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Abstract:

A series of fluorinated protoberberines have been prepared by condensing fluorinated phthalide anions with
6,7-dimethoxydihydroisoquinoline. The spectroscopy and stercochemistry of the products are discussed and
the stereochemical outcome of the reactions rationalised. © 1998 Elsevier Science Ltd. All rights reserved.
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As part of an ongoing study into the syntheszs and biological properties of novel DNA-
hlSln[egga]g[Qr [1] we requ ired a rombcrbe rine ]abel]ed w1th a fluorine- 19 NMR probe

carbon 13 [12 14] and iodine-121 ] have appeared in the hterature, no fluorme labelled
alkaloids have been reported. In this paper, we report that such compounds are readily
available from the addition of an anion of a suitably fluorinated phthalide to a 3,4-
dihydroisoquinoline and that whilst this tandem addition-cyclisation reaction fails for many
anions substituted with electron withdrawing groups, the presence of a fluorine atom does
not significantly detract from the yield obtained with the parent phthalide anion.

noline and substituted
R*) 13-hydroxy-8-

I t of the addition-cyclisation of 3;4—dihydrm
nhtha,lide anign , o afford, stere selective]v a (

outlined by MacLean and co-workers [16,17].
However, in both the initial work and subsequent studies the reaction was shown to fail in
the cyclisation step if a strongly electron-withdrawing group such as a nitro group was
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present in the phthalide partner [18]. This meant that in the present context the introduction

of a fluorine label was best approached prior to construction of the alkaloid skeleton. Both
in principle and practice, this proved to be convenient and straightforward, as we have
previously reported synthetic routes to all the isomeric fluorinated phthalides and a number

of their immediate derivatives [19].
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Scheme 1. Synthetic method for the preparation of fluoroprotoberberines 3a-3d

Preparation of the required dihydroisoquinoline 1 by cychsatmn of N-(2-(3,4-
dimethoxyphenyl)ethyl) formamide has been achieved [20] using P05, however in our
hands the optimum yield (60%) was achieved using a mixture of methane sulfonic acid and
polyphosphoric acid.

The actual condensation between the ph(hahdes 2 and the dlhydloxsoqumohne 1 proceeded
smootmy in THF in the presence of lithium ausopropylamlae as the base to afford the
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Dihedral angle:
Hé(eq)-C6—C8-08:
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Figure 1. Near coplanar orientation of Hé(cq) with the 8-carbonyl of the C-ring amide in the favoured geometry of 4 with
B-ring having boat conformation (AM1 optimised structure).
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I'he "H-NMR spectra of all the products showed resonances associated with two

magnetically non-equivalent methylene protons at C6 which exhibited a characteristic
dt

downfield shift of the equatorial proton to 6 4.8-5.0 [17]. This was attributed to the
anisotropic effect of the carbonyl of the vicinal amide function where H6(eq) is onentated in
the deshielding zone of this group, a spacial relationship confirmed by AMI1 calculation as
shown in Figure 1.
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The stereochemistry of the 13-OH group was assigned on the basis of vicinal coupling
data. Removal of the alcohol proton was first removed by D20 exchange and this revealed
the key protons as a doublet of doublets, J = 10.5-10.8 Hz. Calculations based on the
optimised geometry for model compounds 4 and S indicated a larger dihedral angle (1610)
between H13 and H13a in the trans diastereomer (13S*,13aR*)-4 compared with the cis
isomer (539) (13R*,13aR*)-5. These angles were related with the coupling constants of 8.5-
14.7 Hz and 2.2-6.1 Hz respectively, according to the Karplus curves [21-22] (Figure 2).
These data suppou 1 the trans stereochen ustxy of our proaucms 3a- u This method avoided
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Figure 2. Dihedral angles between H13 and H13a from AMI1 optimised gcometry of two diastercomers and the
corresponding coupling constants from Karplus curves [21,22] (only one enantiomer in each case is shown)
position 3¢ . 3d 3e 3f
1 111.74 111.61 111.98 110.25
2 148.49 148.55 14737 147.28
3 147.35 147.48 148.49 148.52
4 112.08 111.93 111.80 111.95
4z 129.05 129.00 128.96 128.25
) 30.15 30.11 30.13 28.57
6 38.46 39.43 39.21 41.42
8 160.91 163.15 163.50 162.74
& 115.74 129.72 123.80 129.63
9 161.80 115.02 131.09 124.68
i0 116.54 162.66 115.10 129.93
11 133.40 119.24 165.57 119.56
12 119,49 126.03 111.25 159.90
124 143.69 136.51 14424 126.07
13 71.70 71.58 71.49 66.06
13a 61 23 61.68 61.47 61.65
13b 123.6 123.80 123.94 125.41
CHzO 56. 17 56.20 56.19 56.13
55.98 56.01 55.99 55.94
able 1. 130 NMR data of 3a-f (§ ppm, CDCL3, TMS)?
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a Coupling constants between carbon and fluorine were determined from 13C (111} NMR and summarised in Figure 3.

13C NMR spectra of the products 3a-d showed characteristic chemical shifts. (see Table
1). The aromatic amide carbonyl C8 appeared at & 160-165, and a typical secondary
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alcohol carbon at § 60-80 was assigned to the methine CI3. C‘oupiing constants between
fluorine/carbon and fluorine/protons are summarised in Figure 3.
MeO_ MeO. L o~

Y
0 I

o]
iMeC ~ ~ ®
H H’
L3 6.8 0.96 29
O™ l/ | 2599 HO™ |/ ” 2.1(56)
ag N 220 2.7 22.0(8.5)
10.9
© o 009 63 Tosiis
(6.9) F
MeQ P A MeO, AN P
U ) N
§ I 1
2 ! 270 N 330
MeQ 3 MeO
M H on
" 76 1a7 =
HO™ N N 23.4(89) RN
33 ‘ \! J l
2469 24&9
78 . N 8.6 (5.3)
5.1 F o
A i 218 22.3 9
(8.4)

Figure 3. Fluorine coupling constants Jc_g (Ji.p) for 3a-3d

In HMQC experiments, compounds 3a-d all showed characteristic long-range (3J)
correlations, ie H9 with carbonyl C8 (absent in 3a), H12 with C13 (absent in 3d), H13a
with C12a, H6(eq) with Cd4a, and the cross correlations between H4-C5 and H5-C4 or

H1-C13a and H13a-C1 (Figure 4). These correlations established the crucial connectivity in
the molecules and facilitated assignments of spectral details.

gy ey BNSP SRS N
convention used to desigate 4 =~ !
long range coupling HO K T/ n QR
H ¢ AN

Figure 4. Key 1H - 3¢ long-range correlations in 3a-d.

The El-mass spectra of the products 3
sphttmg of tetrdhydroprotoberbel1ne: [

{2t 1O
\rse 1)7

l\JCD



AT YIZ

R. N. Warrener et al. / Tetrahedron 54 (1998) 74857496 7489

.
W/\ I MeOW\ | Meo\é’"\/\ I
Retro DA | | +H* J\/Ikﬂ |
——
N\r MeO” X ZN MoO” X NH
DHIQ
mle 191 me 192
(1_2 °) {IWR)

Scheme 2. EmMS fragmentation pathway

The stereochemical outcome of this addition-cyclisation, leading to a single
diastereoisomer, is one of some significance in this work. We have examined the
conformation of the intermediates 6a-f (boxed, Scheme 3, top) where we find that
conformer 6a has the potential for m-stacking stabilisation as well as orientation of the ring
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lactone required in the next step in the reaction. The other coordination sites in 6a are
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presumably occupied by THF, or 6a as a dimeric species with a second equivalent of 6a.
None of the alternative threo intermediates 8a-f (boxed, Scheme 3, bottom) offers both
cordination to lithium and appropriate positioning of the carbonyl and the nucleophilic
nitrogen anion required to promote the second bond-forming process.
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3. Conclusion

In conclusion, phthalide anion—dihydroisoquinoline addition-cyclisation approach to
protoberberines has been shown to extend to fluorinated phthalides and the relative
stereochemistry of the products has been determined directly by 1H-NMR spectroscopy.

4. Experimental
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spectrophotometer u dn a nressed notassium bromide disc. Electron-imnact mass spectra
CCropnotometcr usin pressed potassium dromiae aisc, DIeCiron pact as pecira

e
(EIMS) were recorded on a Shlmadzu GC MS-QP2000A spectrometer at 70 ev. Peaks with
relative intensities less than 10% are not quoted unless significant. Elemental analyses were
performed by Central Queensland University Microanalysis Service. NMR spectra were
acquired using a Bruker AMX 300 MHz spectrometer at 298K in CDCl3. DEPT, COSY,
inverse HETCOR and HMQC NMR experiments were acquired using standard Bruker
parameters via normal or gradient probe from Bruker. Proton-carbon long-range
correlation experiments (HMQC) were parameterised for Jcy of 7Hz or 10Hz. NOEDS
utilised standard Bruker pulse programs, with T values generally optimised for the system
under investigation. Chemical shifts (3) are reported in parts per million downfield from
internal tetramethylsilane (TMS). The mulnphcnty of carbons was determined by either
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chromatography was conducted on Merck silica gel 60 (230 400 mesh). Anhydrous
operations were carried out by using flame-dried glassware under dry N; atmosphere.
Anhvdrous tetrahydrofuran were distilled from sodlum Anhydrous diisopropylamine and
dlmethyl sulphox1de were distilled from calcium hydride and “stored with fleshly activated
(400 °C overnight) molecular sieves 3A (Aldrich). n- -Butyllithium solution (Aldrich) was
titrated in THF with 2,5-dimethoxybenzyl alcohol [16]. Molecular Modelling was performed
on Silicon Graphics Indigo Workstations at the AM1 level using SPARTAN v.3.1 program
from Wavefunction Inc.

Preparation of 6,7-Dimethoxy-3,4- dihydronsoqumolme
AT /9 £2 A4 N2 2] R | BYETS FOUy & I g [0
IN-(Z-(D,4-L/IMELNO J(}[)ll(’fl)’l}(f HYL) JOTHLUT 1ae
Th a enlntinn ~f ")_(Q A_r‘lmD""\I\V‘Iﬂl"\DY\‘Y“\Df"\‘I“"lm;nl:l (SN a DI27A mnl) in nrmir ‘.'lt"if‘
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(98%, 400 mL) was added dropwise acetic anhydride (160 mL) at 20 oC. After addition,

the solution was stirred at 60 °C for 30 min, then at 20 °C overmght The solution was
concentrated to a small volume, diluted with water (160 mL) and 3 M sodium hydroxide
(60 mL), then extracted with chloroform (4x150 mL). The combined chloroform extracts
were washed with water and brine, dried with anhydrous MgSQy4. Concentration to dryness
afforded N-[(2-(3,4-dimethoxyphenyl)ethyl)] formamide as a pale yellow oil (52.8 g, yield
100%). Two rotamers (s-syn : s-anti =5 :1). THNMR: s-syn isomer: 8.11 (1 H, s,
HCON), 6.72-6.83 (3 H, m, 3xArCH), 6.03 (1 H, br s, NH), 3.83 (3 H, s, OCH3), 3.84
(3 H, s, OCH3), 3.53 (2H, q, J = 6.9 Hz, NCH;), 278 2 H, t, /= 6.9 Hz ArCHy); s-anti
isomer (typical signals): 7.89 (1 H, d, J = 12 Hz, HCO), 3.43 (2 H, q, J = 6.6 Hz, NCH)»),
2775 (2H, t, J = 6.6 Hz, ArCH,). 13C NMR: s-syn isomer: 161.29 (C, CON), 149.14 (C,

Ph-3), 147.84 (C, Ph-4), 131.15 (C, Ph-1), 120.72 (CH, Ph-6), 112.07 (CH, Ph-5), 111.5

O
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(CH, Ph-2), 55.97 (CH3, OCHj3), 55.92 (CH3, OCH3), 39.34 (CH3, NCH>), 35.12 (CH,,
ArCHj); s-anti isomer (typical signals): 164.53 (C, CON), 149.23 (C, Ph-3), 148.02 (C, Ph-
4), 130.27 (C, Ph-1), 120.96 (CH, Ph-6), 112.19 (CH, Ph-5), 111.70 (CH, Ph-2), 55.94
(CH3, OCH3), 43.29 (CH,, NCHjy), 37.33 (CH3, ArCHjy).

6,7-Dimethoxy-3,4-dihydroisoquinoline (1)
To a refluxmg solution of N-(2-[(3,4- dlmethoxyphenyl)ethyl)] formamide (50.00 g,

1 I1I'f\ AY

0.259 mol) in dry toluene usu mL.) was added a mixture of poxypnospnonc acid (160 g)

.

g | PP i AN T NN Y ALt e ~ A2 A wEraa
dna Imeuiaic UIPIIUIIIL dbl 4V L) Wllll btllllllg ALLCL dUUlllUll UIC llllALU € was
mwntamed under reflux with stirring for 2 h, cooled a d the toluene decanted. The brown

(600 \ cooled in an ice-water bath, and basified by the addition of sodium hydroxide
nellets untll most of the salt precipitated. The mixture was filtered and the salt was washed
thoroughly with diethyl ether (2x200 mL) and ethyl acetate (5x100 mL). The combined
organic layer was washed with saturated sodium bicarbonate solution (200 mL), brine
(100 mL), then dried with anhydrous NapSO4. Evaporation gave a pale brown oil which
was distilled by using Kugelrohr apparatus to give 6,7-dimethoxy-3,4-dihydroisoquinoline 1
as a colourless liquid (bp 116-118 °C/0.1 mbar, 31.78g). Yield 60% [lit. [25] yield 69-72%
(P205)]. ITHNMR: 8.22 (1 H, t, J = 2.1 Hz, H1), 6.81 (1 H, s, HB), 6.67 (1 H, s, H5), 3.91

(3H, s, OCH3) 3.89 (3 H, s, OCH3) 3.73 (2 H, ddd, J = 9.6, 6.6, 2.1 Hz, H3), 2.67 (2 H,
dd, J = 9.6, 6.6 Hz, H4). 13C NMR: 159.39 (CH, 1), 151.28 (C, 6), 147.90 (C, 7), 129.87
(C, 4a), 121.57(C, 8a), 110.53(CH, 5) 110.50 (CH, 8), 56.15 (CH3, OCH3), 56.03 (CH3,
ravals P AP Y Y N\ NA TILE SNYY AN
OCHa3), 47.33 (CH»p, 3), 24.75 (CHy, 4).

Replacing the Lewis acid in the above method A with phosphorus pentoxide (0.4 mol
based on 0.1 mol of the formamide) gave 1 with a yield of 51%, whilst a mixture of
polyphosphoric acid (32 g)-phosphorus oxychloride (0.3 mol based on 0.1 mol of the
formamide) afforded 1 in a yield of 42%. The use of phosphorus oxychloride yielded only
40% of 1 (0.25 mol based on 0.1 mol of the formamide)

Preparation of 4-Fluorophthalide (2d) and 7-Fluorophthalide (2a)
Step a: 3-Fluorophthalic acid

A mixture of 1-fluoro-2,3-dimethylbenzene (17.00 g, 0.137 mol) and, potassium
hydroxide (15.50 g, 0.276 mol) in water (500 mL) was heated to reflux with stirring while
potasqium permanganate (I 10 g, 0.864 mol) was added in smalil portions over 4 h. After

addition, the mixture was stirred at 100 ©C for another 1 h until the residual oily starting

Q..

material had disappeared. After cooling, the excess potassium permanganate was destroyed
by careful addition of sodium hydrogen sulfite powder and the mixture filtered through a
plug of super cell. The filtrate was extracted with dietuyl ether (5x90 mL). The aqueous
phase was concentrated and acidified with concentrate hydmchloi acid. The white
precipitate was stirred with water (200 mL) and ether (150 mL). The ether phase was
separated and the water phase repeatedly extracted with ether (4x80 mL). The combined

extracts were washed with brine (50 mL) and dried with anhydrous MgSO4. Concentration
to dryness gave 3-fluorophthalic acid as white powder, 10.30 g, 41%. mp 170-173 oC
[1it.[26] mp 167-168 °C]. THNMR: 7.71 (1 H, d, J = 7.6 Hz), 7.44-7.58 (2 H, m).

Step b: 3-Fluorophthalic anhydride

A mixture of 2- tluoropmhallc acid (10.28 g, 55 8 mmol) in acetic anhydride (10.6 mL,
0.112 mol) was heated under reflux for 30 min and cooled in ice-y 'ate bath. The
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precipitate was collected by filtration and washed with toluene to afford 3-fluorophthalic
anhydride as colourless plates, 5.43 g, 59%. mp 159-160 oC [lit. [26] mp 157-158 oC].

[ P A4 ¥I1 ~ 1.7 1* 7 Vs D 3 17 11! 1- 1 rde ) Y
AEP C. 4-riuoropminaiide (£4a) and /-riuoropninadllde (za)
T o ambitimm A8 2V £l mcmem Toelhnlin Anhe, Al d 78 A2 ~ 2 ™ ceece- TNV 20 121 a2 Lt
11U d suilulunll vl J*uuUluplluldllb d lllyull(.lc \J2.40 g, 4./ HHIIOL) 111 gl Cldl CCu aCla
(2T mI ) and nncontrated hudracrhlarice apid (220 22 mT \ nddad 2ins nnwdar
VI ARy Qg VHLLHL AW I yUlvLLIIVLLIL avliu \JZ4L /U, JJ 11iLy) W auuvu  Liuv puwulg

(181 g, 0.278
C

carbonate powder until a]] ac1d pxescnt had bccn ncutralised, then washed with water
(50 mL), brine (500 mL) and dried with anhydrous potassium carbonate. Concentration
followed by column chromatography (silica gel, EtOAc-PE 2:1) gave two isomers, which
were recrystallised from CH;Cl;-PE or EtOAc.

4-fluorophthalide 2d (less polar): 1.00 g, 20%. mp 101-102 °C (colourless prism, CH,Cl;-
PE) [lit. {27] mp 100-101 °C, DCM-petroleum]. IHNMR: 7.75 (1 H, d, J = 7.5 Hz, H7),
7.55 (1 H, ddd, J = 8.1, 7.5, 4.6 Hz, H6), 7.37 (1 H, t, J = 8.5, 8.3 Hz, HS), 5.37 (2 H, s,

H3).

T Klinsrmamn sl dy Vo feanmen waAlas) 1 70 K07, 148 & 146 OFY fanlasiclanes mnaadla
7 oJriird l MNITNEULIUC &a \(111UIT POldl) L.iag, J970 Ip 102.0-10D0D YU (LLIVULICSy HUCCUIC,
EtOAc) [lit. [18] mp 166-167 °C, CH,Cly-petroleum]. 'H NMR: 7.68 (1 H, ddd, J = 8.2,
77 46 z HSY, 727 (1 H. d J =6 H~ AN 717(1TH ¢t J =0 872 Hz HA 5132
Toby T KBduy BRI ]y 10407 1 Ry Uy o VU T1L, KR, 7.7 1 11y by J Uedy Uik LiLy 33U Jy Sl lw
(2 H, s, H3).

Preparation of 5-Fluorophthalide (2¢)

This compound was prepared in 4 steps using the following modification of the method of

Huntress and Shriver [28].

Step a: 1,3-Dihydro-5-nitro-2H-isoindole-1,3-dione
1,3-Dihydro-5-nitro-2H-isoindole-1,3-dione was prepared in 65% yield by nitration of

phthalimide with a mixture (1:5, v/v) of concentrated nitric acid (70%) and concentrated

FaYeXe 4

sulfuric acid (98%). Recrystallisation from 95% ethanol gave colourless plates. mp 200-

ANN & oM . MO 2N ... 1TO0 o ITT AIANAD . C £0 71 1T 1.1 — 2?TN N K LI IIAY O £A
LUUL0 Yo UL 147,0U] HIp 170 Y. "I INIVIRR. 6.7 (1 n, ul, J - 4Z.U, U.J 1n4, n=), 0.4
(1H dd J=82 20Hz HE) 80R¢1 U dd. J =82 05Hz H7) 791 (1 H brs. NH)
V1L 01, UU, v = 0.4, L& U T4, T1U), O.UG (1L Ik, UU, v — 0.4, V.J 114, f11 )y, 1.71 1 I'l, UL 3, INI1}],
Step b: 5-Aminophthalimide or 5-amino-1,3-dihydro-2H-isoindole-1,3 -dione

A mixture of the above S-nitrophthalimide (11.95 g, 0.062 mol), 10% Pd/C (0.3 g) in
ethyl acetate (420 mL) was shaken in the hydrogenation vessel under hydrogen atmosphere
(2.0-3.4 bar) at 20 °C for 5 days. The yellow precipitate was filtered through a paper
thimble on suction and extracted continuously with ethanol by using a soxhlet extractor for
36 h. Concentration of the yellow ethanol solution gave 5-aminophthalimide as yellow
needles, 8.87 g, 88%. mp 286-288 oC [lit. [27] 294 oC].

Step ¢: 5-Aminophthalide
olution of sodi LT“

T & ~m ~E o L A A 77 Q7 o N TOL e A1) Lo At {22 nT N as1mn addad misma
10 d 50 111 yUlU)UUC L/7.02 g, U.170 11101) 11 WdiCL (D0 11 ) Wdd daludcd Zli
r\\(rrlan- /")A N4 maly and nar cnlfata (N N2SK o) S_Aminanhthalimide (R 70 o
Uw Pbl sulidle \U-UJJ 5). -t nuuuuyutuuuuuuu \L. 7V 5,
ns over 40 min at 0 ©C. The resulting mixture was

aer (<0 g, u*-rxuuu ana cop
O 054 mol) was added in small port .
dllnrpd with water (35 mL) then I_e d at 70-80 oC nvernighr (17 h) After goolinga the

addmon of concentrated hyd100h1011c amd in ice-water bath. The suspended solution was
boiled (became homogeneous), then cooled to give 5-aminophthalide as yellow crystals,
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3.05 g, mp 192-192.5 oC [lit. [27] 192-195 °C]. The second crop of the product was
obtained after neutralisation of the filtrate with solid sodium carbonate (only small amount
was enough), 4.95 g, mp 191-192.5 °C. Total yield 8.00 g, 100%.

Step d: 5-Fluorophthalide (2¢)
To a solution of 5-aminophthalide (6

(@)
o0

g, 44.8 mmol) in water (17 mL) was added

hexafluorophosphoric acid (60% 21 mL) and water (11 mL). The solution was cooled to

0 oC (internal) with an ice-salt bath and a solution of sodium nitrite (6.65 g, 96.3 mmol) in

water (41 mL) was added drepw:se at such a rate to control the internal temperature <

00oC. The resu‘fxng yellow precipitate was collected by filtration, washed with cold
d

. ipi W
methanol (17 mL) and ether (17 mL). The solid wa suspended in mesitylene (300 mL)
and heated under reflux with stirring for 20 min. (A large amount of gas evolved). After
cooling, the clear top-layer was decanted and concentrated under vacuum to give a yellow
solid, which was subjected to column chromatography (eluted with dichloromethane) to give
2c¢ as colourless needles after recrystallisation from dichloromethane. Yield 4.10 g, 60%.
mp 120-121 oC [lit. [27] 117-119 oC, CH;Cl;]. THNMR: 7.93 (1 H, dd, J = 8.4, 4.8 Hz,
H7), 7.24 (1 H, td, J = 8.8, 2.2 Hz, H6), 7.17 (1 H, dm, J = 7.9 Hz, HS), 5.29 (2 H, s, H4).

6-Fluorophthalide (2b)
This was prepared following the method of Russell er al. [29,30].

14-Dihydr0isoq 1iinoline and

L3 Fa RO L0 L0 L0308 0y oy vERS G A ae -3 umonne

2 RSN IRNSS LR 2IR22%s

To a cooled (-78 ©C) solution of diisopropylamine (5 mmol) in dry THF (90 mL) under
dry N2 was added n-butyllithium (5 mmol) dropwise from a syringe. A solution of
phthalide 2 (5 mmol) in dry THF (20 mL) was added dropwise using a syringe and the
orange solution stirred for another 5 min. at -78°. A solution of 3,4-dihydroisoquinoline 1
(5 mmol) in dry THF (20 mL) was added dropwise using a syringe at -78 °C, whilst
maintaining the temperature. After a further 30 min at -789 the solution was allowed to
warm up slowly to 20 °C over 1-2h. The solution was diluted with 'nydrochioric acid
(2M, 120 mL) and extracted with chioroform (4x40 mL). The combined exiracts were
1
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(13S*,13aR*)-2,3-Dimethoxy-9-fluoro-13-hydroxy-8-oxo0-5,6,13,13a-
tetrahydro-8H-dibenzo[a,g]quinolizine (3a)

Yield 50%. mp 188-189 oC (MeOH, colourless rhombic crystal). IR (cm-1): 3372 (s,
vou), 1636 (s, vco), 1614 (s), 1518 (s), 1468 (s), 1414 (s), 1359 (m), 1334 (m), 1282 (s),
1252 (s), 1231 (s), 1123 (s), 970 (m), 748 (m). UV-vis. (nm, EtOH): 277 (¢ 4160), 228
(e 8860). 'H NMR: 7.48-7.56 (2H, m, H11/H12), 7.06-7.15 (1H, m, H10), 6.93 (1H, s,
H4), 6.68 (IH, s, H1), 4.95-5.00 (1H, m, H6eq) 4.59 (1H, d, J = 10.5 Hz, H13a), 4.53 UH

dd, J = 10.5, 4.4 Hz, H13), 3.86 (6H, s, 2xOCH3), 3.18 (1H, d, J = 4.4 Hz, exchangeable with
D,0 and & dependent on concentration, 13-OH), 2.71-2.93 (3H, m, H6ax/H5ax/H5eq); !13C
NMR, see Table 1 and Figure 3. EIMS (m/e, relative intensity): 343 (M+, 7), 325 (M-H;O,
2), 193 (13), 192 (DHIQ+H, 100), 191 (DHIQ, retro DA, 2), 152 (M-191, 8), 151 (M-191,
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(135*,13aR*)-2,3-Dimethoxy-10-fluoro-13-hydroxy-8-o0xo0-5,6,13,13a-
tetrahydro-8H- d:benzo[a,g]qumol:zme (3b)

Yield 68%. mp 215-216 oC (MeOH, pale yellow crystal). IR (cm-1): 3402 (s, voH),
1625 (s, vco), 1587 (s), 1520 (s), 1488 (m), 1472 (m), 1449 (s), 1403 (m), 1280 (m), 1263
(s), 1239 (m), 1227 (m), 1216 (m), 1120 (m), 1052 (m), 946 (w), 856 (m), 849 (w), 772
(m), 757 (m). UV-vis. (nm, EtOH): 282 (e 4070), 269 (g 3950), 252 (sh, £ 3900), 227
(e 12500), 211 (¢ 15100). 1H NMR: 7.77 (1H, dd, J = 8.9, 2.7 Hz, H9), 7.67 (1H, ddd, J =

8.4, 5.1, 0.7 Hz, H12), 7.26 (1H, td, J = 8.4, 2.7 Hz, H11), 6.97 (1H, s, H1), 6.75 (1H, s,
AT AN A NN A N 71YY Y Yo N\ ‘// 1YY 1 1N & YY TTY1 " AY A rMN 71YT 11 ' 8 1M o A ™
H4), 4.90-4.97 (1H, m, Hbéeq), 4.66 (1H, d, J = 10.5 Hz, H13a), 4.60 (1H, dd, J = 10.5, 4.3
1. LI12AN 20N /3T . MNMOIYI. Y 200 /1T -~ MMAII N Y7717 3900 /21T e ) & Y, ) ¢-JENY, § § PR Y
nz, rnisj, 3.7V (o0, §, ULn3j, 5.006 (on, §, yilnjsj), 2.//-2.50 (o, m, ndax/rniax/rns>eq),
DEE /MM A T - A2 Wr aviahanaanhla tith TN and S Aarmandant ~n ~nmeoanteati~an 12 _MNLIN.
LoJJ LKk, Uy, J = SF,0 114, CALLIA IECdUlG Wil L2 Uil O UCPC IUCIIL VU1 COHLILCHIUL AUlULL, 10U ),
I3C NMR , see Table 1 and Figure 3. EIMS (m/e, relative intensity): 343 (M+, 7), 325
(M-H~O 2) 103 (13) 19?2 (DHIO+H 100) 191 (DHIO retro DA 2) 100 (5) 176 (9) 152
N\AVATRA A /NSy e fy R 70 \A )y 274 \ArRRANS T ARy LUV Jy 174 \LFLAANYZH 10T U Rsing LjJy 2737 (o )y N\ 4 Jy Lt
(M-191. 6). 151 (M-192. 7). 124 (6). 123 (23). 95 (8) Ci1oH1:FNOQu: required C66 46
\4VAT L S kg W)y A d (4 i Sy 0y 2 AV A &d \&v )y Ao (U STl A8 4. AbudivL vV My
H5.28, N4.08 found C66.26, H5.40, N4.21
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(135*,13aR*)-2,3-Dimethoxy-11-fluoro-13-hydroxy-8-oxo0-5,6,13,13a-
tetrahydro-8H-dibenzo[a,g]quinolizine (3c)

Yield 57%. mp 198-198.5 oC (EtOAc, colourless crystal). IR (cm-1): 3434 (s, von),
1635 (s, vco), 1607 (s), 1521 (m), 1511 (m), 1464 (m), 1449 (m), 1417 (m), 1404 (s), 1280
(m), 1258 (s), 1231 (m), 1147 (m), 1135 (m), 1115 (m), 951 (w), 874 (w), 766 (w).
UV-vis. (nm, EtOH): 330 (g 460), 279 (¢ 4080), 231 (¢ 10900). 'H NMR: 8.02 (lH dd J
= 8.6, 5.6 Hz, H9), 7.41 (1H, ddd, J = 9.3, 2.5, 0.8 Hz, H12), 7.08 (1H, tdd, J = 85 2.6
Hz, Hi0), 7.00 (iH, s, H1), 6.69 (iH, s, H4), 4.85- 4 91 (1H, m, Héeq), 4.65 (IH, d, J =
Hz, H13a), 4.58 (1H, dd, J = 108 SOHz Hl%) 5 (6H, 2xOCH3) 3. (
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(13S*,13aR*)-2,3-Dimethoxy-12-fluoro-13-hydroxy-8-o0xo0-5,6,13,13a-
tetrahydro-SH-dtbenzo[a,g]quLnollzme (3d)

Yield 42%. mp 239-241 oC (EtOAc, colourless crystal). IR (cm-1): 3350 (s, von),
1640 (s, vco), 1615 (m), 1584 (s), 1521 (s), 1486 (m), 1470 (m), 1458 (m), 1433 (m), 1327
(m), 1256 (s), 1220 (m), 1213 (m), 1108 (m), 1024 (m), 971 (w), 833 (w), 750 (m).
UV-vis. (nm, EtOH): 278 (¢ 6310), 228 (¢ 13800), 211 (¢ 15100). 'H NMR: 7.95 (1H,
dd, J=7.7, 1.0 Hz, H9), 7.40 (1H, td, J = 8.1, 5.3, H10), 7.25 (1H, ddd, J = 9.3, 8.2, 1.1 Hz,
HI11), 7.03 (1H, s, H1), 6.64 (1H, s, H4), 5.33 (1H, dd, J = 6.6, 5.7 Hz, H13), 497 (1H, d, J

= 6.6 Hz, H13a), 480491 (1H, m, Hbeq), 3.85 (6H, s, Z2x LH3),£995 10 (2ZH, m, Hbax

and 1xH5), 2.67-2.78 (1H, m, 1xHS), 3.15 (1H, t, J = 5.7 Hz, exchangeable with D,0 and &
dependent on concentration, 13-OH); 13C NMR, see Table 1 and Figure 3. EIMS (m/e
__________________ MAL O ’)"\E IAA XX MY 1N 71 \ 10 /MMIITNLIT 1NN 101 /MLITN
relative lmcubuy) 343 (M+, 9), 325 (M-H,0, 5), 193 (13), 192 (DHIQ+H, 100), 191 (DHIQ,



X
=z
b3
[~
3
o
=
*
~
o
-
=
~
N
m
Ing
S
-
I
2.
I~
=
n
N
~
O
O
)
N
N
Co
‘Tn
N
O
(=

™ A [ Y 1N /AL 1N 1 [ AY 1£21 2 VTt N\ 1™ A 7\ 1M sAAN Va Y- a-ay ~ rw et 7Y
reiro UA, 4), 124 UM-1J1, 7)), 121 \M-1Y4, D), 144 (0), 143 (£3), Y (J). CroH1gFNUy4
required C66.46, H5.28, N4.08 found C66.28, H5.31, N4.i1

L o FRUSERESEE IR EpE [ 4 PRUSEPRIE B o VERUpNUNINES DRSNS D g (R P der mem A sl Ao a1 T ~ LR T o
1he autnors thank Centrai (Jueensiand university and tne Australian Research Council for
F - SRS TY L1, oL M e £ AA 1 T A_ L e e £ 2L ___ __ 1 £ _ YA A
financial support. LL tnanks tne Centre 1or violecular Arcnitecture 1or the award of a CMA
Scholarship

€~ E 3 PN

U. NCICICIIYS

f11 Ding (¢ Duceall DA Tatrahadran 1007:82:17477.17428

11 L lllb Ny, INUSOWALL INSY. A VUIAQUVAIVILL 1 777 4.0 1771 1T 1L 717700

[2] Hammer BC, Russell RA, Warrener RN, Collins JG. Eur. J. Biochem. 1989;178:683-688.

{31 Hammer BC, Russell RA, Warrener RN, Collins JG. Eur. J. Biochem. 1990;191:307-313.

[4] Barbar E, Martin TM, Brown M, thtenbcrg MB, Pcyten DA. Biochemistry 1996;35:2958-2967

[6] Parisi MF, Abeles RH. Biochemistry 1992;31:9429-9435.
[7] Tonkin KC, Brownlee RTC, Zunino F, Phillips DR. Invest. New Drugs 1990;8:1-6 (Chem. Abstr.

[8] Iwasa K, Kamigauchi M, Takao N, Cushman M, Chen JK, Wong WC, McKenzie A. J. Am. Chem. Soc.
:111:7925-7931.

O
o0
\O

[10] Bjorklund JA, Frenzel T, Rueffer M, Kobayashi M, Mocek U, Fox C, Beale JM, Groger S, Zenk MH,
Floss HG. J. Am. Chem. Soc. 1995;117:1533-1545.

[11] Rueffer M. Nat. Prod. Chem. 1988;3:247-256.

"rj

LLw B A m. QO0;J

effs PW, Scharver JD. J. Am. Chem. Soc. 19

, Kamigauchi M, Takao N, Cushman M. J. Nat. Prod.-Lloydia 1993;56:2053-2067.
, Zhou C, Jin G, Zhang X, Yang L. Zhongguo Yaoli Xuebao 1990;11:289-292 (Chem. Abstr.

oy
o
(%]
[
)

[15] GuoY, ChenL, Lai Y, Hu Z. Tongweisu 1990;3:221-227 (Chem. Abstr. 1992;117:166694).

[16] Marsden R, MacLean DB Tetrahedron Lett. 1983;24:2063-2066.
J. Chem. 1984:62:1392-1399,

11 X\, vaacLean . 1. 2. Lnem, 2F£-137

[18] Lui L. unpublished results.



Becker AM, Irvine RW,

- - ~ amoa

1986,27:3431-3434.
Whaley WM, Govindachari TR. Org React. 1969;6:74-150.

Parikh VM In: Absorption Spectroscopy of Organic Molecules, Reading, MassachusettseMenlo
CaliforniasDon Mills, OntariosLondon, Addison-Wesley Publishing Company, 1974:122-125.

]
b
a

Park,

Shamma M, Moniot JL. In: Isoquinoline Alkaloids Research, New York and London, Plenum Press,

1972-1977:1978.
Winkle MR, Langinger JM; Ronald RC. I. Chem. Soc. Chem. Commun. 1980:87-88.

Newman MS, Wiseman EH. J. Org. Chem. 1961;26:3208-3211.
Kinloch SA. BSc Hons thesis, University of New South Wales, 1984.

1 Huntress EH, Shriner RL. Org. Synth. Col. Vol. 2;1943:459.

Russell RA, Pilley BA, Warrener RN. Syn. Commun. 1986;16:425-430.

Irvine RW, Kinloch SA, McCormick AS, Russell RA, Warrener RN. Tetrahedron 1988:4591-4604.



