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SYNTHESIS OF cis-DECALIN DERIVATIVE VIA n-ALLYLPALLADIUM INTERMEDIATE
AND ITS TRANSFORMATION TO USEFULLY FUNCTIONALIZED
trans-DECALIN DERIVATIVE
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Abstract: Treatment of 15 or 16 with Pd(PPhs)s (10 mol %) and NaH (1.2 equiv) afforded the cis-decalin derivative 18
stereoselectively in high yield, which was effectively transformed into the usefully functionalized trans-decalin derivative 29.

The discovery of new methods for the asymmetric construction of usefully functionalized decalin
derivatives continues to be a current research objective, because decalin skeletons are found in many bioactive
molecules such as steroids, aphidicolin and azadirachtin. In this communication, we report an effective
synthesis of the cis-decalin derivatives 17 and 18 starting with the prochiral substrates 13, 14, 15 and 16,
which is applicable to a catalytic asymmetric synthesis.! Moreover, transformation of 18 to the usefully

functionalized frans-decalin derivative 29 is also described.
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Scheme 1. a) LDA, THF, HMPA, -78 °C, 0.5 hr ; 2, TMSCI, THF, -78 °C, 2 hr ; TBAF, ACOH, THF, t, 1 hr (82%),
b) NaH, ether, 0 °C, 0.5 hr; LIAIH,, 0 °C, 1 hr (89%), ¢) Ac,0, EtsN, DMAP, CH,Cla, 0°C, 1 tr (5: 73%, §: 79%),

d) CrO; (10 equiv), 3,5-DMP (10 equiv), CHoClz, -20 °C, 1 hr (Z: 54%, 8:80%), e) NaBH, (1.5 mol equiv),
CeCly7H;0 (1.5 mol equiv), MeOH, -30 °C, 1 hr (: 25%, 10: 44%, 11:55%, 12:43%), f) K,COj3 (1.2 mol equiv),
MeOH, 0 °C, 10 min; Ac,0 (1.0equiv), EtsN, DMAP,CH,Cla, t, 15 hr (13:90%, 14: 75%, 15: 83%, 16: 75%)

The four prochiral substrates 13, 14, 15 and 16 for the catalytic synthesis of decalin derivatives were
designed on the basis of the following fact. It is well-known that reactions via x-allylpalladium complexes
proceed with overall net retention of configuration.2 Thus, the usefully functionalized decalin derivatives 17
and 18 were expected to be produced from 13 and 15, respectively, while the corresponding trans-isomers
were anticipated to be formed from 14 and 16, respectively. The requisite prochiral substrates for the catalytic
synthesis of decalin derivatives were synthesized as follows. Treatment of the ester enolate, generated from 1
and LDA in THF-HMPA, with the silyl enol ether of Nazarov reagent3 2 in the presence of trimethylsilyl
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chloride# afforded a mixture of the Michael adducts, which was immediately converted to the B-keto ester 3 in
82% overall yield on exposure to tetrabutylammonium fluoride and acetic acid. The B-keto ester 3 was then

transformed into the E-enol acetate S stereoselectiv-
- - m ely5 (73%), which underwent allylic oxidation by
R H &'p\ K CrO3 and 3,5-DMPS 1o give 7 in 54% yield.
oo COue (‘\ Per NaBH4 reduction of 7 in the presence of CeCl3e

18: A% CH;0AC  20: R’s CH0AC alcohol 10 (44%),8 both of which were converted
Figure 1 ° to 13 and 14 in 90% and 75% yields, respectively,

by treatment with K2CO3 in methanol followed by acetylation. Likewise, 3 was transformed into the prochiral
substrates 15 and 16 as follows. After protection of the B-keto ester as a sodium enolate, LiAIH4 reduction
gave the alcohol 4 chemoselectively, which was transformed into the enol acetate 6 stereoselectively’ in 70%
overall yield. Allylic oxidation of 66 provided the dienone 8 in 80% yield, which underwent reduction to
provide the a-alcohol 11 (55%) and the B-alcohol 12(43%).8 Both of the alcohols 11 and 12 were treated
with K2CO3 in MeOH followed by acetylation, giving the prochiral substrates 15 and 16 in 83% and 75%

,..o,‘c ‘ o R \@" 21 TH,07 afforded the a—alcohol 9 (25%) and the B~
1Z: R's COMe 18: R'= CO;Me ‘ ig

yields, respectively.
With the four prochiral substrates available, cyclization of 13, which was expected to lead to the cis-
Table 1. Reaction of 13 or 1§ with Pd(0) Catalyst and NaH decalin derivative 17, was first investigated.
substrate m%) m%) solvent :?c)mp' product: yield Contrary to expectations, treatment of 13
Pd(dba), DIPHOS THF 50 17: — 19:20% with Pd(dba)2 (10 mol %), diphenylphosphi-
PA(PPh,), —_ THF 0  17:53% 19 8% noethane (DIPHOS) (20 mol %) and NaH
Pd(PPha), - CH,ON 20  17:73% 19:24% (1.2 equiv) in THF at 50 °C produced only

Pddba), DIPHOS THF 70 18:17% 20:32% the 8-membered product 19% in 20% yield.

E b bBBEB

Pd(PPhy), —  THF 20 18:77% 20 4% After several attempts, it was found that the
use of Pd(PPh3)4 (10 mo! %) in CH3CN in-

Table 2. Reaction of 14 or 16 with Pd(0) Catalyst and NaH

subsrate catalyst  igand Sovent temp. _product. yiold stead of Pd(dba)2-DIPHOS gave the desired
(10mol %) (10mol %) ) 17 in 73% yield together with 19 (24%).
14  Pd(dba), DIPHOS THF 50 17 6% 19:39%
The same tendency was also observed in the
14 Pd(PPhg)y —  CHCN 40 17:60% 19:14% L
case of 15. The results are summarized in
16  Pdidba), DIPHOS THF 70 18:11% 20:15% ) .
Table 1. The stereochemistry of the cyclized
18  Pd(PPh)y, —  CHCN 50 18:79% 20: 7% .
products 17 and 18 was unequivocally dete-
18 Pd(PPh)y —  THF 40 18:17% 20 4%

rmined by NOE experiments.10  Exclusive
fromation of the 8-membered product 19 (run 1, Table 1) would be ascribed to the smaller cone angle of
DIPHOS than that of PPh3.1!1 That is, use of a phosphine ligand with relatively small cone angle gives the 8-
membered product via the transition state 21, while use of a phosphine ligand with larger cone angle brings
about increased nonbonded repulsion in the transition state 21, thus producing the cis-decalin derivative as the
major product. Next, with the aim of synthesizing the corresponding frans-decalin derivatives, cyclization of
the prochiral substrates 14 and 16 was carried out. In all the cases examined, however, none of the trans-
decalin derivatives was formed.12 That is, treatment of 14 with Pd(dba)2-DIPHOS-NaH in THF afforded 17
in 6% yield together with 19 (39%). Furthermore, reaction of 16 with Pd(PPh3)4-NaH in CH3CN provided



3529

18 (79%) and 20 (7%). The results are summarized in Table 2, suggesting that the cis-decalin derivative
would be formed stercoselectively in high yield even from a mixture of the stereoisomers. In fact, treatment of a

Table 3. Reaction of 16 with Pd(PPhy),and NaH mixture of 15 and 16 (1:1) with Pd(PPh3)4
in CH,CN at 20 °C under Various Conditions (10 mol %) and NaH (1.2 equiv) in CH3CN
entry Pd(PPhy), (mol %) time (hr) yield of 18 (%) at 20°C gave the cis-decalin derivative 18 in

1 10 40 7 96% yield together with 20 (4%). Exclusive

2 30 <) 55 formation of the cis-decalin derivative reveals

that full inversion of configuration of the x-
allylpalladium intermediate occurred owing to
the difficulty of trans-decalin formation. The mechanism of the inversion appears to be Pd(0) (phosphine)
displacement of palladium in the x-allylpalladium intermediate because the reaction rate was remarkably
accelerated by increasing the concentration of PA(PPh3)4 as shown in Table 3.13

Having established an effective synthesis of cis-decalin derivatives, transformation of 18 to the usefully
functionalized zrans-decalin 29 was next investigated. The successful result is shown in Scheme 2. The decalin
derivative 29 appars to be a potential intermediate for the synthesis of the azadirachtin western part.15:16
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Scheme 2. a) NaH, PhSeBr, THF, 0 °C, 0.5 hr; 30% Hz0,, CH2Cly, rt, 0.5 hr (22: 48%, 18: 17%) b) OsO,,
ether, pyridine, -78 °C, 0.5 hr; 20% NaHSO,, rt, 0.5 hr, 72% c) 2,2-dimethoxypropane, CSA, CH,Cl,, 1t, 1
hr, 63% d) NaBH,, pyridine, -30 °C, 0.5 hr (25: 53%, 26: 23%)"* e) Collins oxid., 75% f) 80% AcOH, 60 °C,
22 hr, 80% @) TBOMSC!, imidazole, DMF, 1, 20 hr, 85% h) PCC, MS-4A, CH Cla, 1t, 14 hr, 75%

In conclusion, we have developed an efficient synthesis of the cis-decalin derivatives utilizing the =-
allylpalladium chemistry as a key step. Furthermore, 18 has been successfully converted to the uscfully
functionalized rrans-decalin derivative 29. Application to a catalytic asymmetric synthesis of decalin derivatives
is discussed in the following paper.
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