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Abstract

An efficient total synthesis oftf-lavanduquinocin, a potent neuronal cell protertaikaloid
from Streptomyces viridochromogends reported. Key-steps are an iron-mediated are-p
construction of the carbazole framework and a miokediated coupling reaction.

Keywords: Alkaloids, cyclization, iron, nickel, quinones

Introduction

Over the past decades a wide variety of carbazkédogds with intriguing structures and useful
biological activities has been isolated from dieensitural sources and a range of novel synthetic
methodologies to these natural products has beeriapeed? In 1983, Furukawa and co-workers
reported the isolation of the first carbazole-1lidaqne alkaloids from terrestrial plaftSen
years later, Seto and his group from Tokyo isolatesl first carbazole-3,4-quinone alkaloids
from Streptomyce@Figure 1)4-> An example for this class of natural productsishduquinocin
(1), which was isolated fronstreptomyces viridochromogen2492-SVS3. Lavanduquinocin
was shown to protect neuronal hybridoma N18-RE-d€ls from the L-glutamate toxicity with
an EGo value of 15.5 nM. The apoptotic cell death of NdB-105 cells, induced by buthionine
sulfoximine (BSO) due to depletion of the endogenoeducing agent glutathione, was also
suppressed by lavanduquinocin at concentrationsehithan 12.5 nM. The toxicity of BSO is
considered to involve oxygen-derived free radic@lais, the mode of action of lavanduquinocin
is dependent on its antioxidative activatit.is well known that oxygen-derived free radicplay

a pivotal role in the initiation of a variety ofsd#iases, like myocardial and cerebral ischemia,
arteriosclerosis, inflammation, rheumatism, sepiliautoimmune diseases, and caricer.
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Therefore, free radical scavengers are thoughepoesent potential therapeutic agents for the
treatment of these diseases.

The characteristic structural features of lavanduacin (1) are ano-benzoquinone moiety,
an [R)-2-hydroxypropyl substituent at the 1-position tie carbazole nucleus and a
monoterpenoidgl-cyclolavandulyl side chain at C-6.

3 Carbazoquinocin A R = (CH,CHMeCHMe
4 Carbazoquinocin B R = (Cp,;CHMe,

5 Carbazoquinocin C R = (CpgMe

6 Carbazoquinocin D R = (C§,CHMeCH,Me
7 Carbazoquinocin E R =(CHCHMe,

8 Carbazoquinocin F R = (ChkCHMe,

2 Carquinostatin A

Figure 1. Naturally occurring carbazole-3,4-quinone alkasoid

We have developed a highly efficient iron-mediatedte for the synthesis of carbazole
alkaloids? The crucial step of our synthesis is the formatdra C—N bond by an oxidative
cyclization of a 5-(2-aminoaryl)-substituted cyataladiene—tricarbonyliron complex which can
be achieved by oxidation with air in protic mediéifaxtension of this method led to a one-pot
construction of the carbazole nucleus by a consez@-C and C-N bond formation. The utility
of the one-pot procedure for natural product sysithevas demonstrated by the development of
elegant routes to carbazoquinocin §,4 carquinostatin A 2),10.11 lavanduquinocin 1),12.13
neocarazostatin B the carbazomycins A andBand streptoverticillit® In the present paper,
we describe our synthesis af){lavanduquinocinr@c-1) in full detail12

Results and Discussion
For the total synthesis oft)-lavanduquinocin rac-1) we envisaged a nickel-mediated

introduction of theB-cyclolavandulyl residue. Thusf)lavanduquinocinr@c-1) should derive
from B-cyclolavandulyl bromide9) and the 6-bromocarbazolé, which is prepared starting
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from cyclohexa-1,3-dienell) and the fully functionalized arylaming2 as depicted in the
retrosynthetic analysis (Scheme 1).

e n, e e

rac-1 9

MeO OMe
Br OM OMe
idn 20 -

Me

N on

4 c

10 11 12

Scheme 1Retrosynthetic analysis af)-lavanduquinocinr@c-1).

The iron complex salt3 is quantitatively available on large scale by azabuta-1,3-diene-
catalyzed complexation of cyclohexa-1,3-dieriel) (with pentacarbonylirofi followed by
hydride abstraction using triphenylmethyl tetraflolmoratel® The second building block for the
synthesis off)-lavanduquinocinr@c-1) is the arylamind.2. Compoundl2 was previously used
as precursor in our total synthesis #f-¢arquinostatin Arac-2) and was obtained in five steps
and 69% overall yield starting from commercial 3tinyéveratrolel0

@ % »e e

Scheme 2.Iron-mediated synthesis of the 6-bromocarbaid@leReagents and conditiona)
MeCN, air, r.t., 7 d, 88%; (b) 1. MHO, acetone, 56 °C, 4.5 h; 2. 10% Pdiylene, 145 °C, 4
h, 82% over two steps; (c) NBS, GCI'7 °C, 30 min, 93%.
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Reaction of the iron complex salB with two equivalents of the arylamid® in acetonitrile
at room temperature for seven days in air, follovegddemetalation using trimethylamimé
oxidel®20 and aromatization with 10% palladium on activatadbon in boilingo-xylene?
provided the carbazol®4. Electrophilic bromination oi4 with N-bromosuccinimide (NBS) in
tetrachloromethane at reflux afforded regioseletyithe 6-bromocarbazol) (Scheme 2).

The third component for the synthesis tf-kavanduquinocinr@c-1) is B-cyclolavandulyl
bromide Q). Fine-tuning of the reaction conditions providedonsiderably improved access to
compound as compared to the original synthesis describechrearlier (Scheme 33%24Thus,
deprotonation of commercial ethyl senecioal®) (using lithium diisopropylamide (LDA)
followed by kinetic quenching with prenyl bromideatls to ethyl lavandulate. Without further
characterization this intermediate was subjectedlktaline hydrolysis to give lavandulic acid
(16). Using optimized reaction conditions, proton-irtitid cyclization of 16 afforded
crystalline B-cyclolavandulic acid 7) in 78% yield. Reduction 017 with lithium aluminum
hydride provided -cyclolavandulyl alcohol X8).23 Base-catalyzed allylic bromination of
compoundl8 with phosphorus tribromide afforded the desipedyclolavandulyl bromide9).24
Using this route3-cyclolavandulyl bromide9) is available in five steps and 62% overall yield
based on ethyl senecioafib) (Scheme 3).
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Scheme 3Improved synthesis @#-cyclolavandulyl bromide9). Reagents and condition&) 1.
LDA, THF, —78 °C, 30 min; 2. prenyl bromide, —78 t€r.t., 15 h; (b) NaOH, EtOHA®D,
reflux, 48 h; then HCI, 87% over two steps; (c) HOIEH,SO, (5.3:1), r.t.,, 6.5 d, 78%; (d)
LiAIH 4, ELO, 0 °C, 3 h, 100%; (e) PBmyridine, E3O, —78 °C to r.t., 1.5 h, 92%.

17

The dinuclear nickel complet29 was prepared analogously to the known dimeric
prenylnickel bromide comple3®, which was used by us previously for the total bgsis of
carquinostatin AZ)10.11and neocarazostatinBReaction of3-cyclolavandulyl bromide9) with
an excess of tetracarbonylnickel in benzene at 50c6afforded after 2.5 h a red-brown solution
indicating the formation of the dimeric-allylnickel bromide complex1t9 (Scheme 4). The
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presumed complex9 was not isolated and characterized, since this tfglimericr-allylnickel
bromide complexes are known to be very sensitiveatds oxidatior?> After evaporation of
benzene and unreacted tetracarbonylnickel, theearathplexi9 could be used for the projected
cross coupling reaction.

S Br
RN
m _a> b(—NL Ni?mll
~_ 7 ?
Br Br %
9 19

Scheme 4.Synthesis of the dimerie-(-cyclolavandulyl)nickel bromide compledd. Reagents
and conditions(a) excess of Ni(CQ)benzene, 60-65 °C, 2.5-3.5 h.

Scheme 5Synthesis of 6f-cyclolavandulyl)carbazol20.

Initially, cross coupling of the dimeric-allylnickel bromidel9 and the 6-bromocarbazole
10 was achieved by reaction of 6-bromocarbazble p-cyclolavandulyl bromide ) and
tetracarbonylnickel in a ratio of 1:2:6 (SchemeTable 1). The mixture of-cyclolavandulyl
bromide @) and tetracarbonylnickel was heated at 60—65 °Geimzene for 2.5 h as described
above. The crude complet® was then treated with 6-bromocarbazbein dry and degassed
N,N-dimethylformamide (DMF) at 70 °C under the stmostclusion of oxygen. This procedure
provided the desired @{cyclolavandulyl)carbazol®0 in 50% yield. Moreover, 37% of the
starting materiallO, the carbazold4 (formed by hydrodebromination 40, 8% yield) and the
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dimer 22 (resulting from homocoupling of-cyclolavandulyl bromide 9), 34% vyield) were
isolated. The recovery of large amounts of startivgerial induced us to perform the coupling
reaction using an even larger excess of tetracghbickel (10 equivalents). These conditions
afforded in addition to the compoung8, 10, 14 and22, the 6-acylcarbazol2l in 13% yield.
Obviously, compoun®1 was formed by insertion of carbon monoxide resgltirom excess
tetracarbonylnickel. The 6-acylcarbazd#& shows significant activity againdycobacterium
tuberculosis(Hs7Rv strain) with an MIC value of 4,09 mL™ (8 uM) and is relatively nontoxic
for mammalian cell§®

Table 1. Nickel-mediated coupling gi-cyclolavandulyl bromide9) with bromocarbazol&0

Stoichiometry Reaction Conditions Yield [%]
10:9: Ni(CO) 20 21 10 14 22
1:2:6 1. Ni(CQy, 9, CsHs, 60 °C, 1 h; 2. 65 °C, 1.5 h;

3. addition ofl0, DMF, 70 °C, 17 h 50 - 37 8 34
1:2:10 1. Ni(CQy 9, CgHg, 65 °C, 3.5 h;

2. addition ofl0, DMF, 70 °C, 16 h 44 13 33 4 34

& The formation of dime22 (34% yield) results from the excess of compo@nehich is applied.

Removal of the acetyl protecting group at the saiain by reduction of the @<
cyclolavandulyl)carbazol20 with lithium aluminum hydride afforded almost qtigatively the
carbinol 23. Finally, oxidation of23 with ceric ammonium nitrate in an acetonitrile—grat
mixture at 0 °C providedH)-lavanduquinocinr@c-1) in 68% yield (Scheme 6).
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Scheme 6Synthesis off)-lavanduquinocinréc-1). Reagents and condition&) LIAIH,4, EtO,
r.t., 1 h, 98%; (b) Ce(Ni(NO3)s, MeCN/H,O (2:1), 0 °C, 30 min, 68%.
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Conclusions

The spectroscopic data of our synthetifzlavanduquinocinréc-1) are in good agreement with
those reported for the natural product (UV, R, NMR, **C NMR)> Thus, the structural
assignment of the natural product by Set@l. has been confirmed by our total synthesis. The
present route affords)-lavanduquinocinréc-1) in seven steps and 22% overall yield based on
the iron complex salt3 and emphasizes the utility of our iron-mediatetbaaole synthesis in
paving the way for efficient routes to this clagsatural products.

Experimental Section

General. All reactions were carried out using dry solvemsler argon atmosphere unless stated
otherwise. Flash chromatography: Merck silica @03—0.06 mm). Melting points: Blichi 535.
UV spectra: Perkin—Elmer Lambda 2 (UV/VIS spectrtane IR spectra: Bruker IFS 88 (FT—
IR). ITH NMR and13C NMR spectra: Bruker AC-250, Bruker AM-400, anduBzr DRX-500;
internal standard: tetramethylsilane or the sigfahe deuterated solveri;in ppm; coupling
constants J) in Hz. MS: Finnigan MAT-90; ionization potential’0 eV. Elemental analyses:
Heraeus CHN-Rapid.

1-[6-Bromo-3,4-dimethoxy-2-methyl-(H-carbazol-1-yl)]propan-2-yl acetate (10).Colorless
crystals; mp: 130-131 °C. For the synthesis andtegdalata, see réf®
2-(1-Methylethenyl)-5-methyl-4-hexenoic acid (Lavadulic acid) (16). Neat ethyl senecioate
(ethyl 3,3-dimethylacrylate)16) (9.59 g, 10.4 mL, 74.8 mmol) was added dropwiser a
period of 20 min to a solution of lithium diisopsgdamide (LDA) [diisopropylamine (8.66 g,
12.0 mL, 85.6 mmol) and 1)@ BuLi in hexane (80.0 mmol, 50.0 mL)] in tetrahyfin@n (50
mL) at —78 °C. After stirring for 30 min at the sarremperature, prenyl bromide (11.9 g, 9.24
mL, 80.0 mmol) was added. The resulting yellow hgereous reaction mixture was allowed to
warm up to room temperature and stirring was cometihfor 15 h. The mixture was poured into a
saturated aqueous solution of ammonium chloridé (&) and conc. HCI (9 mL). After
separation of the organic layer, the aqueous laser extracted with diethyl ether (25 mL).
The combined organic layers were washed with wé2ex 25 mL) and dried over sodium
sulfate. The solvent was evaporated to afford bowesh red viscous liquid (14.2 g, 72.3 mmol,
97%). Without further purification, the crude pratluethyl 2-(1-methylethenyl)-5-methyl-4-
hexenoate, was dissolved in ethanol (50 mL) anetm@t mL) followed by addition of NaOH
(4.50 g, 112.5 mmol). The resulting dark red remcthixture was heated at reflux for 48 h. After
cooling to room temperature, the ethanol was remhdeeafford a dark red residue. Aqueous
10% KOH (50 mL) was added to the residue and theeaas layer was washed with diethyl
ether (50 mL). Conc. HCl was added to the aqueolgisn (till pH < 1), which was then
extracted with diethyl ether (4 x 50 mL). The conda organic layers were washed with water
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(2 x 50 mL) and dried over sodium sulfate. Removalhef $olvent in vacuo and distillation at
7678 °C (0.025 Torr) provided lavandulic acitb) yield: 11.01 g (87%, two steps), as
colorless oil;'H NMR (250 MHz, CDC}): § = 1.63 (s, 3 H), 1.69 (s, 3 H), 1.79 (s, 3 H),8(@,

1 H), 2.53 (m, 1 H), 3.05 (§ = 7.7 Hz, 1 H), 4.94 (s, 2 H), 5.05 (m, 1 H). Farther spectral
data, see ref’

2,4,4-Trimethyl-1-cyclohexen-1-ylcarboxylic acid §-Cyclolavandulic acid) (17).Lavandulic
acid (L6) (8.58 g, 51.0 mmol) was added to a stirred smtubf conc. formic acid (20 mL) and
conc. sulfuric acid (3.8 mL) at room temperaturéieAstirring for 6.5 d at the same temperature,
the reaction mixture was poured into water (40 milt)e precipitate was isolated by filtration
and washed with water until the filtrate was ndutfden, the precipitate was washed with
methanol/water (1:1, 20 mL) and dried in vacuoftord p-cyclolavandulic acidX7), yield: 6.73

g (78%). Colorless crystals; mp: 110-111 °C#it10-111 °C)*H NMR (250 MHz, CDC}): &
=0.91(s,6 H), 1.38 (=6.5Hz, 2H), 1.95 (br s, 2 H), 2.07 (s, 3 HR2Z(m, 2 H). For further
spectral data, see ref.

(2,4,4-Trimethyl-1-cyclohexen-1-yl)methanol §-Cyclolavandulyl alcohol) (18).A solution of
lithium aluminum hydride in tetrahydrofuran (1.0 B2.3 mL, 22.3 mmol) was added dropwise
over a period of 15 min to a solution pfcyclolavandulic acid {7) (2.50 g, 14.9 mmol) in
diethyl ether (30 mL) at O °C. After stirring forl8at 0 °C, the mixture was carefully quenched
with ice-cold water (40 mL) and conc. HCI (7.5 mIhe organic layer was separated and the
aqueous layer was extracted with diethyl ethex @ mL). The combined organic layers were
washed with water (3 30 mL) and dried over sodium sulfate. Removalhef $olvent in vacuo
affordedp-cyclolavandulyl alcohol 8), yield: 2.29 g (100%). Light yellow oifH NMR (250
MHz, CDCk): 6 =0.89 (s, 6 H), 1.28 (br s, 1 H), 1.36J& 6.5 Hz, 2 H), 1.68 (s, 3 H), 1.75 (br
s, 2 H), 2.13 (m, 2 H), 4.12 (s, 2 H). For furtkpectral data, see ref.
1-(Bromomethyl)-2,4,4-trimethyl-1-cyclohexene  [{-Cyclolavandulyl  bromide)  (9).
Phosphorus tribromide (0.80 g, 0.28 mL, 2.95 mma} added dropwise to a stirred solution of
B-cyclolavandulyl alcoholX8) (1.01 g, 6.55 mmol) and pyridine (52 mg, o3 0.66 mmol) in
diethyl ether (20 mL) at —78 °C. The resulting wiss liquid was allowed to warm to room
temperature and stirring was continued for 1.5 te Tixture was poured into water (20 mL)
and extracted with diethyl ether (320 mL). The combined organic layers were washet @i
saturated solution of sodium bicarbonate (20 mhgntwith water (20 mL), and dried over
sodium sulfate. Removal of the solvent in vacuo distillation at 93-95 °C (11 Torr) afforded
B-cyclolavandulyl bromide ), vyield: 1.31 g (92%), as colorless ofti NMR (250 MHz,
CDCl): 6=0.89 (s, 6 H), 1.39 (§ = 6.5 Hz, 2 H), 1.70 (s, 3 H), 1.77 (br s, 2 HL&(m, 2 H),
4.05 (s, 2 H). For further spectral data, seé*ef.
1-[3,4-Dimethoxy-2-methyl-6-(2,4,4-trimethyl-1-cyahexen-1-ylmethyl)-3H-carbazol-1-
yl]propan-2-yl acetate (20), 1,2-Bis-(2,4,4-trimetyi-1-cyclohexen-1-yl)ethane (22) and 1-
[3,4-Dimethoxy-2-methyl-H-carbazol-1-yl]propan-2-yl acetate (14). B-Cyclolavandulyl
bromide @) (1.17 g, 5.39 mmol) was added to a stirred smhutf tetracarbonylnickel (2.10 mL,
2.77 g, 16.2 mmol) in degassed dry benzene (30anBp °C. Stirring was continued for 1 h at
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the same temperature under a slow stream of adjfter. stirring at 65 °C for additional 1.5 h,
all volatile components of the red solution werenoged in vacuo to afford the red nickel
complex19. A solution of 6-bromocarbazolE) (1.14 g, 2.71 mmol) in degassed dry DMF (15
mL) was added to the nickel compl&8. The resulting dark red solution was stirred atCGor

17 h. After cooling to room temperature, the blag&ction mixture was poured into water (60
mL) followed by addition of conc. HCI (1 mL) to dislve the precipitate. The aqueous layer was
extracted with diethyl ether (2 40 mL). The combined organic layers were subsdtuen
washed with aqueous 5% HCI (30 mL), then with wéd€rmL), and dried over sodium sulfate.
Removal of the solvent and flash chromatographyxghe/ethyl acetate, 4:1) of the residue on
silica gel provided thg-cyclolavandulyl dimer22 (R; = 0.70), 6--cyclolavandulyl)carbazole
20 (R = 0.39), carbazold4 (R = 0.31) and reisolated 6-bromocarbazaf@ (R = 0.28).
Recrystallization of compourzD from n-hexane afforded colorless crystals.

22.Yield: 250 mg (34%). Light yellow oiftH NMR (500 MHz, CDCJ): 6 = 0.87 (s, 12 H), 1.31
(t, J=6.5 Hz, 4 H), 1.59 (br s, 6 H), 1.69 (br s, 4 HP8 (m, 4 H), 2.02 (s, 4 H*C NMR and
DEPT (125 MHz, CDG): 6 = 19.15 (2 CH), 27.53 (2 CH), 28.32 (4 CH), 29.21 (2 C), 31.81
(2 CH), 36.19 (2 CH), 46.02 (2 CH), 124.72 (2 C), 128.46 (2 C); MS (Em/z= 274 (29)
[M™], 259 (7), 189 (64), 138 (21), 137 (100), 136 @, (26), 81 (19); HRMSm/z calc. for
CooH34 [M™]: 274.2661, found: 274.2670.

20.Yield: 640 mg (50%). Colorless crystals; mp: 63265 UV (MeOH): A = 226 (sh), 245, 255
(sh), 265, 288 (sh), 295, 331, 344 nm; IR (KBry 3314, 2929, 1723, 1613, 1503, 1447, 1398,
1369, 1253, 1108, 1056, 1011, 955, 806, 698, 617; ¢ NMR (500 MHz, CDC}): § = 0.892

(s, 3H), 0.893 (s, 3H), 1.28 (@= 6.3 Hz, 3 H), 1.30 ({] = 6.5 Hz, 2 H), 1.80 (s, 3 H), 1.84 (s,
2 H), 1.96 (dJ = 6.2, 4.4 Hz, 2 H), 2.15 (s, 3 H), 2.40 (s, 3 3100 (ddJ = 13.7, 10.1 Hz, 1 H),
3.24 (dd,J = 13.7, 3.1 Hz, 1 H), 3.54 (s, 2 H), 3.88 (s, 3 #P9 (s, 3 H), 5.03 (m, 1 H), 7.17
(dd,J=8.3, 1.6 Hz, 1 H), 7.38 (d,= 8.3 Hz, 1 H), 7.98 (s, 1 H), 9.45 (br s, 1 Hi£ NMR and
DEPT (125 MHz, CDG): 6 = 12.83 (CH), 19.33 (CH), 19.87 (CH), 21.53 (CH), 27.41
(CHp), 28.38 (CH), 28.41 (CH), 29.37 (C), 35.05 (Ch), 36.12 (CH), 38.90 (CH), 46.25
(CHp), 60.41 (CH), 61.03 (CH), 71.95 (CH), 110.33 (CH), 113.35 (C), 114.59 (€21.75
(CH), 122.38 (C), 125.88 (CH), 126.05 (C), 128.10)),(128.34 (C), 131.93 (C), 137.51 (C),
138.09 (C), 144.10 (C), 146.85 (C), 172.47 (C=0F [&EI): m/z= 477 (100) [M], 462 (9), 402
(11), 390 (18); HRMSm/zcalc. for GoHzgNO,4 [M]: 477.2879, found: 477.2869; Anal. calc. for
CsoH3gNO,: C 75.44, H 8.23, N 2.93, found: C 75.27, H 818(8.16%.

14.Yield: 72 mg (8%). Light yellow crystals; mp: 913-9C. For spectral data, see 1&¥.

10. Yield: 420 mg (37%). Colorless crystals; mp: 138+2C. For spectral data, see Y&f.

1-[3,4-Dimethoxy-2-methyl-6-(2,4,4-trimethyl-1-cyahexen-1-ylmethyl)-3H-carbazol-1-

yl]propan-2-yl acetate (20), 1-[3,4-Dimethoxy-2-méityl-6-(2,4,4-trimethyl-1-cyclohexen-1-
ylacetyl)-9H-carbazol-1-yl]propan-2-yl acetate (21), 1,2-Bis-(2,4-trimethyl-1-cyclohexen-
1-yhethane (22) and 1-[3,4-Dimethoxy-2-methyl49-carbazol-1-yl]propan-2-yl acetate (14).
B-Cyclolavandulyl bromide 9) (1.44 g, 6.63 mmol) was added to a stirred sotutdf
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tetracarbonylnickel (4.3 mL, 5.65 g, 33.1 mmol)degassed dry benzene (30 mL) at 65 °C.
Stirring was continued at the same temperature3férh under a slow stream of argon. All
volatile components of the red solution were rendovevacuo to afford the red nickel complex
19. A solution of the 6-bromocarbazal® (1.39 g, 3.31 mmol) in degassed dry DMF (15 mL)
was added to the nickel compl&®. The resulting dark red solution was stirred atCGor 16 h.
After cooling to room temperature, the black reactmixture was poured into a solution of
conc. HCI (2 mL) and water (60 mL). The aqueougiayas extracted with diethyl etherX%0
mL). The combined organic layers were washed wihHCI (40 mL), then with water (40 mL)
and dried over sodium sulfate. Removal of the suhand flash chromatography (hexane/ethyl
acetate, 4:1) of the residue on silica gel provitte3-cyclolavandulyl dime22 (R; = 0.70), 6-
(B-cyclolavandulyl)carbazole20 (Rr = 0.39), carbazolel4 (Ry = 0.31), reisolated 6-
bromocarbazold0 (R = 0.28) and 6-acylcarbaza?d (R: = 0.19).

22.Yield: 310 mg (34%). Light yellow oil. For spedtdata, see above.

20.Yield: 695 mg (44%). Colorless crystals; mp: 63=65 For spectral data, see above.
14.Yield: 45 mg (4%). Light yellow crystals; mp: 913-9C. For spectral data, see 1&¥.

10. Yield: 460 mg (33%). Colorless crystals; mp: 138+2C. For spectral data, see Y&f.

21. Yield: 220 mg (13%). Colorless crystals; mp: 58-=60) UV (MeOH): X = 216, 238, 249
(sh), 276, 288 (sh), 332 nm; IR (KBr:= 3321, 2946, 1738, 1713, 1674, 1660, 1607, 1503,
1447, 1396, 1373, 1310, 1259, 1111, 1057, 1008;c NMR (500 MHz, CDCJ): § = 0.87 (s,

6 H), 1.31 (dJ=6.3 Hz, 3H), 1.34 (1 = 6.4 Hz, 2 H), 1.74 (s, 3 H), 1.82 (s, 2 H), 2(68 2
H), 2.18 (s, 3 H), 2.41 (s, 3 H), 3.03 (dds 13.8, 10.2 Hz, 1 H), 3.25 (ddl= 13.8, 2.6 Hz, 1 H),
3.84 (s, 2 H), 3.88 (s, 3 H), 4.14 (s, 3 H), 5.60 L H), 7.48 (dJ = 8.5 Hz, 1 H), 8.08 (dd] =
8.5, 1.6 Hz, 1 H), 8.88 (d, = 1.6 Hz, 1 H), 10.04 (br s, 1 H})C NMR and DEPT (125 MHz,
CDCl): 6 = 12.84 (CH), 19.32 (CH), 19.89 (CH), 21.51 (CH), 28.15 (CH), 28.22 (2 CH),
29.27 (C), 35.00 (C4), 35.85 (CH), 43.27 (CH), 46.09 (CH), 60.40 (CH), 60.89 (CH), 72.09
(CH), 110.37 (CH), 113.80 (C), 114.83 (C), 122.09,(123.31 (C), 123.88 (CH), 125.78 (CH),
128.26 (C), 129.19 (C), 129.54 (C), 137.60 (C),.482(C), 144.72 (C), 147.03 (C), 172.82
(C=0), 198.53 (C=0); MS (El)n/z= 505 (15) [M], 368 (100), 308 (9), 265 (8); HRM®/z
calc. for GiH3gNOs [M*]: 505.2828, found: 505.2817; Anal. calc. fo§1830NOs: C 73.63, H
7.77,N 2.77, found: C 73.42, H 7.70, N 2.81%.

1-[3,4-Dimethoxy-2-methyl-6-(2,4,4-trimethyl-1-cyahexen-1-ylmethyl)-(H-carbazol-1-
yl)]propan-2-ol (23). A solution of lithium aluminum hydride in tetrahyduran (1.0 M, 1.21
mL, 1.21 mmol) was added dropwise to a solutiothef6--cyclolavandulyl)carbazol20 (362

mg, 0.76 mmol) in diethyl ether (15 mL) at room parature. After stirring for 1 h at room
temperature, the reaction mixture was slowly hygretl with water (25 mL) followed by
addition of conc. HCI (0.5 mL). The organic layeasvseparated and the aqueous layer was
extracted with diethyl ether (30 mL). The combinedanic layers were dried over sodium
sulfate and the solvent was removed. Flash chrarapby (hexane/ethyl acetate, 2:1) of the
residue on silica gel provided the carbazdeyield: 324 mg (98%). Colorless solid; mp: 149—
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150 °C; UV (MeOH)A = 231 (sh), 245, 255 (sh), 265, 288 (sh), 296, 338 nm; IR (KBr)y =
3371 (br), 2907, 1611, 1500, 1458, 1396, 1306, 12052, 1059, 1007, 937, 809 ¢mH NMR
(400 MHz, CDCY): § = 0.89 (s, 6 H), 1.30 (8,= 6.5 Hz, 2 H), 1.34 (d = 6.2 Hz, 3 H), 1.75 (br
s, 1 H), 1.80 (s, 3 H), 1.83 (s, 2 H), 1.95 (m,)2 {37 (s, 3 H), 2.94 (dd,= 14.6, 8.3 Hz, 1 H),
3.04 (dd,J = 14.6, 3.5 Hz, 1 H), 3.53 (s, 2 H), 3.88 (s, 3 #p8 (s, 3 H), 4.17 (m, 1 H), 7.15
(dd,J = 8.3, 1.6 Hz, 1 H), 7.28 (d,= 8.3 Hz, 1 H), 7.98 (s, 1 H), 8.45 (br s, 1 ¢ NMR and
DEPT (100 MHz, CDG)): & = 12.70 (CH), 19.88 (CH), 23.51 (CH), 27.43 (CH), 28.41 (2
CH), 29.38 (C), 36.12 (Ch), 38.02 (CH), 38.89 (CH), 46.24 (CH), 60.44 (CH), 61.06 (CH),
68.99 (CH), 110.31 (CH), 115.03 (C), 115.13 (C)1.82 (CH), 122.89 (C), 125.86 (CH), 126.15
(C), 128.04 (C), 128.85 (C), 132.24 (C), 138.26, (C38.30 (C), 144.41 (C), 146.67 (C); MS
(EI): m/iz= 435 (100) [M], 420 (19), 390 (40); HRMSn/zcalc. for GgHz7NO; [M*]: 435.2773,
found: 435.2787; Anal. calc. for,§4sNOs: C 77.20, H 8.56, N 3.22, found: C 77.02, H 8 M1,
3.35%.

(¥)-Lavanduquinocin [(£)-1-(2-Hydroxypropyl)-2-methyl-6-(2,4,4-trimethyl-1-cyclohexen-
1-ylmethyl)-9H-carbazol-3,4-dione] fac-1). A solution of ceric ammonium nitrate (356 mg,
0.65 mmol) in water (1.5 mL) was added slowly teadution of the carbazol23 (95 mg, 0.22
mmol) in acetonitrile (3 mL) at 0 °C. The mixturesvstirred at the same temperature for 30 min
and then poured into ice-water (1.5 mL). The priéaip was isolated by filtration, washed with
water and dried in vacuum to affordl){lavanduquinocinréc-1) as a brown solid, which was
recrystallized from chlorobenzene (35 mL), yiel@:r6g (68%). Black crystals; mp: 221 °C; UV
(MeOH): A = 231 (25100), 268 (23100), 427 (4900) nm; IR (KBr= 3532, 3438 (br), 3216,
2952, 2908, 2863, 1653, 1639, 1618, 1600, 15875,14383, 1370, 1351, 1323, 1284, 1252,
1205, 1164, 1119, 1101, 1084, 1048, 989'citd NMR (500 MHz, DMSOd): & = 0.83 (s, 6
H), 1.22 (dJ= 6.0 Hz, 3 H), 1.23 (m, 2 H), 1.72 (s, 3 H), 1(872 H), 1.82 (m, 2 H), 1.90 (s, 3
H), 2.73 (m, 2 H), 3.40 (s, 2 H), 3.93 (m, 1 HBel(br s, 1 H), 6.99 (dd, = 8.4, 1.5 Hz, 1 H),
7.40 (d,J = 8.4 Hz, 1 H), 7.63 (s, 1 H), 12.13 (br s, 1 H£ NMR and DEPT (125 MHz,
DMSO-dg): 6 = 12.18 (CH), 19.60 (CH), 23.73 (CH), 26.82 (CH), 28.06 (CH), 28.09 (CH),
28.95 (C), 35.42 (Ch), 37.70 (CH), 38.40 (CH), 45.59 (CH), 65.90 (CH), 110.68 (C), 113.23
(CH), 119.46 (CH), 124.66 (CH), 125.67 (C), 126(@3, 127.26 (C), 134.42 (C), 135.67 (C),
136.75 (C), 139.90 (C), 146.34 (C), 172.69 (C=@B.I7 (C=0); MS (El)m/z= 407 (100) [M
+2], 405 (17) [M], 403 (46), 389 (24), 388 (11), 387 (14), 363 (BH2 (73), 361 (19), 280 (9),
240 (13), 239 (11), 238 (22), 226 (21); HRMB/z calc. for GgHa:NO; [M*]: 405.2304, found:
405.2289.
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