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Abstmck lhtmat of 15 or 16 with Pd(PPh+ (10 met %I) and N&I (1.2 equlv) aft&c4 the ci~decalla derivative 18 
~ylllllighyieldvhichvas~y trms6DmKdiatotlleureNlyfuacriolllrliEcd~4Uivallve19. 

The discovery of new methods for the asymmetric construction of usefully fimctionalixed decalin 

derivatives continues to be a current reseamh objective, because decalin skeletons are found in many bioactive 

molecules such as stenkls, aphidicolin and axadirachtin. In this communication, we report an effective 

synthesis of the cklecalin derivatives 17 and 18 starting with the prochiral substrates 13.14.15 and 16, 

which is applicable to a catalytic asymmettic synthesis. I Momover, transformation of 18 to the usefully 
. . 

funamhd trm-decalin derivative 29 is also described 
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Schema 1.4 LDA, THF, HMPA, -78*C, 0.5 hr ;2, TMSCI, THF, -78 ‘C, 2 hr ; TBAF, A&l, THF, rt, 1 hr (82%.), 
b) NaH, ether, 0 ‘c, 0.5 hr; LiAlH,, 0 ‘c, 1 hr (89%), c) AC& EbN, DMAP, CH&&, 0 ‘c, 1 hr (f$73%., 6: 79%), 
d) CfOs (10 equiv), 3,tkDMP (10 equiv), CH$&. -20 ‘c, 1 hr (Z: 54%,&80%), e) NaEW (1.5 md equiv). 
CeC&GH& (1.5 md quiv), MeOH, -30 ‘c, 1 hr (9: 25%, 1p: 44%, fi: 55%. 12: 43%.). f) K2C03 (12 md equiv), 
MeCH,O’C, 10min;Ac20(l.0equiv), EQN. DMAP,CH2CI,,rt.l5hr~:90%.~~,~83%.~: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 

ptoceed with overall net retention of contlguration. 2 Thus, the usefully functionalixed decalin derivatives 17 

and 18 went expcctcd to be produced from 13 and 15. respectively, while the corresponding nans-isomers 

were anticipated to be formed from 14 and 16, respectively. The requisite pmchiral 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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chloride4 afforded a mixture of the Michael adducts, which was immediately converted to the Pketo ester 3 in 

82% overall yield on exposure to tetrabutylammonium fluoride and acetic acid The P_keto ester 3 was then 

o& qn_ &.I!! 

transformed into the E-en01 acetate 5 stemoselectiv- 

elys (73%), which underwent allylic oxidation by 

CrQ and 3.5DMp6 to give 7 in 54% yield. 

NaBIG reduction of 7 in the pmsence of CeC13* 
W 
1L: R’. cw* la: R’. Co@ 
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J.& F?. ~A0 1p: R’. CbOAC 
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fg 

7H207 afforded the a-alcohol 9 (25%) and the B_ 

co&r+ alcohol 10 (44%).g both of which were converted 
Flgun 1 0 to 13 and 14 in 90% and 75% yields, respectively, 

by aeatment with K2CO3 in methanol followed by acetylation. Likewise, 3 was transformed into the pmchiraI 

substrates 15 and 16 as follows. After protection of the j3-keto ester as a sodium enolate, LiAlH4 reduction 

gave the alcohol 4 chemoselectively. which was transformed into the enol acetate 6 stereoselectivelyS 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 palcohol12(43%).8 Both of the alcohols 11 and 12 were treated 

with K2CO3 in MeOH followed by acetylation. giving the pro&ii substrates 15 and 16 in 83% and 75% 

yields, respectively. 

With the four prochiral substrates available, cyclization of 13, which was expected to lead to the &r- 

T~bLl.Reac!bnof~or~wlthPd(O)CMa!ystandNaH decalin derivative 17, was first investigated 
~te=tWt reand 

(10moi%) (lOmol%) solvent ‘E”. pmdWW 
Contrary to expectations, treatment of 13 

u w-w2 DIPHOS THF 50 1z: - 19:2il% with Pd(dbah (10 mol %), diphenylphosphi- 

J3 PWW, - THF 0 s!E53%19:8% noethane (DIPHOS) (20 mol %) and NaH 

Xl W’W~ - CH&N P 11:73% 19.24% (1.2 equiv) in THF at 50 ‘C produced only 

Xl Pd(dhak DIPHOS THF 70 *17% 2p:32% the 8-membered product 199 ln 20% yield 

xt Pd(Pphs), - THF 20 I&??%ap:4% 

_ 
aubatrate catalyst 

(lOmd%) $z-A%) s0hallt 3 pdw:yield 
19 PWW2 DIPHOS THF 50 v:f3%19:39% 

14 Pd(PPh,), - CH,CN 40 1L:60% 19:14% 

l6 Pd(dba), DIPHOS THF 70 I&11% 29:15% 

16 Pd(PPh,), - CH&N 50 =79%p~:p/ 

IB Pd(PPh& - THF 40 j&8:17%2Qz4% 

After several attempts, it was found that the 

use of Pd(PPh& (10 mol %) in CH3CN in- 

stead of Pd(dba)n-DIPHOS gave the desired 

17 in 73% yield together with 19 (24%). 

The same tendency was also observed in the 

case of 15. The results are summarized in 

Table 1. The stereochemistry of the cyclized 

products 17 and 18 was unequivocally dete- 

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 PPh3.11 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 mcmased 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 truns-decalin derivatives, cyclization of 

the prochiral substrates 14 and 16 was carried out. In all the cases examined, however, none of the rruns- 

decalin derivatives was formed.12 That is, treatment of 14 with Pd(dba)pDIPHOS-NaH in THF afforded 17 

in 6% yield together with 19 (39%). Furthermore, reaction of 16 with Pd(PPh’j)q-NaH in CH3CN provided 
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18 (79%) and 20 (7%). The results are summarized in Table 2. suggesting that the cis-decalin derivative 

would be formed stereoselectively in high yield even from a mixture of the stereoisomers. In fact, treatment of a 

Table 3. Reaction of 16 with Pd(PPh& and NaH mixture of 15 and 16 (1:l) with Pd(PPh& 
inGH&Nat2o%uIIdarvaIiousGenditiefls (10 mol %) and NaH (1.2 quiv) in CJWN 

entry Pd(PPh& (mol %) time (hr) yield of U (%) at 20 T gave the cis-decalin derivative 18 in 

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

2 30 33 55 formation of the &decalin derivative reveals 

3 60 15 51 
that full inversion of cot@uraticnt of the x- 

allylpalladium intennediate occurmdowing to 

the difficulty of nunrdecalin formation. ‘Ihe 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 kmmasing the concentration of Pd(FPh3)4 as shown in Table 3.13 

Having established an effective synthesis of cisdecalin derivatives, transformation of 18 to the usefully 

functionalired zmxsdecalin 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 amdirachtin western par~L3*~6 

u +I$-&$+&+~ 

+%&$>;..>;&&rIa 

23 

Schema 2 a) NaH, PhSeBr, THF, 0 ‘c, 0.5 hr; 30% HA, CH2C12, tt 0.5 hr (22: 48%.,U: 17%) b) CsO,, 
ether, pyddine, -78 ‘c, 0.5 k, 20%. NaHSO,, tl, 0.5 hr. 72% c) 2,2dimethoxypmpane, CSA, CH&. rt 1 

hr, 83% d) NaBH,, pytkfine. -30 “C, 0.5 hr (a: 53%, 2&z 23%)” e) CoUii oxid., 75% f) 80% AcOH, 80 “c, 
22 hr, 80% 0) TBDMSCI, imidazofe. DMF. rt, 20 hr. 85% h) PCC, MMA, CHpCf2, rt, 14 hr, 75% 

In conclusion, we have developed an efficient synthesis of the cis-decalin derivatives utilixing the x- 

allylpalladium chemistry as a key step. Furthermore, 18 has been successfully converted to the usefully 

functionalimd mdecalm detivative 29. Application to a catalytic asymmetric synthesis of decalin derivatives 

is discussed in the following paper. 
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The. stereochemistry of 9 and 10 was detamined from the ‘H-NMR coupling constants of i and ii. 
5.0 HZ 10.3 kk 

2) l.Oa@v MCPBA 

(s. 6X), 3.79 (d, J = 4.1 Hz, lH), 6.15 (dd, J = 5.8.9.7 Hz, lH), 6.22 (d, J 
= 9.7 Hz, 2I-l). 6.39 (dd, J = 58.9.7 Hz, 1H). “C-NMR (CDQ) 30.6. 
34.5, 37.9, 49.1, 52.3, 52.6, 68.2, 129.4. 129.5, 131.2. 131.6. 169.3. 

lR (neat) 1730.1710 cm-’ MS m/z 264 &I+). 105 (be 
HR-MS t&P) c&xl forC,,H,& : 264.0998 found : 264.0990 

W (MeOH)&29Onm 

17 was hansformed into 18 (i. NaH, LiAl&. ii. AQO, Et$l). 
C. A. Tolman. Chem. Rev., 77.313 (1977). 
IncooeasttothisrrsulStheB-ketoestavafiFordedamixtureofthenans-decalinandthcc~~(l: l).See:J.- 
E. BMvaU. J. -0. V&$erg, and K. L. Granberg. Tetruhhon Leu., 30.617 (1989). 
For the in- of %-allylpalladi~m complexes, sfc: (a) T. T&&a&i, Y. Jinbo. K. Kitamura, J. Tsuji, Tetruhedron 
kft.. 25.5921 (198% @) P. R. Auburn. P. B. h4ackenjie. and B. Bosnich, 1. Am. Chem. Sot, 107.2033 (1985). 
(c) S. Mumha& Y. Taniguchi, Y. Inuxla. Y. Tanigawa, 1. Org. Chcm.. 54.3292 (1989). 
v JacLson ” A. 2uq:yah. 1. Chem. Sot.. 5280 (1965). 

staeochcrmspy of 27 was detexmined as follows. 

2.2 

1.2Hr 11.4 Hz (coupling constant) 
;ip 

Specti d3@ for 27 : ‘H-NMR (C@3 6 0.45-0.60 (m. II+), MO-O.65 (m. 1H). 1.20-1.45 (m. 1~). 1.60-1.78 (m. 
3H), 1.65 (S. 3H). 1.96 (dd. J - 13.6, 1.2 Hz, 1H). 2.14-2.50 (m. 2H). 3.12 (ddd. J = 11.3.4.6,3.1 Hz, U-i), 3.56 
(a. 3H). 3.63 @d. J = 3.1.1.2 Hz, W, 3.86 (d, J = 13.6 Hz, U-I), 4.17 (dd, J = 125.1.3 Hz, 1H). 4.98 (d, J = 12.5 
& 1H). fR (neat) ~~.1730.1710 cm-l MS m/z 313 W-H), 295(M+-H-H,G), 44 (base peak) HR-MZj (M+) 
c&d forC&,@ : 313.1287 found : 313.1302 
For the Csstcm Pan of azadimcitin. see: (a) Y. Nishikimi. T. Iiiori, hf. SodeoLa, M. Shibasaki. 1. Org. Chem., 54, 
3354 (1989). @) J. C. And-, S. V. Ley. D. Santimnos. R. N. Sheppard. Tetrahedrott. 47.6813 (1991). For the 
westem Pan, See: H. C. Koland and S. V. Ley, Tefmhedron Lea, 32.6187 (1991). 
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