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A Facile Synthesis of trans-Hexahydrocannabinol via an
0-Quinonemethide

LU, Zhan-Guo*
(Chemical Center, Harbin University of Commerce, Harbin 150076)

Abstract A simple synthesis of trans-hexahydrocannabinol via an o-quinonemethide in protic solvent was
established. The methanol solution of coupling product of a resorcinol derivatives and citronellal was re-
fluxed in the presence of p-methylbenzenesulforic acid as an catalyst, the deprotection of phenoals, produc-
tion of o-quinonemethides and intramolucular Diels-Alder cycloaddition reaction took place in one step, in

93%~95% yield.
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IR JZF 260-10 HILTAMr G BEVE(H 2 *H
NMR i H EX-270 #3444 % (JEOL), CDClg A #57,
TMS A NARIIE; w2 #HF s H IMS600 (JEOL )il
iR, #E e H Buchi-535 7 B 4H1AF UK AR, iR
FETHR AR IE; K% /R A AT iR BW-127 ZH
(Fuji Debison). Olivetol (Sigma), citronellal, n-BuLi (in
hexane) i FH A< 54k e Tk = iy, L3R5 4 T 65 2 it
4l
1.2 {BELRKL
121  2-(1-Hydroxy-3,7-dimethyloct-6-enyl)-1,3-bis(O-
methoxymethyl)resorcinol (2a) 494~

%< F A n-BuLi (0.01 mol)i) 6.6 mL ke (1.5
mol/L)F1 20 mL T LR AW, £—18 CF
A J5EL 1,3-bis(O-methoxymethyl)resorcinol (1a) (1.98
g, 0.01 mol), 7= FHiFE 6 h. S5, 1% R N i
N (£)-citronellal (1.54 g, 0.01 mol), 4kLELE =T
PiFE SOV 15 he JV5ENE, IMARAEKEER, H Lk
RN, MR ERK I SRR, JG/K MgSO, T4, JiE
AR RS, TR IR 23 B (R R S AIE Cbe AR R B 43

51k 20080 i1 30/70)Jri £ 2.78 g KitEHi A 28, 1<K 78%.
H NMR (CDCl3, 270 MHZ) 6: 0.99 (d, J=6.3 Hz,
3H), 1.11~1.52 (m, 4H), 1.55 (s, 3H), 1.64 (s, 3H), 1.76~
1.96 (m, 3H), 3.48 (s, 6H), 3.55 (brs, 1H), 5.04 (t, J=7.1
Hz, 1H), 5.21 (brs, 4H), 5.24~5.28 (m, 1H), 6.79 (d, J=
8.3 Hz, 2H), 7.11 (t, J=8.3 Hz, 1H); IR (neat) v: 3550,
2900, 1600, 1460, 1160, 1040 cm . HRMS calcd for
CxoH3,05 352.2250, found 352.2246.
122  2-(1-Hydroxy-3,7-dimethyloct-6-enyl)-5-n-pentyl-
1,3-bis(O-methoxymethyl)resorcinol (2b) 494~

/5 N n-BuLi (3.0 mmol) ) 2.0 mL ek (1.5
mol/L) I A F] 20 mL T4 CRei e, FinA tetrame-
thylethylenediamine (0.46 g, 4.0 mmol)J&, # 0~5 ‘C K
i AN J5UEH 1b (0.54 g, 2.0 mmol) CE(1 mL)EW, 7E IR
FE R HHE 3 h, AR5, ) ix N R A
(£)-citronellal (0.34 g, 2.2 mmol)J5, =¥ FHidE RV
1.5 h. IIAEARE K, H CREFEH, WA Ehyk ik
U ORI, To7K MgSO, T4, TeHe 78 R i, TEfcAT:
53 2 (TR LA IE AR FRLEE 23501 24 20/80 AT 30/70) i
73 0.65 g KTtk fk 2b, =2 76%.

'H NMR (CDCl5, 270 MHz) §: 0.89 (t, J=6.6 Hz,
3H), 0.95 (d, J=6.6 Hz, 3H), 1.13~1.44 (m, 8H), 1.60 (s,
3H), 1.67 (s, 3H), 1.52~1.63 (m, 2H), 1.90~2.04 (m,
3H), 2.52 (t, J=7.6 Hz, 2H), 3.49 (s, 6H), 5.08~5.13 (m,
1H), 5.19 (brs, 4H), 5.18~5.22 (m, 1H), 6.60 (s, 2H); IR
(neat) v: 3350, 2900, 1600, 1460, 1160, 1040 cm *. HRMS
calcd for CysH4,05 422.3032, found 422.3034.

123 2-[(3R)-1-Hydroxy-3,7-dimethyloct-6-enyl]-5-n-
pentyl-1,3-bis(O-methoxymethyl)resorcinol [(R)-2b] 49 &
R,

KUY 1.2.2 W EREERAE, TR 1b (0.35 g,
1.3 mmol)F1(+)-citronella (0.20 g, 1.3 mmol) [GC 95%,
[0]3 +14.1 (c 1.04, CHCI) AT MBIK KM, 351 0.41 g
K E A (R)-20, 7% 75%, iR At 5
2b AH[F].

1.3 o-Quinonemethide BY4 B AR S K2
131 1-Hydroxy-6,6,9-trimethyl-6a,7,8,9,10,10a-hexahydro-
6H-dibenzo[b,d] pyran (3a) 494 &,

8 1.2.1 WA 2a (0.32 g, 0.9 mmol)%fi#RE] 30
mL s, In A AR (0.02 g, 0.1 mmol) J i #4al
Wi 18 h. BRZKA HERSS, IKIE R SREASIR, 1A
TR KEDERR, To/K MgSO, T8, e 28 R W4, Tk
A3 28 (AR T8/ 1F ¢ = 30170, VIV)JA 4 0.18 g I
A 544 3, 7% 80%, m.p. 54.4~56.9 C(SCHRES: m.p.
56~58 C).
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'H NMR (CDCl3, 270 MHzZ) 6: 0.79 (g, J=12.9 Hz,
1H), 0.90 (t, J=10.5 Hz, 1H), 0.95 (d, J=6.6 Hz, 3H),
1.07 (s, 3H), 1.10 (g, J=10.6 Hz, 1H), 1.38 (s, 3H), 1.47
(td, J=2.3, 12.9, 12.9 Hz, 1H), 1.58~1.65 (m, 1H),
1.80~1.90 (m, 2H), 2.49 (td, J=2.3, 12.9, 12.9 Hz, 1H),
3.05 (d, J=12.9 Hz, 1H), 6.23 (dd, J=1.1, 7.8 Hz, 1H),
6.40 (dd, J=1.1, 7.8 Hz, 1H), 6.92 (t, J=7.8 Hz, 1H); IR
(KBr) v: 3350, 2900, 1610, 1590, 1440, 1020 cm *. HRMS
calcd for CigH,05 246.1620, found 246.1624.

1.3.2 trans-Hexahydrocannabinol (3b)#94- %,

1 1.2.2 51451 2b (0.30 g, 0.7 mmol)¥%ifi# %] 50
mL FEEHL, A F 2R (0.07 g, 0.35 mmol) il
W6 h. 5 L3 WRIFEAT FALRE, 73 #3k14 0.21 g B8
R TR, 723 95%, WXL AR(E 5 SCER[7) — 3,
e b H 14 3b.

1.3.3 (- )-trans-Hexahydrocannabinol [( - )-3b] 494 A%,

KIE 132 WEFEIEAE, 878 1.2.3 WA
(R)-2b (0.38 g, 0.9 mmol)# i3 65 mL FEEH, AN
FH 21112 (0.09 g, 0.45 mmol)i2E47 [ v, 153 0.26 g #5(4
FRE WA (—)-3b, PR3 93%, [¢]% —98.6 (¢ 0.45,
CHCls) [Ref.P: [a]p —73.9 (c 0.014)]. Bttt
BR[3] 2K, ek Hi#(—)-3b.

1.4 ZEZ%BEF0 Saligenine B9/ [z

t saligenin (0.25 g, 2 mmol)f1 248 .4 1#(6.3 g,
88 mmol)iE 4 15 mL FEE, AN 2SR (0.08
g, 0.4 mmol)J& AR 12 h, 2802 e, JHRERH:
HEAT 7 B (L kAT Wk = 30/70, VIV)#35] 0.04 g(= %
11%) f) 2-ethoxychroman™ I 0.24 g(/* % 86%) 1]
2-methoxymethylphenol ™.

2 HFR5iE

2.1 FRFHET DB o-quinonemethide &£ B F14F KN
£ 15437

VE R 26ATR G, 156 LL resorcinol (AT AE4) 1a KR
¥l H n-BuLi £ TE/K SRk AT AL OB, X I
e 2-f7 5 (%)-citronellal I, UL 78%= XK 3518 T 1l
WIH R 2a. AR5, 46 2a i iAe i, DO FR IR
AT IR SN, AL R 2 5 5 R s e i o
HHBHE T 38, 77 #% 80% (Scheme 1), 6a fl 10a{v
[R5 T4 trans Y, 9 £ AL T AREES. 1L &4 3a i
A, U T AE TR AT o-quinonemethide A i R
SC. O E B SE, R o-quinonemethide HAAH
(0 NG 3 1, T AR XA 4 A T B A AR I T

Michael I =5, WEAREW AR, HEr-
EWMAAET KB EY, RREELEETH
o-quinonemethide (1431 P Diels-Alder IR ik Js v 2 L
L5 BRI 1) Michael sk s AR S6 01T
2.2 o-Quinonemethide 4 f 5% B9 5

FRPE iR el S, 20k e FE N 21 3b &, A
AT LR olivetol 4 kL. 7855 (Z)-citronellal 1
RSN, B WA 3R AT 36%77 K1 20, 773N [ 5L [A]
M F T B A7 10 R 1 e L 35ONASE A 2 4 T vk
FRARITE, A RIS I DY S 20 ik, e Lkl &
AR FIREAT RV, 2b F7= 2619 %] 76%. #8)5, 4 2b
VAR T VR, oo PR ORI R ME AR, A i ) A P 4
HAR=9 3b, MR LR 5 SOk RN T 4
ML R DL RRE R O S5, H O P
(+)-citronellal {8 ()-citronellal 347 N, LA 75%F)
FERGAT T I YI(R)-2b, FFREAT IR G I N [RIAE 3R 15
JFIE LAY (—)-3b(F 93%) [ ASHF 548 HI (1)
(+)-citronellal L #4iE GC 95% ([a]2 +14.1), LbL
HR[3] I (1 (+)-citronellal {62#4L1% 85%~90% ([o]?)
+11.9)5, #(—)-3b MLLEDEE K.

LRI, FATBERST T R4 T 1 231 B
Diels-Alder B i pl e 8. A% FH AHABL 45 ¥4 1) 6y 4% & )
2-hydroxymethylphenol Flidl & 1) £ JE L4751, 7F [FIFE 4%
PETR AR, S N 45 G X A B = P BEAT 73 15 5y
Mr, =92 saigenin 1) F & BF 7= 4 2-methoxy-
methylphenol, =% 86%, benzopyran TIIRAL A
2-ethoxychroman ;% 24 11% (Scheme 2).

OO o, = OO
OH OEt MeOH 0”7 TOEt

2-Hydroxymethylphenol 2-Ethoxychroman

Ej\/\OMe
N
OH

2-Methoxymethylphenol

Scheme 2 Synthesis of 2-ethoxychroman and 2-methoxyme-
thylphenol

2-Ethoxychroman 1 4E ik B [ 3 B 28 B o-quino-
nemethide 1 [i] #4c, {H &, % (] 4k A 7 A OE (1)
Michael IS AT SE, BEER N 2 77 248K

WA FRBFRE KR, AR R A A WA
TR, B E A cannabinol 284, 1A
Tt AR SCERARTE A RE 3 B b i) =), NIk, 2R
M BORY, TR RS R, MIM4ER Tk, #em 7o
KA, BAT SR S
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