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Abstract: Three tricyclic sesquiterpenes, sesquithuriferol (1), a- (3) and B-duprezianene (4) were
isolated from the essential oil of the wood of Juniperus thurifera L. The structure and absolute
configuration of 1 was established on the basis of 2D INADEQUATE and other 2D NMR spectra, as
well as by chemical correlations. The structure of 3 and 4 were elucidated by 2D NMR spectra and
confirmed by their synthesis from tosyl-solvolysis rearrangement of 1.
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During the last few years the essential oils from wood of different species of the genus Juniperus!-? have
been revealed as important sources of new sesquiterpenic compounds. Following the authors' research in this field,
sesquithuriferol (1),>a new sesquiterpene alcohol [t]?%=-58.8 (¢ 1.0, Cl;CH), has been isolated as a
colourless crystalline solid from Juniperus thurifera L. The structure of 1 and its O-acetyl derivative 23 was
established on the basis of the 2D INADEQUATE, DQF-COSY, HMQC and HMBC spectra (Table 1). The
spectroscopic data of 13 were not in accordance with those of the previously reported sesquiterpene alcohols
545 and 7,6 which have the same skeleton. For this reason 1 must be a stereoisomer. The relative
stereochemistry of 1 was established on the basis of the following data: A) W-type long-range couplings
between H-11B and H-100 (/=2.2Hz), H-11B and H-9a (/=2.2Hz), H-11a and H-7 (J=1Hz); B) the
pyridine-induced solvent shifts’ observed in the 'H and !3C NMR spectra (Figure 1); C) nOes shown by the
NOESY spectrum (Table 1).

1 R1=OH, Rz=H, R3=Me, Ra=H
¥ 2 Ry1=0OAc, Ra=H, R3=Me, Rs=H
1R, 5 Ri=H, R2=0H, R3=Me, R4=H
6 Ry1=R2=0, R3z=Me, R4=H
7 R1=0OH, R2=H, R3=H, R4=Me
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Figure 1. Compounds 1-8 and pyridine-induced solvent
shifts in "H and '3C NMR spectra for 1.

13¢C-A8 (ppm) = 8CDCl3 - 8CsDsN
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Tablel. 'H (400 MHz) and 3*C NMR (100 MHz) chemical shift data® (CDCl;) of 1 and 2

Compound 1 Compound 2 Compounds 1 and 2
n°C | DEPTJ8°C| O81H (=Hz) J 81°C |2DINAD. [ 86TH | COSY HMBC NOESY |
1 {C 54.11 - 53.97 12,5,10,11 - - 2,3a,40,5,10af -
110,12
2 |CH 40.72) 1.68,dg 40.77 1 1,3,12 1.71 §3B,12 30,108,12 3aB,108,12
(11.1,7.2,3.8)
3 |CHp §31.29]1.90, o, dddd 3127 | 24 1.91 | 3BAcp 40,12 230,40, 12
(13,11.1,8.52.7
1.08, B, dddd 1.07 {230,408 2,3c,408,5.12
(13,12.48.5.3.8)
4 |CH; 72298)142,a,m 2298 13,5 1.42 J13aB4B8.5 30B,2,5 3aB,4B,13
1.568, m 1.56_j3afda 30B,40,12,13
5 {CH 49.69)1.57, m 5062 1146 1.57 j4o 23a0f,4aB,7, 38,1213
10af,118,13,14
6 1C 37.39 - 36.89 | 5,7,13,14 - - 40,5,7,13,14 -
7 CH 84.22]13.05, brs 84.46 168 459 flla 9af,11af.13, |9a,13,14,15
14,15
8 |C 47.03 - 462317911,15 | - - 790,100, -
11of,15
9 |CH; 34.66 1.58, ., dddd 3421 | 8,10 1.63 §9B,10aB,11B8 | 7,10aB,11aB,15 | 7,98,108,14,15
(13.84.84.422
1.38, B, ddd 1.38 j90,10af 9a,10ap,15
(138.12.84.6)
10 |CH, 33.51| 1.74, a, dddd 3360119 1.77 §9aB,108,118 | 2,9aB,118 90f3,108,14
(13446,442.2)
1.14B, ddd 1.17 §9ap,10a 2,908,100
(13.4,12.84.8)
11 |CH; [41.04]1.08, o, dd 4226118 1.14 §7,11B 7.90,10a,15 11B,12,15
(11,1)
1.50, B, ddd 1.52 §9¢.,10a,11a 11a,12,13,15
(11,2.2.2.2)
12 | CHs 19.95] 0.85, 4 (7.2) 1991 |2 0.87 §2 3aB.2 2.30B.4B,5.110B
13 |CH, §30.03[098, s 2940 | 6 0.84 )14 5,14 40B,5,7,11B,14
14 | CHj 24731099, s 243716 1.06 13 5,7,13 7,90,10a,13
15 | CHj 25.7911.12, s 25.07 | 8 0.94 - 7.98.11a 7,90B,110p
[MeCO| CH; — ~ 21.03 - 2.06,5 - - -
MeCO| C - - 170.8 - -~ - -~ -
“From HMQC

The absolute configuration of 1 was determined by chemical correlation with §. The treatment of 1 with
Jones reagent afforded the ketone 6,% which gave the alcohol 54 on stereoselective reduction with sodium
borohydride. The absolute configuration of § had been previously determined by X ray analysis of its p-
bromobenzoate derivative.®® § had [a]2%p=-34 (c 0.8, C1,CH) [lit. [«]2%=-32 (¢ 1.1, CI3CH)] and its
spectroscopic data were identical to those previously reported. 45

Two sesquiterpene hydrocarbons, o-duprezianene (3°) and 4%, a new natural product, were also isolated
from the essential oil of Juniperus thurifera L.. 3 had been previously isolated from C. dupreziana by Piovetti
et al'®™ as an unknown sesquiterpene and its tricyclo[5.2.2.0'5Jundecane skeleton tentatively assigned by
Kirtany er al'% on the basis of limited spectral datal®, its co-occurrence with (+)-o-funebrene (8) and
biogenetic considerations. The structures of 3 and 4 were elucidated through 2D NMR spectroscopy. The
DQF-COSY spectrum of 4 (Table 2) established the presence of three molecular frameworks (Figure 2),
whose connections were established by the analysis of the HMBC spectrum (Table 2 and Figure 2). The
relative stereochemistry of 4 was established from the following data: W-type long range couplings between H-
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5 and H-11P (/=1.7 Hz), H-9 and H-15 and between H-9 and H-11a. (DQF-COSY, Table 2) together with
nOes shown by the NOESY spectrum (Table 2, selected nOes are depicted in Figure 2).

A) "7CH, B)
2CH cH CH 1
37 NLs NA- B2 N8/
H,c\ el /<I: cl: c i
H3C CH; 5
Hzcd—s-C{l Hzﬁ\CH {9{1 B W
0

Figure 2. A)DQF-COSY proton-coupled systems. BYHMBC correlations are indicated by bold-faced
bonds. C) nOes observed in the NOESY spectrum of 4.

Table 2. 'H (500 and 400 MHz) and 13C NMR (100 MHz) chemical shift data* (CDCl; and C¢D¢") of 4

2°C ] DEPT] 61°C SHU=Hz) COSY HMBC NOESY ] o0°C' | ol
1 |C 43.56 — - 2.30,40,5.9.12 —_ a3.64] -
2 |CH | 39.20]148.m 3B.12 3BAq12 3a,12_ 39.45] 1.52
3 |CH; | 34.43] 1.98,0,dddd(129.83,8322) | 38408 | 2.4B,12 2,38 34.612.03
101,8m 230,48 30,12 1.04
2 |CH; | 23.84]1.50,a.m 30,5 5 4B 2399 1.57
1.39 B.m 30B.5 30,5 143
5 |CH | 52.80] 1.21,ddd(12.3.69.1.7) 208 3.4P.79.13,14 | 48,9.12,1314_ | 5298|130
6 [C 32.71 - Z 4B,5,13.14 - 3307] -
7 [CH | 4893]1.63,44(34.22) 1008 100B,110,13, | 100,13,14,15 | 49.07| 1.72
14,15
8 |C 152.00 - Z 7.9.100B.15 - 15L.60] -
9 |CH; | 37.66]2.07.m No15 | 2.5.7.15 5.11B,12,15 37.76] 2.18
10 |CH; | 23.07] 1.83,0,dddd(12.4,10834.2) | 7.10B.1108 | 5.11ax 7.108,11c,14 | 23.23|1.86
1.40.8,dddd (12.4,10.5.2.2.2) | 7.100,118 100,118 1.55
11 |CH, | 2864]144.0m 9,100 2,5.7.9,108 100,118,1 28.80] 1.45
1.06,3 dddd(11.3,1052.1.7) | 1008 9.108.110. 1.09
12 |CH, | 18.23]0.79,d(7.2) 2 2.30B 2,38.5.9 18.25] 0.86
13 |CHy | 31.82] 0.90,5 o 5.14 5,7 31.90] 1.14
14 1CH; | 2365|091, - 13 5.7.10x.11a_ | 23.63] 098
15 [CHy | 107.35]4.71,m 9 7.8.9 7.9 107.94 | 5.02m
4.99.m
*From HMQC

Furthermore, the structure and stereochemistry of the duprezianane skeleton of these compounds were
unequivocally established by chemical correlation with 1. Thus, as would be expected, the tosyl-solvolysis of
1 afforded a 1:1 mixture of 3 and 4 (Scheme 1).

HO
CITs/Py
“1oc
1

3and 4 (1:1)

Scheme 1
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Compound 1: crystalline colourless solid, mp 44-5°C; [o]2%p=-58.8° (¢ 1.0, C1;CH); IR (neat): v
3461, 2950, 2867, 1455, 1390, 1374, 1019; EIMS m/z (rel. int.): 222 (M*, 32), 207 (M+-CH;, 37), 204
(M+-H,0, 2), 191 (M*-CH,0H, 100), 179 (31), 166 (18), 161(17), 149 (12), 135 (28), 121 (54), 108
(49), 95 (40), 81 (58), 69 (29), 55 (32), 41 (61). Compound 2: crystalline colourless solid, mp 63-
4oC; [a]20p=-42.6° (¢ 1.0, C1;CH); IR (neat): v 2955, 2870, 1731, 1457, 1390, 1373, 1243, 1021,
EIMS m/z (rel. int.): 264 (M+,14), 249 (M+*-CH,,4), 222 (M*-CH,CO, 6), 204 (M*-CH,COOH, 37),
191 (34), 189 (M+-CH,COOH-CH,3,30), 176 (13), 175 (13), 161 (31), 148 (26), 135 (23), 121 (36),
119 (34), 108 (20), 107 (30), 93 (30), 81 (31), 69 (30), 55 (24), 43 (CH;C0+,100), 41 (39).
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Bruker AMX 300, ARX 400 and AMX 500 spectrometers were used to record 'H and 13C NMR spectra
(room temperature). Proton and carbon chemical shifts are given in 8 units relative to TMS.

Compound 3. Colourless oil; [a)2%y=+17.6° (¢ 1.0, CI;CH); IR (neat): v 3071, 2925, 2857, 1646,
1460, 1382, 1375; EIMS m/z (rel. int.): 204 (M+,55), 189 (M+-CH;,42), 161 (M*-CH;-C,H,, 100), 148
(34), 137 (21), 133 (24),119 (M*-CH;-C,H,4-C3Hg, 91), 105 (61), 93 (74), 79 (47), 69 (55), 55 (37),
41 (73). Compound 4. Colourless oil; []20p=+28.2° (¢ 1.0, CI;CH); IR (neat): v 3029, 2952, 2869,
1460, 1373, 1360; EIMS m/z (rel. int.): 204 (M*, 28), 189 (M*-CHj, 5), 176 (M*-C;H,, 5) 161 (M*-
CH;-C;H,, 25), 147 (4), 133 (M*-CH;-C,H,-C,H,, 15), 119 (M+-CH,-C,H,-C3Hg, 100), 105 (24), 93
(19),91 (19), 77 (11), 69 (7), 55 (10), 41 (21). 'H NMR (500 MHz, CDCl,): 8 5.88 (br s, H-9), 2.06
(dddd, J=13.2, 9,8,2.1, H-3a), 1.81 (d, J=1.7, H-15), 1.78 (m, H-7), 1.74 (dddd, J=12.2, 9.3, 2.5,
2.5, H-10a), 1.70 (ddq, J=8, 7.2, 4.4, H-2), 1.49 (dddd, J=12.5, 9, 8, 2.2, H-4a), 1.38 (m, H-4P),
1.38 (m, H-110), 1.19 (ddd, J=12.5, 7.3, 2.2, H-5), 1.14 (dddd, J=13.2, 8.8, 8.8, 4.4, H-3p), 1.00
(dddd, J=12.2, 12.2, 5.8, 2.5, H-10B), 0.93 (d, J=7.2, H-12), 0.89 (s, H-14), 0.80 (s, H-13), 0.70
(dddd, J=12.2, 12.2, 2.5, 2.2, H-11f). 13C NMR (100 MHz, CDCL): 8 49.40 (C, C-1), 36.97 (CH, C-
2), 33.80 (CH,, C-3), 22.93 (CH,, C-4), 52.66 (CH, C-5), 31.91 (C, C-6), 49.59 (CH, C-7), 142.86
(C, C-8), 127.03 (CH, C-9), 23.23 (CH,, C-10), 25.90 (CH,, C-11), 20.05 (CH3, C-12), 33.24 (CH,,
C-13), 24.67 (CH,, C-14), 22.23 (CH,, C-15).
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