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Abstract: A new approach to 4-pentynones through palladium-catalysed coupling reaction of the ready
available 2-propynyl ketones with aryl iodides and/or vinyl triflates is propased. Annulation reactions of
both 2-propynyl ketones and 4-pentynones gave functionalised furans using potassium reri-butoxide in
DMF and functionalised pyrroles in the presence of benzylamine or ammonia, respectively in good to high
yields. The methodology has been extended to the pieparation of 17p-hydiroxyandrost-4-en{3,2-6](5-
methyDfuran and to 17f-hydroxyandrost-4-en[3,2-b](1-benzyl-5-methyl)pyrrole. A different reaction
pattern was observed when the 4-pentynones were treated with sodium methoxide in MeOH. The
influence of the reaction medium on the outcome of the annulation reaction in the case of one 2-pentyn-
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INTRODUCTION

any naturally occurring compounds.
Polysubstituted furans and pyrroles provide unabated interest in terms of pharmacology, synthesis and
reactivity.' For example, strategies for the total synthesis of pseudopterolide and allied pseudopterans and
furanocembranolides based on the elaboration of suitable 2,3,5-trisubstituted furans have been presented.” A
short and highly efficient synthesis of calicogorgin A and C, 3-ketosphinganine derivatives isolated from marine
invertebrates which show lethal and repellent activities against the gastropod D. fragum, has been
accomplished.’ 2,5-Bis-(4-amidinophenyl)furan was recently reported to be effective in vivo at submicromolar
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antimicrobial activity led us to consider other modifications of this structure with the goal of improved efficacy
and reduced toxicity.' Success with three HMG-CoA reductase (HMGR) inhibitors for treating
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are more potent and synthesised by simple chemical processes.” Dual inhibitors of cyclooxygenase and 5-

lipoxygenase of the arachidonic acid cascade as agents for the treatment of arthritis have been efficiently
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synthesised as well.® For this reason the syntheses of polysubstituted furans and pyrroles continue to attract the
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centre to a carbon 7-bond of alkynes has attracted considerable attention in recent years.” The synthesis of many

In the course of our investigations devoted to the development of new synthetic strategies for the

construction of heterocyclic rings involving alkyne derivatives,” we have previously reported that the

synthesis of functionalised furans. Moreover the sequential addition/elimination/cycloamination of 4-
pentynones in the presence of benzylamine or ammonia produced 1,2,3,5-substituted and 2,3,5-substituted
pyrroles and fused pyrrole systems.'® With the purpose of developing th

a-propynyl ketones as starting building blocks, we now wish to report the full details of the results we have

obtained as well as the scope and limitations of this synthetic methodology.

The conjugate addition of an alkynyl group to an o,p-unsaturated ketone to give 4-pentynones 2 has
been a formidable synthetic challenge. Alternatively 4-pentynones 2 may be synthesised by muitistep
procedures such as that involving addition of hydrogen bromide to o,B-enones, ketalization, alkylation of
lithium salt of 1-alkyne and deketalization.'" Acetylenic alanes and trialkynylboron derivatives add their alkynyl
units to o,B-enones but only under certain circumstances.'” Recently, it was found that a Sn(IV) reagent
system, SnCly-BusN, can be used to alkynylate enones under considerably milder reaction conditions'’ (scheme
1) and the substrates 2a-b were prepared by alkynylation of the corresponding o,f-unsaturated-f3-substituted

ketones.

0 H (0] R,
D Y | .
R T/’ R, ___ > R T
Ph——H
H 2a: R=R,; =Ph

2b: R = CH=CHPh, R4 = Ph

However the alkynylation of «,B-unsaturated-B-unsubstituted ketones failed to give the target

compounds 2. To overcome this severe limitation, we attempted to develop a new and more versatile procedure

1

~ ation of the easilv available 2-propvis f+a al A s Aac)
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to 4-pentynones 2 based on the utilization o
as suitable starting building blocks. 2-Propynyl ketones are valuable substrates in organic chemistry and a

variety of methods exist for their preparation. The selective alkylation of carbonyl compounds has been a lon
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sought goal in organic synthesis. Accordingly, several approaches to this have been developed, with varying
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lack of regio- and stereoselectivity. On the other hand, very useful alkylation procedures are known which
combine the ketone directly as its enol derivative with a suitable alkylating agent.'* Examples of this latter type

include the enamine alkvlatia 15 py emnlovin
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propyny! ketones 1a-f, by the Stork enamine reaction with propargyl bromide'® (Scheme 2, Table 1)

\N) 1) BrCH,C=CH

! 0
| ’ 2) H30 . Il —
R/\!/ 58-84 % R —
R, Ry
SCHEME 2 1af

Although the preparation of the enamine derivatives of steroidal carbonyl compounds'’ may be carried

out under the usual reactions conditions, we failed to obtain the target 2-propynyl steroidal ketones by this
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isoxazoles'” and pyrazoles®® with the aim to evaluate their ability as modulators of androgen biosynthesis and as

potential agents for the treatment of prostatic cancer and hypertension we accomplished the synthesis of the

]

selective formylation™ of the 17B-hydroxyandrost-4-en-3-one to give its 2-hydroxymethylene derivative; b)

subsequent propargylation and deformylation to afford the 2c-propargyl derivative 1g. Moreover furan

derivative 8d was isolated as by-product at the end of the second hydrolytic step in 19 % yield. The yield of 8d
can be tmproved to 32% if prolonged reaction time was used (24 h).
OH 1) BrCH,C=CH OH OH
/\'/( ) r.._.?‘-- /\\!,4{ /\I

2 /
"3 T D e o— LT D T
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3 19 33 %) 8d (19 %)
PP 1) BrCH,C=CH PP
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OH  2) NaOHM,O/MeOH o
/U\) e w
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4 5 (74 %)



The palladium-catalysed coupling reactions® of 1 with aryl iodides and vinyl triflates at r.t., in the

presence of PdCly/dppf/Cul catalytic system (Scheme 5, Table 1) represents a very useful and versatile

in fact to channel the metal-mediated synthetic approach to this class of compounds by means of the conjugate

addition of alkynes to o,3-enones, usually requiring strong conditions, into a mild procedure that can

g

compound for each 4-pentynone. Indeed several 4-pentynones 2 could be synthesised from the same acetylenic

building block.
(0] PdCl,, Cul, dppf 0O

Tl MF,R
) H EAD Al /[L —==—Ry
R rt 43.93% R

ey SO O LY

SCHEME 4
It is worthwhile pointing out that the simultaneous presencem of an easily enolizable carbonyl
functionality and an electron deficient alkyne in the intermediate 4-pentynone 21, derived from the palladium-

catalysed coupling of 1g with 4-iodoniiro

PACl, Cul, dppf
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SCHEME 5

Very likely 7 is formed through a tandem paiiadium-cataiysed coupling/regioselective base promoted
exo-dig annulation reaction to give the trienol ether 6. The facile hydrolysis of this exocyclic trienol ether®

ed this point, because of the presence of a large excess of

agives 7. Althouoh we have not thorou
gives 7. Although we have not t

Et;N under reactions conditions, which usually is added to avoid the hydrolysis of exocyclic enol €

formation of 7 most probably occurs during the work-up of the reaction mixture. It is worthwhile emphasising
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Tabie 1. Synthesis of 4-Pentynones 2.
Producis 1 Products 2 Yield Time Products 1 Products 2 Yield Time
(%) (h) (%) (h)
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*The reaction was carried out in DMF at r.t. under N, atmosphere using the following molar ratios RX : TEA : PdCl; : dppf':
Cul=1.2:5:0.02:0.04 : 0.04. ®°At 60°C, RX : K,CO; : Pd(OAc), : P(o-tol);=1.2 : 5: 0.05 : 0.2. “In DMF/TEA 1 : 4, 60°C,

RX : Pd(OAc), : PPh; =1.2:0.02: 0.04.
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K>COs, Pd(0) and aryl iodides and/or vinyl triflates, palladium-catalys ed domino reactions to give heterocyclic

derivatives through a mechanism which rules out the cleavage of the Cg-H bond.*®

onvlative n.
Viiyiduve p

the synthesis (Scheme 8) of the functionalized 2-pentyn-1,6-diones 2m.

Pd(OAC), dppp Ph
TEA DMF, 60° C, CO o)
1a » Ph ———

v
o)
A

<

{
2m _>_/

SCHEME 6

The construction of heterocyclic derivatives based upon the concept of palladium-catalysed
coupling/cyclization of alkynes bearing a proximate (pro)nucleophile proved to be a versatile and efficient
synthetic methodology,28 prompted us to investigate the base promoted intramolecular cyclization of 2-propynyl
ketones 1 and 4-pentynones 2 which present both the enolizable carbonyl functionality and the alkyne
framework. Indeed the easily available derivatives 1 and 2 containing a potential nucleophilic centre, under

appropriate reactions conditions can undergo regioselective intramolecular exo-dig heteroannulation reactions to

(]KJ

ive functionalised furans 8 and pyrroles 12. The expected furan derivatives 8a-k were obtained in good yields

by reacting the corresponding derivatives 1 and 2 with t-BuOK in dry DMF (Scheme 7, Table 2).
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When the compounds 2a,b,c,g,i,m were reacted with MeONa (1.2 mol. equiv.) in MeOH at 60 °C a
1,3,

6
different reaction pattern was observed. Compounds 2a and 2b gave respectively the (E,E) and (Z,E)-1,3,5-
1ta-2,4-dien-1-ones 9a and 9b and the (E,E.E) and (E,Z,E)-1,5,7-triphenyl-hepta- 1,4,6-Lr'i.,n-3-@n..s
9¢ and 9d (Scheme 8). The structure of 9a-d was assigned on the basis of 'H-NMR analysis.”® Moreover,
whereas compounds 2¢,g,i were recovered unreacted even after prolonged reaction time, compound 2m gave

be rationalized taking into account the relative stability and the



equilibrium existing between the propargyl enolate and the cumulenyl enolate generated by the base-catalysed

a,B.y.0-dienones 9a-d (Scheme 8).
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9b (17%)
9d (41%)

9a (82%)
9¢ (50%)

SCHEME 8

Instead a different behaviour was showed by the carbanion of 2m which carbocyclizes through a
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were treated with sodium methoxide (1.2 mol. equiv.) in a non-protic solvent such DMF. Under these

conditions the furans 8¢ and 8m were obtained as the sole reaction products (Table 2). Moreover the diketone

11 is, also, regioselectively obtained from 2a by palladium catalysis>® (Scheme 10).
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The reaction mechanism for the synthesis of furans probably involves a regioselective 5-exo-dig
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furans 8a-m. Polycyclic cyclohexa[b]furan and cyclohepta[b]furan can also be efficiently synthesised, but the

described procedure failed to give cyclopenta[b]furan. The only steroidal derivative 2k represents a different

kind of isomerization to give the conjugated trienone 8! (Table 2)

The synthesis of functionalised pyrroles 12a-0 can be carried out in good to high yields by the reaction
of 1 and ith benzylamine or ammonia (Scheme 11, method A or B, Table 2). The reaction mechanism
probably involves the formation of an imine that undergoes a 5-exo-dig cyclization followed by isomerization to
give pyrroles

R Ra R
2 Method R R
R\m)\ AorB Ra )——\
I * R, N RN /\‘{' 0 /\/\ ,\»\J’R3
N
O iii o !I! fl\l ) R fl\‘
| | Ry R,
Rs Rs
4a.d 10 R.= 12a-0
fa-d, 1g: Rz=H

method A: R4 = Bn, toluene or xylene/pTSA, AT, 2-23h, 76-97%
method B: Ry = H, 2M in MeOH, 120°C, 9-24 h, 50-89%

SCHEME 11
It is worth noting that the regioselective outcome of the annulation reaction (6-endo-dig cyclization vs.
5-exo-dig cyclization) can be determined by suitable choice of the starting y-ketoalkyne derivative (scheme 6):
the presence of the y-ketoalkyne moiety in an aromatic framework is responsible for the 6-endo-dig
cyclization.3 ' Moreover this methodology has been also extended to the preparation of cyclopcnta[b]pynroles.32
In conclusion, the results reported here show that the internal 4-pentynones can be easily obtained through
the palladium-catalysed coupling reaction of 2-propynyl ketones with aryl iodides and/or vinyl triflates. The
-BuOK promoted reaction of both terminal and internal 4-pentynones in DMF is a synthetically useful reaction

that affords regioselectively functionalised furans. Different substituted pyrroles are synthesised by cyclization

@)
-t

the preparation of 17B-hydoxyandrost-4-en[3,2-b]furan and 17p-hydoxyandrost-4-en[3,2-b]pyrroie derivatives.
4-pentynones were treated with sodium methoxide in MeOH
he

he outcome of

-

ve, Il some cases e reaction medium on

tn a1
W 1V, 1

annulation reaction in the case of one 2-pentyn-1,6-dione(heteroannulation vs. carbocyclization) is also shown.
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Table 2. Synthesis of turans 8 and pvrroles 12 by annulation reaction of 4-pentvnones 1 and 2.

172 Products 8 and/or 12 Yield, % Time, h 1/2 Products 8 and/or 12 Yield, % Time, h
Ph Ph cl
la h 2 }‘__\\ | >
Ph\/ Ny~ Ph‘\/\x/\/ P
8a,X=0 61 . 8g, X=0 70 4
12a. X = NH 50 24 12g, X=NH 89 24
12h* X=NBn 92 23
Ph
1b O B 24 N -
B X 1
12b° 59 24 12i, X=NH 65 22
12j°, X=NBn 76 7
N2
< ze O O
=
Y S NT ¥
12 N Bn
12¢, X=NH 69 ? 12K*, X =NBn 55 7
12d°, X=NBn 97 2
STy —N /&\. _CI
1 w\ 2g / \ l <
X X
12¢*, X=NBn 78 16 8h, X=0 70 4
121, X=NH 84 22
12m® X=NBn 94 7
< O » (T 0
U A\ - P
NVRS o |
8 62 ! 5 N 61 2
m Zi Q A
if /B 7ﬁ =
~ AN
v X CF3
8j, X=0 76 1
8 68 5 ,
¢ 120, X=NBn 92 18
, OH
lg 0 o 2§ N YT
oA A AL
r = . Y
7/ | ~
XJ\)\) v
8d, X=0 32 24 8k, X=0
12, X=NBn 77 2 120, X=NH
Ph CHsCO OH
. B * B ~H
7\ _Pn \ / |
Ph/\o/\/ \_% =
8e 90 3 8l ‘o 70 1
2b Ph Ph; 0
N \( Ph_.\/\/ \/\/J\ o~ |
PR A O Ph 0 TT
87 79 2 8m 7 75 3

# The reaction was performed in xylene with a catalityc amount of pTSA. ® Performed in toluene.
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EXPERIMENTAL

Mps are uncorrected and were measured with a Buchi apparatus. 'H-NMR (200 MHz) and *C-NMR (50.3
MHz) spectra were recorded in CDCl; with a Bruker AC 200 E or with a Varian Gemini 200 spectrometer. EI

ectra were recorded with a TSQ 700 Finnigan/Mat instrument. I. R. were recorded with a
Perkin-Elmer 683 spectrometer. All starting materials, catalysts, ligands, bases, and solvents (anhydrous
solvents included) if not already stated, are commercially available and were used as purchased, without further
purification. Vinyl triflates were prepared according to ref 33 and were purified by chromatography on silica gel
eluting with n-hexane/EtOAc mixtures. 2-Propynyl ketones 1b, ¢, f ' and 1g?' are known compounds, 4-
pentynones 1a, d, e, are new and were prepared according to described method'>'6.

1,3-Diphenyl-4-hexyn-2-one 1a: purified by flash chromatography (PE/EtOAc 95:5); white solid; mp 49-51
°C; yield 72 % (from 1,3-diphenylacetone); 'H NMR (CDCl3) 6 1.85(t, 1 H, J=2.6 Hz), 2.52 (ddd, 1 H, J =
17.4,7.6,2.6),2.84 (ddd, 1 H, J = 17.4,7.2,2.6), 3.63 (5,2 H), 3.95(t, 1 H,J = 7.4), 7.05 (m, 2 H); 7.15-7.47
(m, 8 H); "C NMR (CDCl;) & 21.85, 48.45, 56.48, 69.85, 81.84, 126.87, 127.76, 128.33, 128.46, 128.96,

170 AQ 120 70
&7.40, 127./7

2-Propynylcycloheptanone 1d: purified by distillation; bp 80-82 °C (30 mm Hg); pale yellow oil; yield 42%
(from cycloheptanone); 'H NMR (CDCl3) 8 1.24-1.77 (m, 4 H), 1.81-2.04 (m, 4 H), 1.95 (t, 1 H, J = 2.6), 2.27
(ddd, 1H, J = 16.9, 8.4, 2.6), 2.38-2.61 (m, 3 H), 2.67-2.81 (m, 1 H); "C NMR (CDCl;) 8 21.27, 24.30, 29.29,
29.78, 30.73, 43.71, 51.13, 69.72, 83.05, 214.01; EI MS m/z (relative intensity) 150 (M", 18), 149 (15), 135
(19), 121 (18), 107 (100}, 98 (36); 94 (93); L. R. (neat) (cm™') 3288, 2118, 1700

1-Propynyl-2-tetralone le: purified by flash chromatography (PE/EtOAc 95:5); pale yellow oil; yield 84 %

5:5
(from pyrrolidino enamine of 2-tetralone); "H NMR (CDCl3) & 1.95 (m, ! H), 2.45-3.14 (m, 6 H), 3.64 (dd, 1 H,

127.05, 127.62, 135.09, 137.16, 209.68; 1. R. (neat) (cm™') 3272, 2108, 1682, 1608.
16-Propargyloxymethylene-5,6-dehydro-epiandrosterone 5.

irred solution of 16-form 1 5 6 dehvdro-eniandrosterone 42! 1
Ted solution 01 10-10 angrosterone 47 (1

W ir ution formyl dehydro-epi e
K,CO; (436 mg, 3.16 mmol) and propargyl bromide (1.50 g, 12.65 mmo
at 60°C for 24h, then poured in HC1 0.1M (200ml) ed extracte e wi

inon 7

hexane/ethylacetate 1:1 yielding pure 5 (0.83 g, 74 %).
16-Formyl-5,6-dehydro-epiandrosterone 4: white solid; m.p 251-253 °C; yield 99 %; 'H NMR (DMSO) &
0.88 and 0.97 (s, 3 H); 0.86-2.45 (17 H, aliphatyc pattern), 3.26 (m, 1 H), 4.50 (bs, 1 H); 5.29 (m, 1 H); 7.36(s,

IR E a1 V)

1 H), 10.60 (bs, 1 H);

C\I‘hl\/1 A—r innr f\A'\Fl

2 nS Visratsy n AN AN AN AL 1T AN I
(DMSOj o 6, 19.07 95, 24.27, 30.20, 30.46, 31.20, 3

J

-7
4, 77

£ NN L
6.20, 30.

——
UJ
72}

b



42.17,47.21, 49.42, 49,79, 69.89, 113.00, 119.96, 141.37, 150.06, 208.45; I. R. (KBr) (cm™') 3222, 1708, 1626,
1244, 1054; elem. anal., found (calcd for CaoHagO3): C 75.86 (75.90); H 8.85 (8.92).

16-Propargyloxymethylene-5,6-dehydro-epiandrosterone 5: white solid; m.p. 105-107 °C; yield 74 %; 'H
NMR (DMSO0) 6 0.82 and 0.99 (s, 3 H), 0.93-3.29 (17 H, aliphatic pattern), 3.27 (m, 1 H); 3.71 (t, 1 H,J = 2.3),

134 ATh 413 /T A0 Y

(m, 1 H), 7.30 (s, 1 H); "C NMR (DMSO) & 14.21, 19.40, 20.27,
5.8

{
84, 30.47, 30.84, 31.45, 31.67, 36.56, 37.14, 42.49, 47.76, 49.47, 50.12, 60.98, 70.28, 79.04, 79.56, 11
22,208 (

[N
e
el
I
[N
(OS]
g
wn
(9%}
(N

24.
120.29, 142.01, 152. . (KBr) (cm™) 3496, 3280, 2122, 1702, 1670, 1654, 1618, 1282, 1168:;
4-Pentynones 2¢-k.

The reactions performed as reported in Ref. 23 and Table 1 gave after flash chromatography (silica gel,

2¢: white solid; mp 73-74 °C; "H NMR (CDCls) & 2.70 (dd, 1 H, J = 16.9, 7.4), 3.04 (dd, 1H, J = 16.9, 7.4),
3.64 (s, 2 H), 4.03 (t, 1 H,J = 7.4), 7.03-7.34 (m, 14 H); *C NMR (CDCl3) 5 22.92, 48.71, 56.62, 81.23, 88.68,
122.46, 127.02, 127.87, 128.41 (2C), 128.64, 129.06, 129.49, 132.70, 133.53, 133.84, 137.16, 205.78; 1. R.
(KBr) 1700, 1600, 745, 725; elem. anal., found (calcd for C,4H;90CI): C 80.48 (80.32); H 5.45 (5.33).

2d: pale yellow oil; "H NMR (CDCl3) 8 2.22 (m, 2 H), 2.66 (t, 2 H, ] = 8.0), 2.81 (dd, 1 H, J = 16.9, 8.2),3.02
(dd, 1 H,J=16.9, 6.8),3.64 (s,2 H), 3.72 (s, 3 H), 4.02 (dd, . H, I = 8.2, 6.8), 6.09 (t, 1 H,J =4.8), 6.58 (m, 2
H), 6.98 (m, 11 H); "C NMR (CDCl;) 5 22.68, 23.22, 27.48, 48.42, 54.98, 56.76, 79.89, 87.86, 111.01, 112.99,
120.98, 125.82, 126.17, 126.76, 127.60, 128.40 (2C), 128.91, 129.35, 131.58, 133.66, 136.49, 137.18, 158.74,
205.75; L R. (neat) (cm™") 2270, 2108, 1710, 1595,

2e: yellow solid; mp 54-55 °C; 'H NMR (CDCl5) 6 1.84-1.89 (m, 2 H), 2.09-2.16 (m, 2 H), 2.35-2.43 (m, 3 H),
2.63(dd, 1 H,J = 13.2, 6.7),2.83 (dd, 1 H, J = 13.2, 4.1), 7.50 and 8.14 (AA'-BB' system, 4 H, ] = 6.9); '°C
NMR (CDCl;) 6 19.60, 20.49, 28.89, 37.95, 47.72, 80.23, 93.67, 123.46, 130.59, 132.35, 146.69, 218.53; EI
MS m/z (relative intensity) 243 (M", 9), 242 (12), 215 (100), 139 (10), 115 (20); I. R. (KBr) 2200, 1730, 1585;
elem. anal., found (calcd for C4H3NO3): C 69.35 (69.11); H 5.47 (5.38); N 5.81 (5.75).

2f: white solid; mp 60-62 °C; "H NMR (CDCl3) & 0.85 (s, 3 H), 1.25-2.95 (m, 22 H), 5.94 (m, 1 H); 6.93 (m, 2
H), 7.32 (d, 1 H, J = 8.5), 7.45-7.62 (m, 3 H), 8.20 (m, 2 H); *C NMR (CDCl3) & 16.19, 19.75, 20.54, 26.34,
27.55,28.75,29.44, 31.62, 34.57, 37.14, 38.22, 44.50, 48.00 (2C), 55.30, 77.08, 90.63, 118.65, 121.59, 126.15,

17892 128
Ui e 2

PR S

th

0, 129.57, 130.10, 133.47, 134.25, 137.42, 1

38.16
intensity) 478 (M", 3), 105 (100), 77 (19); L R. (KBr) (cm™') 1740, 1595, 1250, 690; elem. anal., found (calcd
for C33H3s05): C 82.68 (82.80); H 7.02 (7.16).

ale yellow oil; '"H NMR (CDCl3)

2 aic VY vAA, A4 Avwivian R 1.35'2.65 (m

3/ v LKky ARy,

g 2
BC NMR (CDCl3) & 19.75, 25.10, 27.82, 33.41, 41.89, 49.62, 80.64, 89.99, 122.34, 128.43, 132.79, 133.47,
210.87; I. R. (neat) (cm’ ) 1710, 1585, 730.
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(
8 H); °C NMR (CDCl;, C-F coupled) & 20.55, 27.83, 37.77, 51.61, 81.13, 89.29, 121.25, 124.33, 124.41,
127.04, 127.24, 127.30, 127.78, 128.19, 128.26, 128.34, 128.41, 128.74, 130.62, 131.06, 134.68, 135.35,

NMR (CDCl3) & 1.66 (m, 2 H), 2.45 (m, 2 H), 2.65-3.30 (m, 5 H), 7.13-7.43 (m, 6 H),

2j: pale yello
6 H), 7.86 (s, | H); °C NMR (CDCls) & 21.57, 25.36, 29.26, 33.39, 49.00, 81.93, 88.61, 120.99,

7.66-7.7

n £
2
5

(m,

39.08, 141.97, 205.22; EI MS m/z (relative intensity) 324 (M", 100); 323 (31); 295 (13); 267 (21); 165 (87);
152 (30); 91 (21); 1. R. (neat) (cm™") 2185, 1670, 1593, 1235.
2k: white solid; mp 85-87 °C; 'H NMR (CDCl;) & 0.79 (s, 3 H), 0.89-2.56 (m, 20 H), 1.34 (s, 3 H), 2.59 (s, 3
H),3.04 (dd, | H,J =2.8),3.65(t, 1 H,J = 8.4),5.75 (s, 1 H), 7.45 and 7.88 (AA'BB' system, 4 H, ] = 6.6); '°C
NMR (CDCls) & 11.06, 17.70, 19.82, 20.55, 23.31, 26.60, 30.31, 31.41, 32.49, 35.49, 36.34, 39.40, 41.56,
41.78, 42.78, 50.40, 54.25, 81.36, 81.58, 92.08, 123.20, 128.17, 128.85, 131.75, 135.75, 171.05, 175.09,
198.72; EI MS m/z (relative intensity) 444 (M', 100); 443 (33), 429(11), 329 (9), 277 (15), 263 (24), 252 (9),
235 (13), 147 (25), 121 (28), 105 (25), 91 (38); L R. (KBr) (cm™") 3410, 2108, 1703, 1660, 1595, 1250; elem.
anal., found (calcd for C50H3603): C 80.91 (81.03), H 8.08 (8.16).
2-(4-nitrobenzoyl)-methyl-17B-hydroxyandrost-4-en-3-one 7.
The reaction performed as reported in Ref. 24 gave after flash chromatography (silica gel, hexane/ethylacetate
1:1) compound 7 as a pale yellow solid (90 %). M.p. 75-79 °C; 'H NMR (CDCl3) 6 0.78 and 1.26 (s, 3 H),
0.78-2.54 (19 H, aliphatic pattern), 3.05 (m, 2 H), 3.65 (t, | H, J=7.6), 3.88 and 4.06 (d, 1 H, J=15.2), 5.73 (bs,
1H), 7.40 and 8.20 (AA'BB' system, 4 H, J= 10.9); '*C NMR (CDCls) & 11.42, 17.85, 20.89, 22.71, 22.88,
23.69, 30.81, 31.84, 32.89, 35.05, 36.29, 39.31, 40.11, 42.95, 43.16, 50.22, 50.85, 54.72, 81.95, 123.13, 124.05,
131.07, 142.17, 171.41, 199.99, 205.69; EI MS m/z (relative intensity) 465 (M", 2), 329 (100); I R. (KBr)
(cm™) 3640, 1720, 1670, 1515; elem. anal., found (calcd for CsH3sNOs): C 72.35 (72.22); H 7.89 (7.57).

A_ Dnr /none 2m27

A"
FEL VLY MUY &ii1 .

Pale yellow oil; yield 50 %; ‘H NMR (CDCl3) 8 0.90 (s, 6 H); 1.03 (s, 3 H); 1.05 (s, 3 H); 1.32 (s, 2 H); 1.95 (s,

2 H);2.84(dd, 1 H,J =18, 8.5); 3.17(dd, 1 H, J = 18, 6.5); 3.64 (s, 2 H); 4.37 (dd, 1 H, J = 6.5, 8.5); 7.18 (s,
THY 710 (m. 2 HY: 7.22.735 (m. € HY- v B0 NMR (CDCI:Y § 22.33. 2040 (2C) 20 08 1034, 3043 23 .88
lll” L v \lll’ £ ll}, LEEY ST Sl Brpe pog \lll, o ll}, }, s LNLIYRRN \L/u\/lj’ w AL'.JJ, ot 7T 7 \A\(}, L:I.IU’ J\J.J\I’ J\Jn"_}, pu e UU’
35.37, 48.22, 49.38, 55.72, 79.81, 90.95, 127.02, 128.09, 128.37, 128.59, 129.22, 129.37, 133.49, 136.47,

5
136.56, 154.94, 179.95, 205.19; L. R. (neat) (cm') 2080, 1720, 1680, 1590.



1, 2, 4-Trisubsti
To a well stirred suspension of potassium fers-butoxide (1.2 mmol, 135 mg) in dry DMF (1 mi) a solution of the
appropriate 4-pentynone 1 or 2 (1 mmol) in dry DMF (2 ml), was added. The mixture was stirred at 60°C for 1-
5 h and then poured in HCI 0.1 N (50 mlyEtOAc (50 ml). The organic layer was separated and the aqueous
twice with EtOAc. The combined organic phases, dried over Na;SO,, were evaporated to
dryness and the crude 8 purified by flash chromatography over silica gel eluting with hexane/EtOAc mixture.
8a: pale yellow oil; yield 61 %; "H NMR (CDCl;) § 2.25 (s, 3 H), 4.07 (s, 2 H), 6.13 (s, 1 H), 6.99-7.45 (m, 10

138.86, 147.30, 150.71. L. R. (neat) (Cm'i) 1600, 1580, 750, 710, 680.
8b: pale yellow oil; yield 62 %; 'H NMR (CDCl;) & 2.28 (s, 3 H), 2.84 (t, 2 H, J = 8), 3.03 (t, 2 H, ] = 8), 6.23

’,xi

126,26, 128.42, 131.54, 133.08, 151.88; L. R. (neat) (cm™) 1590, 1570, 780, 740, 710.

8c: pale yellow oil; yield 68 %; "H NMR (CDCls) 8 1.92-2.04 (m, 2 H), 2.36 (d, 3H,J=1),2.76 (t, 2 H, J =
6.5), 2.88 (m, 2 H), 5.96 (q, | H, J=1), 7.12 (m, 2 H), 7.25 (m, 1 H), 7.82 (d, 1 H, J = 7.6); °C NMR (CDCl;)
5 14.05, 25.43, 28.26, 36.63, 110.85, 123.85, 125.03, 126.48, 126.70, 129.82, 131.17, 138.95, 146.93, 151.60;
EI MS m/z (relative intensity) 198 (M", 100), 183 (17), 155 (61), 141 (17), 128 (32), 115 (19); L. R. (neat) (cm™")
1590, 1550, 780, 730, 710.

8e: white solid; yield 90 %; mp 118-123 °C; '"H NMR (CDCly) 8 4.17 (s, 2 H), 6.80 (s, 1 H), 7.10-7.41 (m, 13
=7,1); °C NMR (CDCls) & 32.92, 106.59, 123.58, 126.34, 126.78, 127.17, 127.85, 128.25,

r* i

128.30, 128.54, 128.57, 129.43, 130.69, 133.73, 138.48, 148.91, 152.41; EI MS m/z (relative intensity) 310
(M", 66), 309 (26), 105 (100), 91 (40); L. R. (KBr) (cm') 1640, 1595, 740, 710, 670; elem. anal., found (calcd
for C>3H,30): C 88.65 (88.99); H 5.77 (5.84).

o TLre oo b1 11 10/, . 111 1L
31 wWnIle s011a; yieia /¥ 7o, Ip 1<£1-14£0

H); °C NMR (CDCls) & 31.94, 109.19, 115.29, 125.
128.71, 129.28, 129.54, 132.55, 136.02, 137.38, 143.59,

C
8g: pale yellow oil; yield 70 %; "H NMR (

3~ wta g 7T

H); "C NMR (CDCl;) 6 32.82, 33.86, 108.17, 126.33, 126.57, 127.5
8

6 6
130.13, 131.21, 133.91, 136.53, 138.67, 148.24, 152.68; EI MS m/z (relative intensity) 358 (M, 1.5), 357 (2),
9 0), 105 ( .- (ne

=4, 2@ 2H,]
4.4),385(s,2H),5.77 (s, 1 H), 7.16 and 7.25 (AA'BB' system, 4H, J = 8.3); 13C NMR (CDCl) 6 22.10, 22.70,

12, =
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23.15 (2 C), 31.64, 107.35, 128.24, 128.56, 129.49, 130.10, 137.07, 149.82, 151.52; EI MS m/z (relative
intensity): 248 (M+2, 10), 246 (M, 37), 245 (100), 139(43), 125 (63); I. R. (KBr) (em™') 1655, 1590, 728, 668

=~
o]

8i: pale yellow oil; yield 61 %; '"H NMR (CDCl; 5 80
5.8), 4.35 (s, 2 H), 5.64 (s, | H), 7.35-7.57 (m, 4 H), 7.76-7.92

129.09, 132.57, 134.41, 135.07, 150.43, 152.26; EI MS m/z (relative intensity) 276 (M", 100), 222 (14), 205
(14), 191 (24), 165 (34), 141 (55), 135 (45), 115 (41), 107 (26), 91 (20); L. R. (neat) (cm™") 1575, 780, 750,

_ %; '"H NMR (CDCl;) 6 2.83 (1,2 H,J = ,
6.28 (s, 1 H), 7.05-7.18 (m, 4 H), 7.42-7.53 (m, 4 H); '*C NMR (CDCl;, C-F coupled) & 21.96, 29.3
103.44, 119.24, 122,02, 123.37, 123.45, 123.52, 125.45, 125.52, 125.67, 126.71, 127.97, 128.
181 (13), 169 (28), 159 (28), 141 (56), 115 (42); L. R. (neat) (cm™') 1630,1590, 790, 740.

8k: pale yellow oil; yield 75 %; 'H NMR (CDCl3) 8 1.92 (m, 2 H), 2.70 (t, 2 H, ] = 6.4), 2.84 (t, 2 H, ] = 5.6),
4.14 (s. 2 H), 5.91 (s, 1 H), 7.08 (m, 2 H), 7.21 (m, 1 H), 7.44 (m, 3H), 7.80 (m, 5 H); '*C NMR (CDCl,, 2C
overlap in the aromatic pattern) 5 24.73, 27.69, 34.78, 35.98, 111.07, 123.20, 124.64, 125.49, 126.00, 126.10,
126.14, 127.15, 127.36, 127.62, 128.11, 129.27, 130.45, 132.27, 133.57, 135.51, 138.57, 146.99, 153.51; EI
MS m/z (relative intensity) 324 (M", 100), 323 (18), 165 (15), 153 (14), 141 (30), 115 (26); 1. R. (neat) (cm™)
1595, 790, 745, 710.

81: white solid; yield 70 %; m.p. 85-87 °C; 'H NMR (CDCl;) & 0.80, 1.03 and 2.59 (s, 3H), 1.20-2.91 (19 H,
aliphatic pattern), 3.67 (t, 1H, J = 8.5), 5.36 (m, 1H), 5.47 (m, 1H), 5.63 (m, 1H), 7.63 and 7.90 (AA’BB’
system, 4 H, J = 9); >C NMR (CDCls) 8 11.09, 19.97, 21.03, 23.36, 26.52, 30.51, 31.36, 31.72, 33.40, 36.39,
36.52, 36.86, 39.86, 42.82, 48.14, 51.43, 81.82, 99.87, 102.34, 121.46, 127.50, 128.59, 130.34, 139.66, 140.75,
156.35, 156.98, 197.73; E1 MS m/z (relative intensity) 444 (M", 100), 429 (5), 263 (5), 145 (6), 133 (6), 105
(12); ; 1. R. (KBr) (cm™') 3350, 1670, 1590; elem. anal., found (calcd for C30H3¢03): C 80.83 (81.03); H 8.03
(8.16).

8m: pale yellow oil; yield 75 %; 'H NMR (CDCl3) & 0.92 (s, 6 H), 1.06 (s, 6 H), 1.33 (s, 2 H), 2.01 (s, 2 H),
4.01 (s, 2 H), 4.09 (s, 2 H), 6.34 (s, 1 H), 6.68 (s, 1 H), 7.20-7.35 (m, 10 H); *C NMR (CDCl;) & 29.59 (2C),
30.16, 30.65 (2C), 32.74, 33.73, 36.30, 37.51, 49.14, 109.41, 123.42, 126.27, 126.54, 127.56, 128.19, 128.53

wn

Furan 8d.

testosterone performed as described in Ref. 21. Purification of the crude reaction mixture by flash

chromatography (silica gel, n-hexane/ethyl acetate 8:2) yields progressively 2-hydroxymethylene-1783-
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hydroxyandrost-4-en-3-one 1g (33%) and 8d (19%). The yield of 8d can be improved to 32% if a prolonged

reaction time was used (24 h). White solid; m.p. 72-75 °C; 'H NMR (CDCl;3) 8 0.78 (s, 3 H), 1.04 (s, 3 H), 2.31
(s, 3 H), 0.90-1.68 (m, 12 H), 1.70-2.13 (m, 4 H), 2.30-2.42 (m, 2 H), 3.66 (t, 1 H, J = 7.8), 5.78 (s, 1 H), 7.36
(s, 1 H); C NMR (CDCl;) § 11.03, 13.67, 18.06, 20.99, 23.35, 30.25, 30.89, 32.38, 35.71, 36.42, 37.51, 39.91
42.76, 5041, 53.21, 81.45, 106.46, 122,88, 123.11, 165.15, 170.33, 189.14; L. R. (KBr1) (cn'1)3295 1610; elem
anal., found (calcd for C;;H300;): C 80.74 (80.93); H 9.12 (9.26)

(E,E) and (Z,E)-1,3,5-triphenyl-penta-2,4-dien-1-ones 9a and 9b

Ta a ealitinn of 1 3 S_trinhenvl_4d_nentvn_1_ane 2a (176 ma 0 S47 mmal in Adry al) (10 mI\ a enbitinn AfF
AW QA OVIMLIVIL UL Lledew \-AA'JALVIAJA L ‘JVLI\JII & Viiw awés \A i\ 1115, AYETEA oy llull\.ll} 1551 \AL 1LY I1 1 \l\l llll’ & DULUILIULL UL

o RN N VA

(hexane/EtOAc 99:1) yielding 9a (87 %) and 9a (17 %).

(E,E)-1,3,5-triphenyl-penta-2,4-dien-1-one 9a: 'H NMR (CDCl3) 8 6.74 (d, 1 H,

; EIMS m/z (relative intensity) 310 (M", 76), 309 (37), 2 7
(Z.E)-135-trinhenvl-nenta-2 4-dien-1 9b: '"H NMR (CDCI:) 8§ 6.50 (d. 1 H. T = 15.8): 7.01 (s. 1 H):
Sy a7 A g g TR A AR AR Y AT VAR LG T Ay R AR ANAVARR \(Wwasrl ) UOVLOV My 4 XLy v 1.0y (0VL \5y 1 1ij,

7.86 (m, 14 H); 7.88 (dd, 2 H,J = 7.8, I).
(E,E,E) and (E,Z,E)-1,5,7-triphenyl-epta-1,4,6-trien-3-ones 9c and 9d.

solution of MeONa in MeOH (30 %, 3 mi) was added. The reaction mixture was heated at 60 °C for 1h then
diluted with HCI 0.1 M (80 ml) and extracted twice with ethyl acetate (50 ml

Nt

. The organic layer, dried over

ium sulphate, was then evaporated to dryness and the crude purified by

5 YV §1e2 4§ v eiyl Lk ul uritic

n 5 . | o~ oo

silica gel (hexane/EtOAc¢ 97:3) yielding 9¢ (50 %) and 9d (41 %).
(E,E,E)-1,5,7-triphenyl-epta-1,4,6-trien-3-ones 9¢: '"H NMR (CDCl3) 6 6.42 (d, 1 H, J =0.7), 6.71 (d, | H, J
=14),693(d, 1 H, J=16), 7.23-7.57 (m, 15 H), 7.67 (d, 1 H, J = 16), 8.62 (dd, 1H, J

NTETF S S5 ~ et s B

(CDCl3) & 125.13, 127.02, 127.18, 127.66, 128.14, 128.39, 128.73, 128.87, 128.92, 129.17, 129.20, 129.27,
130.34, 134.66, 136.63, 141.15, 142.51, 155.44, 189.44

(E,Z,E)-1,5,7-triphenyl-epta-1,4,6-trien-3-ones 9d: 'H NMR (CDCl3) 8 6.38 (d, 1 H, J = 15.8),6.53(d, 1 H, ]
L e e A e i A e e N 37 AS) 2 SOy VeSS (s v

= 0.6), 7.15-7.45 (m, 18 H); °C NMR (CDCls) § 127.02, 127.17, 127.66, 128.31, 128.40, 128.49, 128.63,
28.68, 128.88, 128.98, 130.03, 130.17, 131.89, 134.93, 136.23, 138.81, 141.50, 152.71, 190.54.

C

To a solution of 4-pentynone 2m (0.2 g, 0.578 mmol) in dry methanol (15 ml) a solution of a solution of

MeONa in MeOH (30 %, 3 ml) was added. The reaction mixture was stirred at room temperature for 1h then
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diluted with HC1 0.1 M (80 ml) and extracted twice with ethyl acetate (50 ml). The organic layer, dried over

PR e mmid iy csslialanbn wrranc tlian arrnsaentad $4 o dimrrnocs A thia ~seida sind o Ly ~a
dIlYGIOUS SOUlulll SUIphidie, wadd UICH ©Vapulialtdl 0 U yHedS dllu W CTUUC pUulilicu vy iids.

D
=g

silica gel (hexane/EtOAc, 98:2) yielding pure 10 as a pale yellow oil (37 %).
'H NMR (CDCl3) 8 0.94 (s, 6 H), 1.02 (s, 6 H), 1.35 (s, 2 H), 2.02 (s, 2 H), 2.84 (dd, 1 H, T =19, 2), 3.16 (dd, 1
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1,3,6-Triphenyl-esan-1,4-dione 11.

79-80 °C; '"H NMR (CDCl3) & 3.12 (dd, 1 H, J = 18, 3.7), 3.83 (AB system, 2 H, J = 18.6), 3.98 (dd, 1 H, J =
18, 10), 4.51 (dd, 1 H, J = 10, 3.7), 6.83-7.45 (m, 13 H), 7.92 (m, 2 H); °C NMR (CDCl;) & 42.62, 48.53,
52.78, 126.72, 127.57, 128.02, 128.30, 128.46, 128.48, 129.07, 129.77, 133.15, 134.06, 136.36, 137.65, 197.97,
206.67; EI MS m/z (relative intensity) 328 (M, 1), 310 (1), 237 (28), 105 (100), 91 (27); L. R. (KBr) (cm™)
1715, 1685, 1595, 1578; elem. anal., found (calcd for Co3H,003): C 84.27 (84.11); H 6.27 (6.13).
N-Benzylpyrroles 12. General procedure.

A solution of 4-pentynone 1 or 2 (2.03 mmol) and benzylamine (0.325 g, 3.04 mmoil) in dry toluene (50 mi) or
in xylene (50 ml) with a catalytic amount of pTSA was heated under reflux, in a Dean-Stark apparatus
(Aldrich), for 2-24 h. The solvent was then evaporated under reduced pressure. The residue, purified by flash
chromatography (silica gel, n-hexane/ethyl acetate mixture), afforded i2.

12b: dark oil; yield 59 %; '"H NMR (CDCls) 8 2.25 (s, 3 H), 2.40-2.53 (m, 2 H), 2.64-2.77 (m, 4 H), 5.04 (s, 2
H), 5.86 (s, 1 H), 7.09-7.12 (m, 2 H), 7.33-7.45 (m, 3 H); °C NMR (CDCls) & 13.22, 25.50, 26.41, 29.28,
49.15, 102.48, 125.05, 126.90, 127.66, 129.20, 131.82, 137.85, 139.22; El MS m/z (relative intensity) 211 (M",
48), 210 (36), 196 (15), 120 (15), 91 (100).

12d: dark oil; yield 97 %; "H NMR (CDCl;) 8 1.53-1.69 (m, 4 H), 1.97 (s, 3 H), 2.26 (t, 2 H, J =4.9),2.39 (t, 2
H, J = 4.9), 4.75 (s, 2 H), 5.62 (s, 1 H), 6.73-6.77 (m, 2 H), 6.98-7.18 (m, 3 H); °C NMR (CDCl;) & 12.76,
22.85, 23.95, 24.33, 24.69, 47.10, 106.15, 117.01, 126.57, 127.59, 127.65, 127.70, 129.36, 139.64; 1. R. (neat)

12e: dark oil; yield 78 %; "H NMR (CDCl;) & 1.66-1.94 (m, 6 H), 2.26 (s, 3 H), 2.64-2.74 (m, 4 H), 5.12 (s,
7.01-7.05 (m, 2 H), 7.33-7.46 (m, 3 H); 'C NMR (CDCl;) & 12.78, 27.36, 28.49, 28.96,

1200 12071
JV.07, 13 1

FEY S 0

I
N i

intensity) 239 (M, 69), 238 (29), 224 (12), 210 (19), 198 (14), 185 (15), 148 (12), 91 (100).
12f: yellow solid; yield 77 %; mp 79-85 °C; more than one isomer are present in the final product; 'H NMR



A. Arcadi, E. Rossi / Tetrahedron 54 (1998) 15253-15272
(CDCL) 8 0.80 (s, 3 H), 0.98 (s, 3 H), 2.13 (s, 3 H), 0.90-2.45 (m, 17 H), 2.50, 2.73 and 3.05, 3.31 (two couple
of d, ratio 4:1, 2 H), 4.96 and 5.00 (iwo singiets, ratio 4:1, 2 H), 5.74 and 5.76 {iwo singlets, ratio 4:1, 1 H)

20-7.35 (m, 3 H); '*C NMR (CDCl;) values for the major isomer in
24.01, (24.07), (31.05), (31.86), 32.26, (32.58),

33.30, (37.26), (37.43), (37.98), 38.55, 38.58, (40.66), 43.19, (43.45), (46.75), 47.02, 51.01, (51.26), 51.82
(55.27), (82.38), 105.88, (106.61), (110.53), (114.79), 115.09, 121.77, 124.90, 12622, (126.43), 126.47,
126.52, (127.47), (127.65), (127.86), 128.02, (129.14), (139.34), 139.80, (141.32); EI MS m/z (relative

1nh-1nc:|fv\A S(M 16\ 414 HA\ 413 (40\ 400 (16\ 248 ( ‘I’)

nnnnnnnnnn

1496, 1258. Elem. anal., found (calcd for CyH37;NO): C 83.68 (83.80); H 8.73 (8.97); N
12h: yellow solid; yield 92 %; mp 155-158 °C; 'H NMR (CDCls) 8 3.78 (S, 2 H), 4.01 (s, 2 H), 4.69 (s, 2 H)

6.75-7.40 (m, 19 H); °C NMR (CDCl;, 2C overla

iil, 11), S LNAYALN \wAsdl,

a1 (100):
1 {10L)

vvvvv 2),9 LR ﬂmr)( m'') 3422, 1654, 1544

y Ao AN, (ARLZ

6.!6 (S, } H}’ pp }ll A al. .ll“l.}

47.06, 108.41, 123.08, 125.40, 126.21, 126.82, 127.06, 127.48, 127.76, 128.42, 128.46, 128.62, 128.67, 129.82,
130.89, 132.07, 136.96, 137.68, 138.13, 139.90; EI MS m/z (relative intensity) 449 (M+2, 3.3), 447 (M', 10),
125(10), 91 (100); L. R. (KBr) (cm™') 1595, 735, 710;elem. anal., found (calcd for C3;Hz6NCl): C 82.86 (83.10);
H 5.79 (5.85); N 3.02 (3.12).

12j: yellow solid; yield 76 %; mp 157-159 °C; '"H NMR (CDCl3) & 2.11-2.22 (m, 2 H), 2.63 (t, 2 H, ] = 7.7),
3.57 (s,2 H), 3.73 (s, 3 H), 4.02 (s, 2 H), 4.81 (s, 2 H), 5.57 (t, 1 H, J = 4.3), 6.24 (s, 1 H), 6.58-7.46 (m, 18 H);
BC NMR (CDCls, 2 couple of C overlapp in the aromatic pattern) § 22.05, 27.60, 29.18, 29.70, 45.99, 54.07,
107.12, 109.61, 112.60, 121.85, 122.80, 123.01, 124.14, 124.50 125.10, 125.20, 125.92, 126.41, 126.77,
127.29, 127.55, 129.36, 132.45, 136.15, 137.26, 137.50, 139.12, 157.26; EI MS m/z (relative intensity) 495
(M7, 45), 404 (12), 250 (23), 115 (10), 91 (100); L. R. (KBr) (ecm’ 'Y 1595,735,710; elem. anal., found (calcd for
C36H33NO): C 87.12 (87.22); H6.65 (6.71); N 2.77 (2.82).

12k: yellow solid; yield 55 %; mp 105-108 °C; "H NMR (CDCIl3) 6 2.32-2.44 (m, 2 H), 2.56-2.62 (m, 4 H),
3.90 (s, 2 H), 4.84 (s, 2 H), 5.76 (s, 1 H), 6.88-7.08 (m, 2 H), 7.19-7.33 (m, 5 H), 8.07 (d, 2 H, = 8.6); "°C
NMR (CDCl;) 8 25.40, 26.28, 29.09, 34.01, 49.35, 104.58, 124.02, 125.37, 126.62, 127.75, 129.14, 129.77,
132.55, 138.57, 139.45, 147.00, 148.15; E1 MS m/z (relatlve intensity) 332 (M+ 13), 112 (5), 105 (7), 92 (10),
91 (100); elem. anal., found (calcd for C,HoN>O,): C 7 )

63 (75.
12m: dark oil; yield 94 %; '"H NMR (CDCl;) & 1.61-1.87(m, 4 H), 2.37 (m,

); N 8.16 (8.42).

6
H), 2.49 (m, 2 H), 3.70 (s, 2 H), 4.
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82 (s, 2 H), 5.63 (s, 1 H), 6.79-7.23 (m, 9 H); °C NMR (CDCl3) § 21.90, 23.06, 23.36, 23.72, 32.37, 46.39
106.71, 116.34, 125.63, 126.90, 127.99, 128.31, 128.58, 129.45, 129.99, 131.71, 138.07, 138.54; EI MS m/z
(relative intensity) 337 (M+2, 2.3), 335 (M", 107.1), 224 (5.7), 210 (6.4), 180 (6.7), 125 (8.4), 91 (100).

12n: yellow solid; yield 92 %; mp 110-112 °C; 'HNMR (CDCl3) §2.63 (t, 2 H, J = 8.05), 294 (1, 2 H, J =

7.88), 3.86 (s, 2 H), 4.89 (s, 2 H), 6.22 (s, 1 H), 6.80-7.40 (m, 13 H); BC NMR (CDCI;, C-F coupled)  20.77,
29.57, 32.87, 46.82, 103.45, 118.02, 121.30, 123.14, 123.22, 124.30, 125.23, 125.30, 125.55, 126.71, 127.25,
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127.84, 128.76, 128.84, 130.76, 132.00, 132.66, 133.25, 137.73, 140.25; EI MS m/z (relative intensity) 417

( R
{calcd for Cy7H2aNF3): C 77.48 (77.67); H 5.27 (5.31); N 3.27 (3.35).
N-Unsubstituted Pyrroles 12. General procedure.
pentynon (1.39 mm,
solution, 10.4 ml) was heated at 120 °C in a steel reactor for 9-24 h. The solvent was then evaporated under
reduced pressure. The residue, purified by flash chromatography (silica gel, n-hexane/ethyl acetate mixture),

afforded 12.
12a: dark oil; yield 50 %; '"H NMR (CDClI3) 6 2.18 (s, 3 H), 4.08 (s, 2 H), 6.03 (m, 1 H), 7.14-7.57 (m, 11 H),
BC NMR (CDCl3) 6 12.78, 31.48, 107.07, 123.10, 125.59, 125.86, 126.56, 128.19, 128.39, 128.45, 128.75,

129.01,137.98, 141.05; L R

(neat) (cm™') 3414, 1600, 1494, 760.

12¢: dark oil; yield 69 %; '"H NMR (CDCl3) § 1.57-1.76 (m, 4 H), 2.13 (s, 3 H), 2.35-2.46 (m, 4 H), 5.56 (m, 1
H), 7.15 (bs, 1 H); °C NMR (CDCl3) 6 13.44, 23.16, 23.35, 23.44, 23.53, 105.53, 117.50, 125.84, 126.17; EI
MS m/z (relative intensity) 135 (M, 51), 134 (50), 133 (38), 132 (44), 117 (32), 107 (100), 91 (25).

12g: dark oil; yield 89 %; "H NMR (CDCl3) & 3.89 (s, 2 H), 4.12 (s, 2 H), 6.10 (m, 1 H), 7.13-7.45 (m, 15 H),
3C NMR (CDCl3) & 33.11, 33.91, 107.94, 122.79, 125.86, 126.16, 126.97, 128.09, 128.89, 129.01, 129.13,
129.21, 129.71, 130.45, 132.69, 137.26, 138.34, 140.04; EI MS m/z (relative intensity) 359 (M+2, 23), 357 (M",
69), 356 (19), 280 (23), 266 (31), 232 (100), 202 (28), 167 (31), 154 (60), 125 (72), 105 (29), 91 (67); L. R.
(neat) (cm™") 3408, 1672, 1602, 1490, 1090, 1014, 762.

12i: dark oil; yield 65%; "H NMR (CDCl3) 2.19-2.26 (m, 2 H), 2.63-2.71 (m, 2 H), 3.64 (s, 2 H), 3.75 (s, 3 H),
4.05(s,2 H),5.71 (t, 1 H,J =4.5), 6.14 (m, 1 H), 6.57-6.80 (m, 3 H), 7.05-7.52 (m, 11 H); *C NMR (CDCl;) 5
23.07, 28.73, 31.73, 32.61, 55.16, 108.68, 110.79, 113.81, 124.20, 124.79, 126.03, 126.30, 126.96, 127.48,
127.60, 128.33, 128.47, 128.60, 128.86, 129.08, 129.52, 131.79, 133.62, 138.36, 139.71; L. R. (neat) (cm™)
3440, 1605, 720.

121: dark oil; yield 84 %; 'H NMR (CDCls) & 1.64-1.78 (m, 4 H), 2.37-2.52 (m, 4 H), 3.81 (s, 2 H), 5.64 (s, 1
H), 7.10 and 7.22 (AA’BB’ system, 4 H, J = 8.2); 7.30 (bs, 1 H); '*C NMR (CDCls) & 22.60, 22.77, 23.36,
23.74, 33.56, 105.77, 118.82, 126.28, 128.18, 128.52, 130.02, 131.93, 138.21; L. R. (neat) (cm™) 3450, 1600,
780, 760, 720.

20: dark oil; yield 80 %;
H), 7.08-7.87 (m, 12 H); "*C NMR (CDCl;, 2C) & 25.43, 26.
126.36, 126.52, 126.94, 127.15, 127.33, 127.56, 128.65, 12
MS m/z (relative intensity) 32

795, 730.



Financial support from MURST (Roma) and CNR (Roma) is gratefully acknowledged.

ey

wn i~

® ~N o

19.
20.

21.

CriinAdlhavrae DT T Mazissnlissioiiag IFntnsennisnlin £ s ot L ntuitrzl ey A D Vo MW7 T3 ) 3 PRy
DWIIUUCLYE, INJ. UL vormnpr C"E".)IVC fiee I(}L_y e Cnemiyery, ndtll Y, AN, INUCS, L.V, CAs., I’Crgd"]()n
pl‘PCQ‘ NPW York 1084 VOI A n 313: Raianna ¢ ihi Vol 4 n 741 Nakanichi atival Pradiinte
LTIUSS SOV LUK, 270N, YULL S, p 212, ;wJulur:u (2444 YVi. Ty P 1T Ly AVANGIIIONILy L LTL6RUAT U 1 T a0

S
Chemistry Kodansha, Ltd.: Tokio, 1974; Lipshutz,
Contemp. Org. Synth. 1995, 2, 1; Hou, X.L.; Cheun
Y., Wong, H.N.C. Tetrahedron 1998, 54, 1955- 2020.
Rayner, C.R.; Astles, P.C.; Paquette, L.A. J. Am. Chem. Soc. 1992, 114, 3926-3936, Paquette, L.A ;
Doherty, A.M.; Rayner, C.R. ibid. 3910-3926.
Magee, D.I; Leach, J.D.; Mallais, T.C. Tetrahedron Lert. 1997, 38, 1289-1292.

Dasbrica TY W o« asinnns v Wias Y0 Wi o J ™ P ™D . IT_11 T . Tid...-11
DOYKill, L. v, AUN&r, A., Ald0, UJ.; wiisoil, W L DCl.lU.Cl B.C. . 1vu.\.,uluy, GG natl, J.B. 11aWElL,
RR.J Med Chem. 1988, 4], 124-129.

Konoike, T'Oka(ja T.; Ar i, Y. J Org. Chem. 1988, 63, 3037-3040

Wemgarten, M.D., Padwa, A. Tetrahedron Lett. 1995, 36, 4717-4720, and references cited therein.

Torii, S.; Xu, L.H.; Okumoto, H. Synlett 1991, 695-696; Foumnet, G.; Goré, J. Tetrahedron Lett. 1993,
34, 7057-7058; Marshall, J.A.; DuBay, W.J. J Org. Chem. 1994, 59, 1703-1708, and references cited
therein; Katritzky, A.R.; Li, J. J. Org. Chem. 1995, 60, 638-643, and references cited therein; Vieser, R.;

Eberbach, W. Teirahedron Lett. 1995, 36, 4405-4408,; Katmzxy, AR.; Li, J. J Org. Chem. 1996, 61,
1£9A 1670 pnd waliavnnnne ~itad thawalome Mirmnm T Do Vaneas; M. 100L £1 ONLO ONLO,
10L9-1040, AIIU ICICICIIVOD VIWCU LUICICLLE, U ULIdIl, 1. I, , I\Cd.llﬁy, lV.l l J Ufg wherr. 1790, 07, 7U00-7U07,
R aronn p ‘ - r“]m ﬂll ' afrnlqa N ’ﬂf’ ‘0 7 QQ 7Q<_7 Q M‘l"ﬂﬂ n I . YI\C‘AI!‘I v . V“EQ"!\ Q .
1Y 141 OV7E l, NsalVha .y AL IS8 \4ll o 4 I AT AT UIL 4t A 77 l K], i ‘7 uu, I'las\l\t, A7 ks T} I\UDUI\J’ r .y 1\uDaLlU, U-’
Nagasaka, T. Tetrahedron Lett. 1998, 39, 3517-3520; Miiller, T. M.; Beller, M. Chem. Rev. 1988, 98,

675-703.

Arcadi, A. Synlett 1997, 941-943 and references therein.

Arcadi, A.; Marinelli, F.; Pini, E.; Rossi, E. Tetrahedron Lett. 1996, 37, 3387-3390; Arcadi, A.; Rossi, E.
Synlett 1997, 667-668.

Stork, G.; Borch, R. J. Am. Chem. Soc., 1964, 86, 935-936.

\cnwartz J.; Carr, B. D.; Hansen, R.T.; Dayrit, F.M. J. Org. Chem. 1980, 45, 3053-3061, and references

awvn
,LAuJu Miky £ hey LALECARLILCR, LIVE,
’

Nlcholas KM Mulvaney, M.; Bayer, M. J. Am. Chem. Soc. 1980, 102 2508-2510; Haruta, J-i.; Nishi,
K.; Matsuda, S.; Akai, S.; Tamura, Y.; Kita, Y. J Org. Chem. 1990, 55, 4853-4859.

Stork, G.; anzolara, A., Landesman, H.; Szmuskovicz, I.; Terrel, R. J. Am. Chem. Soc. 1963, 85, 207-
222.

Opitz, G. Liebgs Ann. Chem. 1961, 122-132; Davies, H.J.; Main, B.G. J. Chem. Soc. C 1970, 327-329;
Hennion, G.F.; Quin F.X.J.Org. Chem. 1970, 35, 3054-3058.

Ve o ) n n rs

Herr, M.E.; Heyl F.W. J. Am. Chem. Soc. 1952, 74, 3627-3630; Diassi, P.A.; Fried, J.; Palmere, RM.P.;

10L1T 02 ANYAN ALK
3d[)(), D l" J ﬂl’ﬂ LHC”I a.)U(., 1701, OJ, Y& 7-94J0,

Kumar, V.; Ackerman, J.H.; Alexander, M.D.; Bell, M.R.; Christiansen, R.G.; Dung, J.S.; Jaeger, E.P.;
Herrmann, J.L.; Krolski, M.E.; McKloskey, P.; Batzold, F.H.; Juniewicz, P.E.; Reel, I.; Snyder, BW_;
Winneker, R.C. J Med. Chem. 1994, 37, 4227-4236; Quadri, L.; Bianchi, G.; Cerri, A.; Fedrizzi, G.;
Ferrari, P.; Gobbini, M.; Melloni, P.; Sputore, S.; Torri, M. J. Med. Chem. 1997, 40, 1561-1564.

Kumar, V.; Todaro, A.B. Synthesis 1992, 523-525.

Clinton, R.O.; Manson, A.J.; Stonner, F.W.; Neumann, H,C.; Christiansen, R. G.; Clarke, R.L;
Acherman, J.H.; Page, D.F.; Dean, J.W.; Dickinson, W.B.; Carabateas, C. J. Am. Chem. Soc. 1961, &3,

™ AT nATY 4

i478-1478; Njar V.C.0.; Kato, K.; Nname, 1.P.; Grigoryiev, D.N.; Long, B.J.; Brodie, A.M.H. J. Med.

. NN 01"
Lnem l‘IOO ‘H 902-912.

Bum, D.; Cooley, G.; Petrow, V.; Weston, G.O. J. Chem. Soc. 1959, 3808-3811. Miller, T.C;
Christiansen, R.G. J. Org. Chem. 1964 29,3612-3617.

g2 838 18 1o w3 8 PUB AR



15272

31.

32.

33.

A. Arcadi, E. Rossi / Tetrahedron 54 (1998) 15253-15272

Janardhanam, S.; Shanmugam, P.; Rajagopalan, K. J. Org. Chem. 1993, 58, 7782-7788.

Sonogashira, K.; Tohda, Y.; Hagihara, N. Tetrahedron Lett. 1975, 50, 4467-4470; Rossi, R.; Carpita, A.;

Bellina, F. Organic Prep. and Proced. Int. 1995, 27, 127-160; Arcadi, A.; Attanasi, A.; De Crescentini,

L.; Rossi, E.; Serra-Zanetti, F. Tetrahedron 1996, 52, 3997-4012.

Magee, D.1; Leach, 1.D. Tetrahedron Lett. 1997, 38, 8129-8132.
Q. .1 P

= aam WA, R - = I} T . s A .
Luo, F.-T.; Schreuder, 1.; Wang, R.-T. J Org. Chem. 1992, 57, 2213-2215; Arcadi, A.; Cacchi, S.;
Marinelli, F. Tetrahedron 1993, 49, 4955-4964

S.; Larock, R.C.; Marinelli, F. 1993, 34, 2813-2816; Arcadi, A.; Rossi, E.
Tetrahedron Lez‘t 1996 37,6811-6814; Arcadl A.; Anacardio, R.; D’ Anniballe, G.; Gentile, M. Synlett
1997, 1355-1317; Cacchi, S.; Fabrizi, G.; Moro, L. J. Org. Chem. 1997, 62, 5327-5332.

Ciattini, P.G.; Morera, E.; Ortar, G. Tetrahedron Lett. 1991, 32, 6449-6452,

Arcadi, A.; Cacchi, S.; Fabrizi, G.; Manna, F.; Pace, P. Synlett 1998, 446-448 and references therein.

Jstensen, bl Mishrikey, M. Acta Chem. Scand. 1976, B30, 635-639; Kluge, A.F.; Lillya, C.P. J. Org.
Chem.1971, 36, 1977-1988.

s . [PopN . -~ FUTIUNG NN SN SO
Utimoto, K. Pure & Ap"z’ Chem. 1983, 55, 1845-1852; Imi, K.; Imai, K.; Utimoto, K. Tetrahedron Lett.
1987, 2&, 3127-3130; Fukuda, Y.; Shiragami, H.; Utimoto, K.; Nozaki, H. J Org. Chem. 1991, 56, 5816-

5819

Anderson, P.N.; Sharp, J.N. J Chem.Soc. Perkin 11980, 1331-1334; Sakamoto, T.; Kondo, Y.; Miura, N
Hayashi, K.; Yamanaka, H. Heterocycles 1986, 24, 2311-2314; Sakamoto, T.; Kondo, Y.; Yamanaka, H
Hererocycles 1988, 27, 2225-2249.

Rousseau, B.; Nydegger, F.; Gossauer, A.; Bennua-Skalmowski, B.; Vorbriiggen, H. Synthesis 1996,
1336-1340.

Stang, P.G.; Treptow, W. Synthesis 1980, 283-284; Stang, P.G.; Hanack, M. Subramaman L.R.

. 1
Syluhcsto 1982, 85-126; CaCuhA S. . Morera, E.; Oucu, G. O Urg. u_ylu‘rr’i i

[



