ppm, and ofprotons resonating at
molecule, and correlatiometween the carbon and 4.02, 2.30, an®.83 ppm andaking into account the
hydrogen signals. T@omplete the determination of above mentioned data we were able to separate the
the carbon chain we turned to differential spectrastructural fragments of the compound in question. All
modulated with remote spin-spin couplifgRIJMD, these fragments could be connected in only oy,
one-dimensional mode of*C-H correlation on namely, in the structureXVl.

22.68
CH,
5.37 ppm
HC=C._37.40
CH
0.68 ppm ~U6.15 |49.07 N
CH, _SCH—C—CH, | 2976 0.83 ppm 56.15
H,C —C—cH H—C—O0H 37.40 |
’ 56.13 [3130 cu T8
49.88 CH, N |
31.15
OH CH, 131.14  136.35 2.30 ppm 21.42
202ppm| | T 13114 HC== C—CH— CH,— CH,
HC—(C — (C=— 29,76
| CH, CH,
49.88 CH, CH 22.08 | 26.78
CH,
—|C— 31.15
EXPERIMENTAL Elemental composition of the newly synthesized

1 13 _ compounds was estimated from the high resolution
H and ~“C NMR spectra were registered on mass spectra obtained on Finnigan MAT 8200
spectrometer Bruker AM-400 at operating frequenciesnstrument
400.13 and 100.61 ppmespectively from solutions
of compounds inCDCl; or CDCL-CCl,, 1:1 by
volume. As internal reference served the signal

of chloroform 6 7.24,8¢ 76.90 ppm). Theanalysis  jonization detector, capillary quartz column 15600
of "H NMR spectra Waf,r performed with the use ofg 75 mm stationary phas8E-54, carrier gas helium.
double resonance spec B-"H. The assignment of The optical rotation was measured on Polamat A
signals in the™C NMR spectra was carried out by instrument in CHCI.

selective and off-resonance decouplingm protons.

In some cases wagerformed registering of spectra | N€ askanitebentonite clay was obtained by acid
modulated with remote couplin33C—1H (LRIMD activation of bentonite clayfom Askanian deposits

experimental conditions optimized for remote@nd corresponded to the Standard 113-12-86-82. The
coupling constantsJey 10 Hz). For compounds catalyst was calcined at 120 for 3 h just beforaise.

X, XIV- XVI were additionally recorded two- Caryophyllene XVII') was isolated from by-
dimensional heteronuclear correlation spe¢fi@-'H  product of oil of cloves by column chromatography
QCOSY, with the use of direct coupling constant on Al,O; activated for 5 h at 45@, eluent hexane.
Jon 134 Hz). The®®C NMR spectra are listed in Epoxide | was prepared from olefiXVIl along
the table. procedure described ifi7].

The purity of the initial compounds washecked
and the reaction products were analyzed by GLC on
Biokhrom-1 chromatograph equipped with flame-
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*C NMR spectra of compoundélla, Vilb, Vllla, VIIIb, IXa, IXb, X, XIV, XV,

TATAROVA et al.

XVI) %in CDCl,-CCl, (1: 1), 3, ppm

Atom| Vila Vilb Villa Vilib IXa IXb X XIV® XV XVI
ct |58.15 d |58.88 d |58.81 d |58.15 d |58.43 d |59.04 d |58.66 d |52.22 d |53.66 d |49.07 s
C? |2284t |23.751t |23.70 t [22.84 t |22.88 t |24.06 t [22.94 t |22.53 t |25.80 t [81.30 d
c® [39.42 t |40.40 t |40.40 t [39.42 t |39.49 t {4098 t [40.18 t |31.16 t |30.22 t |49.88 t
c* [82.70 s |82.04 s |81.78 s |82.64 s |82.76 s |81.84 s [82.14 s |48.98 s |47.34 d |37.53 s
c® |77.75 d |80.37 d |80.19 d |77.92 d |78.56 d |80.40 d |[77.60 d |29.80 t |215.80 s|56.15 d
c® |2780t |26.92t |26.81t [27.97 t |28.07 t {2657 t [27.36 t |29.66 t |41.73 t |21.42 t
C’ |3453t |34.84t |34.73 t |3454 t |34.70 t |34.93 t [34.62 t |152.63 C|34.57 t [29.76 t
c® |151.24 s|151.30 s|{151.30 s|151.36 s|151.49 s|151.21 s|151.59 s|40.02 d |153.78 s|37.40 d
Cc® |42.19 d |42.55 d |42.47 d |42.25 d |42.33 d |42.58 d [41.96 d |37.51 t |43.25 d |136.35 s
ct® |36.57 t |36.70 t 3656 t |36.55 t [36.63 t |36.61 t |36.52 t [34.21 s |40.04 t |131.14 d
c' (3424 s |34.42 s |34.29 s |34.25 s |34.32 s |34.35 s [34.22 s |107.39 t|33.54 s [31.15 t
c'? [111.52 t|111.63 t|111.40 t|111.45 t|111.44 t|111.54 t|111.36 t|205.42 d|111.42 t|26.78 t
c'® |22.14 q |22.10 q |21.95 q |22.12 q |22.20 q |21.99 q |22.16 q |22.40 q |21.90 q |23.63 q
c'* 129.95 q |29.96 q |29.80 q |29.94 q |29.98 q |29.82 q |29.96 q |30.03 q |29.84 q |28.88 q
c'® 118.76 q |21.26 q |21.19 q |18.48 q |18.47 q |21.02 q |21.11 q |22.19 q |17.06 q |22.08 q
c'® [100.70 d|101.47 d|101.55 d|101.05 d |102.53 d|103.10 d|105.64 s

17 1136.63 d|136.14 d |129.25 d |129.84 d |143.78 s|142.09 s[26.95 q

c'® |117.74 t|119.48 t|132.12 d|130.60 d|114.15 t |115.77 t|28.51 q

ct® 17.48 q [17.49 q |16.05 q |15.74 q

® Numeration of atoms corresponds to that of caryophyllene skelélonCDCl,.

Numeration of atoms in the NMR spectra cor-2.5) and 1.73d.d.d (H', J 15, J3.2 8, J3 5 2.5)

responds to that of caryophyllene skeleton.

Reaction of caryophyllene #,5a-epoxide (I)
with acrolein (II). To a suspension of 1 g of clay in
8 ml of anhydrous dichloromethane was added afH® J 10, 10, 8,351, 2, Jg 11 2), 4.45d.d.d.d (H,
20°C a solution of 0.7 g of acroleinll() in 2 ml of
anhydrous dichloromethahethe mixture was stired 2 2 3, 1.5, J;.¢ 1.5), 9.38 ¢ (9. 2) Ketone
for 5 min at 20C, then was added a solution @f35g ’
of epoxidel in 2 ml of anhydrous dichloromethane. 1 . 3
The stirring at 20C continued for 2.5 h, then the H NMR spectrum §, ppm, J, Hz): 0.91 s (CHy),
reaction mixture was filtered, th&olvent was remov-

ed, and 0.42 g oproducts mixture was obtained. The
mixture was subjected to column chromatography o
SiO, (100-160u), gradient elution with hexarethyl
ether (content of the lattdfrom 0.25 t0100%). The
following substances were isolated: (1) Compoun
XV, 9 mg (3%)

'H NMR spectrum §,
0.98 s (C3H,), 0.99 s (

**k

é

*PHg), 1.34 m (H), 1.46 m

systemAB, 1.77 d.d (H', J 10, J, 4 8), 1.80d.d.d

m,J, Hz): 0.97 s (G*H,),

(H*), 1.51d.d.d (H, J5 15.5,J5 7, J55 3.?,
1.61d.d.d (H, J,,11,J,510,J, , 4), 1.62'd.d (H,
Jg.q. 10, 355 10), 1.64 d.d.d (B J; 5 15,33, 10,3,

*

The carbonyl compounds are addédt in order to decrease
the isomerization of epoxidé.
Very unstable, suffers tarrindgpoth in pure state and in

**k

solution.

(H>, 3 155,35 5 11, Jg 5 4), 2.12 br.d (8, J5
16) and 2.18br.d (B, J16) systemAB, 2.62d.d.d.d.d

32,3110 2, 3361, Iy 1), 4.65d.d.d.d (HY, J
XV, 22 mg (7%), §lssg -14.1° (c 5.4, CHCL).
0.95 s (G*H,), 1.00 d (C°Hj, Jjc, 7), 1.26-1.39 m

(2H9), 1.43 m (), 151 ddd (H, I, 11,
10,3, 3), 1.51d.d (H° Ji510 10, 0 10),

1 ,
'i.67 d.d (H%, 310,354 8), 1.72d.d.d.d (H, J; 5

15.5,35 , 10, 5., 8, 33 » 4), 2.17d.d.d (H, J 10,

40, 8), 2.36 2.52 m (2H, 2H'), 2.55d.q.d (H,

J 10, 7,3,5 4), 4.90 br.d (H% 3y, 2), 4.93 br.d
(H'2 J 2), 3) 13« (or 13B-vinyl-1,5,5-trimethyl-8-
methylene-8,7-12, 14-dioxatricyclo[9.3.0.0]tetra-
decane Ylla), 52 mg (13%), &5 -29.4 (C6.12,
CHCly). 'H NMR spectrum &, ppm, J, Hz): 0.96 s
(C*H,), 0.98 s ( “H,), 1.11 s (C°H,), 1.24 m
(H%, 1.57 d.d (H°, J;01¢ 10, J146 8), 1.50-1.66 m
(HY, H?*, H3), 1.66-1.74 m (2H), 1.73 d.d (HY,
J 10,y ¢ 10), 1.93br.d.d (H', J3 5 14,5, 10),
2.00 br.d.t (H, J;7 14, J; ¢ 5.5), 2.34d.d.d (H,
35,110, 8), 2.38d.d.d (H", J 14,3, ¢8, J;. ' 6),
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3.57 t (H, Js. 5), 4.92 br.s (H), 4.96 br.s (H%),
5.19 d.dd (HlSCIS, ‘]180i317cis 10' ‘]180i318trans 1'51
‘]180i316 1)’ 5.29d.d.d (H161 ‘]16,17 6’ J 1’ ‘]16,18trans
1), 5.32d.d.d (H®"S 3o o170 17, J 1.5, 1),
5.74d.d.d (H’, J 17, 10, 6). FoundM 276.2095.
C,gH,50,. Calculated:M 276.2099. 4) 18 (or 13u)-
vinyl-1,5, 5-trimethyl-8-methylenef{7-12, 14-dioxa-
tricyclo[9.3.0.d" Jtetradecane \(Ilb ), 12 mg (3%),
[a]2d, -20.8 (C 0.96, CHCL). *H NMR spectrum
(6, ppm, J, Hz): 0.97 s (G%H,), 1.00 s (CH,),
1.10 s (C°H,), 1.22 m (H), 1.49-1.68 m (H, H?,
H3, 1.59 d.d (H° Ji510 10, Jyge 8), 1.76 d.d
(H', J10,J,9 ¢ 10), 1.731.78 m (2H), 1.93d.d.d
(H®, 355 14, 33 » 10, Jg, 1.2), 2.07br.d.t (H,
3, 14,3, 5), 2.36d.d.d (H, Jy, 10, J 10, 8),
2.41 d.t (H, J 14, J;, 6 8), 3.58 t (K, J5¢ 5),
4.95d.d.d (H? J;5,1.5,3154 1.5,3;,7 1), 4.99br.s
(H'?), 5.11 br.d (H%, J;4,,6.5), 5.28d.d.d (H®
‘]180isl7cis 10, ‘]180i318trans 1.5, ‘]180i316 1), 5.40d.d.d
(H*®"" 3 rans17cis1 7,9 1.5, Jigrans 16 1), 5.77d.d.d
(HY, J 17, 10, 6.5). 5)Alcohol XI, 6 mg (2%);
alcoholXIl', 4mg (1%); diolXlll , 47 mg (16%); and

35 mg (12%) of a mixture of alcohols of unknown

structure.

Reaction of epoxide | with crotonaldehyde(lll).
A suspension of 1.1 g of the clay askarhentonite,
0.35 g of epoxidel, and 0.7 g of aldehydd&l in

M 290.2253. GoH,O,. Calculated: M 290.2246.
1,5,5-Trimethyl-8-methylene-1& (or 13B)[(E)-1-
propenyl-4B, 7a-12,14-dioxatricyclo[9.3.0.8 Jtetra-
decane (Vllla), [a]&), -41.#4 (c 1.4, CHCL,). H
NMR spectrum § ppm, J, Hz): 0.97 s (C°H,),
0.99 s (G*H,), 1.12 s (C°H,), 1.26 m (H),
1.52-1.66 m (H H?, H3), 1.58 d.d (H°, ;¢ 10,
Jie 8), 1.71 d.d (CHg Jig1s 7, dig17 1.5),
1.74 d.d (H%, J 10, 3,y o 10)-, 1.66-1.76 m (2H),
1.94 d.d.d (7H°>', Jy s 14, 33, 10, Jg, 1.2),
2.01br.d.t (H, J, 14, J,45), 2.35br.d.d.d (H,
Jo; 10, J 10, 8), 2.40br.d.t (H", J 14, J; 4 8),
3.60 t (FP, J: 4 5), 4.94 br.s (M9, 4.98 br.s (H?),
5.29 d (H®, J;5,, 7), 5.43d.d.q (H', J;7,515,37,
1.5), 5.79 d.q (’flig, J15, 7). ’

Reaction of epoxide | with a-methacrolein.
A suspension of 2 g of clai{-10, 0.6 g ofepoxidel,
and 1.2 g of aldehyd®/ in 18 ml of dichloromethane
was stirred for 70 min at 2C€. By column chromato-
graphy on SiQ (100-160u) with gradient elution with
hexaneethyl ether (content of the lattdfrom 1 to
100%) was isolate@.14 g of amixture of ketoneXV
and acetalsiXa, b in the ratio 1.3:2.6:1 respec-
tively, andalso0.24 g ofalcoholsmixture. The first
mixture was repeatedly subjected to chromatography
on column charged with SiO(100-160 p, from
Russia), gradient elution witthexaneethyl ether
(from 0.5 t01%). Weisolated0.007 g ofacetallXa,

12 ml of dichloromethane was stirred for 90 min at[a]Z, -17.3 (c1.05, CHCI3), and.04 g ofacetal

20°C. By column chromatography on SjQ(100-
160u) at gradient elution with hexanethyl ether
(content of the lattefrom 1 to 100%) were isolated
0.028 g (8%) ofaldehydeXIV, 0.035 g (10%) of
ketone XV, 0.032 g (7%) ofacetalVllla , isolated:
(1) CompoundXIV, 9 mg (3%)." 0.02 g (4%) of
acetalVIllb , 0.008 g (2%) ofalcohol XIl', 0.115 g
(32%) of diol XllI and 0.121 g of a mixture of
alcohols of unknownstructure. 1,5,5-Trimethyl-8-
methylene-1& (or 13[3)-[(]E)-1-propenyl-4{3,7a-
12,14-dioxatricyclo{9.3.0.0" ‘tetradecane (Vllla),
[a] 2, -26.1° (C 5.1, CHCLy). *H NMR spectrum
(5, ppm,J, Hz): 0.95s (G°H,), 0.98s (CH,), 1.09s
(C™H,), 1.23 m (H), 1.48-1.66 m (H, H?, H3),
1.58 d.d (H°% Ji510 10, Jyge 8), 1.70 d.d (€%H,,
Jigig 7, Jig17 1.5), 1.7k1.76 m (2H), 1.74 d.d
(H, J 10, J;5 10), 1.92br.d.d (H, J3 5 14,
Jy o 10), 2.05br.d.t (H, 3, 14, J;5 5), 2.34
br.d.d.d (H, J5, 10, J 10, 8), 2.39br.d.t (H", J
14,3, ¢ 8), 3.56 t (H, Js ¢ 5), 4.93 br.s (H?), 4.98
br.s (hﬁ?), 5.09 d (H® Ji5,7 7), 5.43d.d.q (H',
Ji715 15,3 7, 1.5), 5.85 d.q (f, J 15, 7). Found:

IXb, [a]2Y -26.6> (c 7.0, CHCl,).

13a(or 13[3)-Isopropeny|-1,5,5-trimethé/l8-
methylene-43, 7a-12, 14-dioxatricyclo[9.3.0.8'1-
tetradecane (IXa). H NMR spectrum §, ppm, J,
Hz): 0.97 s (G3H,), 0.99 s (C*H3), 1.14 s (°H3),
1.26 m (H), 1.50-1.67 m (H, H¥, H%), 1.59 d.d
(H', 31010 10,3104 8), 1.69 d.d (G%H,, Jyg15 1.5,
Jigrg 1), 1.67 1.77 m (2H), 1.75 d.d (K7, J 10,
Jigg 10), 1.95d.d.d (H, J44; 5 14,35, 10,y
1.2), 2.02br.d.t (H, 3, 14, ;¢ 5), 2.34br.d.d.d
(H%, 35 10,310, 8), 2.40br.d.d.d (H', J 14,3, ¢ 8,
Jrg 6), 3.62t (H, J¢5), 4.91 d.q (H Jyg.4 2,
J 1.5), 4.93 br.s (1), 4.97 br.s (%), 5.07 d.q
(H*¥®, J 2, 1), 5.27 ¢ (H%. Found: M 290.2250.
CgH300,. Calculated:M 290.2246.

13B(or 13a)-Isopropenyl-1,5,5-trimethyl8-
methylene-43, 7a-12, 14-dioxatricyclo[9.3.0.8' -
tetradecane (IXb). *H NMR spectrum &, ppm, J,
Hz): 0.96 s (G°H,), 0.99 s (G“H,), 1.10 s (C°H,),
1.22 m (H), 1.48-1.69 m (H, H¥, H%, 1.59 d.d
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(H, 3010 10,3104 8), 1.72 d.d (€%Hj, Jyg15 1.5,
Jig1g 1.5), 1.72 1.78 m (2H), 1.76 d.d (H® , J10,
Jigg 10), 1.93d.d.d (H, I3 514,35 » 9, I3, 1.2),
2.07br.d.t (H, 3,7 14, 3,4 5), 2.36br.d.d.d (H,
Jo1 10, J 10, 8), 2.41br.dt (H', J 14, Jr g 8),
3.59 t (H, Js6 5), 4.95d.d.d (H? I, 1, 1.5, 315,
1.5, Jp7 0.5), 498 d.q (B Jig.9 2, J 1.5),
5.00 br.s (H?), 5.07 C (H9), 512dq(H8 J2,
1.5).

TATAROVA et al.

~40.5 (c 8.9, CHCLy). 'H NMR spectrum &, ppm,
J, Hz): 0.93 s (&H,), 0.96 s (CH,), 1.04 s
(C™H,), 1.22 m (H), 1.23 s and 1.33 s (CH,,
C¥H,), 1.43-1.63 m (H, H?, H®), 1.55 d.d (H°,
Jioro 10, Jigg 8), 1.631.71 m (2H), 1.72 d.d
(H1%, 10,3, 4 10), 1.85br.d.d (H', I3 14, 5,
10), 1.99br.d.t (H, J;, 14, 3;5 6), 2.33br.d.d.d
(H%, Jg, 10,J 10, 8), 236brddd(l—f J14,3; ¢
8.5, ;¢ 6), 3.68 t (H, J;4 5), 4.91 br.s (),

Reaction of epoxide | with acetoneA suspension 4.95 br.s (H?). Found: M 278.2249. GgH3,O..
of 1.2 g clay, 0.4 g okpoxidel, and 0.8 g of acetone Calculated: M 278.2246.

in 12 ml of dichloromethane was stirred for 2 h at

20°C. By column chromatography on SjQ(100-

160u, from Russia) at gradient elution wittexane

ethyl ether (from 1 to 100%) was isolatédl04 g
(10%) of aldehydeXIV, 0.06 g (15%) oketoneXV,

0.07 g (13%) ofacetal X, 0.02 g (5%) ofalcohol
XVI, 0.07 g (16%) ofdiol Xl , 0.13 g (32%) of
alcohols mixture.

4,4,9-Trimethy|tr|cyclo[6.2.2.01'5]d0dec-9-en-
2B-ol _(XVI), [a]24, -19.P(c 1.22,CHC}).
'HNMR spectrum §, ppm, J, Hz): 0.68 s (C%H,),
0.83d.d.d.d (F, Jg¢ 13, Js5 13, Jg7 13, Js 7 6),
0.93 ¢ (C*Hy), 1.05d.d.d.d (H, 13,3, 7 13, ;¢
5,J;51), .20 d.d (H, J13,J5¢ 3.5), 1.25d.d.d.d
(H6 Jias 3.5, J5 7 2), 1.41 dd (H, 335 12,35,
10), 1.39m (HY, 1.45m (H?), 1.47m (H'), 1.70
d (C®H3, J510 2), 1.73 m (H), 1.75 m (H?),
182 d.d (# J 12, )y, 6.5), 2.30d.d.d.d.d (H,
,5 7, 3512 7, J310 1.5, 357 1, g1, 1), 4.02 d.d
J 10, 6.5), 5.37 q.d (#, J 2, 1.5). Found:
m220 18267. GH,,0. Calculatedm 220.18270.

1,5,5,13,13-Pentamethyl-8-methylenep4 7a-
12,14-dioxatricyclo[9.3.0* Jtetradecane (X), [o]sso
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