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Carbopalladation? has emerged as one of the most
important methods for the preparation of a wide range
of molecular frames. Of these, the carbopalladation of
allenes? is particularly attractive from both a theoretical
and practical standpoint, thereby prompting the recent
activity in this field. However, its intramolecular
version?~" has received relatively little attention. Here,
we report a novel unprecedented type of intramolecular
carbopalladation of allenes, in which the ring transfor-
mation of the z-allylpalladium B2 in situ generated by
the intramolecular carbopalladation of A is accompanied
by the strain release of the cyclobutane ring to directly
give the fused bicyclo[n + 3.3.0] ring system C (Scheme
1).

This sequential process provides a unique entry into
the biologically important natural products having 5,7-
and 5,8-fused ring frameworks,% such as phorbol (1)¢ and
kalmanol (2)7 (Figure 1).

A goal of this novel cascade reaction was initiated by
its intermolecular version to examine the feasibility of
the carbopalladation accompanied by ring expansion of
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allenylcyclobutanols giving rise to the direct formation
of substituted cyclopentanones, and also to determine its
optimum reaction conditions. The experimental results
are summarized in Table 18 and revealed the following
features.

Namely, in all cases, this cascade reaction took place
to afford conjugated 5 and 6 and unconjugated cyclopen-
tenones 7 having a f-substituent in various ratios
depending on the substrates used and resulting in a
better yield in the case of the R’ group bearing electron
donor substituents (entries 8—11) rather than electron-
withdrawing substituents (entries 6 and 7). The relative
stereochemistry of substrates 3a and 3b did not signifi-
cantly affect the yield of this reaction.

The use of THF as a solvent resulted in a better yield
than that of DMF (entries 1 and 2 in Table 1). Thus, we
could confirm the cascade carbopalladation—ring expan-
sion reaction of allenylcyclobutanols to afford j3-substi-
tuted cyclopentenones. This cascade reaction was also
characteristic for the substrates having an allenylcy-
clobutanol framework.®

We are now ready for developing the intramolecular
version of this cascade reaction. The results for sub-
strates 13a,b and 17a,b, where the allene and vinyl
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Table 1. Intermolecular Cascade Carbopalladation—Ring Expansion Reaction between 3a,b and 4a—e?
I RX -
o O Me (o] R (o]
H
R 4a-f g
o A e o M
(CHa)gMe (CHz)gMe g"'(CHz)sMe
H “(CHz)eMe
3a:R= ..OH 5a—d 6a-c Tab
3b:R= «QOH
product
ratio?
entry 4 substrate time (h) 5 (a—d) 6 (a—d) 7 (a,b) yield (%)°
1 4a: R"=Ph; X =1 3a 12 76 (a) 24 (a) 0 33
2d 3a 20 52 (a) 0 48 (a) 76
3 3b 12 82 (a) 18 (a) 0 34
4 4b: R' = Ph; X = OTf 3a 6 62 (a) 38 (a) 0 27
5 3b 6 69 (a) 31 (a) 0 23
6 4c: R = p-NOsPh; X = | 3a 6 67 (b) 33 (b) 0 20
7 3b 6 66 (b) 34 (b) 0 21
8 4d: R' = p-MePh; X =1 3a 6 71 (c) 0 29 (b) 79
9 3b 6 100 (c) 0 0 67
10 4e: 1-iodonaphthalene 3a 10 78 (d) 22 (c) 0 75
11 3b 10 73 (d) 27 (c) 0 52

a Conditions: 10 mol % Pd(PPhj3)s, K>,COs3 (5 equiv), 4 (5 equiv), 80 °C, DMF. P Ratio was calculated from the isolated yields of each

products. ¢ Isolated total yield. ¢ THF was used as solvent.

Table 2. Intramolecular Carbopalladation—Ring Expansion Reaction of 13a,b and 17a,b2
I
j i
R
+ +
'l( )n/\)

13a:R= =QH;:n=1 18 :n=1 15 18a:R = ..uH 2

13b:R= -wQH;n=1 19 :n=2 18b: R = =H

17a:R= «QOH ;n=2

1 :R= -wQH;N=2

product
ratio?
entry substrate time (h) temp. 14 15 18 (a or b) 19 20 yield (%)°

1 13a 16 rt 0 100 - - - 80
2 13a 16 80 °C 100 0 - - - 63
3 13b 16 80 °C 100 0 - - - 67
4 17a 12 reflux - - 0 62 38 53
5 17a 12 80 °C - - 63 (a) 8 (b) 25 4 60
6 17a 12 80 °C - - 22 (a) 23 (b) 48 7 81
7 17b 12 80 °C - - 100 (b) 0 0 24
8 17b 12 reflux - - 0 100 0 34

a Conditions: 10 mol % Pd(PPhs)s, Ag.COs (2 equiv), toluene for entries 1—4, 7, and 8; 10 mol % Pd(PPhs)s, Ag.CO3z (2 equiv), 4 A
molecular sieves, toluene for entry 5; 10 mol % Pd(OAc),, 20 mol % dppe, 4 A molecular sieves, toluene for entry 6. P Ratio was calculated
from the isolated yields of each products for entries 1—3 and *H-NMR integration of methyl signals for entries 5—8. ¢ Isolated total yield.

iodide units were tethered by four- and five-carbon
chains, respectively, are summarized in Table 2.11

The cascade reaction of 17a,b proceeded in the same
way as that of 13a,b to give the bicyclo[6.3.0] system with

(10) We have examined this cascade reaction of 9—12 under the
conditions of entry 2 in Table 1 and failed to detect any products
resulting from this cascade reaction.

HQ - .
Ij:R 9 R= JLH TESO ||
- 10R =
H" (CHo)Me )L Me .
11R= —=H H" (CH2)sMe

12

(11) The substrates 13a,b and 17a,b were prepared from 2-(3-(tert-
butyldiphenylsiloxy)propyl)-2-methylcyclobutanone (16)° (for experi-
mental details, see Supporting Information).

a comparable yield to that of the bicyclo[5.3.0] system.
The definite effects of molecular sieves'? on the yield of
this cascade reaction was noteworthy, thus making this
methodology also efficient for the synthesis of the [6.3.0]
system.?

Supporting Information Available: Experimental Pro-
cedures for all substrates and characterization data for all
products (15 pages).
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(13) For general procedure for intermolecular cascade carbopalla-
dation—ring expansion reaction, see Supporting Information.



