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HMG-COA REDUCTASE INHIBITORS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a divisional application of Us. patent 
application Ser. No. 254,525 ?led Oct. 6, 1988, now US. 
Pat. No. 4,940,727 Which is a continuation-in-part of US. 
patent application Ser. No. 092,353, ?led Sep. 2, 1987 and 
US. patent application Ser. No. 048,136 ?led May 15, 1987, 
Which is a continuation-in-part of Ser. No. 001,933 ?led Jan. 
9, 1987, Which is a continuation-in-part of Ser. No. 877,041 
?led Jun. 23, 1986, all noW abandoned. 

BACKGROUND OF THE INVENTION 

Hypercholesterolemia is knoWn to be one of the prime 
risk factors for ischemic cardiovascular disease, such as 
arteriosclerosis. Bile acid sequestrants have been used to 
treat this condition; they seem to be moderately effective but 
they must be consumed in large quantities, i.e. several grams 
at a time and they are not very palatable. 

MEVACOR® (lovastatin), noW commercially available, 
is one of a group of very active antihypercholesterolemic 
agents that functions by limiting cholesterol biosynthesis by 
inhibiting the enZyme HMG-CoA reductase. In addition to 
the natural fermentation products, mevastatin and lovastatin, 
there are a variety of semi synthetic and totally synthetic 
analogs thereof. 

The naturally occurring compounds and their semisyn 
thetic analogs have the folloWing general structural formu 
lae: 

HO O HO 

c022 

>)Ulllllll pun"... 

Wherein: 
Z is hydrogen, C1_5 alkyl or C1_5 alkyl substituted With a 
member of the group consisting of phenyl, 
dimethylamino, or acetylamino; and 

10 

15 

20 

25 

35 

40 

55 

60 

65 

2 
R3 is H or OH; and 

R2 is hydrogen or methyl; and a, b, c, and d represent 
optional double bonds, especially Where b and d represent 
double bonds or a, b, c, and d are all single bonds. 
U.S. Pat. No. 4,517,373 discloses semi-synthetic hydroXy 

containing compounds represented by the above general 
formula Wherein R1 is 

Cploalkyl O CH2 

CH3 

0 

m 

mo 
$7 

and 

O 

CH _ i / 2 
Cploalkyl 0 CH2 

H 

CH3 

CH3 OH 

U.S. Pat. Nos. 4,537,859 and 4,448,979 also disclose 
semisynthetic hydroXy-containing compounds represented 
by the above general formula Wherein R1 is 

0 

CH2— 
0 CH2/ 

H 

CH3 CH3 

HO 

and 

0 

CH2-— 
0 CH2/ 

These compounds are prepared by the action of certain 
microorganisms on the corresponding non-hydroxylated 
substrates. One such organism described in Us. Pat. No. 
4,537,859 is of the genus Nocardia. 

U.S. Pat. No. 4,376,863 discloses a fermentation product, 
isolated after cultivation of a microorganism belonging to 
the genus Aspergillus, Which has a hydroXy containing 
butyryloXy side chain and is represented by the above 
general formula 
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wherein R1 is 

OH O 

CH3 

Japanese uneXamined patent application J59-122,483-A 
discloses a semisynthetic hydroXy containing compound 
represented by the above general formula Wherein R1 is 

0 

CH2— 
0 CH2/ 

HO CH3 

SUMMARY OF THE INVENTION 

This invention relates to novel compounds Which are 
HMG-CoA reductase inhibitors and are useful as antihyper 
cholesterolemic agents. Speci?cally, the compounds of this 
invention are analogs of mevinolin and related compounds 
Which possess a hydroXyalkyl group, acyloXyalkyl or car 
bamoyloXyalkyl group of the structure 

CHOCR5, 

a carboXy group, an alkoXycarbonyl group, a carbamoyl 
group of structure 

or a ketone group of the structure 

R3 

substituted on the 6-position of the polyhydronaphthyl moi 
ety. Additionally, pharmaceutical compositions of these 
novel compounds, as the sole therapeutically active ingre 
dient and in combination With bile acid sequestrants, are 
disclosed. Other embodiments of this invention are methods 
of treating disease conditions in Which hypercholesterolemia 
is an etiological factor, and processes for preparing the novel 
compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The speci?c HMG-CoA reductase inhibitors of this inven 
tion are the compounds represented by the folloWing general 
structural formulae (I) and (II): 

10 

15 

25 

35 

45 

55 

60 

(I) 

CH3 

(11) 
HO 

COZRZ 

OH 

CH3 

Wherein: 
R is 

R3 R3 R3 

COH. c=o. CHOCR5. cozR6 or CNR7R8 

R1 and R5 are independently: 
(1) C1-10 alkyl; 
(2) substituted C1_1O alkyl in Which one or more 

substituent(s) is: 
(a) halogen, 
(b) hydroXy, 
(C) C1-10 a1kOXy> 
(d) C1_5 alkoXycarbonyl, 
(e) 01.5 acyloxy, 
(f) C3_8 cycloalkyl, 
(g) phenyl, 
(h) substituted phenyl in Which the substituents are X 

and Y. 
(i) CL1O alkylS(O)n in Which n is 0 to 2, 

C3_8 cycloalkylS(O)n, 
(k) phenylsm, 
(l) substituted phenylS(O)n in Which the substituents 

are X and Y, and 

(m) 0110; 
(3) C1-10 alkoXy; 
(4) C2_1O alkenyl; 
(5) C3_8 cycloalkyl; 
(6) substituted C3_8 cycloalkyl in Which one substituent is: 

(a) C1-10 alkyl, 
(b) substituted CL1O alkyl in Which the substituent is: 

(i) halogen, 
(ii) hydroXy, 
(iii) C1_1O alkoXy, 
(iv) C1_5 alkoXycarbonyl, 
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(v) CL5 acyloXy, 
(vi) phenyl, 
(vii) substituted phenyl in Which the substituents are 
X and Y, 

(c) acetylarnino, and 
(4) 2,3-dihydroxypropyl; 

(f) C3_8 cycloalkyl, 
(g) phenyl, 
(h) substituted phenyl in Which the substituents are X 

and Y. 

(viii) c,_10 a1ky1S(O)n, 5 (i) 01.10 a11<y1S(O)n, 
(iX) C3_8 cycloalkylS(O)n, C3-s cycloalkylswh, 
(X) phenylS(O)n, (k) PhenY1S(O)n> _ _ _ 
(Xi) substituted phenylS(O)n in Which the substitu- (1) subsmugzd phegyls(o)n 1n Whlch the subsmuents 

ents are X and Y, and are X_an Y’ an 

(Xii) 0x0, 10 oxo’lk 1_ 
(c) c,_10 a1ky1S(O)n, ( ) 2.10 _@1 eny, _ _ 
(d) C}8 cycloalkylaoh, (S) substituted _C2_1O alkenyl 1n WhlCh one or more 

subst1tuent(s) is: (e) phenylmn, h 1 
(f) substituted phenylS(O)n in Which the substituents haggen’ 

are X and Y 15 ( ) y foxy’ 
h l , (C) C1-10 alkoXy, 
b35553,’ (d) C1_5 alkoxycarbonyl, 

. ’ (e) C1_5 acyloXy, 
Q) C140 alkoxy, (f) c,_8 cycloalkyl, 
(J) C1_5 alkoxycarbonyl, (g) phenyl 
(k) C1-5 aCy1OXy> 20 (h) substituted phenyl in Which the substituents are X 
(l) phenyl, and and Y 
(rn) substituted phenyl in Which the substituents are X C1 10’ a1ky1S(O) , 

and Y; C3_8 cycloalkylS(O)n, 
(7) phenyl; (k) phenylS(O)n, 
(8) substituted phenyl in Which the substituents are X and 25 (1) Substituted pheny1S(O),, in Which the substituents 

; are X and Y, and 

(9) amino; 0x0; 

(10) C1_5 alkylarnino; (6)C3b58_CyC13a1ky1; 1 1k 1_ h_ h b _ _ ~ 
(11) dKCl-S alkynamino; 3O cstituteezlng?8 cyc 021 y inW 1c one su st1tuent1s. 

- 1-10 ’ 

(12) phenylammo; (b) substituted CL1O alkyl in Which the substituent is: 
(13) substituted phenylarnino in Which the substituents halogen, 

are X and Y; (ii) hydroXy, 
(14) phenyl C1_1O alkylarnino; 35 (iii) C1_1O alkoXy, 
(15) substituted phenyl CL1O alkylarnino in Which the (1V) C1_5 alkoxycarbonyl, 

substituents are X and Y; C1_5 acyloxy 
(16) a member selected from: phenyl, _ _ ' 

(a) piperidinyl, (v11) substituted phenyl 1n WhlCh the substituents are 
(b) pyrrolidinyl, 4O and Y, 
(c) piperaZinyl, (X111) C1-10 a1ky1S(O)n> 
(d) rnorpholinyl, and (1X) ca-s CyC10a1kY1S(O)w 
(e) thiornorpholinyl; and PhenYlS(O)n> _ _ _ 

(17) R95 in Which R9 is (X1) substituted phenylS(O)n 1n WhlCh the subst1tu 
' ents are X and Y and 

(a) C1-10 alkyl, 45 .. ’ 

(b) phenyl, and oxs?qylao) 
. ~ ~ ' 1-10 7L’ 

(c)as11(11b;t1tuted phenyl 1n WhlCh the substituents are X Ed; Cti-s cflilogluqylaoh, 
2 6 ’ - e p eny S O n, 

R and R are Independently substituted phenylS(O)n in Which the substituents 
(1) hydrogen; 50 are X and Y, 
(2) C1-5 alkyl; (g) halogen, 
(3) substituted C1_5 alkyl in Which the substituent is (h) hydrOXy, 

(a) phenyl, _ CL1O alkoXy, 
(b) dirnethylarnino, and 55 CL5 alkoxycarbonyl, 

(k) 01.5 acyloxy, 
(l) phenyl, and 
(In) substituted phenyl in Which the substituents are X 

and Y; 

(9) substituted phenyl in Which the substituents are X and 
Y; 

R7 and R8 are independently: 
(1) hydrogen; 
(2) C1-10 alkyl; 
(3) substituted C1_1O alkyl in Which one or more 

substituent(s) is 

R3 and R4 are independently: 
(1) hydrogen; 
(2) C1-10 alkyl; 60 
(3) substituted CL1O alkyl in Which one or more 

substituent(s) is 
(a) halogen, 
(b) hydroXy, 
(c) C1_1O alkoXy, 65 
(d) C1_5 alkoxycarbonyl, 
(e) C1_5 acyloXy, 
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(a) halogen, (4) R13R14N(CH2)m, 
(b) hydroXy, 
(C) C1-10 a1kOXy> 
(d) CL1O alkoxycarbonyl, 5 R13R14Nc(cH2)m 
(e) C1_5 acyloxy, 
(f) C3_8 cycloalkyl, _ _ _ 
(g) phenyl, 1n WhlCh R13 and R14 independently ar'hydrogen, C1_3 
(h) substituted phenyl in Which the substituents are X alkyl’ hydww'cz-aalkyl or together Wlth the mtrogqn 

atom to WhlCh they are attached form a heterocyclic 
_ and Y’ _ _ _ 10 group selected from piperidinyl, pyrrolidinyl, 

(1) C1-10 alkyl 5(0)” 1n Whlch n 15 0 to 2> piperaZiny1, morpholinyl or thiomorpholinyl; 
C3-s cycloalkyl S(O)n> (5) R15S(O)n(CH2)m in Which R15 is hydrogen, C1_3a1ky1, 

(k) phenyl 5(0)”; amino, C1_3a1ky1amino or di(C1_3alky1)amino; and 
(1) substituted phenyl S(O)n in Which the substituents a, b and c each represent single bonds or one of a, b and c 

are X and Y, and 15 represents a double bond or both a and c represent double 

(m) 0110; bonds; 
or a pharmaceutically acceptable salt thereof. 

Except Where speci?cally de?ned to the contrary, the 
terms “alkyl”, “alkoxy” and “acyl” include both the straight 

(4) C2_1O alkenyl; 
(5) C3_8 cycloalkyl; 
(6) aminocarbonyl; 20 chain and branched chain species of the term. 
(7) Substituted aminocarbonyl in which one or more One embodiment of this invention is the class of com 

substituenms) is pounds of the formulae (I) and (11) wherein: 
(a) C1 5 alkyl, R1 and R5 are independently selected from: 
(b) C3_8 cycloalkyl, 5 (1) C1-10 alkyl; 
(C) phenyl, 2 (2) substituted ‘CL1O alkyl in Which one or more 
(d) substituted phenyl in Which the substituents are X substltuent(s) 1S: 

and Y; (a) halogen, 
(8) phenyl; (b) hydroXy, 

(C) C1-10 alkoXy, 
(9) substituted phenyl in Which the substituents are X and 30 (d) CL5 alkoxycarbonyl, 

Y; (e) C1_5 acyloxy, 
(10) CL1O alkylcarbonyl; C3_8 cycloalkyl, 
(11) C3_8 cycloalkylcarbonyl; (g) PhenYL . . . 

(h) substituted phenyl 1n WhlCh the substituents are X 
(12) phenylcarbonyl; 35 and Y and 
(13) substituted phenylcarbonyl in Which the substituents OX0; , 

are X and Y; and (3) C}8 cycloalkyl; 
(14) a nitrogen-containing heterocyclic group selected (4) substituted C3_8 cycloalkyl in Which one substituent is: 

from piperidinyl, pyrrolidinyl, piperaZiny1, morpholi- 40 (a) C1_1O alkyl, 
ny1 and thiomorpholinyl; and (b) substituted CL1O alkyl in Which the substituent is 

X and Y independently are hydrogen, halogen, Selected frOm 
tri?uoromethyl, CL3 alkyl, nitro, cyano or a group halogen, 
selected from: (11) hydroxy, 

1O . . . 1O . 5 (iii) C1_1O alkoxy 
(1) R O(CH2)m 1n WhlCh m is 0 to 3 and R is hydrogen, 4 (iv) C16 acyloxy, 

C1_3a1ky1; hydroXy-C2_3a1ky1; (V) C16 alkoxycarbonyl, 
(2) (vi) phenyl, 

(vii) substituted phenyl in Which the substituents are 
X and Y, and 

(viii) OX0, 
(c) halogen, 
(d) hydroXy, 
(e) C1_1O alkoXy, 
(f) CL5 alkoxycarbonyl, 

in Which R11 is hydrogen, C1_3a1ky1, hydroXy-C2_ 
aalkyl, phenyl, naphthyl, amino-C1_3a1ky1, 55 
C1_3a1ky1amino-C1_3a1ky1, di(C1_3a1ky1)amino-C1_ (g) C1-5 acyloxy’ 
aalkyl, hydroXy-C2_3 a1ky1amino-C1_3a1ky1 or (h)pheny1’ 
di(hydroxy_cz_3alkyl) aminmclaalkyl; (ikspbiituted phenyl in Which the substituents are X 

(3) 6O (5) phenylamino; 
(6) substituted phenylamino in Which the substituents are 
X and Y; 

R11CO(CH2)m (7) phenyl CL1O alkylamino; and 
(8) substituted pheny1C1_1O alkylamino in Which the sub 

65 stituents are X and Y. 
in Which R12 is hydrogen, Cmalkyl, hydr0Xy-C2_ One subclass of this embodiment is the compounds of the 
aalkyl, C1_3a1koXy-C1_3a1ky1, phenyl or naphthyl; formulae (1) and (11) wherein: 
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R1 and R5 are independently: 
(1) C1-10 alkyl; 

(2) C3_8 cycloalkyl; 
(3) phenylarnino; and 
(4) substituted phenylarnino in Which the substituents 

are X and Y. 
Illustrating this subclass are the compounds Wherein R3 

and R4 are independently: 
(1) hydrogen 
(2) C1-10 alkyl; 
(3) C3_8 cycloalkyl; 
(4) phenyl. 
Further illustrating this subclass are those compounds 

Wherein R7 and R8 are independently: 
(1) hydrogen, 
(2) C1-10 alkyl, 
(3) C3_8 cycloalkyl, 
(4) arninocarbonyl, 
(5) substituted arnino carbonyl in Which one or more 

substituents is 
(a) C15 alkyl, 
(b) C3_8 cycloalkyl, 
(c) phenyl, 
(d) substituted phenyl in Which the substituents are X 

and Y. 
More speci?cally illustrating this subclass are those corn 

pounds of formula (1) and (II) Wherein R1 is 1,1 
dirnethylpropyl or sec-butyl and R3 and R4 are indepen 
dently: 

(1) hydrogen, 
(2) 01.. alkyl, 
(3) phenyl. 

EXernplifying this subclass are those compounds of the 
formulae (I) and(II) Wherein both a and c represent double 
bonds, especially the folloWing compounds: 
(1) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(hydroXyrnethyl)-1,2,6,7,8,8a(R) 
heXahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(2) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(R)-(hydroXyrnethyl)-1,2,6,7,8,8a(R) 
heXahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(3) 6(R)-[2-[8(S)-(2-rnethylbutyryloXy)-2(S)-rnethyl-6(S) 
(hydroXyrnethyl)-1,2,6,7,8,8a(R)-heXahydronaphthyl-1 
(S)]ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2 
one; 

(4) 6(R)-[2-[8(S)-(2-rnethylbutyryloXy)-2(S)-rnethyl-6(R) 
(hydroXyrnethyl)-1,2,6,7,8,8a(R)-heXahydronaphthyl-1 
(S)]ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2 
one; and 

(5) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-carboXy-1,2,6,7,8,8a(R)-heXahydronaphthyl-1(5)] 
ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro2H-pyran-2-one; 

(6) 6(R)-[2-[8(S)-(2-rnethylbutyryloXy)-2(S)-rnethyl-6(S) 
carboXy-1,2,6,7,8,8a(R)-heXahydronaphthyl-1(S)]ethyl] 
4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2-one; 

(7) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(R)-carboXy-1,2,6,7,8,8a(R)-heXahydronaphthyl-1(S)] 
ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2-one; 

(8) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(N,N-dirnethyl)arninocarbonyl-1,2,6,7,8,8a(R) 
heXahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(9) 6(R)-[2-(8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(R)-arninocarbonyl-1,2,6,7,8,8a(R)-heXahydronaphthyl-1 
(S)]ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2 
one; 

10 
(10) 6(R)-[2-(8(S)-(2-rnethylbutyryloXy)-2(S)-rnethyl-6(S) 

arninocarbonyl-l,2,6,7,8,8a(R)-heXahydronaphthyl-1(S)] 
ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2-one; 
and the corresponding dihydroXy acids, and esters thereof. 

5 Another eXernpli?cation of the subclass Wherein a and c 
are both double bonds are the folloWing compounds. 
(1) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(1-hydroXyethyl)-1,2,6,7,8,8a(R) 
heXahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(2) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(R)-(1-hydroXyethyl)-1,2,6,7,8,8a(R) 
heXahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(3) 6(R)-[2-[8(S)-(2-rnethylbutyryloXy)-2(S)-rnethyl-6(S) 
(1-hydroXyethyl)-1,2,6,7,8,8a(R)-heXahydronaphthyl-1 
(S)]ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2 
one; 

(4) 6(R)-[2-[8(S)-(2-rnethylbutyryloXy)-2(S)-rnethyl-6(R) 
(1-hydroXyethyl)-1,2,6,7,8,8a(R)-heXahydronaphthyl-1 
(S)]ethyl]-4(R)-hydroXy-3,4,5,6-tetrahydro-2H-pyran-2 
one; and the corresponding ring opened dihydroXy acids, 
and esters thereof. 
Another example of this subclass are those compounds of 

the formulae (I) and (II) Wherein a, b and c represent single 
bonds, especially the folloWing compounds: 
(1) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-hydroXyrnethyl- 1 ,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(2) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(2,2-dirnethylbutyryloXyrnethyl)-1,2,3,4,4a(S),5,6,7, 
8,8a(S)-decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3, 
4,5 ,6-tetrahydro-2H-pyran-2-one; 

(3) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-carboXy-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(4) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-ethoXycarbonyl-1 ,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(5) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-arninocarbonyl-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(6) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(N-cycloheXylarninocarbonyl, N-cycloheXyl) 
arninocarbonyl-1,2,3,4,4a(S),5,6,7,8,8a-(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(7) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(R)-(1-hydroXyethyl)-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(8) 6(R)-[2-[8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(1-hydroXyethyl)-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(9) 6(R)-[2-(8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(1-hydroXyphenylrnethyl)-1,2,3,4,4a(S),5,6,7,8,8a 
(S)-decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5, 
6-tetrahydro-2H-pyran-2-one; 

(10) 6(R)-[2-(8(S)-(2,2-dirnethylbutyryloXy)-2(S)-rnethyl-6 
(S)-(1-oXoethyl)-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroXy-3,4,5,6 
tetrahydro-2H-pyran-2-one and the corresponding ring 
opened dihydroXy acids, and esters thereof. 

25 
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Another example of this subclass are those compounds of 
the formulae (I) and (II) wherein one of a, b or c represents 
a double bond, especially the following compounds: 
(1) 6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-6 
(R)-hydroxymethyl-1,2,3,4,6,7,8,8a(R) 
octahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(2) 6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-6 
(R)-(2,2-dimethylbutyryloxymethyl)-1,2,3,4,6,7,8,8a(R) 
octahydronaphthyl-(S)]ethyl]-4(R)-hydroxy-3,4,5,6 
tetrahydro-2H-pyran-2-one; 

(3) 6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-6 
(R)-(1-hydroxyethyl)-1 ,2,3,4,6,7,8,8a(R) 
octahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5,6 
tetrahydro-2H-pyran-2-one; and 

the corresponding ring opened dihydroxy acids, and esters 
thereof. 

The compounds of formulae (I) and (II) Wherein a and c 
represent double bonds are conveniently prepared from 
lovastatin or its analogs having a 6-methyl group by one of 
the folloWing three microbiological methods: 
(a) adding the substrate to a groWing culture of Nocardia 

autotrophica for a suitable incubation period folloWed by 
isolation, and derivatiZation if desired; 

(b) collecting a culture of the bioconverting microorganism 
and contacting the collected cells With the substrate; or 

(c) preparing a cell free, enZyme containing extract from the 
cells of the bioconverting microorganism and contacting 
this extract With the substrate. 
Cultivation of the bioconverting micro organism of the 

genus Nocardia can be carried out by conventional means in 
a conventional culture medium containing nutrients Well 
knoWn for use With such microorganisms. Thus, as is Well 
knoWn, such culture media contain sources of assimilable 
carbon and of assimilable nitrogen and often inorganic salts. 
Examples of sources of assimilable carbon include glucose, 
sucrose, starch, glycerin, millet jelly, molasses and soybean 
oil. Examples of sources of assimilable nitrogen include 
soybean solids (including soybean meal and soybean ?our), 
Wheat germ, meat extracts, peptone, corn steep liquor, dried 
yeast and ammonium salts, such as ammonium sulphate. If 
required, inorganic salts, such as sodium chloride, potassium 
chloride, calcium carbonate or phosphates, may also be 
included. Also, if desired, other additives capable of pro 
moting the production of hydroxylation enZymes may be 
employed in appropriate combinations. The particular cul 
tivation technique is not critical to the process of the 
invention and any techniques conventionally used for the 
cultivation of microorganisms may equally be employed 
With the present invention. In general, of course, the tech 
niques employed Will be chosen having regard to industrial 
ef?ciency Thus, liquid culture is generally preferred and the 
deep culture method is most convenient from the industrial 
point of vieW. 

Cultivation Will normally be carried out under aerobic 
conditions and at a temperature Within the range from 20° to 
37° C., more preferably from 26° to 28° C. 
Method (a) is carried out by adding the substrate to the 

culture medium in the course of cultivation. The precise 
point during the cultivation at Which the starting compound 
is added Will vary depending upon the cultivation 
equipment, composition of the medium, temperature of the 
culture medium and other factors, but it is preferably at the 
time When the hydroxylation capacity of the micro organism 
begins to increase and this is usually 1 or 2 days after 
beginning cultivation of the microorganism. The amount of 
the substrate added is preferably from 0.01 to 5.0% by 
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12 
Weight of the medium, more preferably from 0.05 to 0.5%, 
e.g., from 0.05 to 0.1% by Weight. After addition of the 
substrate, cultivation is continued aerobically, normally at a 
temperature Within the ranges proposed above. Cultivation 
is normally continued for a period of from 1 to 2 days after 
addition of the substrate. 

In method (b), cultivation of the micro organism is ?rst 
carried out under conditions such as to achieve its maximum 
hydroxylation capacity; this capacity usually reaches a 
maximum betWeen 4 and 5 days after beginning the 
cultivation, although this period is variable, depending upon 
the nature and temperature of the medium, the species of 
microorganism and other factors. The hydroxylation capac 
ity of the culture can be monitored by taking samples of the 
culture at suitable intervals, determining the hydroxylation 
capacity of the samples by contacting them With a substrate 
under standard conditions and determining the quantity of 
product obtained and plotting this capacity against time as a 
graph. When the hydroxylation capacity has reached its 
maximum point, cultivation is stopped and the microbial 
cells are collected. This may be achieved by subjecting the 
culture to centrifugal separation, ?ltration or similar knoWn 
separation methods. The Whole cells of the cultivating 
microorganism thus collected, preferably, are then Washed 
With a suitable Washing liquid, such as physiological saline 
or an appropriate buffer solution. 

Contact of the collected cells of the microorganism of the 
genus Nocardia With the substrate is generally effected in an 
aqueous medium, for example in a phosphate buffer solution 
at a pH value of from 5 to 9. The reaction temperature is 
preferably Within the range from 20° to 45° C., more 
preferably from 25° to 30° C. The concentration of the 
substrate in the reaction medium is preferably Within the 
range from 0.01 to 5.0% by Weight. The time alloWed for the 
reaction is preferably from 1 to 5 days, although this may 
vary depending upon the concentration of the substrate in 
the reaction mixture, the reaction temperature, the hydroxy 
lation capacity of the microorganism (Which may, of course, 
vary from species to species and Will also, as explained 
above, depend upon the cultivation time) and other factors. 
The cell free, enZyme-containing extract employed in 

method (c) may be obtained by breaking doWn the Whole 
cells of the microorganism obtained as described in relation 
to method (b) by physical or chemical means, for example 
by grinding or ultrasonic treatment to provide a disintegrated 
cellular mass or by treatment With a surface active agent or 
an enZyme to produce a cellular solution. The resulting 
cell-free extract is then contacted With the substrate under 
the same conditions as are described above in relation to 
method 
The microorganism useful in the novel process of this 

invention is of the genus Nocardia. Of particular importance 
are the knoWn strains of microorganism, Nocardia 
autotrophica, subspecies canberrica, ATCC 35203 of the 
culture MA-6181 and subspecies amethystina ATCC 35204 
of the culture MA-6180 of the culture collection of Merck & 
Co., Inc., RahWay, N.J. It should be noted that the culture 
MA-6180 preferentially affords the hexahydronaphthyl 
compounds (a and c are double bonds) of this invention 
Wherein R is CHZOH, although the compounds Wherein R is 
COZH are also formed. Additionally, When the culture 
MA6181 is utiliZed in the bioconversion reaction, the com 
pounds of the invention Wherein R is COZH are preferen 
tially formed, although the compounds Wherein R is CHZOH 
are also prepared. Asample of the culture designated ATCC 
35203 and ATCC 35204 is available in the permanent 
culture collection of the American Type Culture Collection 
at 12301 ParklaWn Drive, Rockville, Md. 20852. 
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Anovel microorganism deposited in the culture collection 
of Merck & Co., Inc. and designated MA-6455 may also be 
utilized in the bioconversion reaction as described in US. 
Pat. No. 4,997,755. 

After completion of the conversion reaction by any of the 
above methods, the desired compound can be directly 
isolated, separated or puri?ed by conventional means. For 
example, separation and puri?cation can be effected by 
?ltering the reaction mixture, extracting the resulting ?ltrate 
With a Water immiscible organic solvent (such as ethyl 
acetate), distilling the solvent from the extract, subjecting 
the resulting crude compound to column chromatography, 
(for example on silica gel or alumina) and eluting the 
column With an appropriate eluent, especially in an HPLC 
apparatus. 

The compound of formula (I) and (II) Wherein a and c are 
double bonds may also be prepared folloWing the synthetic 
methodology in US. Pat. Nos. 4,841,074; 4,894,465; 4,855, 
456; and 4,894,466. Lovastatin or a 8‘-acyl analog is the 
starting material in each case. 

The compounds of formula (I) Wherein a and c represent 
double bonds and R is COZH can be converted cleanly, and 
Without epimeriZation of the methine group to Which R is 
appended, to the corresponding primary alcohols Wherein R 
is CHZOH as illustrated in the folloWing synthetic pathway: 

10 
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Compound (1) is converted to the corresponding triethylam 
monium salt (2) in a suitable organic solvent, preferably 
methylene chloride at room temperature. Without isolation 
but With cooling, preferably —70° C., compound (2) is 
alloWed to react With isobutyl chloroformate to afford the 
mixed anhydride The resulting, cold solution of com 
pound (3) is added to a cold, preferably 0° C., solution of a 
suitable reducing agent, such as sodium borohydride in a 
suitable organic solvent, such as ethanol, to afford com 
pound Alternatively compound (1) can be directly 
converted to compound (3) folloWing the procedure in US. 
Pat. No. 4,795,811. 

Compounds of formula (I) Wherein a and c are double 
bonds and R is R3CHOH are conveniently prepared from the 
aldehyde by the addition to the formyl group of a 
Grignard reagent or other alkylating agent folloWed by the 
removal of the 3‘-OH group by the use of an acid such as HF. 
Aldehyde is prepared as described in US. Pat. No. 
4,894,466. 

The compounds of formulae (I) and (II) Wherein a, b and 
c all represent single bonds are conveniently prepared from 
lovastatin via the folloWing synthetic pathWay: 

HO 0 
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(17) 

The starting material, lovastatin (5) is readily available or 
may be prepared according to the fermentation procedures 
disclosed in US. Pat. No. 4,231,938. The compound of the 
formula (5) is hydrolyzed under the conditions disclosed in 
US. Pat. No. 4,444,784 and then the 4-hydroxy function in 
the lactone moiety is protected With a suitable protecting 
group, exempli?ed here as a t-butyldimethylsilyl group, 
according to the procedure disclosed in US. Pat. No. 
4,444,784 to yield the compound Compound (6) is then 
hydrogenated under the analogous conditions disclosed in 
US. Pat. No. 4,351,844 to afford the compound Com 
pound (7) is then treated With nitrosyl chloride in the 
presence of a base, such as trialkylamine, speci?cally, 
trimethylamine, triethylamine, pyridine, N,N 
dimethylbenZylamine and the like, to afford the compound 
(8). Compound (8) is then subjected to a photorearrange 
ment to give the compound Compound (9) is heated to 
re?ux in a protic solvent such as isopropanol and the like to 

CH3 

55 

65 

(18) 

yield the compound (10). Compound (10) is converted into 
compound (11) by treatment With an alkali metal nitrite, 
such as sodium nitrite or potassium nitrite, in an aqueous 
organic acid such as acetic acid, propionic acid or the like. 
Compound (11), Which is a hemiacetal, is in equilibrium 
With the hydroxy aldehyde, compound (12). This equilib 
rium mixture of compound (11) and compound (12) is 
treated With a reducing agent, such as sodium borohydride, 
to afford compound (13). Compound (13), is converted to 
compound (14) by treatment With benZyl chloromethyl ether 
in the presence of a suitable base such as a trialkylamine, 
preferably diisopropylethylamine, in a suitable organic sol 
vent such as methylene chloride in the cold, preferably at 
about 0° C. Compound (14) is acylated under suitable 
conditions utiliZing the appropriate alkanoyl halide or 
alkanoic acid to afford compounds (15). Removal of the 
benZyloxymethyl protecting group from compounds (15) via 
catalytic hydrogenation under standard conditions provides 
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compounds (16). The latter are oxidized to compounds (17) 
by standard methods, including the method of SWern involv 
ing the use of oXalyl chloride and dimethyl sulfoXide in 
methylene chloride followed by triethylamine. Compound 
(17) is then reacted With an appropriately substituted Grig 
nard reagent to afford compound (18) Which after removal of 
the trialkylsilyl ether protecting group under standard con 
ditions yields the compounds of formula (I) Wherein R is 

CHOH. 

R3 

The compounds of formula (I) Wherein R is 

R3 

COH 

are conveniently prepared from compound (18) by oXidiZing 
the hydroXyalkyl group to the ketone of the structure 

R3 

folloWed by a second Grignard reaction and the removal of 
the trialkylsilyl ether protecting group. 

The compounds of the formula (I) Wherein R is COZH are 
conveniently prepared from the corresponding hydroXym 
ethyl containing compound under mild oxidation conditions. 
The compounds of the formula (16) are treated With tris 
(triphenylphosphine) ruthenium (II) chloride to afford the 
6-formyl derivative Which is then treated With sodium 
chlorite and sulfamic acid to give the desired products. 

The compounds of the formulae (I) and (II) Wherein a 
represents a double bond are conveniently prepared from the 

CH3 

(17) 
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compound of the formula (6) by the hydrogenation proce 
dure using Wilkinson’s catalyst as disclosed in Us. Pat. No. 
4,444,784 and subjecting the resultant 6(R)-[2-[8(S) 
hydroXy-2(S),6(R)-dimethyl-1,2,3,4,6,7,8,8a(R) 
octahydronaphthyl-1(S)]ethyl]-4(R)-(t 
butyldimethylsilyloXy)-3,4,5,6-tetrahydro-2H-pyran-2-one 
to the above noted reaction sequence. Alternatively a hydro 
genation procedure employing a homogenous rhodium cata 
lyst in an alcoholic solvent as described in US. Pat. No. 
4,831,165 may be used. 
The compounds of the formulae (I) and (II) Wherein b 

represents a double bond are conveniently prepared using an 
analogous reaction sequence but utiliZing 6(R)-[2-[8(S) 
hydroXy-2(S),6(S)-dimethyl-1 ,2,3,5,6,7,8,8a(R) 
octahydronaphthyl-1(S)]ethyl]-4(R)-(t 
butyldimethylsilyloXy)-3,4,5,6-tetrahydro-2H-pyran-2-one 
in place of the compound of the formula This starting 
material may be prepared according to the procedures dis 
closed in Us. Pat. No. 4,444,784. Alternatively the starting 
material may be prepared folloWing the hydrogenation pro 
cedure detailed in US. Pat. No. 4,826,999. 

The compounds of the formulae (I) and (II) Wherein c is 
a double bond are conveniently prepared using an analogous 
reaction sequence but utiliZing 6(R)-[2-[8(S)-hydroXy-2(S), 
6(S)-dimethyl-1,2,4a(R),5,6,7,8,8a(S)-octahydronaphthyl-1 
(S)]ethyl]-4(R)-(t-butyldimethylsilyloXy)-3,4,5,6 
tetrahydro-2H-pyran-2-one in place of the compound of the 
formula This starting material may be prepared from the 
natural fermentation product prepared according to the pro 
cedures disclosed in US. Pat. No. 4,294,846. Alternatively 
this starting material may be prepared by the employment of 
a homogenous rhodium or iridium catalyst as detailed in 
US. Pat. No. 4,876,364. 
The compounds (17), Which are prepared as illustrated in 

the preceeding synthetic pathWay, each have the CH0 group 
appended to the polyhydronaphthalene ring as a 
6ot-substituent. The corresponding 6[3-epimers are conve 
niently prepared via the folloWing synthetic pathWay: 

HO O HO O 

CH3 

(19) 



Re. 
21 

-continued 
HO 

Treatment of compounds (17) under the conditions (i.e., 
tetra-n-butylammonium ?uoride in THF buffered With 
HOAc) used to deblock the tert-butyldimethylsilyl ether 
serves both to deblock this protecting group in compounds 
(17) and to epimeriZe the resulting 6ot-aldehydes (19) to 
afford a mixture of epimeric compounds (19) and (20), the 
ratio of the 6[3-epimer to the 6ot-epimer being determined by 
the exact reaction conditions used in each instance. After 
isolation by chromatography on a suitable support such as 
silica gel and the like, compounds (20) can be selectively 
protected on the lactone hydroxy group, as eg a silyoxy 
ether, and then converted to compounds of this invention by 
utiliZing analogous reaction conditions as those employed 
With the transformations of compound (17) and (18). 

EpimeriZation can also be carried out employing alumi 
num isoproxide and aluminum oxide to form the 
[3-hydroxymethyl compound folloWing the procedure in 
US. Pat. No. 4,894,466. 

Alternatively, the appropriate dihydro or tetrahydro 
derivative of mevinolin may be subjected to one of the 
microbiological methods described above to afford the com 
pounds of the formulae (I) and (II), Wherein R is CHZOH or 
COZH. 
Where the product formed by the above described syn 

thetic pathWays is not the desired form of that compound, 
then that product may be subjected to one or more further 
reactions such as hydrolysis, sali?cation, esteri?cation, 
acylation, ammonolysis or lactoniZation by conventional 
methods, as described in more detail hereafter. 

The starting compound may be a free carboxylic acid, its 
corresponding lactone or a salt (e.g., metal, amino acid or 
amine salt) or ester (particularly alkyl ester) thereof. 

Preferred metal salts are salts With alkali metals, such as 
sodium or potassium, salts With alkaline earth metals, such 
as calcium, or salts With other metals such as magnesium, 
aluminum, iron, Zinc, copper, nickel or cobalt, of Which the 
alkali metal, alkaline earth metal, magnesium and aluminum 
salts are preferred, the sodium, calcium and aluminum salts 
being most preferred. 

Preferred amino acids to form amino acid salts are basic 
amino acids, such as arginine, lysine, histidine, ot,[3 
diaminobutyric acid or ornithine. 

Preferred amines to form amine salts include 
t-octylamine, dibenZylamine, dichlorohexylamine, 
morpholine, alkyl esters of D-phenylqlycine and 
D-glucosamine. Also preferred is ammonia to form the 
ammonium salt. 

Esters are preferably the alkyl esters, such as the methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl or pentyl esters, of 
Which the methyl ester is preferred. HoWever, other esters 
such as phenyl C1_5alkyl, dimethylamino-C1_5alkyl, or 
acetylamino-C1_5alkyl may be employed if desired. 
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CH3 

Of the starting materials, the alkali metal salts, e.g., the 
sodium or potassium salts, are particularly preferred, the 
sodium salt being most preferred as it has been found that 
this gives the best conversion of the substrate into the 
desired product. 
Where the product obtained by the processes of the 

present invention is a salt of the carboxylic acid of formula 
(II), the free carboxylic acid itself can be obtained by 
adjusting the pH of the ?ltrate to a value of 4 or less, 
preferably to a value of from 3 to 4. Any organic acid or 
mineral acid may be employed, provided that it has no 
adverse effect upon the desired compound. Examples of the 
many acids Which are suitable include tri?uoroacetic acid, 
acetic acid, hydrochloric acid and sulphuric acid. This 
carboxylic acid may itself be the desired product or it may 
be, and preferably is, subjected to subsequent reactions, as 
described beloW, optionally after such treatments as 
extraction, Washing and lactoniZation. 

Metal salts of the carboxylic acids of formula (II) may be 
obtained by contacting a hydroxide, carbonate or similar 
reactive compound of the chosen metal in an aqueous 
solvent With the carboxylic acid of formula (II). The aqueous 
solvent employed is preferably Water, or it may be a mixture 
of Water With an organic solvent, preferably an alcohol (such 
as methanol or ethanol), a ketone (such as acetone), an 
aliphatic hydrocarbon (such as hexane) or an ester (such as 
ethyl acetate). It is preferred to use a mixture of a hydro 
philic organic solvent With Water. Such reactions are nor 
mally conducted at ambient temperature but they may, if 
desired, be conducted With heating. 
Amine salts of the carboxylic acids of formula (II) may be 

obtained by contacting an amine in an aqueous solvent With 
the carboxylic acid of formula (II). Suitable aqueous sol 
vents include Water and mixtures of Water With alcohols 
(such as methanol or ethanol), ethers (such as 
tetrahydrofuran), nitriles (such as acetonitrile) or ketones 
(such as acetone); it is preferred to use aqueous acetone as 
the solvent for this reaction. The reaction is preferably 
carried out at a temperature of ambient or beloW, more 
preferably a temperature of from 5° to 10° C. The reaction 
immediately goes to completion. Alternatively, a metal salt 
of the carboxylic acid of formula (II) (Which may have been 
obtained as described above) can be dissolved in an aqueous 
solvent, after Which a mineral acid salt (for example the 
hydrochloride) of the desired amine is added, employing the 
same reaction conditions as When the amine itself is reacted 
With the carboxylic acid of formula (II) and the desired 
product is then obtained by a salt exchange reaction. 
Amino acid salts of the carboxylic acids of formula (II) 

may be obtained by contacting an amino acid in aqueous 
solution With the carboxylic acid of formula (II). Suitable 
aqueous solvents include Water and mixtures of Water With 
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alcohols (such as methanol or ethanol) or ethers (such as 
tetrahydro furan). 

Esters, preferably alkyl esters, of the carboxylic acids of 
formula (II) may be obtained by contacting the carboxylic 
acid of formula (II) With an appropriate alcohol, preferably 
in the presence of an acid catalyst, for example a mineral 
acid (such as hydrochloric acid or sulphuric acid), a LeWis 
acid (for example boron tri?uoride) or an ion exchange 
resin. The solvent employed for this reaction is not critical, 
provided that it does not adversely affect the reaction; 
suitable solvents include benzene, chloroform, ethers and 
the like. Alternatively, the desired product may be obtained 
by contacting the carboxylic acid of formula (II) With a 
diaZoalkane, in Which the alkane moiety may be substituted 
or unsubstituted. This reaction is usually effected by con 
tacting the acid With an ethereal solution of the diaZoalkane. 
As a further alternative, the ester may be obtained by 
contacting a metal salt of the carboxylic acid of formula (II) 
With a halide, preferably an alkyl halide, in a suitable 
solvent; preferred solvents include dimethylformamide, 
tetrahydrofuran, dimethylsulfoxide and acetone. All of the 
reactions for producing esters are preferably effected at 
about ambient temperature, but, if required by the nature of 
the reaction system, the reactions may be conducted With 
heating. 

The compounds of formula (I) in Which R is 

R30 

cHocR5 

may be prepared from the compounds of formula (I) in 
Which R is 

R3 

CHOH 

by the treatment of tert-butyldimethylsilyl chloride in the 
presence of an organic base to afford the compounds in 
Which the hydroxy group of the lactone of the compounds of 
formula (I) are protected as a tert-butyldimethyl silyl ether. 
Subsequent acylation using the appropriate acyl halide, 
anhydride, isocyanate or carbamoyl chloride, under standard 
conditions. Desilylation under standard conditions Will 
afford the compounds of formula (I) in Which R is 

R30 

CHOCR5. 

The compounds of formula (I) in Which R is COZR6 may 
be prepared from the compounds of formula (I) in Which R 
is COZH by treatment With a diaZoalkane such as trimeth 
ylsilyldiaZomethane in a suitable organic solvent such as 
ether, hexane and the like. Other methods for preparing these 
ester derivatives involve ?rst protecting the lactone hydroxyl 
group With a suitable protecting group such as the tert 
butyldimethylsilyl or tetrahydropyranyl groups under stan 
dard conditions (vida supra) folloWed by activation of the 
COZH group using standard procedures such as conversion 
to the acid chloride With oxalyl chloride or treatment With 
N,N-dicyclohexylcarbodiimide and subsequent reaction 
With the appropriate alcohol R6OH. Finally, removal of the 
lactone hydroxyl protecting group Will afford the com 
pounds of formula (I) in Which R is CO2R6. 
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24 
The compounds of the formula (I) in Which R is 

0 

|| 
CNR7R8 

may be prepared from the compounds of formula (I) in 
Which R is COZH by activation of the COZH group using 
standard procedures such as treatment With carbonyl diimi 
daZole or With isobutyl chloroformate in such organic sol 
vents such as methylene chloride, THF and the like folloWed 
by treatment With R7R8NH hydrochloride in the ?rst 
instance and R7R8NH and a suitable base such as triethy 
lamine in the second instance. Alternatively, the lactone 
hydroxyl group may be protected With a suitable protecting 
group (vida supra), the COZH group converted to the acid 
chloride and reacted With the desired amine of the formula 
R7R8NH and the lactone hydroxyl protecting group removed 
to afford the desired amide derivatives of formula (I) in 
Which R is 

O 

ll 

Finally, the subclass of compounds of formula (I) Wherein R 
is 

O 

H 

and either R7 or R8 is alkyl or cycloalkyl and the other is 
N-(substituted) aminocarbonyl is prepared by treating the 
requisite compound of formula (I) in Which R is COZH With 
a carbodiimide of the formula R : =NR8 in the absence 
of extraneous nucleophiles and alloWing the intially formed 
imino anhydride to undergo intramolecular rearrangement to 
the desired acylurea. 

Lactones of the carboxylic acids of formula (I) may be 
obtained by lactoniZing the carboxylic acids of formula (II) 
under ordinary conditions knoWn to one skilled in the art. 

The compounds of this invention are useful as antihyper 
cholesterolemic agents for the treatment of arteriosclerosis, 
hyperlipidemia, familial hypercholesterolemia and like dis 
eases in humans. They may be administered orally or 
parenterally in the form of a capsule, a tablet, an injectable 
preparation or the like. It is usually desirable to use the oral 
route. Doses may be varied, depending on the age, severity, 
body Weight and other conditions of human patients but 
daily dosage for adults is Within a range of from about 2 mg 
to 2000 mg (preferably 10 to 100 mg) Which may be given 
in tWo to four divided doses. Higher doses may be favorably 
employed as required. 
The compounds of this invention may also be coadmin 

istered With pharmaceutically acceptable nontoxic cationic 
polymers capable of binding bile acids in a non-reabsorbable 
form in the gastrointestinal tract. Examples of such poly 
mers include cholestyramine, colestipol and poly[methyl 
(3-trimethylaminopropyl)imino-trimethylene dihalide]. The 
relative amounts of the compounds of this invention and 
these polymers is between 1:100 and 1:15,000. 
The intrinsic HMG-CoA reductase inhibition activity of 

the claimed compounds is measured in the in vitro protocol 
published in J. Med. Chem., 28, p. 347—358 (1985) and 
described beloW: 

Isolation of HMG-CoA Reductase 

Male HoltZman Sprague-DaWley rats (225—250 g) Were 
kept on reversed lighting and fed Purina rat choW containing 
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3% cholestyramine for 7 days preceding their sacri?ce by 
C02 asphyxiation. Livers Were removed 6 hours into the 
dark cycle and used immediately to prepare microsomes. 
HMG-CoA reductase Was solubilized from the freshly pre 
pared microsomes by the method of Heller and ShreWsbury 
[J. Biol. Chem., 1976, 251, 3815] and puri?ed through the 
second ammonium sulfate precipitation step as described by 
Kleinsek et al. [Proc. Natl. Acad. Sci. USA, 1977, 74, 1431]. 
The enzyme preparation Was tested for HMG-CoA reductase 
potency and diluted With 100 mM phosphate buffer (pH 7.2) 
so that 100 pl of the enzyme solution, When added to the 
assay control, gave a value of 50,000—60,000 dpm. The 
enzyme preparation Was stored at —80° C. 

HMG-CoA Reductase Inhibition Assay 

The assay is essentially the procedure of Shefer et al. [J . 
Lipid Res., 1972, 13, 402]. The complete assay medium 
contained the folloWing in a total volume of 0.8 ml: phos 
phate buffer, pH 7.2, 100 mM; MgCl2, 3 mM; NADP, 3 mM; 
glucose-6-phosphate, 10 mM; glucose-6-phosphate 
dehydro-genase, 3 enzyme units; reduced glutathione, 50 
mM; HMG-CoA (qlutaryl-3-14C, New England Nuclear), 
0.2 mM (0.1 pCi); and partially puri?ed enzyme stock 
solution, 100 pL. 
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After a 40-minute incubation at 37° C. With shaking and 
exposure to air, the reaction Was stopped by the addition of 
0.4 mL of 8N HCl. After an additional 30-minute incubation 
period at 37° C. to ensure the complete lactonization of 
mevalonic acid to mevalonolactone, 0.2 ml of the mixture 
Was added to an 0.5><5.0 cm column containing 100—200 

mesh Bio-Rex 5, chloride form (Bio-Rad), Wetted With 
distilled Water, as described by Alberts et al. [Proc. Natl. 
Acad. Sci. U.S.A., 1980, 77, 3967]. The unreacted [14C] 
HMG-CoA Was absorbed on the resin and the [14C] 
mevalonolactone Was eluted With distilled Water (2><1 ml) 
directly into 7-ml scintillation vials. Five milliliters of 
Aquasol-2 (New England Nuclear) Was added to each vial, 
and radioactivity Was measured in a Packard Tri Carb Prias 
scintillation counter. IC5O values Were determined by plot 
ting percentage inhibition against test compound concentra 
tion and ?tting a straight line to the resulting data by using 
the least-squares method. For estimation of relative inhibi 
tory potencies, compactin Was assigned a value of 100 and 
the IC5O value of the test compound Was compared With that 
of compactin determined simultaneously. 

Test compounds or compactin, after ?rst being converted 25 Representative of the intrinsic HMG'COA reductase 
to the Sodium Salt of their dihydroxy acid form in Sim by inhibitory activities of the claimed compounds are the 
addition of 1N NaOH (1 equivalent), Were added to the relative potencies tabulated beloW for a number of the 
assay system in 10-pL volumes at multiconcentration levels. claimed compounds. 

TABLE I 

Compound of the Formula (II) Wherein R2 = H 

Relative 
a b c AS" R R1 Potency1 

db — db S CHZOH 1,1-dimethylpropyl 189 
db — db S COZH 1,1-dimethylpropyl 99 
db — db R COZH 1,1-dimethylpropyl 94 
db — db S COZH sec-butyl 26 
db — db R CHZOH sec-butyl 47 
db — db S CONMe2 1,1-dimethylpropyl 82 
db — db S CONEt2 1,1-dimethylpropyl 65 

db — db S 1,1-dimethylpropyl 726 

CHZOCNHPh 

db — — R CHZOH 1,1-dimethylpropyl 213 

db — — R 2,2-dimethyl- 1,1-dimethylpropyl 33 

butyryloxy 
methyl 

— — — S CHZOH 1,1-dimethylpropyl 86 

— — — S CHZOH cyclohexyl 33 

— — — S COZH 1,1-dimethylpropyl 79 

— — — S 2,2-dimethyl- 1,1-dimethylpropyl 100 

butyryloxy 
methyl 

— — — S CONMe2 1,1-dimethylpropyl 75 

— — — S CONH2 1,1-dimethylpropyl 107 

— — — S CHOHPH 1,1-dimethylpropyl 220 

— — — S CHOHCH3 1,1-dimethylpropyl 131 

(ISOMER A) 
— — — S CHOHCH3 1,1-dimethylpropyl 113 

(ISOMER B) 
— — — R CHOHCH3 1,1-dimethylpropyl 111 

(ISOMER A) 
— — — R CHOHCH3 1,1-dimethylpropyl 104 

(ISOMER B) 
— — — S COZEt 1,1-dimethylpropyl 125 

— — — S CO2—i—Pr 1,1-dimethylpropyl 80 
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TABLE I-continued 

28 

Compound of the Formula (II) Wherein R2 = H 

Relative 
a b c AS" R R1 Potency1 

— — — S O O 1,1-dimethylpropyl 100 

CONCNH-Cyclohexyl 

Cyclohexyl 

1Relative to compactin arbitrarily assigned a value of 100 
*AS = absolute sterochemistry of the methine moiety to Which R is appended 
db = double bond 

— = single bond 

Included Within the scope of this invention is the method 
of treating arteriosclerosis, familial hypercholesterolemia or 
hyperlipidemia Which comprises administering to a subject 
in need of such treatment a nontoxic, therapeutically 
effective amount of the compounds of formulae (I) or (II) or 
pharmaceutical compositions thereof. 

The following examples illustrate the preparation of the 
compounds of the formulae (I) and (II) and their incorpo 
ration into pharmaceutical compositions and as such are not 
to be considered as limiting the invention set forth in the 
claims appended hereto. 

EXAMPLE 1 

The folloWing media are utilized in the bioconversion 
reactions described beloW: 

Grams per liter 
distilled Water 

Medium A 

Yeast extract 4.0 
Malt extract 10.0 
Nutrient broth 4.0 
Dextrose 4.0 
pH 7.4 
Medium sterilized for 20 min. at 121° C. 
Medium B 

Dextroxe 10.0 
Polypeptone 2.0 
Meat extract 1.0 
Corn steep liquor 3.0 
pH 7.0 
Medium sterilized for 20 min. at 121° C. 

I. Culture Conditions and Bioconversion 
A lyophilized tube of Nocardia autotrophica subsp. can 
berrica ATCC 35204 (MA-6180) Was used to inoculate 
18x175 agar slants (Medium A) Which Were incubated at 
27° C. for 7 days. The slant culture Was Washed With 5 ml 
of sterile medium B and transferred to a 250 ml ?ask 
containing 50 ml of sterile medium B. 

This ?rst stage seed Was groWn at 27° C. on a 220 rpm 
shaker and, after 24 hours, 2 ml Was transferred to another 
?ask of sterile medium B. 
GroWn under the above conditions, the second seed Was 
used to start the bioconversion culture: 20 ml of the seed 
culture Was placed in 400 ml of sterile medium B in a 2 
L ?ask. After the culture had groWn for 24 hours, 80 mg 
of the sodium salt of 7-[1,2,6,7,8,8a(R)-hexahydro-2(S), 
6(R)-dimethyl-8(S)-(2,2-dimethylbutyryloxy)-1(S) 
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naphthyl]-3(R),5(R)-dihydroxyheptanoic acid Was added 
to each ?ask. The incubation Was continued for 28 hours 
or until no 7-[1,2,6,7,8,8a(R)-hexahydro-2(S),6(R) 
dimethyl-8(S)-(2,2-dimethylbutyryloxy)-1(S)-naphthyl] 
3(R),5(R)-dihydroxyheptanoic acid could be detected by 
HPLC. The Whole broth Was clari?ed by centrifugation 
folloWed by ?ltration through Whatman No. 2 ?lter paper. 

II. HPLC Methods 
Aliquots of Whole broth could be analyzed for 7-[1,2,6 
7,8,8a(R)-hexahydro-2(S),6(R)-dimethyl-8(S)-(2,2 
dimethylbutyryloxy)- 1(S)-naphthyl]-3(R),5(R) 
dihydroxyheptanoic acid derivatives by HPLC. Filtered 
broth could be injected directly (10 to 20 pl or after 
dilution With methanol. The compounds Were separated 
on reversed phase columns utilizing a gradient of 35 to 45 
percent aqueous acetonitrile at ?oW rates ranging between 
1 and 3 ml/min. Addition of glacial acetic acid or H3PO4 
(0.1 ml/L mobile phase) Was required for the separation of 
the free acids. Derivatives of 7-[1,2,6,7,8,8a(R) 
hexahydro-2(S),6(R)-dimethyl-8(S)-(2,2 
dimethylbutyryloxy)-1(S)-naphthyl]-3-(R),5(R) 
dihydroxyheptanoic acid Were detected by monitoring the 
absorbance at 238 nm, as Well as the absorbance ratio of 
238 nm/228 nm. The Waters HPLC system included a 
WISP auto-injector, model 710B equipped With models 
510 and 590 pumps, a model 490 UV-visible detector, and 
the 840 data system. A number of columns Were used 
successfully for the separations, including the folloWing: 
Waters p Bondapak-C18, Altex Ultrasphere-C18, Rainin 
Microsorb-C18 and a BroWnlee MPLC-C8. 

III. Methyl 7-[1,2,6,7,8,8a(R)-hexahydro-6(S) 
hydroxymethyl-2(S)-methyl-8(S)-(2,2 
dimethylbutyryloxy)- 1(S)-naphthyl]-3(R),5(R) 
dihydroxyheptanoate. The Whole broth of three X 400 ml 
culture broth Was combined and ?ltered through celite and 
Whatman No. 2 ?lter paper. The ?ltrate Was acidi?ed to 
pH 5.0 With 25 percent H3PO4 and then extracted With 
three, 700 ml-portions of ethyl acetate. Following con 
centration under vacuum (25° C.), the organic solution 
Was extracted With four volumes of 0.1% NaHCO3. The 
bicarbonate solution Was sloWly adjusted to pH 4.5 With 
ethyl acetate Which Was subsequently concentrated to 100 
ml in vacuo. The concentrate Was combined With 150 ml 
of diethyl ether containing an excess of CHZN2 and stirred 
overnight for preparation of the methyl ester derivatives. 
Evaporation of the ether Was performed under a stream of 
nitrogen and the remaining solution Was Washed With 100 
ml of phosphate buffer, pH 7.0. The organic phase Was 
taken to dryness in vacuo and the resulting residue Was 
dissolved in a minimum of isopropanol. Final puri?cation 
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of methyl 7-[1,2,6,7,8,8a(R)-hexahydro-6(S) 
hydroxymethyl-2(S)-methyl-8(S)-(2,2 
dimethylbutyryloxy)-1(S)-naphthyl]-3(R),5(R) 
dihydroxyheptanoate Was accomplished by HPLC 
utilizing a Waters pBondapak-C18 column (1><30 cm). 
The mobile phase Was 34 percent aqueous CH3CN at 4 
ml/min. Methyl 7-[1,2,6,7,8,8a(R)-hexahydro-6(S) 
hydroxymethyl-2(S)-methyl-8(S)-(2,2 
dimethylbutyryloxy)-1(S)-naphthyl]-3(R),5(R) 
dihydroxyheptanoate had a retention time at 31 minutes. 
After evaporation of the solvent, the sample Was dried 
under vacuum for 24 hours to afford the title compound 
Which Was identi?ed by NMR. 1H nmr (CDCl3) 60.83 
(3H, t, J=7HZ), 0.89 (3H, d, J=7HZ), 1.107 (3H, s), 1.111 
(3H, s), 2.16 (H, m), 3.51 (H, d of d, J=5.5, 10 5 HZ), 3.61 
(H, d of d, J=5.5, 10.5 HZ), 3.69 (3H,s), 3.77 (H, m), 4.22 
(H, m) 5.36 (H, bs), 5.50 (H, bs), 5.80 (H, d of d, 6, 9.5 
HZ), 6.00 (H, d, J=9.5 HZ). 

IV. Isolation of 6(R)-[2-[8(S)-(2,2-Dimethylbutyryloxy)-6 
(R)-carboxy-2(S)-methyl-1 ,2,6,7,8,8a(R) 
hexahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5,6 
tetrahydro-2H-pyran-2-one and 6(R)-[2-[8(S)-(2,2 
Dimethylbutyryloxy)-6(S)-carboxy-2(S)-methyl-1,2,6,7, 
8,8a(R)-hexahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3, 
4,5,6-tetrahydro-2H-pyran-2-one. The Whole broth 1200 
ml Was clari?ed as before and then adjusted to pH 3.5 With 
H3PO4. The ?ltrate Was loaded on a HP-20 column (3x50 
cm) Which had been equilibrated With Water containing 
0.1 percent CH3COOH. After Washing the column With 1 
L of Water and 1 L of 25 percent CH3CN, the products 
Were eluted With 600 ml of 50 percent CH3CN. The 
acetonitrile Was removed under vacuum at 35° C. The 
Water Was taken to pH 8.0 With NaOH and Washed With 
tWo 500 ml portions of CH2Cl2 Which Was discarded. 
After readjusting the pH to 3.5 With H3PO4, the deriva 
tives Were ?rst extracted into 1.8 L ethyl acetate and then 
back extracted into 1 L of 1 percent NaHCO3. The 
bicarbonate solution Was acidi?ed to pH 5 With acetic acid 
and loaded on a HP-20 column (1.5><50 cm). Once the 
column Was Washed With 700 ml of H20 folloWed by 700 
ml of 30 percent CH3CN, the column Was eluted With a 
gradient of 30 to 50 percent CH3CN. The fractions Were 
monitored by UV absorbance (228, 238, 248 nm) and by 
HPLC. Crude 6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-6 
(S)-carboxy-2(S)-methyl-1,2,6,7,8,8a(R) 
hexahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5,6 
tetrahydro-2H-pyran 2-one Was collected at about 40 
percent CH3CN. 

After removing the solvent in vacuo, the resulting residue 
Was sonicated With 20 ml of toluene for 10 minutes, 3 pl of 
CF3COOH Was added and the mixture Was heated for 30 
minutes at 70° C. The toluene Was removed under vacuum 
at 70° C. and the resulting residue Was dissolved in 300 pl 
of CH3CN. The preceding procedure Was employed to 
convert the derivative of 7-[1,2,6,7,8,8a(R)-hexa-hydro-2 
(S),6(R)-dimethyl-(2,2-dimethylbutyryloxy)-1(S) 
naphthyl]-3(R),5(R)-dihydroxyheptanoic acid to its lactone 
form for ease of isolation. Final puri?cation Was accom 
plished by HPLC using an Altex-C8 column (1x25 cm) and 
a gradient of CH3CN/CH3OH/H2O/CH3COOH (20/30/50/ 
0.01 to 25/30/45/0.01) at 2.7 ml/min. 6(R)-[2-[8(S)-(2,2 
Dimethylbutyryloxy)-6(S)-carboxy-2(S)-methyl-1,2,6,7,8, 
8a(R)-hexahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5, 
6-tetrahydro-2H-pyran 2-one had a retention time of 30 to 
31 minutes and Was identi?ed by NMR. 1H nmr (CDCl3) 
60.82 (3H, t, J=7.5HZ), 0.88 (3H, d, J=7HZ), 1.11 (6H, s), 
1.53 (H, m), 2.60 (H, m) 2.72 (H, d of d, J=5, 18HZ), 3.29 
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30 
(H, m), 4.365 (H, m), 4.60 (H, m), 5.39 (H, bs), 5.62 (H, bs), 
5.83 (H, d of d, J=6, 10 HZ), 6.00 (H, d, J=10 HZ) 
An alternate ?nal puri?cation involved fractionation by 

preparative HPLC using a Vydac C-18 column and eluting 
With 0—60% CH3CN/0.170 phosphoric acid. Application of 
this puri?cation technique to a partially-puri?ed mixture of 
acidic materials (200 mg) afforded fractions A containing a 
less polar, major component and fractions B containing a 
more polar, minor component. Concentration of fractions A 
in vacuo to remove the bulk of the CH3CN gave an aqueous 
mixture Which Was extracted With chloroform. The organic 
extract Was Washed With saturated brine, dried (Na2SO4), 
?ltered and evaporated in vacuo to provide 6(R)-[2-[8(S) 
(2,2-dimethylbutyryloxy)-2(S)-methyl-6(S)-carboxy-1,2,6, 
7,8,8a(R)-hexanaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5,6 
tetrahydro-2H- yran-2-one as a colorless solid, mp 
167°—170° C.; H nmr (CD3CN) 66.04 (H, d, J=9.8 HZ), 
5.88 (H, d of d, J=9.7,6.0HZ), 5.62 (H, m), 5.33 (H, m), 4.56 
(H, m), 4.23 (H, m), 3.23 (H, m), 2.62 (H, d of d, J=17.4, 
4.8HZ), 2.44 (H, d of d of d, J=17.5,3.7, 1.6HZ), 1.12 6H, s), 
0.90 3H, d, J=7.1 HZ), 0.83 (3H, t, J=7.5HZ). Recrystalli 
Zation of this 6[3-carboxy isomer from EtoAc-Hexane did 
not alter the mp. Furthermore, this 6[3-carboxy isomer mp 
167°—170° C., could be obtained directly from the partially 
puri?ed mixture of acidic materials (vida supra) by crystal 
liZation from di-n-butyl ether. 

Anal. Calc’d for C25H36O7: C, 66.94; H, 8.09. Found: C, 
66.66; H, 8.41. 
From fractions B (vida supra) there Was obtained the 

corresponding 6ot-carboxy isomer 6(R)-[2-[8(S)-(2,2 
dimethylbutyryloxy)-2-(S)-methyl-6(R)-carboxy-1,2,6,7,8, 
8a(R)-hexahydronaphthyl-1(S)]-ethyl]-4(R)-hydroxy-3,4,5, 
6-tetrahydro-2H-pyran-2-one, as a colorless solid, mp 
189°—194° C.; 1H nmr (CD3CH) 66.06 (H, d, J=9HZ), 5.88 
(H, d of d, J=9.5, 5.9HZ), 5.71 (H, m), 5.24 (H, m), 4.51 (H, 
m), 4.21 (H, m), 3.20 (H, m), 2.70 (H, m), 2.62 (H, d of d, 
J=17.4, 4.8HZ), 2.44 (H, m), 1.06 (H, s), 1.03 (3H, s), 0.89 
(3H, d, J=7.0HZ), 0.82 (3H, t, J=7.5HZ). 
Anal Calc’d for C25H36O7: C, 66.94; H, 8.09. Found: C, 

66.70; H, 8.38. 
In a similar fashion Nocardia autotrophica subsp. canber 

rica ATCC 35203 (MA6181) Was utiliZed in the bioconver 
sion reaction With the sodium salt of 7-[1,2,6,7,8,8a(R) 
hexahydro-2(S),6(R)-dimethyl-8(S)-(2,2 
dimethylbutyryloxy)-1(S)-naphthyl]-3(R),5(R) 
dihydroxyheptanoic acid to afford the desired products. 

Additionally, the sodium salt of 7-[1,2,6,7,8,8a(R) 
hexahydro-2(S),6(R)-dimethyl-8(S)-(2-methylbutyryloxy) 
1(S)-naphthyl]-3(R),5(R)-dihydroxyheptanoic acid, the 
sodium salt of ring opened mevinolin, Was subjected to 
analogous bioconversion reactions utiliZing both N. 
autotrophic subsp. amethystina ATCC 35204 (MA6180) and 
N. autotrophic subsp. canberrica ATCC 35203 (MA6181) to 
predominantly afford 6(R)-[2-[8(S)-(2-methylbutyryloxy)-6 
(S)-carboxy-2(S)-methyl-1 ,2,6,7,8,8a(R) 
hexahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5,6 
tetrahydro-2H-pyran-2-one and methyl-7-[1,2,6,7,8,8a(R) 
hexahydro-6(S)-hydroxymethyl-2(S)-methyl-8(S)-(2 
methylbutyryloxy)-1(S)-naphthyl]-3(R),5(R) 
dihydroxyheptanoate, respectively. 

EXAMPLE 2 

Preparation of 6(R)-[2-[8(S)-(2,2 
dimethylbutyryloxy)-2(S)-methyl-6(S) 

hydroxymethyl-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5, 

6-tetrahydro-2H-pyran-2-one 
(a) 6(R)-[2-[8(S)-Nitrosyloxy-2(S),6(S)-dimethyl-1, 
2,3,4,4a(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)] 
ethyl]-4(R)-(tert-butyldimethylsilyloxy)-3,4,5,6 

tetrahydro-2H-pyran-2-one (2a) 
A stream of nitrosyl chloride gas Was passed into a stirred 

solution of 6(R)-[2-[8(S)-hydroxy-2(S), 6(S)-dimethyl-1,2, 
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3,4,4a(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)]ethyl]-4 
(R)-(tert-butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H 
pyran-2-one (800 mg, 1.82 mmol) in pyridine (14 ml) at 0° 
C. until the solution Was saturated (brownish fumes ?lled the 
reaction ?ask). The resulting mixture Was stirred at 0° C. for 
another 10 minutes, poured into cold Water and extracted 
With diethyl ether. The extract Was Washed successively With 
dilute HCl, Water and 5% NaHCO3, dried (MgSO4), ?ltered 
and concentrated in vacuo to afford the title compound as a 
White solid; mp 92°—4° C.; 1H nmr (CDCl3) 60.86 (3H, d, 
J=7HZ), 0.89 (9H, s), 0.99 (3H, d, J=7HZ), 2.55 (H, m of d, 
J=18HZ), 2.60 (H, d of d, J=18,4 HZ), 4.28 (H, m), 4.53 (H, 
m), 5.84 (H, 

Anal Calc’d for C25H45NO5Si: C, 64.20; H, 9.70; N, 3.00. 
Found: C, 64.09; H, 10.00; N, 3.06. 

(b) 6(R)-[2-[8(S)-Hydroxy-2(S)-methyl-6(S) 
nitrosylmethyl-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-(tert 

butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 
2-one (2b) 

Nitrogen gas Was passed through a solution of compound 
2a (870 mg, 1.82 mmol) in benZene (320 ml for 25 minutes. 
This solution Was irradiated under N2 With a 450 Watt 
Hanovia medium pressure mercury lamp (pyrex ?lter for 40 
minutes at room temperature. The reaction mixture Was then 
concentrated in vacuo and the residue applied to a silica gel 
column. Elution of the column With methylene chloride:ac 
etone (50:1; v:v) folloWed by elution With methylene chlo 
ride:acetone:isopropanol 100: 10:2; v:v:v) yielded the 
desired product as a foamy oil; 1H nmr (CDCl3) 60.83 (3H, 
d, J=7HZ), 0.88 9H, s) 4.10 (H, bs), 4.29 H, m), 4.64 2H, d, 
J=8HZ), 4.67 (H, 

(c) 6(R)-[2-[8(S)-Hydroxy-2(S)-methyl-6(S) 
hydroxyiminomethyl-1,2,3,4,4a(S),5,6,7,8,8a(S) 

decahydronaphthyl-1(S)]ethyl]-4(R)-(tert 
butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 

2-one (2c) 
Compound 2b (288 mg, 0.616 mmol) Was dissolved in 

isopropanol 15 ml and heated at re?ux for 2 hours. After 
cooling the reaction mixture Was concentrated in vacuo to 
leave a residue Which afforded the title compound as a 
gummy oil; 1H nmr (CDCl3) 60.86 (3H, d, J=7HZ), 0.90 
(9H, s) 2.33 (H, d, J=14 HZ), 2.78 (H, m), 4.11 (H, m), 4,32 
(H, m), 4.66 (H, m), 7,50 (H, d, J=6HZ). 

(d) 6(R)-[2-[8-Hydroxy-2(S)-methyl-6(S)-formyl-1, 
2,3,4,4a(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)] 
ethyl]-4(R)-(tert-butyldimethylsilyloxy)-3,4,5,6 

tetrahydro-2H-pyran-2-one (2d) 
Sodium nitrite (477 mg 6.83 mmol) Was added at 0° C. in 

one portion to a stirred solution of compound 2c (324 mg 
0.683 mmol) in acetic acid (14 ml) and Water (7 ml). The 
resulting mixture Was stirred at 0° C. for 10 minutes, 
Warmed to room temperature and stirred for 2.5 hours. The 
mixture Was then diluted With Water and extracted With 
diethyl ether. This ethereal extract Was Washed With Water, 
5% NaHCO3 (tWice), dried and ?ltered. Evaporation of the 
?ltrate in vacuo afforded a broWnish oily residue Whose nmr 
spectrum is consistent With the structure for compound 2d; 
1H nmr (CDCl3) 60.80 (3H, d, J=7HZ), 0.88 (9H, s), 4,30 (H, 
m) 4.55 (2H, 

(e) 6(R)-[2-[8(S)-Hydroxy-2(S)-methyl-6(S) 
hydroxymethyl-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-(tert 

butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 
2-one (2e) 

PoWdered sodium borohydride (40 mg, 1.05 mmol) Was 
added at 0° C. to a stirred solution of compound 2d (296 mg, 
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32 
0.651 mmol) in 95% ethanol (15 ml) in one portion. The 
resulting mixture Was stirred at 0° C. for 0.5 hours, then 
sloWly treated With a solution of aqueous (NH4)2SO4 (0.7 g 
in 15 ml of H20). The resulting mixture Was stirred at 0° C. 
for 0.5 hours, diluted With Water (60 ml) and extracted With 
diethyl ether. This extract Was Washed With Water, 5% 
NaHCO3, dried, ?ltered and evaporated to give a crude 
sample Which Was puri?ed by ?ash chromatography. Elution 
of the column With methylene chloride:acetone:isopropanol 
(100:10:2; v:v:v) afforded the desired product as a White 
solid; mp 124°—7° C.; 1H nmr (CDCl3) 60.83 (3H, d, 
J=7HZ), 0.90 (9H, s), 3.73 (H, d of d, J=11,6 HZ), 3.79 (H, 
d of d, J=11,6 HZ), 4.10 (H, bs) 4.31 (H, m), 4.70 (H, 
Anal Calc’d for C25H46O5Si: C, 66 03; H, 10.20. Found: 

C, 66.07; H, 10.38. 

(f) 6(R)-[2-[8(S)-Hydroxy-2(S)-methyl-6(S)-(tert 
butyldiphenylsilyloxymethyl)-1 ,2,3,4,4a(S),5 ,6,7,8, 
8a(S)-decahydronaphthyl-1(S)]ethyl]-4(R)-(tert 

butyldimethylsilyloxy) -3,4,5 ,6-tetrahydro-2H-pyran 
2-one (2f) 

A solution of tert-butyldiphenylsilyl chloride (140 mg, 
0.50 mmol) in dimethylformamide (1 ml) Was added at 0° C. 
to a stirred solution of compound 2e (0.150 g, 0.33 mmol) 
and imidaZole (115 mg, 1.7 mmol) in dimethylformamide 
(4ml). The resulting mixture Was stirred at 0° C. for 15 
minutes and then Warmed to room temperature and stirred 
for 15 hours. The mixture Was poured into cold Water and 
extracted With diethyl ether. This ethereal extract Was 
Washed With dilute HCl and 5% NaHCO3, dried, ?ltered and 
evaporated to leave crude product 2f Which Was puri?ed by 
?ash chromatography on a silica gel column. Elution of the 
column With methylene chloride:acetone (50:1; v:v) gave 
the desired product as a gummy oil; 1H nmr (CDCl3) 60.84 
(3H, d, J=7HZ), 0.90 (9H, s), 1.09 (9H, s), 2.99 (H, d, 
J=6HZ), 3.7—3.85 (2H, m) 4.02 (H, m), 4.30 (H, m) 4.67 (H, 
m) 7,3—7.5 (6H, m), 7.65—7.8 (4H, 

(g) 6(R)-[2-[8(S)-(2,2-Dimethylbutyryloxy)-2(S) 
methyl-6(S)-(tert-butyldiphenylsilyloxymethyl)-1,2, 
3,4,4a(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)] 
ethyl]-4(R)-(tert-butyldimethylsilyloxy)-3,4,5,6 

tetrahydro-2H-pyran-2-one (2g) 
Lithium bromide poWder (0.200 g, 2.30 mmol) Was added 

at room temperature under N2 in one portion to a stirred 
solution of 2,2-dimethylbutyryl chloride (0.150 g, 1.11 
mmol) in pyridine (3.5 ml). The resulting mixture Was 
stirred at room temperature until it became a homogenous 
solution (0.5 hours). 4-Dimethylaminopyridine (DMAP) 
Was added (80 mg, 0.65 mmol). To the resulting mixture Was 
added a solution of compound 2f (229 mg, 0.33 mmol) in 
pyridine (2.5 ml). The resulting mixture as heated at 90°—95° 
under N2 for 70 hours. The reaction mixture Was cooled, 
poured into cold Water and extracted With diethyl ether. This 
ethereal extract Was Washed successively With dilute HCl, 
Water and 5% NaHCO3, then dried, ?ltered and concentrated 
in vacuo to afford an oily residue Which Was puri?ed by ?ash 
chromatography on silica gel, eluting With methylene chlo 
ride:acetone (200:1; v:v). The product fractions Were puri 
?ed further by preparative tlc (Analtech SiO2 plates, eluant= 
CH2Cl2:acetone (75:1; v:v) to give the desired compound as 
a colorless viscous oil; 1H nmr (CDCl3) 60.66 (3H, t, 
J=7HZ), 0.84 (3H, d, J=7HZ), 0.9 (9H, s), 0.91 (6H, s), 1.10 
(9H, s) 3.51 (H, d of d, J=11,4 HZ) 3.85 (H, t, J=11HZ), 4.30 
(H, m), 4.55 (H, m), 5.08 (H, m) 7.3—7.5(6H, m) 7.6 7.8 (4H, 
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(h) 6(R)-[2-[8(S)-(2,2-Dimethylbutyryloxy)-2(S) 
methyl-6(S)-hydroxymethyl-1,2, 3,4,4a(S),5,6,7,8,8a 
(S)-decahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3, 

4,5,6-tetrahydro-2H-pyran-2-one. (2h) 
Tetra-n-butylammonium ?uoride solution (1 ml, 1M,1 

mmol) Was added to a stirred mixture of compound 2g (55 
mg, 0.0695 mmol) and acetic acid (0.12 ml, 2.10 mmol) in 
tetrahydrofuran (1.2 ml). The resulting mixture Was stirred 
at room temperature for 36 hours. The reaction mixture Was 
heated at re?ux for 4.5 hours, cooled to room temperature 
and poured into cold Water and extracted With diethyl ether. 
The ethereal extract Was Washed With 5% NaHCO3, dried, 
?ltered, and concentrated in vacuo to yield a residue Which 
Was puri?ed by ?ash chromatography on silica gel. Elution 
of the column With methylene chloride:acetone (10:1; v:v) 
removed the impurities. Further elution With methylene 
chloride:acetone:isopropanol (100:10:5; v:v:v) afforded the 
desired compound as a gummy oil ; 1H nmr (CDCl3) 60.85 
(3H, d, J=7HZ), 0.87 3H, t, J=7HZ) 1.16 (3H, s), 1.17 (3H, 
s), 2.62 (H, m of d, J=18HZ), 2.73 (H, d of d, J=18, 5 HZ), 
3.0 (H, bs), 3.57 (H, d of d, J=11,6 HZ), 3.80 (H, t, J=11HZ) 
4.34 (H, m), 4.60 (H, m) 5.20 (H, 

Anal Calc’d for C25H42O6: C, 68.46; H, 9.65. Found: C, 
68.35; H, 9.85. 

EXAMPLE 3 

Preparation of 6(R)-[2-[8(S)-(2,2 
dimethylbutyryloxy)-2(S)-methyl-6(S)-(1 
hydroxyethyl)-1,2,3,4,4a(S),5,6,7,8,8a(S) 

decahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-3,4,5, 
6-tetrahydro-2H-pyran-2-one 

(a) 6(R)-[2-[8(S)-Nitrosyloxy-2(S),6(S)-dimethyl-1, 
2,3,4,4a(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)] 
ethyl]-4(R)-(tert-butyldimethylsilyloxy)-3,4,5,6 

tetrahydro-2H-pyran-2-one (3a) 
Astream of nitrosyl chloride gas Was passed into a stirred 

solution of 6(R)-[2-[8(S)-hydroxy-2(S), 6(S)-dimethyl-1,2, 
3,4,4a(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)]ethyl]-4 
(R)-(tert-butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H 
pyran-2-one (800 mg, 1.82 mmol) in pyridine (14 ml) at 0° 
C. until the solution Was saturated (broWnish fumes ?lled the 
reaction ?ask). The resulting mixture Was stirred at 0° C. for 
another 10 minutes, poured into cold Water and extracted 
With diethyl ether. The extract Was Washed successively With 
dilute HCl, Water and 5% NaHCO3, dried (MgSO4), ?ltered 
and concentrated in vacuo to afford the title compound as a 
White solid; mp 92°—4° C.; 1H nmr (CDCl3) 60.86 (3H, d, 
J=7HZ), 0.89 (9H, s), 0.99 (3H, d, J=7HZ), 2.55 (H, m of d, 
J=18HZ), 2.60 (H, d of d, J=18,4 HZ), 4.28 (H, m), 4.53 (H, 
m), 5.84 (H, 

Anal Calc’d for C25H45NO5Si: C, 64.20; H, 9.70; N, 3.00. 
Found: C, 64.09; H, 10.00; N, 3.06. 

(b) 6(R)-[2-[8(S)-Hydroxy-2(S)-methyl-6(S) 
nitrosylmethyl-1,2,3,4,4a(S),5,6,7,8,8a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-(tert 

butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 
2-one (3b) 

Nitrogen gas Was passed through a solution of compound 
3a (870 mg, 1.82 mmol) in benzene (320 mg) for 25 minutes. 
This solution Was irradiated under N2 With a 450 Watt 
Hanovia medium pressure mercury lamp (pyrex ?lter) for 40 
minutes at room temperature. The reaction mixture Was then 
concentrated in vacuo and the residue applied to a silica gel 
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34 
column. Elution of the column With methylene chloride:ac 
etone (50:1; v:v) folloWed by elution With methylene chlo 
ride:acetone:isopropanol (100:10:2; v:v:v) yielded the 
desired product as a foamy oil; 1H nmr (CDCl3) 60.83 (3H, 
d, J=7HZ), 0.88 (9H, s) 4.10 (H, bs), 4.29 (H, m), 4.64 (2H, 
d, J=8HZ), 4.67 (H, 

(c) 6(R)-[2-[8(S)-Hydroxy-2(S)-methyl-6(S) 
hydroxyiminomethyl-1 ,2,3,4,4a(S),5,6,7,8,8 a(S) 

decahydronaphthyl-1(S)]ethyl]-4(R)-(tert 
butyldimethylsilyloxy) -3,4,5 ,6-tetrahydro-2H-pyran 

2-one (3c) 
Compound 3b (288 mg, 0.616 mmol) Was dissolved in 

isopropanol 15 ml and heated at re?ux for 2 hours. After 
cooling the reaction mixture Was concentrated in vacuo to 
leave a residue Which afforded the title compound as a 

gummy oil; 1H nmr (CDCl3) 60.86 (3H, d, J=7HZ), 0.90 9H, 
s) 2.33 (H, d, J=14 HZ), 2.78 (H, m), 4.11 (H, m), 4,32 (H, 
m), 4.66 (H, m), 7,50 (H, d, J=6HZ). 

d) 6(R)-[2-[Hydroxy-2(S)-methyl-6(S)-formyl-1,2,3, 
4,4a(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)] 
ethyl-4(R)-(tert-butyldimethylsilyloxy)-3,4,5,6 

tetrahydro-2H-pyran 2-one (3d) 
Sodium nitrite 477 mg 6.83 mmol Was added at 0° C. in 

one portion to a stirred solution of compound 3c (324 mg 
0.683 mmol in acetic acid (14 ml) and Water (7 ml . The 
resulting mixture Was stirred at 0° C. for 10 minutes, 
Warmed to room temperature and stirred for 2.5 hours. The 
mixture Was then diluted With Water and extracted With 
diethyl ether. This ethereal extract Was Washed With Water, 
5% NaHCl3 (tWice), dried and ?ltered. Evaporation of the 
?ltrate in vacuo afforded a broWnish oily residue Whose nmr 
spectrum is consistent With the structure for compound 2d; 
1H nmr (CDCl3) 60.80 3H, d, J=7HZ , 0.88 (9H, s), 4,30 (H, 
m) 4.55 2H, 

(e) 6(R)-[2-[8(S)-Hydroxy-2(S)-methyl-6(S) 
hydroxymethyl-1 ,2,3,4,4a(S),5 ,6,7,8,8 a(S) 
decahydronaphthyl-1(S)]ethyl]-4(R)-(tert 

butyldimethylsilyloxy) -3,4,5 ,6-tetrahydro-2H-pyran 
2-one (3e) 

PoWdered sodium borohydride (40 mg, 1.05 mmol) Was 
added at 0° C. to a stirred solution of compound 3d (296 mg, 
0.651 mmol) in 95% ethanol (15 ml) in one portion. The 
resulting mixture Was stirred at 0° C. for 0.5 hours, then 
sloWly treated With a solution of aqueous (NH4)2SO4 (0.7 g 
in 15 ml of 2 H2O). The resulting mixture Was stirred at 0° 
C. for 0.5 hours, diluted With Water (60 ml and extracted 
With diethyl ether. This extract Was Washed With Water, 5% 
NaHCO3, dried, ?ltered and evaporated to give a crude 
sample Which Was puri?ed by ?ash chromatography. Elution 
of the column With methylene chloride:acetone:isopropanol 
100:10:2; v:v:v) afforded the desired product as a White 
solid; mp 124°—7° C.; 1H nmr (CDCl3) 60.83 (3H, d, 
J=7HZ), 0.90 (9H, s), 3.73 (H, d of d, J=11,6 HZ), 3.79 (H, 
d of d, J=11,6 HZ), 4.10 (H, bs) 4.31 (H, m), 4.70 (H, 
Anal Calc’d for C25H46O5Si: C, 66.03; H, 10.20. Found: 

C, 66.07; H, 10.38. 

(f) 6(R)-[2-[8(S)-hydroxy-2(S)-methyl-6(S) 
benZyloxymethoxymethyl-1,2,3,4,4a(S),5,6,7,8,8a 

(S)-decahydronaphthyl-1(S)]-ethyl]-4(R)-tert 
butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 

2-one (3f) 
To a stirred solution of compound 3e (9.7 g, 21.3 mmol) 

and diisopropylethylamine (10 mL, 57.4 mmol) in CH2Cl2 
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(25 mL) cooled to 0° C. was added dropwise a solution of 
benZyl chloromethyl ether (3.76 g, 24 mmol) in CH2Cl2 (10 
mL). The resulting mixture was stirred at 0° C. for 10 
minutes, allowed to warm to room temperature, stirred at 
room temperature for 22 hours and then poured into ice 
water. The heterogeneous mixture was extracted with 
diethyl ether. The organic phase was separated, washed 
successively with dilute HCl, water, aqueous NaHCO3 and 
water, dried (Na2SO4), ?ltered and evaporated in vacuo to 
afford a residue which was puri?ed by ?ash chromatography 
on silica gel. Elution with CH2Cl2-acetone 50:1; v:v) 
removed the impurities. Continued elution with CH2Cl2 
acetone (20:1; V:V) provided the title compound as a 
viscous oil; 1H nmr (CDCl3) 60.82 (3H, d, J=7HZ), 0.88 (9H, 
s), 2.6 (2H, m), 2.70 (H, d, J=6HZ , 3.75 (2H, m , 4.0 (H, m), 
4.28 (H, m), 4.60 (H, d, J=12HZ), 4.62 (H, d, J=12HZ), 4.66 
(H, m), 4.78 (H, d, J=6HZ), 4.81 (H, d, J=6HZ), 7.3 (5H, 

(g) 6(R)-[2-[8(S)-(2,2—Dimethylbutyryloxy)-2(S) 
methyl-6(S)-benZyloxymethoxymethyl-1,2,3,4,4a 
(S),5,6,7,8,8a(S)-decahydronaphthyl-1(S)]ethyl]-4 
(R)-(tert-butyldimethylsilyloxy)-3,4,5,6-tetrahydro 

2H-pyran-2-one (3 g) 
Powdered lithium bromide (6.4 g, 74 mmol) was added 

under N2 to a stirred mixture of 2,2-dimethylbutyryl chlo 
ride (4.97 g, 37 mmol) in pyridine (100 mL) and the 
resulting mixture was stirred and warmed to 40° C. until a 
clear solution was obtained. To the resulting solution was 
added 4-dimethylaminopyridine (0.3 g, 2.45 mmol) and a 
solution of 3f (7.25 g, 13 mmol) in pyridine (30 mL). The 
resulting mixture was stirred and heated at 90° C. for 3.5 
hours, cooled to room temperature, poured into ice water 
and extracted with diethyl ether. The organic phase was 
separated, washed with dilute HCl, aqueous NaHCl3 and 
saturated brine, dried (Na2SO4), ?ltered and evaporated in 
vacuo to give an oily residue which was puri?ed by ?ash 
chromatography on silica gel. Elution with CHzClz-acetone 
(50:1; v:v) afforded the title compound as a viscous oil; 1H 
nmr (CDCl3) 60.82 (3H, d, J=7HZ), 0.83 (3H, t, J=7HZ), 
0.88 (9H, s), 1.14 (3H, s), 1.15 (3H, s), 2.67 (2H, m), 3.39 
(H, d of d, J=10, 6 HZ), 3.86 (H, t, J=10HZ), 4.27 (H, m), 
4.54 (H, d, J=16HZ), 4.61 (H, d, J=16HZ), 4.74 (2H, s), 5.13 
(H, m), 7.32 (5H, 

(h) 6(R)-[2-[8(S)-(2,2—Dimethylbutyryloxy)-2(S) 
methyl-6(S)-hydroxymethyl-1,2,3,4,4a(S),5,6,7,8,8a 

(S)-decahydronaphthyl-(S)]ethyl]-4(R)-(tert 
butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 

2-one(3h) 
Amixture of compound 3 g (6.1 g, 8.85 mmol), 10% Pd/C 

(0.5 g) and acetic acid (3 drops) in isopropanol (200 mL) 
was hydrogenated in a Paar apparatus for 4 The resulting 
mixture was treated with powdered NaHCO3 (1 g), stirred 
for 15 minutes and ?ltered. The ?ltrate was evaporated in 
vacuo to provide a residue which was dissolved in toluene 
(100 mL). The resulting solution was evaporated in vacuo to 
provide a residue which again was dissolved in toluene (100 
mL). Evaporation of this solution in vacuo gave a residue 
which crystalliZed from diethyl ether-hexane to provide the 
title compound as a colorless solid, mp 70°—71° C.; ‘H nmr 
(CDCl3) 60.82 (3H, d, J=7HZ), 0.83 (3H, t, J=7HZ), 0.87 
(9H, s), 1.15 (3H, s), 1.16 (3H, s), 2.66 (2H, m), 3.55 (H, m), 
3.78 (H, m), 4.28 (H, m), 4.65 (H, m), 5.14 (H, 

Anal. Cal’d for C31H56O6Si: C, 67.34; H, 10.21. Found: 
C, 67.21; H, 10.35. 

(i) 6(R)-[2-[8(S)-(2,2—Dimethylbutyryloxy)-2(S) 
methyl-6(S)-formyl-1,2,3,4,4a(S),5,6,7,8,8a(S) 

decahydronaphthyl-1(S)]-ethyl]-4(R)-(tert 
butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 

2-one (3i) 
To a stirred solution of oxalyl chloride (152 mg, 1.2 

mmol) in CH2Cl2 (10 mL) cooled at —78° C. was added 
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36 
dimsthylsulfoxide (156 mg, 2 mmol) via syringe under N2. 
The resulting mixture was stirred at —78° C. for 15 minutes 
and treated with a solution of compound 3h (383 mg, 0.693 
mmol) in CH2Cl2 (5 mL) added dropwise. The resulting 
mixture was stirred at —78° C., for 30 minutes, treated with 
triethylamine (253 mg, 2.5 mmol), stirred for an additional 
10 minutes at —78° C. warmed to room temperature, poured 
into ice water and extracted with diethyl ether. The organic 
extract was washed with aqueous NaHCO3 and water, dried 
(Na2SO4), ?ltered and evaporated in vacuo to provide the 
title compound as a pale yellow oil; 1H nmr (CDCl3) 60.83 
(3H, d, J=7HZ), 0.83 (3H, t, J=7HZ), 0.89 (9H, s), 1.10 (3H, 
s), 1.12 (3H, s), 2.58 (2H, m), 4.28 (H, m), 4.55 (H, m), 5.20 
(H, m), 9.63 (H, s). 

6(R)-[2-[8(S)-(2,2-Dimethylbutyryloxy)-2(S) 
methyl-6(S)-(1-hydroxyethyl)-1,2,3,4,4a(S),5,6,7,8, 
8a(S)-decahydronaphthyl-1(S)]-ethyl]-4(R)-(tert 

butyldimethylsilyloxy)-3,4,5,6-tetrahydro-2H-pyran 
2-one(3j) 

A solution of methylmagnesium bromide (3.0M in diethyl 
ether, 0.50 mL, 1.5 mmol) was added dropwise to a stirred 
solution of compound 3i (700 mg, 1.27 mmol) dissolved in 
dry diethyl ether (20 mL) at —78° C. under an argon 
atmosphere. The cooling bath was removed and the reaction 
mixture was stirred with gradual warming to room tempera 
ture over about a 2 hour period before quenching with a 
saturated brine solution (10 mL). The reaction mixture was 
distributed between diethyl ether (100 mL) and water (50 
mL). The diethyl ether layer was separated, dried, ?ltered 
and evaporated to leave crude product which was puri?ed by 
?ash chromatography on a silica gel column. Elution of the 
column with chloroform:acetone (40:1/v:v) gave the two 
diastereomeric alcohols as clear colorless glasses. 

Isomer A: Rf=0.17, diagnostic nmr peaks (CDCl3) 64.02 
(H, m), 4.27 (H, m), 4.54 (H, m), 5.12 (H, 

Isomer B: Rf=0.07, diagnostic nmr peaks (CDCl3) 63.98 
(H, m), 4.27 (H, m), 4.56 (H, m), 5.16 (H, 

(k) 6(R)-[2—[8(S)-(2,2-dimethylbutyryloxy)-2(S) 
methyl-6(S)-(1-hydroxyethyl)-1,2,3,4,4a,(S),5,6,7,8, 
8a(R)-decahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy 

3,4,5,6-tetrahydro-2H-pyran-2-one (Isomer A) 
n-Tetrabutylammonium ?uoride solution (1M in THF, 

1.65 mL, 1.65 mmol) was added to a stirred solution of 
compound 3j isomer A (180 mg, 310 pmol) and acetic acid 
(180 ML) in tetrahydrofuran (3 mL). The resulting solution 
was stirred at room temperature for 18 hours. Thin layer 
chromatography now showed only a trace of silyl ether and 
was thus diluted with water (30 mL) and the crude product 
was extracted into diethyl ether (100 mL). The etherial 
extract was washed with 0.1N hydrochloric acid (100 mL), 
water (2x50 mL), saturated sodium bicarbonate solution (50 
mL), dried, ?ltered, and evaporated to yield the crude 
alcohol which was puri?ed by ?ash chromatography on 
silica gel. Elution of the column with methylene chloride 
:acetone (6:1/v:v) gave the desired diol as a clear colorless 
glass: Rf=0.46 chloroform:acetone (4:1/v:v), diagnostic nmr 
peaks (CDCl3 ) 62.6 (H, md, J=18HZ), 2.73 (H, dd, J=5, 
18HZ), 4.03 (H, m), 4.35 (H,m), 4.56 (H,m), 5.15 
Anal Calc’d for C26H44O6: C, 68.99; H, 9.80. Found C, 

69.07; H, 9.82. 

(l) 6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S) 
methyl-6(S)-(1-hydroxyethyl)-1,2,3,4,4a,(S),5,6,7,8, 
8a(R)-decahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy 

3,4,5,6-tetrahydro-2H-pyran-2-one (Isomer B) 
Aqueous hydro?uoric acid (49%, 0.42 mL) was added 

dropwise to a stirred solution of compound 3j isomer B (200 




























