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Abstract—Reactions of (+-fenchene and-{-camphene with acetone and benzaldehyde d¢+eeolite
lead to formation of tricyclic ethers. Possible reaction mechanisms and solvent effect on these processes
are discussed.

We previously studied reactions of camphemp ( natural terpenep-fenchene VIl , [a]29, = +19.4,
over zeolite catalysts with various carbonyl com-c = 1, CHCL) which is isomeric tol, reacted with
pounds and found that their results strongly dependcetone to afford the same enantiomer \oi .
on the structure of the latter. In particular, camphen&cheme 1 shows possible mechanisms of these trans-
(1) reacts with formaldehyde over wide-pdsezeolite  formations. Obviously, in both cases the reaction
to afford tricyclic ethersll and Il ; with a-methyl-  begins with attack by protonated acetone on the
acrolein, tricyclic aldehyddV was obtained; and the double bond inl or VIl ; the subsequent Wagrer
reaction ofl with acrolein gave product as a result Meerwein (WM) and double Wagnekeerwein

of replacement of the vinyl hydrogen atom in the(DWM) rearrangements followed by heterocyclization
former [1]. Likewise, ketoneVl was formed from |ead to formation of the final product.

camphene I} and methyl vinyl ketone [1]. We also examined the effects of the solvent and
catalyst on the yield and optical purity of produ

in the reaction ofa-fenchene VIl ) with acetone
(20 h, 20C). In the system CECOOH-CF;,COOH
0 (5:2, by volume, 20C) in the absence of a catalyst

o} only tarring occurred. The results are summarized in
Table 1. In going from methylene chloride to benzene

Table 1. Reaction ofa-fenchene with acetone in various

N solvents
oct Solvent, | VIII, |Me,CO,| Yield of | [0]2,

CHCH,CH,COR
e ml mg mg VI, % |[(CHCly)
v V, VI
CH,Cl,, 3 131 279 75 (40) | -21.3
V, R =H VI, R = Ch, CH,Cl,-PhH 135 280 68 (35) | -17.1
(1:1), 4
We have found that camphent (alsg, = —60°,  Acetone, 3 | 119 35 (21) | -3.4
c = 1, CHCL) reacts with acetone ovei-zeolite in  Benzene, 3 118 251 28 (17) _4.2
a way different from the reaction with methyl vinyl No solvent 123 340 62 (35) 34
ketone, yielding optically active heterocyclization

productVII ([oc]égo = -25.2, c = 2, CHCL). Another ? exolsofenchyl alcoholX, 12 mg (6%), was also isolated.
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or acetone the yield of the target product decreases in The reaction ofa-fenchene Y1l ) with benzalde-
parallel with its optical activity. These data suggeshyde overp-zeolite follows a different pathway, as
that the rate of processes leading to racemization armbmpared to the reaction df with acrolein and
tarring remains sufficiently high, while the rate of a-methylacrolein, but the pattern is analogous to the
formation of productVIl decreases. reaction with acetone. The products were a mixture

When the reaction oIl with acetone was carried of epimersX and Xl and isomeric compoundll
out in a mixture of benzene with methylene chloride (Scheme 3). Compounds$ and XI were also formed
apart from productvll we isolated a small amount In the reaction of camphend)(with benzaldehyde,
of exaisofenchyl alcohol IX ). The latter was formed but in a very poor yield (GLC).
as a result of protonation of the double bondMHiI The structure of the products was proved’byand
(Scheme 2), subsequent rearrangements of the cati&iC NMR spectroscopy. Thendeorientation of the
thus formed, and addition of external nucleophile.  5-H proton inVII , X, andXI follows from the vicinal

Scheme 3.

VIII XII
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Table 2. 13C NMR spectra of compounddll andX-XIl, using off-resonance technique, two-dimensional
3¢, ppm 3¢ IH correlation on direct coupling constants
(COSY, 1J.y, = 135 Hz), and unidimensionafC-H
Atomno.| VI X X Xl correlation on long-range coupling constants (LRIJMD,
Joy = 10 Hz). The®C chemical shifts of compounds
L 57.95 s| 5820 s| 57.00 s| 58.01 s /' andX-XII are given in Table 2. The high-resolu-
2 4290 t| 39.70 t| 37.85 1] 39.06 t tion mass spectra were run on a Finnigan MAT 8200
3 83.16 s| 8191 d| 8298 d| 8264 d 1y aqg spectrometer, and the @S data were ob-
S 83.68 d| 8597 d| 86.29 d| 96.04 d {3ined on an HP G1800A instrument. The optical
6 34.26 t| 3580 t| 33.871) 4346 S | qiaii0ns were measured using a Polamat A spectro-
! 49.76 d| 49.31 d| 49.73 d| 49.44 d polarimeter from solutions in CHGI
8 36.89 s 36.86 s 36.86 s| 2447 t . L .
9 4604 t| 4501 t| 4561 t| 2783 t The purity of the initial compounds and final
10 4071 t 3913 t 4146 t | 40.20 t prOdUCtS was checked by GLC on a Modaroo
11 30.6%'q 30.94 q 31.02 q| 23.24 q chromatograph equipped with a flame-lon!zatlon
12 29.54q 26.74 q 26.74 q| 26.10 q detector an_d a 170000.25-mm glass capillary
13 31.06 q| 144.80 s| 143.57 s|144.85 s column (stationary phase VC-30); oven temperature
14 26.71 q| 125.24 d| 125.76 d|125.58 d 60-190C°C; carrier gas helium, inlet pressure 2 atm.
15 128.24 d| 128.19 d|128.26 d B-Zeolite (H" form) was prepared by the procedure
16 126.85 d| 126.93 d|126.94 d described in [4]; [Si)/[Al] ratio 40, pore size 0.75

0.8 nm, oxide weight fractions, %: Na (0.04),
* Alternative assignment is possible. Al,O5 (5.14), SiQ (81.57). The catalyst was calcined
for 2 h at 500C just before use. The solvents were
spin-spin coupling constants witaxa6-H andende  purified by passing through a column charged with
6-H, the presence dN-coupling withanti-10-H, and  calcined aluminum oxide. The products were isolated
the absence of such coupling wi#xe9-H. Theendo by column chromatography on silica gel (4®0 pm)
orientation of 5-H in moleculeXll is confirmed by using solutions of ether in hexane (0 to 5% of the
analysis of only long-rang@/-coupling constants, and former) as eluent.
the orientation of 2-H in compountX was derived Reaction of camphene (1) with acetoneA solu-
from analysis of vicinal coupling constants with tWo iy of 151 mg of camphenel) and 320 mg of
3-H protons and long-range coupling witho6-H. acetone in 2 ml of CKCl, was added dropwise to
The signals from geminal methyl groups in €  a mixture of 150 mg of-zeolite and 1 ml of CKCL.
NMR spectra of compound¥Il and IX-XIl were The mixture was stirred for 20 h at room temperature,
assigned by comparing the corresponding chemicahe products were extracted into diethyl ether, the
shifts with those reported in [2] for related structuresextract was evaporated, and the residue was subjected
and their'H NMR signals were assigned on the basiso column chromatography to isolate 16 mg (7%) of
of two-dimensional™>C-'H correlation spectra using 3,3,8,8-tetramethyéxo4-oxatricyclo[5.2.1.8%decane
direct coupling constants. THEC NMR spectrum of VI, )25, = +5° (c = 1.5). 'H NMR spectrum,
IX concided with that given in [3]; itsH NMR 5 5 1" Hz): 0.90 s (@%Hy), 0.91 d.d €nded-H,
spectrum was also reported [3], but our data are morg nd09.6x08 = 12, Jendos.synto = 3) 0.97 (éaHs),

complete. e
P 1.18 s and 1.28 s (@H,, C'2H,), 1.40 d Ex09-H,

EXPERIMENTAL J = 12), 1.42 ddd QXO'G'H, JexoB,endoB_ = 13,
Jexo6,7 = 35, Jexos.endos = 3)» 1.42 m anti-10-H),
The *H and 3C NMR spectra were recorded on 1.54 d.d.d §yn10-H, 10 anti-10 = 10, Jsyn10.endoo =
a Bruker AM-400 spectrometer at 400.13 and3, Jg 10, = 1.2), 1.60 d and 1.73 d (2H, 2-H,
100.61 MHz, respectively, from samples dissolved iy = 12 5 AB system), 1.73 br.d (7-HJ = 3.5),
CCI,—CDCl; (1:1, by_ volume); the chemical shifts 1 g9 §.d.d.d €nde6-H, J = 13, Jungos.endos = 7»
were measured relative to the solvent (chloroformb -3 - 0.5), 3.67 d.d.dendo5-H
signals, 8 7.24, 6. 76.90 ppm. The signals were “endo6.anti-10 = = Yendo6, 7~ ¥+*/» = e :
assigned by analysis of geminal, vicinal, and longJ = 7. 3, Jendos,anti10 = 1.2). Mass spectrummz
range coupling constants in tHel-*H double-reson- (I, %): 194.1 (5) M]*, 179.1 (100), 161.1 (15),
ance spectra and by analysis of #€ NMR spectra 138.1 (12), 123.1 (15), 121.1 (31), 107.1 (11), 93

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 3 2002



REACTIONS OF (+)ee-FENCHENE AND ()-CAMPHENE WITH ACETONE

(16), 80.1 (19), 69 (10), 55 (10), 43 (21). Foumd
194.16681. G3H,,0. CalculatedM: 194.16706.
Reaction of a-fenchene (VIII) with acetone.
A solution of a-fenchene Y1l ) in acetone was added
dropwise to 150 mg op-zeolite wetted with approp-

373

Jendoﬁ,endoS = 6.5, Jendoﬁ,anti—lo = 3)1 233 dd (ZH:
J=125,J, 3=6.5), 3.95 d.d.dgnde5-H,J = 6.5, 3,
Jendos,antizo = 1), .22 d.d (3=HJ =9, 6.5), 7.15
7.30 m (5H, H,om-

'H NMR spectrum of compounl, &, ppm ¢,

riate solvent (Table 1). The mixture was stirred foryz). 0.96 s (G%H,), 1.01 s (C'H,), 1.04 m endo
20 h at room temperature, the products were extractefliyy 1 52 d ex09-H, J, o0 enges = 12), 1.461.64 m

into diethyl ether, the extract was evaporated, an@ZH’ 10-H), 1.65 d.d.d gxo6-H, J

exo6,ende6 = 13'

the residue was subjected to column chromatographg.e w67 = 3.5, Joosendes = 3), 1.79 br.s (7-H)
X b | X s 1 . . 1

The results are summarized in Table 1.

'H NMR spectrum of compoundiX, 8, ppm ¢,
Hz): 0.77 br.d éndo6-H, Jundos exos = 12), 0.90 s
(C°H,), 0.98 s (GH,), 1.01 s (C°H,), 1.14 d exo
6-H, J = 12), 1.15 d.d.d dx03-H, Joyo3 endo3 = 14,
Jexo3.4 = 4.5, Jexoz.endo2 = 3:5), 1.341.40 m (2H,

7-H), 1.59 br.d (4-HJ = 4.5), 2.17 d.d. mdndo3-H,
J = 14, Jengozendoz = 7)» 3.32 br.d.d énde2-H,
.5)

J=17,35

1.84d.d (2-HJ, , = 12.5,J, ;= 6), 2.10 d.d.dgndo
6-H, J = 13, Jendoﬁ,endoS = 6.5, Jendoﬁ,anti—lo = 3)’
2.22dd (2H,J=125,J,3=9), 3.75 d.d.dé¢ndo
5-H, J = 6.5, 3,Jengo5.anti10 = 1), 5.04 d.d (3-HJ =
9, 6), 7.157.35 m (5H, H,om-

CompoundXll . 'H NMR spectrum,s, ppm (,
Hz): 1.05 s (G, CH,), 1.09 d.d.d &nti-10-H,
Janti—lO,synlO = 10, Janti—lO,endoS
1.5), 1.25 m €éndo8-H), 1.45 d.d.d.d €xo8-H,

= 1.5, Janti10,7 =

Reaction'of a-fenchene (VIII) with benzalde- J = 13, J = 13, J = 4.5,
hyde. Benzaldehyde,_ZOO mg, was added to a mixturg:g:’::gz: = 3.5), 16)5(;03816)(702 m (2H, gei(ﬁ%',71_76 d.m
of 400 mg of B-zeolite and 10 ml of CBCl,, and (7-H, J = 4.5), 1.80 d.d (2-HJ, » = 12.5,1, .= 9),

a solution of 150 mg ofx-fenchene and 200 mg of 1.97 d.m §yn10-H,J = 10), 2.24 d.d (2H, J= 12.5,
benzaldehyde in 3 ml of Cj€l, was then added 3, , = 6.5), 3.44 d €ndo5-H, Jungos anito = 1-5),
dropwise. The mixture was stirred for 40 min, thes 16 d.d (3-H,J = 9, 6.5), 7.17 quint and 7.26 d (5H,
products were extracted into diethyl ether, the extraq AB, system). Mass spectrumyz (I, %):
was evaporated, and the products were separated 5451 (37) M]*. 213 (39), 151 (20), 138.1 (47),
repeated column chromatography on silica gel. Wa3g 1 (46), 123.1 (27), 121.1 (21), 109.1 (51), 105
isolated 46 mg of a mngture of 8,8-dimethyd:®)- (100), 95 (37), 93 (19), 91 (41), 80 (30.51) 77 (37),
3[3(oc)-phenylex04-oxatrlcyclo[5.2.1.&)5]decaneSX 69 (20), 67 (19), 55 (16), 43.1 (14), a1 (32)’ 39 (10),

andXI at a ratio of 7:3 (overall yield 17%)ol33,= 28 (37). FoundM- 242.16685. C.H..O. Caleulated
+5° (¢ = 1.5) (foundM: 242.16734; GH,,0; calcu- . (242):16736_ B 220

lated M: 242.16706); 11 mg (4%) of 6,6-dimethyl-3-

phenylexa4-oxatricyclo[5.2.1.8%decane XII); and

41 mg of a mixture containing (according to the GC
MS data), 12% off-fenchene, 23% otx-fenchene,
and 40% ofa-fenchene dimerization products (total
of 8 substances).

H NMR spectrum of compounH, 8, ppm {, Hz):
0.95 s (C?Hj), 0.99 d.d €ndo9-H, Jongos exos = 12,
Jendog.syn1o = 3)» 1.04 s (CHy), 152 d exo9-H,
J =12), 1.53 m €x06-H, Joy56.endos = 13: Jexos,7 =
4, Joxos,endos = 3)» 1.54 m @nti-10-H), 1.63 d.d.d 5
(Syﬂ-lO-H, sznlO,anti—lO = 10, sznlO,endoQ = 3,
Jsyni0,7 = 1.2), 1.77 d.d (2-HJ, » = 12.5,3, 53 = 9),
1.83 br.d (7-H,J = 4), 2.14 d.d.d €ndo6-H, J = 13,
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