14~HYDROXYCARYOPHYLLENE 4,5-0XIDE — A NEW SESQUITERPENE
FROM Betula pubescens
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A new sesquiterpene — l4-hydroxycaryophyllene 4,5-oxide — has been isolated from
the unsaponifiable part of an ethereal extract of the leaves of Betula pubescens,
and its structure has been established on the basis of chemical and spectral char-
acteristics.

Continuing investigations on the terpenoid composition of the leaves of Siberian species
of birch [1], from the unsaponifiable fraction of an ethereal extract of Betula pubescens we
have isolated a new sesquiterpene (I), C;sH;,02., The IR spectrum of (I) in CHCls solution
(¢ 6.3 mg/ml) contained three bands, at 896, 1630, and 3078 cm™', due to the vibrations of
a RsC~CH, group, and a broad band at 3455 cm™® and a narrow one at 3606 cm™' that are char-
acteristic for the stretching vibrations of a hydroxy group, The hydroxy group in (I) is
not bound by an intramolecular hydrogen bond, since when the solution was diluted 17-
fold the band at 3455 cm™' disappeared and the intensity of the band at 3606 cn™! increased
considerably.
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Terpene (I) was readily acetylated under mild conditions, The IR spectrum of the acetate
(IT) showed no bands characteristic for the vibrations of a hydroxy group, which demonstrated
the absence of a tertiary hydroxy groups from (I), The fact (L) was a sesquiterpenoid followed
from an analysis of the *°C spectrum, which contained the signals of 15 carbon atoms (Table
2). Singlet signals in the 'H spectrum of (I) (CDsOD) at 1,00 and 1.03 ppm with an intensity
of 3 H each showed the presence in them of two tertiary Me groups in (I), while the presence
of only one signal of a quaternary C atom in the '°C spectrum of (I) at 34.4 ppm led to the
conclusion that these Me groups were arranged geminally.

The presence in the 'H spectrum of (I) of signals of the protons of an isolated AB sys-
tem (the A part in the form of a doublet of doublets (dd) at 3.20 ppm with J = 12.4 and 1.5 Hz,
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TABLE 1. 'H Chemical Shifts (CSs) (ppm relative to TMS)
and SSCCs (Hz) of Compound (I)

H atom® | Cs SSCCs
1 1,88 | Jio=1.2 1) 5=10,3; ], =10 4
2 1,51 | Jpp=10.3; Jpy=—14.9; J,,=4.5; J,,=13,0
2 1,67 | Jyo=1.2 Jgy=—14,9; Jy3=5,6; Jp4=3,0
3 0,76 J39=13 0; J;5=5,6; J34=—13.0; J, , =1.5
3 2.54 J39=3.0; Jy9=4.5; J33=~13.0; J34=1,0
5 3,02 J55=4.3 J55=10,9
6 1,33 | Jos=4.3 J5;=3.6: Jg,=8,9
6 2,23 Jo5=10,9; Js,=3,8; J;,=6,5; Js3=1,0
7 211 |  J;5=3.8 J;6=5,5 J;;=—12,5 I, 5=0,8
7 2,83 | 1;6=8,6; J;g=8.9 J;,=—12,5; Iy ;=}; ;5=9,8
9 2,70 | Uy =10,4; Jg10=10.5; Jg15=8,6; Jg ;5=0.8
10 1,60 | Ji00=10.5; Jyq10=—10.5
10 166 | Ji09=8.6; Jyg0=—10.5
12 1,03 —
(CHy)
13 1,00 —
(CH3)
14 3,20 JH,H:fIQA; Jig=1.0
14 3,92 JI4‘14:——I2,4
15 4,82 Jisas=1.7 Ji57=115,=0.8
15 4,97 J15‘15:1,7; J157=0.8; J1579:0,8

*The numbering of the protons corresponds to the numbering of
the carben atoms in the structural formula of (I).

and a B part in the form of a doublet at 3,92 ppm with J = 12,4 Hz) the protons of which
were greatly descreened on acetylation (the A part as a doublet of doublets at 3.62 ppm with
J =12.0 and 1.8 Hz, and B part as a doublet at 4,57 ppm with J = 12.0 Hz in the *H spectrum
of (II) (singlet at 2.11 ppm) showed the presence in (I) of a primary alcohol group attached
to a quaternary carbon atom. The signal of a methine proton was observed in the weak-field
section of the 'H spectrum of (I) at 3.02 ppm (dd, J = 4,3 and 10,9 Hz) and it did not change
its position on passage to the ‘H spectrum of (II) (dd, J = 4,2 and 10,5 Hz),

The *3C spectrum of (I) contained three signals of carbinyl C atoms at 62.1 ppm (triplet),
62.8 ppm (singlet), and 64.9 ppm (doublet), the form of which together with the features of
the ‘H spectra of (I) and (II) given above permits the conclusion that an epoxy ring and a
hydroxymethyl group are present in (I) at the same carbon atom, The existence in the molecule
of (I) of an exomethylene double bond follows from the presence of 'H spectrum of (I) of
multiplet signals of unit intensity at 4.82 ppm (J = 0.7, 0,7, and 1.7 Hz), and 4.97 ppm (J
(J = 0.9, 0.9, and 1.7 Hz), and also from the presence in the *®C spectrum of (I) of the
signals of a methylene C atom at 113.1 ppm and of a quaternary C atom at 151.6 ppm.

On the basis of the results of the investigation of (I) by physicochemical methods that
have been given and also in the light of biogenetic considerations, the sesquiterpene (I)
was assigned the structure of lé4-hydroxycaryophyllene 4,5-oxide. A fairly reliable confirma-
tion of the proposed structure of (I) was provided by results of proton-proton double-resonance
and INDOR (250 MHz) experiments permitting the determination of the SSCCs and the complete
assignment of the signals of the protons in the *H spectrum of (I) (Table 1). The high degree
of coupling of the protons at C-6 did not permit the value of their geminal SSCC to be de-
termined or the vicinal SSCCs of the nuclei to be assigned unambiguously. The INDOR experi-
ments showed weak spin-spin coupling of the proton at C-1 with the protons of the CHs group

564



TABLE 2. *3C Chemical Shifts of Compounds (I-IV) (ppm
relative to TMS, CDCljs)

c d C atom
ompoun
P T R s | ¢ | 7| s ] o
[ 48,9 266 | 29,1% | 62.81 64,9 30,1*}) 33,6 | 151,6 | 49,9
11 49,0 | 26,5 | 29.0* 5091 641]30,3*| 33,6 | 151,3| 49,7
I 44.0 23,8 | 34,2 151,2 73,2 1 32,6 34 1 75,7 | 53,4
v 43,1 23,1 | 35,6 150,7 75,51 29,5 34,1 75,6 | 55,0
C atom
Compound
w | ) o2 | o3 |5 | . | v | s
[ 40,0 | 34 4 21,5 29,9 62.1 1 113,1 — — —
I 39,9 | 34,4 21,5 | 29,9 63,7 | 113 4| 171.1 | 20,8
I 36 2 | 33,7 21,9 | 30,0 { 109,6 79,3 — — 59,4
v 360 | 33,8 1 21,7 ! 29,7 | 110,71 77,21170,7 | 20,8 59,1

*The assignment of the signals may be reversed.

at C-11 (1.03 ppm) and of one of the protons (1.60 ppm) at C-10 with the protons of the other
CH; group, at C-11 (1.00 ppm), but it was impossible to measure the coupling constants. It
is interesting to note also the reliably established spin-spin coupling between one of the
protons (2.54 ppm) at C-3 and one of the protons (2.23 ppm) at C-6 (®*J = 1,0 Hz),

The results of investigations of terpene (I) by the *H and *°C NMR methods unfortunately
did not permit an unambiguous conclusion to be drawn concerning the stereochemistry of the
epoxy ring in (I).

The treatment of (I) with a saturated solution of KOH in CH3OH led to the formation in
moderate yield (35%) of 5,8-dihydroxy-8-methoxy-4-methylenecaryophyllane (III). The IR spec-
trum of (ITI) in CHCls; solution (c¢ 7.1 mg/ml) showed three bands, at 891, 1635, and 3081 cm™?!,
due to the vibrations of a R,C=CH; group, two broad intense bands at 3469 and 3571 cm~*', and
a narrow band at 3605 cm™*. On 20-fold dilution of the solution, the band at 3469 cm~* dis-
appeared while the band at 3571 cm—?! did not change its position and intensity, which shows
the existence of an intramolecular hydrogen bond in (III) either between the OH groups at
C-5 and C-8 or between the proton of the OH group at C-5 and the oxygen atom of the methoxy
group.

When (III) was acetylated under mild conditions, the monocacetate (IV) was obtained. The
IR spectrum of (IV) in CHCl; solution (¢ 5,7 mg/ml) showed a broad strong band at 3465 cm™*
and a narrow band at 3605 cm™'. On 18-fold dilution of the solution the band at 3465 cm™?
disappeared and the intensity of the band at 3605 cm™ increased. The results of the acetyla-
tion of (III) unambiguously showed the presence of a tertiary OH group in (IV) which permits
alternative structures containing no such groups to be rejected, The presence in (IV) of
an isolated methoxymethyl group was confirmed by the results of the *H and *°C NMR spectra.
The H spectrum of (IIT) showed a singlet at 3,40 ppm (OCH3) and signals of the protons of
an isolated AB system: two doublets at 3,40 and 3.55 ppm with Jgem = 9.2 Hz. Since only
three signals of methine carbon atoms were observed in the 3¢ spectrum of (III), two of
which belonged to C-1 and C-3, and the third to C-~5, and only one weak-field signal of a
quaternary carbon atom, at 75,7 ppm, the hydroxy group not undergoing acetylation and the
methoxymethyl group must be attached to the same carbon atom, The fact that this atom is
C-8 was confirmed by the downfield shift by 3.5 ppm of the C~9 signal in the '®C spectrum of
(IIT) and the upfield shift by 4.9 ppm of the C-1 signal in comparison with the positions of
these signals in the spectrum of (I)., The upfield shiftof the C~1 signal in the *°C spectrum
of (III) was apparently due both to the disappearance of the y-anti effect of the double bond
(what is in view is the 8.1l5 double bond in (I)) on the CS of C-1 [2] and also to the nega-
tive y-elfect of the OH group at C-8,

Thus, on considering the structure of the initial compound, the product of the reaction
of (I) with KOH in CH3;0H was assigned structure (III). The alternative structure (V), agree-
ing with many spectral characteristics of compound (III), was rejected because at least the
C-9 CS in the '3C spectrum of (V) should not have been appreciably changed in comparison with
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the C-9 CS in the spectrum of (I). In the experimental *°C spectrum of (III), however, the
C~9 signal had shifted downfield by 3.5 ppm in comparison with its position in the spectrum
of (I). The facts available to us do not yet enable us reliably to establish the configura-
tions of the C-5 and C-8 asymmetric centers in (III). The diol (III) is probably formed as
the result of an attack by the methoxide anion on the protonated carbon atom of the exocyclic
double bond and the simultaneous transannular interaction of a water molecule with the qua-
ternary carbon atom of the same double bond and the oxygen atom of the epoxide ring (schemel).
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The base-catalyzed rearrangement of caryophyllene oxides have been studied in fairly
great detail in [3}, but no rearrangements similar to the transformation of (I) into (III)
that we have described have been observed.

EXPERIMENTAL

IR spectra were recorded on a Specord 75 IR spectrometer in CHCls solution, and mass
spectra of a LKB 9000 spectrometer at an ionizing energy of 70 eV. The *H and *°C NMR spec-
tra were measured on a Bruker WM~250 Fourier spectrometer with a working frequency of 250
MHz for 'H and 62.9 MHz for '3C. The solvents used were CDCls and CDsOD in the ‘H experi-
ments and CDCls in the *°C experiments. The chemical shifts are expressed in the § scale
relative to TMS. The accuracy of the measurement was +1,5 Hz for *®Hz and #0,15 Hz for *H.
In the assignment of the signals in the '°C spectra of compounds (I-IV) we used the method
of off-resonance spin decoupling and comparison with literature information [4-9]. Optical
rotations were determined on a Perkin-Elmer instrument in a cell 10 cm long, and melting
points on a Boetius stage.

Isolation of the Terpene (I). The air-dry leaves of Betula pubescens (collected in
June, 1981, in the Selenga region of the Buryat ASSR) (3 kg) were exhaustively extracted
with diethyl ether at room temperature. The extract was evaporated to dryness and the res-
idue was treated further by the method of Fischer and Seiler [10]. Then 21.5 g of the
unsaponifiable fraction of the ethereal extract was chromatographed on a column containing
Si0z L (80-125 um) with elution by the petroleum ether—acetone (30:1) system. This gave 490
mg of the noncrystalline sesquiterpene (I), [a]Be —34.6° (¢ 0.5; chloroform),

Acetylation of the Terpene (I). A solution of 100 mg of (I) in 3 ml of pyridine was
treated with 1.5 ml of acetic anhydride, The reaction mixture was left overnight at room
temperature. After the usual working up, 114 mg of l4-acetoxycaryophyllene 4,5-oxide (II)
was obtained with [«]i® —58.4° (¢ 0.5; chloroform). IR spectrum (v, cm™): 898, 1630, 1734,
3080. 'H spectrum (ppm): 1.00 (s, 3 H), 1.02 (s, 3 H), 2.11 (s, 3 H, OAc), 3.02 (dd, 1 H,

J = 4.2 and 10.5 Hz, H®), 3,62 (dd, 1 H, J = 1.8 and 12.0 Hz, y'%), 4,57 (d, 1 H, J = 12.0
Hz, H*“), 4.87 (d, 1 H, J = 1.7 Hz, H*®), 5.03 (d, 1 H, J = 1.7 Hz, H'S),

Rearrangement of (I) into (III). A solution of 400 mg of (I) in 55 ml of methanol was
boiled with & g of KOH for 3 h. The reaction mixture was diluted with water and extracted
with ether. After the usual working up of the ethereal extract, the residue was chromato-
graphed on a column of Si0; L with elution by mixtures of petroleum ether and acetone. This
gave 150 mg of the initial (I) and 100 mg of the sesquiterpene (III) with the composition
Ci6Hae0s, mp 66-68°C (petroleum ether), [alj® —39.6a (c 0.5; chloroform). ‘H spectrum (ppm):
0.98 (s, 3 H), 1.00 (s, 3 H}, 2.72 (s, 1 H, C*-OH), 3.03 (d, 1 H, J = 4,0 Hz, C°-0H), 3.40
(s, 3 H, OCH3), 3.40 (d, 1 H, J = 9.2 Hz, H*®), 3.55 (d, L H, J = 9,2 Hz, H'®), 3.84 (m, 1 H,
J=4,0, 4.0, and 7.5 Hz, H®), 4.87 (s, 1L H, H*'*), 4,89 (s, 1 H, H'*).

Mass spectrum, m/z (%): 250 (0.43 M — H,0), 223 (4.3 M — CH,0CHz), 205 (30.9), 187
(24.4), 175 (15,7), 161 (10.8), 149 (25.4), 137 (15,2), 135 (16.1), 131 (16.5), 123 (26.5),
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121 (29.4), 119 (21.6), 111 (35.2), 109 (29.4), 108 (25.5), 107 (57.8), 105 (27.5), 95 (51.3),
93 (55.3), 91 (29.4), 83 (33.3), 81 (55.8), 79 (50.0), 71 (23,5), 69 (100), 67 (37.3), 55
(49.1), 45 (60.8), 43 (40.1), 41 (92.2).

Acetylation of the Terpene (III). Under conditions similar to those described for (I),
40 mg of (III) yielded 48 mg of 5-acetoxy-8-hydroxy-8-methoxy-4-methylenecaryophyllane (IV),
[@]p® —8.8° (c 0.5; chloroform). IR spectrum (v, cm~*): 895, 1636, 1729, 3078, 3465, 3605.
'H spectrum (ppm): 0.99 (s, 3 H), 1.01 (s, 3 H), 2.06 (s, 3 H, OAc), 3.25 (AB spectrum, 2H,
Jgem = 9.5 Hz, AS = 0.02 ppm, 2 x H'®), 3,32 (s, 3 H, OCHs), 3.96 (broad singlet, 1 H, C°®-OH),
4,80 (d, 1 H, J = 1.0 Hz, H**), 4.87 (d, 1 H, J = 1,0 Hz, H'*), 5.25 (dd, 1 H, J = 5,0 and
6.0 Hz, H®).

CONCLUSIONS

1. A new sesquiterpene — lé4-hydroxycaryophyllene 4,5~oxide (I) — has been isolated
from the unsaponifiable fractions of an ethereal extract of the leaves of Betula pubescens,

2. The treatment of (I) with a methanolic solution of caustic soda led to the formation
of 5,8-dihydroxy-8-methoxy-4-methylenemethylcaryophyllane (ITI), probably as the result of
the transannular interaction of the exocyclic double bond with the oxygen atom of the epoxy
ring taking place with the participation of a molecule of water and a methoxide anion.

LITERATURE CITED

1. N. D. Pokhilo, V. A. Denisenko, V. V. Makhan'kov, and N. I. Uvarova, Khim. Prir. Soedin.,
392 (1983).

2. H. Beierbeck, J. K. Saunders, and J. W. ApSimon, Can. J. Chem., 55, 2813 (1977).

3. V. Srinivasan and E. W. Warnhoff, Can. J. Chem., 54, 1372 (1976).

4, R. F. Raffauf, M. P. Pastore, C. J, Kelley, P, W, LeQuesne, I, Miura, K. Nakanishi, J.
Finer, and J. Clardy, J. Am. Chem, Soc., 100, 7437 (1978).

. Groweiss and Y, Kashman, Tetrahedron Lett., 2205 (1978).

. Yoshida, J. Nobuhara, M. Uchida, and T. Okuda, Chem, Pharm. Bull., 26, 2535 (1978),

. Vichewski, A. P. Lins, W. Herz, and R, Murari, Phytochemistry, 19, 685 (1980).

. Bohlmann, C. Zdero, H., Robinson, and R, M, King, Phytochemistry, 19, 2381 (1980).

. Ahond, B. F. Bowden, J, C, Coll, J.-D. Fourneron, and S. J, Mitcﬁgii, Aust. J, Chem.,
34, 2657 (1981).

10. F. C. Fischer and N, Seiler, Ann. Chem., 626, 185 (1959).

R IEN I V)|
o B

567



