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Abstract: Efficient Pauson—Khand reactions on quinolines bearin?{amlne_z_Carboxald(Ehyde (TFA’ 280, and/or hlg.h
1l-en-7-ynes features gave tetrahydrocyclopelaeafidine deriva- . mperaturé? or the'ada'lpta'tlon of the sz.l nger quino-
tives. The quinoline intermediates were obtained in two steps: a $f1€ synthesis (heating isatine and 1,3,5-trihydroxy-ben-
nogashira reaction with functionalized alkynes (TMS, Bu, PH€ne in NaOH solutiorf.
EHBZSTHTF?] followed by a Grigé‘ard rea‘:tiona’."ith a{'y'”t‘agnesi”?bur previous workon quinolines bearing a TBS-protect-
romide. The sequence provides new acridine structures in fq o . .
high yielding stepc; from cgmmercially available quinolines. & ?r.]OI_eth.er at position 3 and an internal alkyne chain at
position 2 (i.e., 1-en-5-yne structures), allowed us to ob-
fain 1,3,7-trisubstituted acridines via aerdo-dig cy-
clization process catalyzed by a rhodium (I) complex
[Rh(CO)CI], (Scheme 2).

Key words: quinoline, acridine, enynes, intramolecular Pauson
Khand reaction, cyclopent@dgcridine

Acridines are interesting heteroaromatic structures oTBS oTBS

(Scheme 1), they have been known since tifecgdtury H,co N Rhl  H,co
. . . .. . CHy, —— '8 X
as pigments and dyésand are in use in clinics for their P O /
antibacterial properties (acriflavine, aminacrine, ethacr N . N R
(

dine)1? Also, their biological activities against parasite
infections (malaria, trypanosomiasis or leishmaniasis) re-
sult in clinical applications (quinacrine, acra-Scheme 2 Previous work

nil).2Antitumoral treatments have also been developed

(nitracrine, amsacringjand are of considerable contemyve were interested in finding an alternative approach to
porary importance due to the current vigorous search fggridines that could also provide new tetracyclic struc-

R = C4Hg, Ph, CH,OTHP, CH(OE),

inhibitors of telomerase and topoisomeraSes. tures. For this purpose, Pauson—Khand reaction (EKR)
on 1l-en-7-yne heteroaromatic structures, suchAas
8 9 1 OH o (Scheme 3), appeared to suit us since it could open the

7 x 2 SN way to new structures such as tetrahydrbe¥clopen-
6 N/s O / -— O N O ta[c]acridine-2,5-diones.

® e _ H To our knowledge, this is the first application of the PKR
cridine Acridone Acridone . . .- . .
in order to access acridine derivatives. PKias become
Scheme 1 Acridine and acridone structures and numbering a very useful tool in the synthesis of natural prodtfcts,
and the classical cobalt reagent J@0);] has been used

native synthetic pathways to reach functionalize8ions;> and even in an asymmetric fashiériThe in-
acridines. Reasons for that are the usual harsh conditidfnolecular PKR applied on enynes connected through
needed for synthesizing acridines through the acridone @ aromatic usually gives moderate yields, although some
termediates (Scheme 1), which are obtained by heatifi§od results are obtained when using PKR promoted by
diphenylamine-2-carboxylic aci®lsn strong acidic me- molecular sieves and trimethylamiNeoxide *°
dia. ® Acridines are then reached by harsh reductive (e\ye first started our work by synthesizing the 1-en-7-yne
sodium amalgamy and oxidative (e.g. nitric aciifon- features (Compound, Scheme 3) from commercially
ditions. Other methods include the Bernthsen reattiogvailable 2-chloro-3-quinoline carboxaldehyde. These de-
(heating diphenylamines and organic acids with Zb€t rivatives were obtained in two simple and high yielding
tween 200 °C and 270 °C), the cyclization of diphenykteps (Scheme 4): Sonogashira reaéfion the chlorinat-

ed quinoliné® with various functionalized alkyned&-

1d, 95-98% vyield), followed by Grignard addition of al-
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o) OH o
Cro, =2 OO ™ — 0L
N/ _ _ e _
‘ PKR N" . NN
R o) A
Scheme 3 Retrosynthetic analysis
1 2 ments. On compoundb no stereochemical assignment
@(YH‘ a ST H could be made, so we methylated the free hydroxyl func-
N” >l NN tion of 3b (NaH, Mel, THF, r.t.) and new NOE experi-
1a-1d R ments revealed that the trio OGHb-Hd is on the same
b side of the ring b-CH,;, Figure 1), proving that the
unigue stereoisomers seen werettlaes isomer (i.e. Ha
18 280 R = TMS OH and Hd grarans). This result is in accordance with ob-
1b. 2b- R = C4Hq N N served directed Pauson—Khand reactfdrs.
1c,2c: R=Ph _
1d, 2d: R = CH,OTHP N \\
2a-2d R

Scheme 4 Reagents and conditions. (a) 1-alkyne, PdG(PPh),
(0.05 equiv), Cul (0.05 equiv), & (4.15 equiv), DMF, r.t.la
(95%), 1b (98%), 1c (97%), 1d (98%); (b) AllyIMgBr (1.3 equiv),
THF, —78 °C2a (85%),2b (93%),2c (80%),2d (84%) 3b-CH3

Figure 1 Stereochemical assignment
So, the next reaction is the key step of our methodology

and we were comforted in our choice for intramoleculafhe PKR products 3a-3d) were then oxidized with

PKR on aromatic compounds bearing 1-en-7-yne featurggss_partin periodinad®DMP) to form the tetrahydro-

by recent and interesting work of Pérez—Castells group 90_cvelopentadlacridine-2 5-dione  derivativesd#-4c
aromatic enynes derivativé%°and indoles$?1t is note- 93_9);3% pSchae¢r]11e é)l We ,trie(; to achieI://e It\rlwe trg;if'orma-

worthy that in both cases, yields are moderate to good with a one-pot process from eny2@to compound
the compound issued from the PKR can be accompanigdlising the excess of NMO to operate the well-known

by isomeric double-bond products and/or alSDaBS/CIS  yiqation reaction developed by Ley and coworRérs.

diastereomeric mixture. We used the classical non-th%—/en after optimization, we could not obtain more than

mal conditions for our PKR, i.e. the £8O)-alkyne 4394 of the desired compound, which remains less effi-
complex was treated witR-methyl morpholineN-oxide cient than our two-step procedure.

(NMO) at room temperature (Scheme 5). o . o
Intriguingly, compound3d gave the desired oxidized

We oboserved the formation of only one diastereo@s ( rqqyct 4d, 50%) accompanied with a methylated deriv-
3d, 70% quant) in all casé8The relative stereochemistry ative @e 43%). In order to explain the formation of this

of the stereogenic carbons was assigned by NOE expidinnound under oxidative conditions, we propose an ac-
tivation for the disruption of the OTHP part by chelation

oH o with hypervalent iodine in the DMP reagent (Scheme 6).
\/ - e O t An acetate anion may deprotonate at the benzylic posi-
NT SN N ‘ tion, which provides a Etype elimination reaction of the
2a-2d R 3a-3d 5 OTHP portion. Theexo methylene unit formed can then

be protonated by a tautomeric exchange to yield com-
pound4e This reaction4e 43%) appeared to be in com-

2a—da: R = TMS Q petition with the regular oxidation reactiodd( 50%)
2b-4b: R~ Cabl O \ since an excess of DMP does not affect4ddd ratio.

C—4C: = — . . . .

2d-4d: R = CH,OTHP N ‘ Preliminary studies were also performed in order to reach
4e: R = CHj dade o/ cyclopentaf]acridine-2,5-dionesH, Scheme 7). In order

to do so, isomerization of the double-bond formed during

Scheme 5 Reagents and conditions: (a) Enyne®2a-2d, Co,(CO),  the PKR is necessary. Interestingly, we never observed,

gb’o;/fiq;g/)i Cldc‘zl)zér-t-(,8 fo/h); 3NdM85(;()) e(fgl)il\giw rF-}- ((1>V$2m'9h3f’i) with our quinolines systems, isomerization of the emerg-
0), guant), 3c 0), 0); 72 equiv), :

CH,CL. 1.1.,42 (93%) 4b (94%) 4 (98%) 4d + 4e (50% + 43%). (¢) "9 double rlloor(;d dblenbg ”(‘jefPKR' Moreover, at.templts to

Enyne2a, Co(CO); (1.3 equiv), CHCl,, r.t., 2 h: NMO (10 equiv), 1S0merize the double-bond for aromatization using classi-

r.t. overnight; TPAP (0.1 equiv) and 4 A M&3 (43%) cal methodologies failedp{TsOH, TfOH, DBU). These
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conditions furnished only the starting materials and heaiur methodology to broaden these structural panels will
ing up to 120 °C only led to decomposition of the reactidme published in due course.

mixture. But, the use of HBr in AcOH gave the good prod-

ucts as salts. The NMR data are in accordance with the %hing points were determined on a Bichi B-540 apparatus. IR

sired structures, but the products are accompanied Wifbcira were recorded on an FTIR spectrometer Perkin Elmer 1720,
their enols, and the mixture is not separable. Addition @ thin films or directly with solid$H and**C NMR spectra were
Et;N in the NMR tube shows the free b&egroduct, recorded at 300 MHz and 75 MHz, respectively, in C3Glutions
which quickly decomposes. Work is still underway to oben a ALS300 Briiker instrument. Chemical shifts are reported in

(doublet), dd, ddd, etc. (doublet of doublets, doublet of doublets of

doublets, etc.), t (triplet), q (quartet), m (multiplet), and further
qualified as app (apparent), br (broad), c (complex). Coupling con-
stants,, are reported in Hz. Low and high-resolution mass spectra
(m/2) were measured on a Thermo-Finnigan Mat 95XL spectrome-

ter, with different techniques: Chemical lonization mode (Cl, isob-
/~ Q utane as the reagent gas) or LSIMS (Liquid Secondary lon Mass
B R 3 Spectrometry). Low resolution was also performed with ESI (Elec-
o . troSpray lonization). Mass Analyses were done by Ms L. Rousset-

dad M Arzel and Dr. D. Bouchu. Flash column chromatography purifica-

OH tions were performed with Gedufasi 60 from Merck (particle
size 60-20Qum), and PTLC on Analtech 10@®n or 250um.

X
O Kl/ When necessary, reactions w@erformed under Ar atmosphere
T

0]

O \ HBr-AcOH
o
N

and in dried flasks. THF was freshly distilled from sodium ben-
zophenone ketyl under,dind CHCI, was distilled from Cakl

Synthesis of 2-(2-Trimethylsilyl-1-ethynyl)-3-quinolinecarbal-
Scheme 7 Aromatization dehyde (1a) via Sonogashira Coupling Reaction; Typical Proce-
dure
0 a stirred solution of the aldehyde (3.00 g, 15.54 mmol) in anhyd

In conclusion, we have applied successfully Pauso SME (15.0 mL) were added Pd(Pl, (540 mg. 0.78 mmol), Cul

Khand reaction f_or the synth'eS|s of tetrahydroacrld|r@50.0 mg, 0.78 mmol), B (9.0 mL, 64.5 mmol) and (trimethyl-
scaffold. The original tetracyclic structures are a new esiyl)acetylene (17.19 mmol) at r.t. and under Ar, and the mixture
try in the family of nitrogen-heterocycles, which are widewas stirred at the same temperature overnight. After filtration
ly known for their broad biological properties.through a shortpad of silica and elution with EtOAc, the filtrate was
Preliminary studies are promising for the obtention of thgoncentrated to the crude product, which was chromatographed.
real acridine nucleus. Also, we have observed an unus tion with mixture of cyclohexane—EtOAc (3:12 afforded the al-
formation of a methylated compound-&H, by transfor- ¢"Yde (3759, 95%) as yellow scales; mp 125 °C.

mation of a R-CH,OTHP protecting group under a Dess-R (1neat): 2954, 2850, 2359, 2338, 1694, 1579, 1369, 1149, 1096

Martin periodinane oxidation process. Development &' -
H NMR (300 MHz, CDCJ): § = 0.34 [s, 9 H, Si(CH3], 7.63 (ddd,
J=1.0,6.9,8.1Hz, 1H),7.86 (ddii= 1.5, 6.9, 8.4 Hz, 1 H), 7.96
(dd,J=1.5,8.1 Hz, 1 H), 8.16 (dd,= 1.0, 8.4 Hz, 1 H), 8.72 (s, 1

AcQ_QAc H), 10.71 (s, 1 H).
o on{ 13C NMR (75 MHz, CDC): = ~0.4 (3x CHy), 100.0 (C), 102.4
4 ° o (IoH AcO” (C), 126.5 (C), 128.3 (CH), 128.8 (C), 129.3 (CH), 129.6 (CH),
O \ pwp O S 132.9 (CH), 136.7 (CH), 143.6 (C), 150.0 (C), 190.9 (CHO).
N ‘ 7777777777777 . NS MS: vz (%) = 286 (81) [MN&], 254 (100) [MH], 180 (17) [MH
~TMS].

0 02 oc/)xc HRMS: m/z [MH*] calcd for GgH;sNOSi: 254.1001; found:

o)
© C( ], Ore 254.0997.
o ad o ~0

2-(1-Hexynyl)-3-quinolinecarbaldehyde (1b)
o Yield: 98%; mp 49-50 °C.

IR (neat): 2956, 2861, 2216, 1690, 1580, 1358, 1116.cm

IH NMR (300 MHz, CDCJ): 3 =0.95 (tJ = 7.5 Hz, 3 H), 1.36-1.52
(M, 2 H), 1.72 (ttJ = 7.5, 15.3 Hz, 2 H), 2.59 {,= 7.5 Hz, 2 H),
6.58 (s, 1 H), 7.55 (ddd,= 1.2, 6.9, 8.1 Hz, 1 H), 7.84 (ddtk 1.5,

COH
~ O 6.9, 8.4 Hz, 1 H), 7.93 (d,= 8.4 Hz, 1 H), 8.06 (d] = 8.1 Hz, 1
SN g H), 9.06 (s, 1 H), 10.68 (s, 1 H).
Me o 13C NMR (75 MHz, CDCJ): § = 13.3 (CH), 19.0 (CH), 21.9
4e AcO-H,”) O (CH,), 29.9 (CH), 77.2 (C), 97.8 (C), 125.9 (C), 127.5 (CH), 128.4
Scheme 6 Possible formati hanism fée (C), 128.8 (CH), 129.3 (CH), 132.5 (CH), 136.4 (CH), 144.1 (C),
cheme ossiIple Tormation mechanism 149.7 (C), 190.7 (CHO)
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MS: m/z (%) = 238 (100) [MH]. MS: m/z (%) = 296 (100) [MH], 255 (18).

HRMS: m/z [MH*] caled for GgH;sNO: 238.1232; found: HRMS: nmv/z [MH*] calcd for GgH,,NOSi: 296.1474; found:
238.1235. 296.1474.

2-(2-Phenyl-1-ethynyl)-3-quinolinecarbaldehyde (1c) 1-[2-(1-Hexynyl)-3-quinolyl]-3-buten-1-ol (2b)

Yield: 97%; mp 126 °C. Yield: 93%; mp 56 °C.

IR (neat): 3047, 2853, 2208, 1691, 1581, 1372, 1168, 1087 cm IR (neat): 3263, 3059, 2956, 2930, 2870, 2227, 1596, 1491, 1407,

IH NMR (300 MHz, CDCJ): = 7.38-7.48 (m, 3 H), 7.64 (ddd, 1057 cn

J=12,7.2, 84 Hz, 1 H), 7.68-7.75 (m, 2 H), 7.88 (dd,1.5, *H NMR (300 MHz, CDCJ): § = 0.94 (tJ = 7.5 Hz, 3 H), 1.40-1.68
7.2,87 Hz, 1 H), 7.98 (d,= 7.8 Hz, L H), 8.18 (1 = 8.7 Hz, 1 (M, 4 H), 2.42 (ddJ = 8.1, 14.1 Hz, 1 H), 2.50 = 6.6 Hz, 2 H),

H), 8.76 (s, 1 H), 10.82 (s, 1 H). 2.72-2.86 (m, 1 H), 5.14-5.24 (m, 2 H), 5.30 @d,3.0, 8.1 Hz, 1

3C NMR (75 MHz, CDCY): 3 = 86.0 (C), 95.9 (C), 121.8 (C), 126.8 H): 5:81-5.98 (m, 1 H), 7.48 (dddi= 1.2, 6.6, 8.4 Hz, 1 H), 7.64

(C), 128.6 (CH), 129.0 (% CH), 129.2 (C), 129.7 (CH), 130.1 (ddd,J=1.5,6.6, 8.4 Hz, 1 H), 7.73 (d= 8.4 Hz, 1 H), 8.03 (d,

(CH), 130.3 (CH), 132.7 (2 CH), 133.4 (CH), 137.5 (CH), 144.3 J=8.7Hz,1H),8.24(s, 1 H).

(C), 150.6 (C), 191.2 (CHO). 13 NMR (75 MHz, CDC)): § = 13.5 (CH), 19.2 (CH), 22.1
PN (CH,), 30.3 (CH), 42.6 (CH), 70.0 (CH), 78.7 (C), 96.3 (C), 118.6

MS: vz (%) = 258 (100) [MFH] (CH,), 126.9 (CH), 127.1 (C), 127.5 (CH), 128.7 (CH), 129.5 (CH),

HRMS: m/z [MH"] caled for GgH;;NO: 258.0919; found: 1324 (CH), 134.3 (CH), 138.3 (C), 141.9 (C), 147.1 (C).

258.0919.

MS: m/z (%) = 280 (100) [MH], 262 (17) [MH — H,0].
2-(3-Tetrahydro-2H-2-pyranyloxy-1-propynyl)-3-quinoline- HRMS: m/z [MH*] caled for GgH,;NO: 280.1701; found:
carbaldehyde (1d) 280.1701.

Yield: 98%; mp 77 °C.

IR (neat): 3050, 2939, 2869, 1690, 1580, 1371, 1115, 1013, 9§#2-(2-Phenyl-1-ethynyl)-3-quinolyl]-3-buten-1-ol (2c)
Crn—(:ll:lea) ' ' ' ' ’ ' ’ ' Y?[eld: 80%; mp 117 °C.

IH NMR (300 MHz, CDCJ): § = 1.44-1.92 (m, 6 H), 3.50-3.62 (m, R (nea): 3255, 3057, 2892, 2854, 2209, 1489, 1056, 936 cm

1 H), 3.81-3.94 (m, 1 H), 4.55-4.70 (m, 2 H), 4.92 &,3.3 Hz, 1 *H NMR (300 MHz, CDCJ): § = 2.49 (dtJ = 7.8, 14.4 Hz, 1 H),

H), 7.60 (dddJ = 1.2, 6.9, 8.1 Hz, 1 H), 7.83 (ddii= 1.5, 6.6, 8.1 2.78-2.90 (m, 1 H), 3.05-3.50 (br s, 1 H), 5.11-5.23 (m, 2 H), 5.43
Hz, 1 H), 7.92 (dJ = 7.8 Hz, 1 H), 8.10 (d] = 8.1 Hz, 1 H), 8.69 (dd,J = 3.6, 8.4 Hz, 1 H), 5.94 (ddl,= 7.2, 10.2, 17.1 Hz, 1 H),

(s, 1 H), 10.6 (s, 1 H). 7.28-7.41 (m, 3 H), 7.45 (ddd= 1.2, 6.9, 8.1 Hz, 1 H), 7.54 (dd,

3G NMR (75 MHz, CDCJ): 5 = 18.7 (CH), 25.1 (CH), 30.0 =15 81Hz 1H),7.62(dd= 15,87 Hz, 1 H), 7.67 4= 8.1
(CH,), 54.4 (CH), 61.8 (CH), 81.7 (C), 91.8 (C), 97.1 (CH), 126.2 12, 1 H), 8.05 (dJ = 8.4 Hz, 1 H), 8.28 (s, 1 H).

(C), 128.0 (CH), 128.5 (C), 129.0 (CH), 129.3 (CH), 132.7 (CHJ*C NMR (75 MHz, CDCJ): § = 42.8 (CH), 70.0 (CH), 86.9 (C),
136.7 (CH), 143.0 (C), 149.7 (C), 190.3 (CHO). 94.2 (C), 118.6 (CH, 121.7 (C), 127.2 (CH), 127.2 (C), 127.6
MS: iz (%) = 296 (100) [MH], 212 (41) [MH — THP] (CH), 128.4 (2« CH), 128.6 (CH), 129.3 (CH), 129.6 (CH), 132.0

(2x CH), 132.7 (CH), 134.3 (CH), 138.8 (C), 141.3 (C), 147.0 (C).
HRMS: m/z [MH*] caled for GgH,;;NO; 296.1285; found:

206.1287. MS: m/z (%) = 300 (100) [MH], 282 (16) [MH — H,Q].
HRMS: m/z [MH*] caled for G;H;;NO: 300.1388; found:
Grignard Reaction; Typical Procedure 300.1389.

1-[2-(2-Trimethylsilyl-1-ethynyl)-3-quinolyl]-3-buten-1-ol (2a)

To a stirred solution of the aldehyde (2.0 g, 7.90 mmol) in THF (4D-[2-(3-Tetrahydro-2H-2-pyranyloxy-1-propynyl)-3-quinolyl]-

mL) at —78 °C under Ar was added dropwise allylmagnesium br8-buten-1-ol (2d)

mide (10.0 mL, 1 M in THF, 10.0 mmol). The solution was allowedield: 84%; brown oil.

to stir at r.t. until complete d_isappearance of the star_ting materjg (neat): 3348, 2975, 2925, 1595, 1490, 1343, 1064, 915 cm
(monitored by TLC). The mixture was then poured into sat. aq

NH,CI solution and then extracted with EtOAc. The organic layet! NMR (300 MHz, CDCJ): § = 1.44-1.88 (m, 6 H), 2.44 (dd=

was washed with sat. aq NaCl solution, dried and evaporated t@: 14.4 Hz, 1 H), 2.68-2.82 (m, 1 H), 3.18 (br s, 1 H), 3.47-3.60
leave the crude product, which was chromatographed. Elution wif. 1 H), 3.84 (ddd) = 3.6, 9.0, 10.8 Hz, 1 H), 4.48-4.57 (m, 2 H),
a mixture of cyclohexane—EtOAc (3:1) gave the desired compoufleB7 (t.J = 3.3 Hz, 1 H), 5.08-5.21 (m, 2 H), 5.28 (dd; 3.9, 8.7

(1.98 mg, 85%), as a yellow solid; mp 111 °C. 'g% 17"80;_'5-8? Sd? 237£aé0'21* é7616H28’ i n)' 71?_17) (gd%: (]"H'Z’
.6, 7.8 Hz, . = 1.5,0.60,06.1 HZ, y L b
IR (neat): 3232, 3074, 2958, 2899, 2161, 1247, 1066.cm 7.8 Hz, 1 H), 8.00 (d] = 8.4 Hz, 1 H), 8.24 (s, 1 H).

(m, 2 H), 2.80-2.92 (m, 1 H), 5.20-5.28 (M, 2 H), 5 34XeH3.6, ~ (cpy) 426 (CH), 54.5 (2x CHy), 62.0 (CH), 69.8 (CH), 69.9
8.1 Hz, 1 H), 5.82-5.95 (m, 1 H), 7.54 (ddds 1.0, 6.6, 8.0 Hz, 1 (1’335 (), 90.3 (C), 97.0 (CH). 97.1 (CH), 118.5 CH27 2

H), 7.69 (ddd) =1.2, 6.6, 8.4 Hz, 1 H), 7.81 @= 8.4 Hz, 1 H), (o) 127.3(C), 127.5 (CH), 128.7 (CH), 129.6 (CH), 132.7 (CH),
8.09(dJ=8.0Hz, 1H), 8.30 (s, 1H). 134.1 (CH), 138.5 (C), 140.8 (C), 147.0 (C).

13C NMR (75 MHz, CDCJ): § = —0.3 (3x CHy), 42.7 (CH), 70.0 o (O — ~

(CH), 100.4 (C), 101.9 (C), 118.9 (§H127.4 (CH), 127.6 (CH), MS,;, m: ZT(F/;’%]I Zzzs(ég??aﬂw_Pﬂfﬁéo_(é)()[]MH H0]. 254 (19)

129.0 (CH), 129.7 (CH), 132.5 (CH), 133.2 (C), 134.2 (CH), 138.
(C), 141.0 (C), 147.1 (C). HRMS: m/z [MH*] caled for G;H,;NO; 338.1756; found:

338.1756.
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Pauson-Khand Reaction; Typical Procedure MS: 'z (%) = 328 (100) [MH], 310 (8) [MH" — H,O].
5-Hydroxy-1-trimethylsilyl-3,3a,4,5-tetrahydro-2H-cyclopen- HRMS: m/z [MH*] calcd for G,H,,NO, 328.1337; found:
ta[c]acridin-2-one (3a) 28.1330. ’

3
Co,(CO); (450 mg, 1.32 mmol) was added to a solution of enyne
(295 mg, 1.0 mmol) in C}€l, (30 mL) at r.t. under Ar. After the g 1.0\ 1 _tetrahvdro-2H-2-pvranvioxymethvl-3.3a.4 5-tet-
mixture was stirred for 2 h, NMO (1.17 g, 10.0 mmol) was add hgdro-ZyH-cyclopgnta[c]acridiFI)n)iz-o)r/]e ()?/,d) ylesas,
and the mixture was further stirred overnight. After filtrationy,;qy. (75%); mp 7071 °C
through a short pad of silica and elution with EtOAc, the filtrate was ~ ' '
concentrated to dryness. Chromatography of the residue with a miR-(neat): 3363, 2920, 2361, 1681, 1228, 1020, 917.cm

ture of cyclohexane-EtOAc (3:Iafforded cyclopentenone (225 14 NMR (300 MHz, CDCJ): & = 1.30-1.85 (m, 6 H), 2.06 (dt=
mg, 70%) as a yellow solid with some starting material (69 m@.0, 18.6 Hz, 1 H), 2.28-2.44 (m, 3 H), 2.60-2.75 (m, 1 H), 3.38—
23%); mp 182 °C. 3.95 (m, 3 H), 4.63 (d] = 10.5 Hz, 1 H), 4.76-5.08 (m, 2 H), 5.30

IR (neat): 3244, 3073, 2957, 2899, 2162, 1248, 1060, 857 cm (d,J=10.5Hz, 1 H), 7.42-7.52 (m, 1 H), 7.60-7.73 (m, 2 H), 7.78—

IH NMR (300 MHz, CDCJ): & = 0.32 [s, 9 H, Si(CH4], 1.90 (dt, 8.12 (m, 2 H).

J=3.3,13.5 Hz, 1 H), 2.22 (dd,= 4.2, 18.0 Hz, 1 H), 2.48 (ddd, *C NMR (75 MHz, CDC}): § = 10.0 (CH), 19.0 (C}}, 19.1 (CH),

J=2.4,4.2,14.7 Hz, 1 H), 2.78 (db= 6.9, 18.0 Hz, 1 H), 2.87 (br 30.3 (CH), 30.4 (CH), 32.7 (CH), 33.2 (CH), 37.2 (GH 37.3

s, 1 H), 3.64 (ddt) = 1.8, 6.3, 12.9 Hz, 1 H), 5.15 {t= 2.7 Hz, 1 (CH,), 37.4 (CH), 40.6 (CH), 40.9 (CH), 58.1 (CH), 58.4 (CH),

H), 7.56 (dddJ = 1.2, 6.6, 7.8 Hz, 1 H), 7.74 (ddb= 1.5, 6.9, 8.1 61.8 (CH), 67.1 (CH), 67.2 (CH), 98.9 (CH), 99.4 (CH), 127.4 (2

Hz, 1 H), 7.82 (dJ = 8.1 Hz, 1 H), 8.09 (d] = 8.0 Hz, 1 H), 8.20 X CH), 127.7 (CH), 127.9 (& C), 129.7 (CH), 129.8 (2 CH),

(s, 1 H). 129.9 (CH), 130.0 (CH), 132.6 (C), 132.9 (C), 137.2 (CH), 137.4
(CH), 137.9 (C), 138.2 (C), 139.0 (C), 147.7 (C), 149.% @),

13C NMR (75 MHz, CDCJ): 8 = 0.7 (3x CH,), 35.2 (CH), 37.7
(CH), 43.5 (CH). 67.3 (GCH). 1277 (Ch). 159.8 (OH). 126.2 (©), 157 (C), 162.6 (C), 166.7 £2C), 207.8 (C), 207.9 (C), 209.2 (C).

129.3 (CH), 130.3 (CH), 132.6 (C), 137.3 (CH), 142.3 (C), 147.MIS: m/z (%) = 366 (71) [MH], 282 (100) [MH — THP], 264 (9)

(C), 149.7 (C), 179.9 (C), 212.1 (C). [MH* — THP — HOJ.
MS: Mz (%) = 324 (68) [MH], 306 (100) [MH — H,0]. HRMS: m/z [MH*] calcd for G,H,NO, 366.1705; found:
HRMS: miz [MH] calcd for GeH,NO,Si: 324.1420; found: > 0/t

e DMP Oxidation; Typical Procedure
1-Butyl-5-hydroxy-3,3a,4,5-tetrahydro-2H-cyclopentaf]acri- é;;é'_?‘?ﬂj%f#g'asax4:5'tetrahydr0-2H-cyclopenta[c]acn-

S Cooae A solut’ion of 15 w% DMP in CkCl, (3.5 mL, 1.72 mmol) was add-

Yield: (100%); mp 47 °C. ed to a solution of alcohol (323 mg, 1.0 mmol) in,CH (10 mL)

IR (neat): 3327, 2925, 2854, 1702, 1661, 1489, 1027, 914 cm  atr.t. under Ar. After 2 h of stirring, the reaction mixture was dilut-
1H NMR (300 MHz, CDCJ): § = 0.97 (tJ= 7.2 Hz, 3 H), 1.40-1.74 ©d with EtOAc and a mixture of aq 10%J8;0; and sat. NaHCO
(m, 4 H), 1.86 (dt) = 3.0, 13.2 Hz, 1 H), 2.06-2.12 (br s, 1 H), 2.zosolutlon (in 1:1 ratio) was added. The mixture was t_hen s_tlrred until
(dd,J = 3.0, 18.6 Hz, 1 H), 2.51 (ddd= 2.4, 3.9, 13.5 Hz, 1 H), the_ phases were hqmogeneous (15 min). E_xtractl_on with EtC_)Ac,
2.86 (dd,) = 6.3, 18.3 Hz, 1 H), 2.88-3.10 (m, 2 H), 3.55-3.68 ( rying and evaporation gave the cruo_le material, which was purified
1 H), 5.18 (m, 1 H), 7.58 (ddd= 1.2, 6.9, 8.4 Hz, 1 H), 7.75 (ddd, y chromatography. Elution with a mixture of cyclohexane—EtOAc
J=15,6.9,8.1Hz, 1 H), 7.82 @= 8.1 Hz, 1 H), 8.10 (dl = 8.4 (3:1) afforded the aldehyde (300 mg, 93%) as a yellow solid; mp
Hz, 1 H), 8.19 (s, 1 H) 167-168 °C.

15C NMR (75 MHz, CDCJ): 8 = 14.5 (CH), 23.6 (CH), 24.1 'R (neat): 2968, 2050, 2894, 1686, 1273, 1157, 856%.cm
(CH,), 31.0 (CH), 33.2 (CH), 38.0 (CH), 41.4 (CH), 68.2 (CH), H NMR (300 MHz, CDCJ): 5 = 0.37 [s, 9 H, Si(CH)], 2.37 (dt,
127.9 (CH), 128.0 (C), 128.1 (CH), 130.4 (CH), 130.5 (CH), 133.0= 3.9, 18.3 Hz, 1 H), 2.70 (dd,= 13.5, 16.5 Hz, 1 H), 2.91 (dd,
(C), 137.6 (CH), 144.5 (C), 148.5 (C), 151.0 (C), 162.9 (C), 209.5= 6.9, 18.3 Hz, 1 H), 3.27 (dd,= 5.1, 16.5 Hz, 1 H), 3.55-3.66

©). (m, 1 H), 7.68 (ddd) = 1.2, 6.9, 8.4 Hz, 1 H), 7.90 (dddl= 1.5,
i (%) = . 6.9, 8.4 Hz, 1 H), 8.02 (dd,= 1.8, 8.4 Hz, 1 H), 8.16 (dd= 1.2,
HRMS. 2 IMHT caled for GHNO, 308.1651; Tound: a6 MR (75 MHz, CDC): 6 = 0.2 (3% CHy), 39.6 (CH), 433

(CH,), 45.5 (CH), 126.4 (C), 127.6 (C), 128.4 (CH), 129.4 (CH),

5-Hydroxy-1-phenyl-3,3a,4,5-tetrahydro-2H-cyclopentalc]acri- 129.8 (CH), 132.9 (CH), 137.1 (CH), 145.0 (C), 149.4 (C), 152.9

din-2-one (3¢) (C), 176.4 (C), 195.1 (C), 210.2 (C).

Yield: (81%); mp 98 °C. MS: m/z (%) = 322 (100) [MH], 306 (72) [MH — CHJ].

IR (neat): 3364, 3056, 2908, 2359, 1676, 1487, 1224, 1151, 108RMS: mz [MH*] calcd for GgH,NO,Si: 322.1263; found:
cn, 322.1263.

1 . — —

2H32I%§53:022AI1%§BZCJ)1 ?‘D ;gg égéé: 22 égésngS azH)l 1-Butyl-3,3a,4,5-tetrahydro-H-cyclopentaf]acridine-2,5-di-

H), 2.96 (ddJ = 6.6, 18.6 Hz, 1 H), 3.64-3.76 (m, 1 H), 5.15 (m, £"® (4b) .

H), 7.37-7.53 (M, 6 H), 7.55-7.65 (m, 2 H), 7.73Xd,8.4 Hz, 1  Yield: (94%); mp 128 °C.

H), 8.14 (s, 1 H). IR (neat): 2929, 2857, 1681, 1581, 1463, 1367, 1174, 1096, 935
13C NMR (75 MHz, CDCJ): § = 32.9 (CH), 37.8 (CH), 41.4 (CH), "

67.3 (CH), 127.1 (CH), 127.2 (CH), 127.7 (CH), 127.8 (CH), 128.0H NMR (300 MHz, CDCJ): § = 0.96 (tJ = 6.9 Hz, 3 H), 1.39-1.80
(C), 130.0 (CH), 130.3 (CH), 131.7 (C), 132.6 (C), 137.2 (CH)m, 4 H), 2.31 (ddJ = 3.0, 18.6 Hz, 1 H), 2.62 (dd,= 14.4, 16.2
140.7 (C), 147.4 (C), 148.9 (C), 162.9 (C), 209.5 (C). Hz, 1 H), 2.90 (ddJ = 6.6, 17.2 Hz, 1 H), 2.90-3.05 (m, 2 H), 3.23
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(dd,J = 5.4, 16.5 Hz, 1 H), 3.47-3.60 (m, 1 H), 7.63 (dbid,0.9,
6.9, 8.1 Hz, 1 H), 7.86 (ddd,= 1.8, 6.9, 8.4 Hz, 1 H), 7.96 (@=
8.4 Hz, 1 H), 8.14 (d] = 8.7 Hz, 1 H), 8.89 (s, 1 H).

13C NMR (75 MHz, CDC)): § = 14.0 (CH), 23.1 (CH), 23.5

(CH,), 30.5 (CH), 36.8 (CH), 41.2 (CH), 45.5 (CH), 126.5 (C),
127.1 (C), 128.2 (CH), 129.6 (CH), 130.0 (CH), 132.6 (CH), 137

1 H), 7.99 (dJ = 7.5 Hz, 1 H), 8.19 (dl = 8.4 Hz, 1 H), 8.93 (s, 1
H).

13C NMR (75 MHz, CDCJ): § = 9.8 (CH), 36.8 (CH), 41.0 (CH),
45.3 (CH), 126.5 (C), 127.0 (C), 128.2 (CH), 129.6 (CH), 129.9
(CH), 132.6 (CH), 137.1 (CH), 141.1 (C), 149.8 (C), 153.4 (C),

159.6 (C), 195.0 (C), 207.4 (C).

(CH), 145.9 (C), 150.0 (C), 153.2 (), 159.7 (C), 195.3 (C), 207@s; 1y (%) = 264 (100) [MH].

(©).
MS: mz (%) = 306 (100) [MH].

HRMS: m/z [MH*] caled for GgH;(NO,: 306.1494; found:
306.1495.

1-Phenyl-3,3a,4,5-tetrahydro-#i-cyclopentaf]acridine-2,5-di-
one (4c)
Yield: (98%); mp 195 °C.

HRMS: m/z [MH*] caled for GH,,NO,: 264.1025; found:
264.1025.
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3.32 (ddJ=4.8, 16.5 Hz, 1 H), 3.60-3.73 (m, 1 H), 7.34—7.43 (m,

3 H), 7.48-7.62 (m, 3 H), 7.70-7.77 (m, 2 H), 7.90(@8.1 Hz, 1
H), 8.88 (s, 1 H).

13C NMR (75 MHz, CDCJ): § = 37.1 (CH), 41.4 (CH), 45.5 (CH),
126.4 (C), 127.3 (CH), 127.5 (C), 128.3 (CH), 128.4 (CH), 129

(CH), 130.0 (CH), 130.1 (CH), 130.5 (C), 132.6 (CH), 137.1 (CH), (2

142.3 (C), 149.4 (C), 152.0 (C), 161.3 (C), 194.9 (C), 205.4 (C).
MS: m/z (%) = 326 (100) [MH].

HRMS: m/z [MH*] calcd for G,H;sNO,: 326.1181; found:
326.1188.

1-Tetrahydro-2H-2-pyranyloxymethyl-3,3a,4,5-tetrahydro-24-
cyclopentalcjacridine-2,5-dione (4d)
Yield: 50% + 43%4e mp 141-143 °C.

IR (neat): 3366, 2920, 2359, 1683, 1009, 969'cm

H NMR (300 MHz, CDCJ): 5 = 1.40-1.95 (m, 6 H), 2.39 (ddi=
3.0, 18.9 Hz, 1 H), 2.74 (dd,= 14.1, 16.5 Hz, 1 H), 2.95 (dd~
6.9, 18.9 Hz, 1 H), 3.28 (dd~=5.4, 16.8 Hz, 1 H), 3.41-3.70 (m, 2
H), 3.80—4.00 (m, 0.5 H), 4.02-4.20 (m, 0.5 H), 4.68 {dd,1.5,
10.5 Hz, 1 H), 4.88 (11 = 3.0 Hz, 0.5 H), 5.41 (d,= 10.5 Hz, 0.5
H), 7.67 (dddJ = 1.2, 7.5, 8.4 Hz, 1 H), 7.88 (ddbi= 1.5, 6.9, 8.1
Hz, 1 H), 8.00 (dJ = 8.1 Hz, 1 H), 8.18 (d] = 8.7 Hz, 1 H), 8.94
(s, 1 H).

13C NMR (75 MHz, CDCJ): § = 19.0 (CH), 19.1 (CH), 25.3
(CH,), 25.4 (CH), 30.3 (CH), 30.5 (CH), 37.2 (CH), 41.3 (CH),
45.1 (CH), 57.9 (CH), 58.1 (CH), 61.7 (CH), 61.8 (CH), 99.0

(CH), 99.5 (CH), 126.6 (C), 127.5 (C), 128.6 (CH), 129.7 (CH),
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