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Abstract

Stereoselectivity of Raney nickel catalyst on hydrogenolysis of bicyclic monoterpene
epoxide, a-pinene oxide, 2, 3-epoxy bornane, a- and B-epoxy caranes is reported here.

The hydrogenolyses of the epoxides were carried out in ethanol under high hydrogen
pressure (95-100 atm.) and at 90-100°C, using Raney nickel only and with a small amout
of sodium hydroxide. The obtained products were analyzed by vapor phase chromato-
graphy (Golay Carbowax 20 M column-50 m) and were identified by comparison with
authentic samples.

The results are summarized in Table 1, 2, 3, and 4.

From these results, it may be considered that the epoxides were hydrogenated pre-
dominantly in Sx; type reaction, in which the oxygen atom of epoxide ring was located
upon the surface of catalyst. Hydrogenolysis with inversion was increased by addition
of sodium hydroxide except in the case of a-pinene oxide, because of the weak affinity
of the catalyst system for oxygen atoms. The steric hindrance of gem-dimethyl group
seems to be one of the reasons why the additive effect of sodium hydroxide is not
remarkable in a-pinene oxide. Moreover, the structures of these bicyclic monoterpene
epoxides, a-pinene oxide, 2,3-epoxy bornane, a- and (-3, 4-epoxy caranes were confirmed

to be V, XII, XIX and XXI, respectively.
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WEEZBNLE, X, FIEOTFAXvaErd 1 FD 5 Billl, TONEEGEOREOL 0
HEDOT, ThBLHEBEOLMCT HIEEHBNE L TRME LT e,

2. 2B O
2-1 a-pinene oxide O &R
a-pnene (LTI O L O GREE L CHV L, KoEREET 5,
BP.  154~157°C (3#kfli 155-157%)
np 1.4671 (BrikfE 1.4689%)
el +45.35° (SCHkfE +40.71)%
%, a-pinene oxide | Ritter O Y 24D LB L, KO X 52 L THK LT,
W, &, B, RO Te
STEE LR B ERE 138g (010 = 4) ZANTRE, T, CCItRbans, fite
YETo, 122¢ (009 ® 1) O a-pinene Nz 7o (B THEEH, £ 1ER)., Zo#%, 0~

]

AU 7 T AT I0mE Dy m e kL

S CIRIGRE 2R bl b a T o, FUSH T, % 10% Wik v — 29Kk T4 @, KT

AT 3E, BT TR L TH BRI L T a-pinene oxide 9.0 g (JUE 66%) w157z,
b.p. 43.2~44.8° (3 mm-Hg), »% 1.4707 (3Ll 1.4709%), [alB+80.4° (ZCRk{iE +65.3%)
2-2 2, 3-epoxy bornane O &K
-bromo comphor 7B {EH #17c bornylene” % HZRWE & LT, Vilkas 0 FHEY
X b, pmitroperbenzoic acid & fifi » T=HE* 2 {Luxfiico o
ks EEEEH W e~ b ADPA1I00ml OZORME T S A2 10ml O 7 e ek
b AT EEH LT 883 mg (1% 88.8%, 4.28 m £ /L) o p-nitroperbenzoic acid # A j1, 10 mé &
7w ek A LTz 485 mg (3.57 m £ /L) o bornylene /BT Lic, KIGIREA
SRS WCHE > T 20°C ST B & 6 M TRISIRSE T A2 (2 v EIERIC X B), R
# 5 o> Camphor 23K 50T, RIGHRELXE 2, 0°C Cfilc-7e, ZOBECIEIGHKT ¥
T2 AT Lz, RISHER % 0L N-7 A il v — 4KEHE, % T 5%y — 2K
BT, MBI T Bl CHEZRATofk, 7o ekt aswfiEZdrs, =xREy
A FORRPERDLDT, ha 4 &2——K G:1) oRGEELAGTHMALL, 210mg ©
epoxy 2, 3-bornane %87, m.p. 170~172° (3CFk{H 170~171%), {a]$+13.4° (= kfiti +10.5%),
2-3 a-3,4-epoxy carane D &
BAREY Wr o TREfEL b oAV, TOERIKOm ) TH 5,
b.p. 92~93° (23 mm-Hg), 7% 1.4664
[a]%5 413.35°
2-4 B-3,4-epoxy carane D&
Io=AF A FLEREY WL AR Ehicb oa R L,
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b.p. 101~103° (36 mm-Hg)
7% 1.4690, [al% —2.36°
2-5 B s
G4~ = v AN A A T =y e WA OJFERY TRIAL, K
LT, HWELT 7T H ) ol DR v,
10%--% 5 2w A —R kML Organic Synthesis™ o C OF ik TlE~ 72,
AT Uy s B Willstidter O TlE-> 7o b O & B L7,
2-6 EEMBRXRUERBOSHTE
B REA Fa=x/ —amil=e g/ — A —KZEHL, EREROHIZRI L S

27,

P A O U A AL, B % Carbowax 20 M-50m = — v A % 7 A Hv/IcH
T A m= b 7T 7 kER KGL-2A ) X o s Lic, To—6% Fig. 1, 2 RO
3R,

Colunmn : Carlgowax 20-M-50m

Col, Temp. : 123°C
Block Temp. : 142 C

Column : Carbowax 20M-50m Carrier Gas : Hp, gog/cmz

Col. Temp. : 121:c

Block Temp. : 130°C y >
Carrier gas : H 90 g./cm
@ & 21 borneol (XIV)

iso-pinocampheol (VIII)

N\

epi-borneol (XV)

iso~borneol
(XVI)

20 25 20 25 30

Retention Time (min.) Retention time (min.)

Fig. 1. Gaschromatogram of the hydro- Fig. 2. Gaschromatogram of the hydrogenolysis

genolysis product of a-pinene oxide Product of 2,3-epoxy bornane (Exp. No.
(Exp. No. P-1). B-1).
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Column : Carbowax 20M-50m
Col. Temp. : 119°C
Block Temp. : 124°C

Carrier Gas : Hp, 120g/cm®

neo~caranol (XXIII)

iso-caranol (XXIV)

N

neoiso-caranol
(XXV)

caranol (XXII)

15

Retention Time (min.)
Fig. 3.

Gaschromatogram of the hydrogenolysis product

of $-3,4-epoxy carane (Exp. No. C-B-1).
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75, 1958 45 Kergomard %™ |1 a-pinene oxide # 5 % — = » ¥ LKEL, HEHT A7 L = —
AEOHEES IV & VaolrtenTthaniiE L L 5 & Lz, pinocampheol Bl K &I
DR < Schmidt™ o F4E 5 T pinocampheol, neopinocampheol, isopinocampheol
% O neoisopinocampheol iz FnF 4 VI, VII, VIII RO IX TH 5B E EhTwich, T
Bose'® @ conformational analysis ®#F%¢ R ¢ Hiekel 47 12 & % tosylate 3F5EL (Ao HIE R
Bigem s, FRFE L VIL VI IX B VI TH 5 L s vt - T Kergomard 4 1%,
1, L a-pinene oxide 520 IV & A7c 5, FDKIFIZ L » T pinocampheol (VID) 75, 3

V T# %7 5 1% neoiso-pinocampheol (VII) s @i s LTHBL L THA S LHEEL, 7

Fo— = OVEE T CERMOKEE Lo & A, isopinocampheol (IX) 7355 J17- 0 T, «a-pinene
oxide 1335 ¢ V G A D, KUETHT neoiso-pinocampheol (VIII) »34pk L, Zhh
DBk & Rl o BT & - THME{E L T iso-pinocampheol (IX) /s> 7D THH 5 LG L T
PR

L# L, #o% hydroboration 1€ L 2 #f28'™ < NMR 12 & % §#42'® »+5 pinocampheol #
1233 % Schmidt OFEE™ NIE L2 & 2R X M7z T, a-pinene oxide D& V T
BICHIE T 3 — = v o EERORIRSD BRSO X - Tl AR & L C isopinocampheol (VIID)
PELNEIENHEES NS
AWFFE T Kergomard SR gyE L L ERRIC, a-pinene oxide A T % — = v L (W=4) T
BEfdORT 5 LR, BB 27 0 ) OB L A, ZORER % Table 11412
a9,
Table 1. Percentage of iso-pinocampheol (VIII} obtained from

hydrogenolysis of a-pinene oxide in a presence of
Raney nickel catalyst®.

Exp. No. Catalyst Additives Per cent of VIII
(m-mole) )
P-1 Raney Ni none 777
P-2 Raney Ni NaOH (1) 78.3
P-3 Raney Ni NaOH (2) 76.6

* Reaction condition: a-pinene oxide 0.1 g.; solvent 99%-ethanol 20 m¢; amount of cat. 1 g.;
initial pressure of H, 95 atm.; reac. temp. 95+5°C; reac. time 3 hr.
Sodium hydroxide was added a desired amount of 1 N-ethanol solution.
Z DFER S D a-pinene oxide (L= ¥ U IEH gem-dimethyl Kb CH,

R L, trans OFRLELXFEO V ORETH Y, X OLEWTHT
LT — =y FOLINT L B KESBEISIEEHEY Y ofER L
B, =R BoBE A ERECER LOBERBA YL L
D, Ssi BEUEHAEL LT, 2IE%RL T3, —F, =ZHE

DEEE 2T A a- LU f-epoxy carane OB E L LR b, B
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V= SR FENRRD S e v olk X ISR X5 L 9 I a-pinene oxide T3 gem-dimethyl
D 120 methyl fepd=H+ 2B FUOAEZEM A5 720, C HMBERRETOKENR
DEENICDTHAH S EFE 2B NIDH, X isopinocampheol LS D 7 L 2 — Ak L AFT B3, F
BT DT

e

2, 3-epoxy bornane (I bornylene (XI) #y:3%

L CHBOEM CBLT 2B 5% 20
SEAAEFC D O T ABABOBERIC L 5 = R o Lo RIS 5 #s (XD Tidfe <, B <
XIL THAH S EMEINDD, FOIHDEBMITRL I T,

pa ey
XI X1

Exp. No.

OH

X XV
OH
OH
"OH
XV XVI XVl
ZEHFEOFRYY % 2, 3-epoxy bornane I L, Fx—= v r L EBHCTOKET
VT ofEE D XII TH %75 Bk borneol (XIV) K UF epi-borneol (XV) 233 4E iy & LT, —F
XIII D535 CH %7 H ¥ iso-borneol (XVI) KX epiiso-borneol (XVII) 233186 3 ThH A
5, FOEREREY Table 2 1IR3 5,
Table 2.

Percentage of alcohols obtained from hydrogenolysis of
B-1

2, 3-epoxy bornane in a presence of Raney nickel catalyst®.

Catalyst Per cent of alcohols obtained
X1V

Raney Ni

kS

XV XVI
56.7 36.4 6.9
Reaction condition: 2,3-epoxy bornane 180 mg.; solvent 99%-ethanol 20 m¢; amount of
catalyst 1 g; initial pressure of H, 95 atm.; reac. temp. 95+5°C; reac. time 4.5 hr
T DFERIIY B T 2, 3-epoxy bornane OREEL XIT THh, - OBA
Bt =A% 914 VROBERFOS 10 Sy BTle 5 2 & 2FEH X i,
BRI 5 2 & 2D DICHE

epoxy carane D\ CEEANCRE 2177 » 7,

b B 2RI
LIS o0 RRE /) TANY =R 44 FORFEDMICT DT, ZHEHI o
S, AT OWE ORR ORI L oo T B a- RO B-3,4-
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3-3 a- RU B-3,4-epoxycarane Q#EMKRA BRIV Z DEEDKRT
a-3, 4-epoxycarane (% A-carene (XVIII) oBHHLEMIZ L 2L X » TEBWIEDL I
2920 ~20)
F OB T OGRS s X T wiewn s, £— 35 v Fo Kuczynski &%
a-epoxide D F F —~= v & LBTUERB O 7 12— KOREED S gem-dimethyl F& =K *
YA VB trans B, BlbfEd XIX) thHA 5 EHEEL T 5,

B} TOSft
2) OH™

—7J5 -3, 4-epoxy carane /% a-epoxide HHFEME L L, KO LI LTELAB™, £
a-epoxide (XIX) A THIREFE TIARSMBL, 7V =2—-10 XX) &L, BEios/ boafblLictk, 7
3 = AR Y T b ERUSE R 1T 9 ol T B 5, Kuczynski % (34 IS D% 2
L AR RO a-epoxide DB H L FEEIT, T % —= v 7 LKIFRERT v 2 — A hOREH B
B-epoxide 1% XXI DA L » EHE LT %, Lo U, #AK%Y 1 X > € Kuczynski &
DPYD D 3-caranol FITX T BHEBITHE Y TH B Z L ABELMC T e, Fio v #o Arbuzow
F L a- LU B-epoxycarane @ NMR % 24458 MC o#EFE# VG CRIEL, FOHKEEND
Kuczynski % & i oksxE, Hlb a- B O¥ B-epoxide @ L THFNF R XXTI RO XIX %52 C
WD,

AP CHMCHAND he g F —= v ¥ VBT L > THB AT v 2 — MEDERES
% Table 3 F ¢ Table 4 i,

Table 3. Percentage of alcohols obtained from hydrogenolysis
of a-3,4-epoxy carane in a presence of Raney nickel

catalyst®.
Fxp. No. Additives Per cent of alcohols obtained
(m-mole) XXII XXIIT XXIV XXV

C-A-1 none 11.0 trace 88.6 0.4
C-A-2 NaOH (1) 14.8 trace 82.6 25
C-A-3 NaOH (2) 19.8 trace 78.2 1.0
C-A-4 NaCl (2) 18.1 trace 81.0 0.9
C-A-5 NaBr (2) 18.3 trace 81.3 0.4
C-A-6 Nal (2} 18.8 trace 80.0 1.2

* Reaction condition: «-3,4-epoxy carane 0.1 g; solvent 99%-ethanol 20 mé (When NaCl,
NaBr and Nal were added, 50%-ethanol was used as a solvent.); amount of catalyst 1 g.;
initial pressure of Hy 100 atm.; reac. temp. 100+5°C; reac. time 3hr.
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Table 4. Percentage of alcohols obtained from hydrogenolysis
of $-3,4-epoxy carane in a presence of Raney nickel

catalyst®.

Exp. No. Additives Per cent of alcohols obtained
(m-mole) XXII XXIII XXIV XXV
C-B-1 none 10.7 59.3 18.6 114
C-B-2 NaOH (1) 50 484 19.2 274
C-B-3 NaOH (2) 9.7 40.2 14.7 354
C-B-4 NaCl (2) trace 55.8 0.6 436
C-B-5 NaBr (2) trace 59.4 0.3 40.3
C-B-6 Nal (2) trace 492 0.4 50.2

* Under the same reaction condition as in Table 3.

OH i _.OH OH
XXIV

XXIT XXIT XXV
IS OFEREERIIE S 2T, a- B (-3, 4-epoxy carane OBAIHGTL TR —= v
OIS X B MUK RIS, = AR A FEOBEE T2 R BRI L iiae A 8
OWFEIREBATC LD, Bl - co Sy MEE THTT 2 2 & 2RB L, X a- RO f-epoxide
ORI, FhFR XIX RO XX, Al Kuczynski®™ RUOBAR”Y FOHEENIE LW & 2%
FLTW5,

L _OH

i {
1

! ] } ! i ! ! 1
2 3 4 5 6 T 8 9 10
Fig. 4. The NMR spectrum of a-3,4-epoxy carane

(60 MC; solvent CCl,).
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Fig. 5. The NMR spectrum of $-3,4-epoxy carane
(60 MC; solvent CCl,).
—Jj, W epoxide ® NMR A~z b A ELTHHE (60 MC THE LT+ — b %
Fig. 4 RO Fig 5 1R Y), &3O AFAKIRDL S o i 731 b LTHbR S,

a-3, 4-epoxy carane 8.84, 9.00, 9.28
-3, 4-epoxy carane 8.78, 9.06, 9.09

RIS, Arbuzow %7 2MEHIT 5 X 510, a- B T, 928 DERBIC—2 D ~ 7 5w b
NBHD, ZOREA=RE5A FROWEHRDHTC L > T Cy ® xF L # (gem-dimethyl 30> 5
DERFFA FRIZECTO AF K BNEHBITY 7 F Licd LOHSIRSM L, #-7T a-
epoxide D& XXI ThH 5 LfEMRE T LTV S, L L, MPIEE TS hTL 5 =Bk =
I TN HERTING B, FHEE IO SRR RIS T ORZE® 12 & > T 4 Arbuzow
FORMEEIET HHRNMEL TS, SO LML T, JOBSRE+ 2T <
H 5,

WICEI L LT, WY — SR MA T h—= v r LECRIE LB L, —on b+
VAR, REAERY) (a-epoxide O Aizix XXII, B-epoxide Tix XXV) DB OBINT 2 =
EDRDEND, TOZ EEIRIMOEA 4 v R RAE L, £ 0 LEBA 4 vhi e 47 -
CRDID, =Ryt VOIS ST T 5 £ F OMFLMIE L OB A v KBTS L & 4
K%4¢VDt®m%ﬁﬁ5ﬂfWﬁ®A@%§M%io%Cﬂ,W%Bﬂ@%%ﬁ%%&
LLDOOEPIEMT 5EEL DL LLHHS A, ZoBa, XX oML § XXV ok
MEDIE, =% gem-dimethyl o T AREEIZ L 2 4 D Th b 5, R, Bepoxide D
émﬁﬁéﬂéiﬁwXMHﬁwXXVD%m,:hi?@ﬁm%%fm%%&%&mm%ﬁ
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o XXIL & XXIV 2MBB 1 h, 20 B-epoxide ik a-BEHICILNT, HENKAKETHY,
KELXFHEZI R TCA—L4T UMY 5 & —#n Rkl L T 3-caranone T /e % O T XXII
RO XXIV o~k b0y b vEOBRTIC &> TERT 5EHLbRDH, 7 b Y OR
PEALRE DB T 5 & XX RO XXIV 03Xty v VORI X» THLb R D EHEET
BT Lk, BS OB L - T XXIL & XXIV o—3k w4 54 o0& b s
AR T B,

—J7 ST R v DR BRI DMy & LT NaCl, NaBr, Nal &z
i, REEERIE Cl<Br <1 20H” DIHICKE {5 L#EL TV B0, a- RO B-
epoxy carane O¥FHAICIL, LT O X ) BRI ES g, 2O EREHEI A v D
RIS 5 B DR E UG Licd o+ v & = a1 FHORLIEM, BT REaE
BRLTVWBLDEHEE XD, 5T fepoxide DA XXIL R U¥ XXIV 0ERA, FaA &R
B\ D & ISR S BHEETH B,

M, FHR—=vrafiiosic, 7oy ARROAT Oy A B L T a3, 4-epoxy
carane DEEMUKIRG B4 LIASTC, W RS TD IRKIRERD RO - 72D T, T
B D D\ T OB T80 > fo,

4. B &

VLA, PEMROK TR RGO STAGEIRIE N K E 7 M & 7e » T 508, APFge T ZER =
7T A vagEHF A4 ND a-pinene oxide, 2, 3-epoxy bornane, a- 8 3-3, 4-epoxy carane @
WoDIbEHEkE D BT, 75 —= v o A fEEETT ©OHERRK RS 8 SUG N7 BRI &
W2 RS, Thb=R%y 1 FORGE R LI, TORMRIXKOIEY Th %,

(1) a-pinene oxide Tik, KIFRAKY & L CHIC iso-pinocampheol (VIII) 38 B 5,
Y —gofmc Xy, ToEoZ{itsEh Rbiicy (Table 1),

(2) 2,3-epoxy bornane 75 1H5 45 BICAEBEY L borneol (XIV) FU* epi-borneol (XV)
2ETH % (Table 2),

(3) a-3, 4-epoxy carane DFEITL iso-caranol (XXIV) 24l & LTH LR BH, #H
v — £ %I % & caranol (XXID) o sk 23 % T3N3 % (Table 3),

(4) (-3, 4-epoxy carane Ci¥, neo-caranol (XXIII) 2 & & < BB AP, Wiy — 40
VI L D neiso-caranol (XXV) o &84 2, ¥, ZoOEECIfbio7rar a—1 XXIT K&
O XXIV b s 5 (Table 4),

LLEDKERN S, =Hx+ M FDF K —=v & A X HKIEG L, =FE+4 VRO
F T2 R I T U BB R A 2 < & 0, MR C S BIBUS THEFT % 2 & AR
Xhite, By — £xBMT e, OH A4 vH=v r ARECET, BHEIRLLD, =
F A FOMFEH MR & SR BEREAIRD B <o picw,  Swe MG > TRIER
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L OBENEINT AL 0EELZ DR B, BIOKEERYOEEND, bEDO=HKFHA FO
Bz, FRFARV, XU, XIX B XXT CHh 52 ENBEL N SR,

Bh i, KRPFEETR S Hic ) REGEERB 25 H T oK E Purdue Ko H.
C. Brown % J O JL#RE R ABEREFE AT A T — Bh BRI R 5,
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