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I Introduction

I Introduction

By the mid-1970’s it had become clear that the area of polyquinane chemistry was on
the verge of an explosive growth period. There were several underlying reasons for
this surge of interest in molecules whose frameworks featured mutually fused cyclo-
pentane rings. Perhaps the most evident was the realization that little attention
had previously been paid to methodology for annulating one five-membered ring to
another. The need for suitably efficient protocols of this type was arising on
several fronts. On the one hand, new natural products were being isolated, the di-
or triquinane skeletons of which had not heretofore been appreciated as biogenetically
derivable from farnesyl pyrophosphate or related precursors. Independently and with
equal intensity, a growing fascination for the possibly unusual physical and chemical
properties of yet unknown spherical compounds such as dodecahedrane was gaining
rapid momentum. In addition, many novel polycyclopentanoid alicyclic systems of
theoretical interest were awaiting the implementation of ingenious routes to their
acquisition in the laboratoy.

In 1979, we authored a review in Topics in Current Chemistry entitled “The Develop-
ment of Polyquinane Chemistry”’”. Numerous early experimental investigations in
this field were surveyed and compiled therein. In the few, short intervening years, the
level of research activity dealing with polyquinanes has literally mushroomed.
Accordingly, the writing of an updated, complementary review as a means of keeping
oneself abreast of the many new and imaginative developments seemed entirely
appropriate and even necessary. As before, the intention has been to gather together
all relevant new facets of pertinent synthetic methodology in the polyquinane field with
a view to stimulating yet more exciting future scientific ventures.
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II New Synthetic Developments

A Annulation Reactions

1 Acid- and Base-Promoted Cyclizations

Although bicyclo[3.3.0]octenones lacking angular substituents can be generated under
aldol conditions 2'¥, unsatisfactory yields are commonly encountered. The situation

><I/N‘iz/ 1. NaOH, EtOH w/ 0.5 M NaOH ><:E§:
—_—— ——

2.HCI, Hy0 EtOH

COOMe COOMe

NaOMe TsOH
-+ R i _—’0
MeO Q MeOH eO xylene
0 CH3 0
("low yield")

is rather dramatically altered and the process gains considerable preparative
respectability when comparable cyclodehydration procedures are applied to suitably
substituted analogues (Scheme I). It matters not whether the angular group is alkyl as
in 7* and 2 % or electron-withdrawing as in 3® and 5 7. Until this phenomenon was
recently appreciated, the simple bicyclic enone 4 had eluded synthesis.

1Al

KOt B
]/:} _KOtBu _H
J 2.03 CHz O CeHg » 0

¢/j:§ TsOH ;(j%;o 30 % KOH 050
“ R O _—
2. Hg(OAc)2, 0 Me OH

EtOH, py
2 (60%)
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COOEt COOEt 1. 1%NaOH,
2 NaH Ho0
CH toluene 2.100°C
0 3 A
(-COyp)
3 4

(38% from 3)

. 0SO,CH OH
0 Me3SI\)L/ 3 BugN*F -
SO,Ph NaH, DMF
2 an, SO5Ph A SO,Ph
5 (94 %)
Scheme 1

These difficulties can sometimes be surmounted by implementing alternative
methodology. Thus, recourse to Wadsworth-Emmons reagents (e.g., 6) has proven
generally reliable, although the strongly alkaline conditions required served to di-
merize 4 when arrived at in this manner ®. Annulation also proceeds well when
aldolization involves an aldehyde-containing sidechain as in 7 ?. In most instances

R R
Y NaH
- - (o}
OR' ';(OE"E( MeOACHz)Z f
6 (o]

R=H,R'=CHz (80%)
R=CHz ,R'=H (70%)

@
OH
1.Bqu/\)\0 2 CHO K
- -
CuBr < MeoS
2.HCl, Hp0
7 8
0
0 (NZN)- c=0
&/
7 O 1.NaOH, Hy0, 2
—_—
2.Jones - COOE! COOEt
CH ++
CH,COOH ( Z\COO_)MQ 0
9
COOE!t
K2C03r
0 0 CH3OH
(89 %)

10
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CHO CHO
o, NH s
o ~CIX
B TsOH e
(92%)
11 12
€003~Bu COO0t-Bu
NaH
0=<j + 0 e O{I?:O
THF
OAc A
C00t-Bu COOt-Bu
13
Scheme I

where B-hydroxy ketones of type 8 are formed, dehydration is not spontaneous and
requires hydroxyl group activation '?. Although less studied, intramolecular Michael
additions exemplified by 9 — 10 '" and 11 — 12'? give evidence of high efficiency
(Scheme II). With /7 in particular, several alternative reaction pathways are possible,
and reaction conditions must therefore be closely monitored. The double Michael
addition options made possible by 4-acetoxy-2-cyclopentenone (13) are noteworthy. 1
It would appear on the basis of two reports'*!5 that intramolecular Claisen
condensations have considerable potential in delivering highly functionalized
diquinanes (e.g., /4 and 15) not readily available by other means.

OCHz 1.LDA, OCH3 1. CHgLi
CH,=CHCOOMe 2.6NHCI
e —————
2.KOH, H20 3.CHoNp COOMe
0 3.H;0* o . COOH 0

/NaOMe,
CeHg » &

_KN(SiMeg)y (3%
“ICH,COOMe
0 0

THF
COOMe
14
0
d/\‘ 1.Bry, CHCl3 m 1. KOH, MeOH _
cooc 2.C9C05, Mool 28Ry ELO
CH3CONMe Acy0, HOAC 0

15

Where alkylation reactions are concerned, the combination of irreversible carbon-
carbon bond formation and favorable kinetic considerations frequently provide

4
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0 1. CHy= CHCH,SiMe3, 9 COCHgz
3 -
2.HBr, hv Br  t-BuOH
pentane (94 %)
g 0
. SPh O
Phs\é C \/U\/S'M63 C'jf):g KOt Bu (ﬂ
—_— [ PR
TiCl, t - BuOH
(73%)
0 o
1.2LDA Br -~~~ Br
2. nh -BuLi : :
—~ 4
16 (13%)
Scheme 111

satisfactory product yields (Scheme III). 6! The twofold alkylation of the cyclo-
pentane-1,3-dione trianion with 1,3-dibromopropane to provide 76 directly is notable
despite the low yield incurred. '®

Finally, Marino and Linderman have shown that the addition of vinylcuprate /7
to cyclopentenylcarbonyl chlorides followed by Lewis acid-promoted Nazarov
cyclization is a useful means of gaining access to bicyclic keto esters /8. ¥

H COOEt
0 0 0
R >_:\‘— _ R COOEt R
>@/u\c| CH3 u—=-CgqHg-n m SnClg m,COOE'
R 17 R CHCl2 R
18
(R= H, 30% )
R=CH3z, 30%!

2 Intramolecular Ylide Additions

Trost and Curran have developed a cyclopentenone annulation sequence based upon
an intramolecular Wittig cyclization which is both general and adaptable to
asymmetric synthesis (Scheme IV). 29 Palladium(0)-catalyzed reaction of a five-ring
B-dicarbonyl system with 2-ethoxy-3-acetoxy-1-propene leads in high yield to the
C-alkylated product, which with N-bromosuccinimide is converted to the correspond-
ing a-bromo ketone. Direct conversion to the phosphonium salt, followed by ylide
generation at 40 °C, results in cyclization. The formation of 20 in optically active

5
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Q 1. A0 N NoEt, @ 1.PhsP, 0
Pd(PPh CeHg, A
_Pd(PPhz)y tt%o _CeMerd mo
DBU, toluene 2.K~CO
o ; :
0 2 nBs, Br HZO 3 ‘
aq DMSO 19 2 20
t
SEE COOE ) COOEt
— o —— 0
o) )
Br
Scheme IV

form by condensation of /9 with various optically active phosphines and subsequent
exposure to aqueous K,CO; eventuates in poor-to-good chirality transfer (0-77 %
ee) 21, A transition state model has been advanced in an effort to rationalize the inter-
dependency of optical induction and phosphine structure. 2% 21

In an alternative solution to the problem of obtaining optically active 20, Brooks
and coworkers first subjected 2/ (and the corresponding propyl and propargyl
derivatives as well) to microbial reduction with baker’s yeast 2. The resulting ketol
(21), obtained in greater than 98 9, enantiomeric purity (the absolute configuration
was also established), was subsequently converted in seven steps to enantiomerically
pure bis-nor-Wieland-Miescher ketone (20, Scheme V).

1.+ s| —cl COOH 0Si+

@/ imid, _imid, DMAP O "L _odi+ 1cociy o=<;|:§|
' 2.cHgPPhy,

2. KMDO4 y NaIO4

- BuOH-Hy0 toluene, A
21
0 1.BugN*F
: THF
9 2.PCC

20
Scheme V

The utility of intramolecular sulfur ylide-carbonyl condensations for achieving
cyclopentane epoxyannulation was simultaneously reported by two research groups.
23,24 Crandall’s approach relies upon regioselective thiophenol addition to 2-allyl-
cyclopentanone under free radical conditions and sulfonium salt formation with tri-
ethyloxonium fluoroborate (Scheme VI). Under strongly basic conditions, epoxide
formation proceeds readily and in good yield. The sulfur substitution plan in 22
appears more suited than that found in 24 since a 1:1 ratio of 23 and 25 is
encountered in the last instance. ¥

6
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CoH
ek 0
Cﬁo/ﬂ 1. PhSH, ATBN Oio)/i—m K01 B Cb
+oc - -
2.(C,Hg)30"BF BF, THF
22 23
CaHs
1.INSCH !
2''5" 4
— Y CoHg ——— &
+ 5
00Me2- H30 o BFZ_ THF
3.(CoHg)30* BF, 4
24 25
Scheme VI

3 Weiss-Cook Condensations

Although Weiss’ original study of the condensation of (ﬁ‘methyl 3-ketoglutarate with
1,2-dicarbonyl compounds was made public in 1968, 2 it remained for Bertz, Rihs,
and Woodward to develop a workable, large-scale laboratory preparation of the
parent bicyclo[3.3.0]octan-3,7-dione (26) from glyoxal only last year. 2 During the

o= Yo

26
COOMe CHfH COOH
0 1. pH 5.6 1.0s04 -
+ 0 }0
o 2.HCl, 2.Cr03 , -=_-
CH COOH
hooMs HOAc A acetone LH
27 28

Me OOC /\/\COOMG COOMe

c=0 1. pH 56-8.3

| % 5 HOOC COOH
fi‘=0 2.HCI, Y Y

H

COOMe HOAc, A

29 30
© COOMe
1. pH 5.6
70+ 0 —
c=0 2. HCI, 0 0
,'_, COOMe HOAc, A
31 32
Scheme VII



