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[57] ABSTRACT 

This invention relates to a compound of formula I 

or a pharmaceutically acceptable salt thereof, in which 
R2 is a radical ‘of the formula _ I p 

_ (Abstract continued on ne1_1t_page._) ‘ f, _ 
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-continued 

i If] 
CH2\NRaRb 

in which y is one to three, and RG is as de?ned above; 
or RP and R’ are independently same or different Cm 

alkyl; 
R R1 is hydrogen or a radical'Z of the formula 

NRPR’ 

in which R“ and R17 are independently hydrogen or C14, 
alkyl, said CH; alkyl being optionally substituted with 
hydroxy, phosphono, phosphonooxy, carboxy or di(C1. 
éalkyl) amino; or NRaRb together represents a radical of 
the formula 

a in which 

R Z i J Q is ——(CHZ)f-, optionally substituted with one to six 
y , same or different 01-6 alkyl or C3.6 cycloalkyl, or a 

carbon atom of said —-(CH2)f-— radical may also be 
I t a part of C3.6 cycloalkylidene; 

R3 and R4 are independently hydrogen or C1_5 alkyl, 
or R3 and R4 taken together with the carbon atom 
to which they are attached form C3-6 cycloalkyli 
dene; 

R6, R7, R8 and R9 are independently halogen, C1-6 
11; alkyl, GL6 alkoxy or hydrogen, but when R5 is 

—-OC(:O)R, one of R6, R7, R8 or R9 is —OP 
[ 1 or =O(OH)2; 

f is 2 to 6; 
(Abstract continued on next page.) 
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n is O, and m is 1 or 0 when R5 is —CH2OP 
=O(OH)2; 

and n is 1 or 0, and m is 1 when R5 is —~OC(=O)R or 
—OP:O(OH)2. 

Also provided by this invention are pharmaceutical 
formulations and a method for treating mammalian 
tumors with a compound of formula I. 

17 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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BENZOATE DERIVATIVES OF TAXOL 

CROSS REFERENCE TO RELATED 
APPLICATION 5 

This application is a continuation of U.S. Ser. No. 
07/879,661, ?led May 6, 1992, now abandoned. 

BACKGROUND OF INVENTION 

Taxol was ?rst isolated from the stem bark of West- 10 
em Yew, Taxus brevzjblia Nut. (T axaceae) and has the 
following structure (with the 2’- and 7- positions indi 
cated) 

25 

In ongoing clinical trials sponsored by the National 
Cancer Institute (NCI), taxol has shown promising re 
sults in ?ghting advanced cases of ovarian, breast, and 
other cancers. A recent review article in the Journal of 
National Cancer Institute provides an overview on its 
mechanism of action, toxicology, clinical results, etc. E. 
Rowinsky et al., Taxol: A Novel Investigational Antimi 
crotubule Agent, J. Natl. Cancer Inst, 82: 1247-1259 
(1990). 
One serious problem associated with taxol is that the 

compound is only very slightly soluble in water and this 
low solubility has created signi?cant problems in devel 
oping suitable pharmaceutical formulations useful for 
human therapy. Some formulations for i.v. infusion 
have been developed which primarily utilize cremo- 4'0 
phore EL(R) as the drug carrier to overcome low water 
solubility problems. Cremophore, however, is itself 
somewhat toxic which could cause idiosyncratic hista 
mine release and anaphylactoid like response. Thus, any 
improvement to increase water solubility by chemical 
modi?cation is highly desired. 

In some instances, taxol has been made more water 
soluble through the derivatization of the 2'~ and/or 
7-hydroxy group with a hydrophilic group resulting in 
a bioreversible form known as a prodrug. Prodrugs 
have been shown to improve physicochemical (e.g. 
solubility, lipophilicity, etc.) and biological properties 
of many compounds. One approach to form a water 
soluble prodrug of a hydroxy containing molecule has 
been to derivatize the hydroxy group into an N-sub 
stituted-(aminomethyl)benzoate ester. See for example, 
Bundgaard et al., J. Med. Chem, 32, pp 2507-2509 
(1989); Jensen et al., International Journal of Pharmaceu 
tics, 58, pp 143-153 (1990); US. Pat. No. 4,623,486, 
issued to Lombardino on Nov. 18, 1986. 
We have now discovered that certain 2’-N-substitut 

ed-aminomethylbenzoate or 2’-N-substituted-aminoben 
zoate taxol derivatives, optionally substituted with a 
(phosphonooxyphenyDalkanoyloxy, (phosphonooxy)al 
kanoyloxy, or [(phosphonooxyalkyDphenyl]alk 
anoyloxy group on the (C)7-position of taxol, have 
respectable water solubility and good anti-tumor activi 
ties. Thus, it is the intention of this invention to provide 
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2 
novel 2’-N-substituted-aminomethylbenzoate or 2'-N 
substututed-aminobenzoate taxol derivatives, with or 
without the 7-O-(phosphonooxyphenyDalkanoyl, 
(phosphonooxy)alkanoyl, or [(phosphonooxyalkyl)phe~ 
nyl]alkanoyl group, which are useful in treating mam 
malian tumors. 

SUMMARY OF INVENTION 

This invention relates to a compound of formula I 

or a pharmaceutically acceptable salt thereof, in which 
R2 is a radical of the formula 

CH2 
\NRaRb 

NRPR' 

in which R” and Rh are independently hydrogen or 
C14, alkyl, said C1_6 alkyl being optionally substi 
tuted with hydroxy, phosphono, phosphonooxy, 
carboxy or di(C1-6alkyl)amino; or NRaRb together 
represents a radical of the formula 

Rain, 

{:1 
I 
N 

O 
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—continued 

I 

K N j 
s 

in which y is one to three, and R” is as de?ned above; 
RPand R’ are independently same or different C1-6alky1; 
R1 is hydrogen or a radical Z of the formula 

in which 
Q is —(CH2)f—, optionally substituted with one to six 
same or different C1-6 alkyl or C3_6 cycloalkyl, or a 
carbon atom of said —(CH2)f-' radical may also be 
a part of C3-6 cycloalkylidene; 

R3 and R4 are independently hydrogen or C14; alkyl, 
or R3 and R4 taken together with the carbon atom 
to which they are attached form C3_6 cycloalkyli 
dene; 

R6, R7, R8 and R9 are independently halogen, C1.6 
alkyl, C1-6 alkoxy or hydrogen, but when R5 is 
—OC (=O)R one of R6, R7, R8 R9is —OP 
=O(OH)2; f is 2 t0 6; 
is O, and m is 1 or 0 when R5 is —CHZOP 
=O(OH)2; and n is l or 0, and m is 1 when R5 is 
—OC(=O)R or —OP:O(OH)2. 

This invention also provides pharmaceutical formula 
tions and a method for treating mammalian tumors with 
a compound of formula I. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention relates to a benzoate taxol derivative 
of formula I 

or a pharmaceutically acceptable salt thereof, in which 
R2 is a radical of the formula 

10 

20 

25 

30 

45 

4 

0 
ll 

CH2 
\NRQRb 

or 

0 
|| 

NRPR" 

in which R“ and Rb are independently hydrogen or 
C1-6 alkyl, said C1_6 alkyl being optionally substi 
tuted with hydroxy, phosphono, phosphonooxy, 
carboxy or di(C1-6alky1)amino; or NRaRb together 
represents a radical of the formula 

NM)» 

[:1 
Rd 

C)“ 
if] 

in which y is one to three, and R“ is as de?ned above; 
50 RPand R’ are independently same or different C1-6 alkyl; 

R1 is hydrogen or a radical Z of the formula 

Of 

in which 
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Q is —-(CH2)f—, optionally substituted with one to six 
same or different C14; alkyl or C3_6 cycloalkyl, or a 
carbon atom of said —(CH2)f- radical may also be 
a part of C34; cycloalkylidene; R3 and R4 are inde 
pendently hydrogen or C1-6 alkyl, or R3 and R4 
taken together with the carbon atom to which they 
are attached form C34 cycloalkylidene; 

R6, R7, R3 and R9 are independently halogen, CH3 
alkyl, C14, alkoxy or hydrogen, but when R5 is 
—OC(=O)R, one of R6, R7, R8 or R9 is —OP 

is O, and m is l or 0 when R5 is —CH2OP 
. =O(OH)2; and n is l or O, and m is 1 when R5 is 

Some compounds of formula I may form pharmaceu 
tically acceptable metal and amine salts in which the 
cation does not contribute signi?cantly to the toxicity 
or biological activity of the salt and are compatible with 
the customary pharmaceutical vehicles and adapted for 
oral or parenteral administration. These salts are also 
part of the present invention. Suitable metal salts in~ 
clude the sodium, potassium, calcium, barium, zinc, and 
aluminum salts. The sodium or potassium salts are pre 
ferred. Amines which are capable of forming stable salts 
may include trialkylamines such as triethylamine, pro 
caine, dibenzylamine, N~benzyl~B-phenethylamine, l 
ephenamine, N,N'-dibenzylethy1enediamine, dehy 
droabietylamine, N -ethylpiperidine, benzylamine, dicy_ 
clohexylamine, or the like amines. 
Some compounds of formula I may also form phar 

maceutically acceptable acid addition salts in which the 
anion does not contribute signi?cantly to the toxicity of 
the salt and are compatible with the customary pharma 
ceutical vehicles and adapted for oral or parenteral 
administration. The pharmaceutically acceptable acid 
addition salts include the salts of compounds of formula 
I with mineral acids such as hydrochloric acid, hydro 
bromic acid, phosphoric acid and sulfuric acid, with 
organic carboxylic acids or organic sulfonic acids such 
as acetic acid, citric acid, maleic acid, succinic acid, 
benzoic acid, tartaric acid, fuman'c acid, mandelic acid, 
ascorbic acid, malic acid, methanesulfonic acid, p-tol 
uenesulfonic acid, and the like acids. 
Some compounds of the present invention may exist 

as zwitterionic forms. Pharmaceutically acceptable salts 
include not only pharmaceutically acceptable metal and 
amine salts and pharmaceutically acceptable acid addi 
tion salts but also zwitterionic forms, which are also 
within the scope of this invention. 

In the instant application, the numbers in subscript 
after the symbol “C” de?ne the number of carbon atoms 
a particular group can contain. For example, Cm alkyl 
refers to straight and branched chain alkyl groups with 
one to six carbon atoms and such groups include 
methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n 
pentyl, n-hexyl, 3-methylpentyl, or the like alkyl 
groups; C34 cycloalkylidene refers to cyclopropyli 
dene, cyclobutylidene, cyclopentylidene or cyclohex 
ylidene; C345 cycloalkyl refers to cyclopropyl, cyclobu 
tyl, cyclopentyl, or cyclohexyl; C1-6 alkyloxy (alkoxy) 
refers to straight or branched alkyloxy groups such as 
methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, t 
butoxy, n-pentyloxy, n-hexyloxy, or 3-methylpen 
tyloxy, to name a few; di(C1.6alkyl)amino refers to 
amino with the same or different C14; alkyl groups such 
as N-methyl-N-ethylamino, N,N-dimethylamino, N,N 
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6 
diethylamino, N-hexyl-N-isopropylamino, etc.; phos~ 
phono refers to the radical —P(_.—_O)(OH)2; phos 
phonooxy refers to —-O--P(=O)(OH)Z; and halogen 
refers to ?uorine, chlorine, bromine, or iodine. 
The synthesis of benzoate taxol derivatives of the 

instant invention can be accomplished by a wide variety 
of methods. In one embodiment, as shown in Scheme I, 
a compound of formula I1, which is within the scope of 
formula I compounds, may be obtained by the steps 
comprising: [Step (1)] reacting taxol with chlorome 
thylbenzoic anhydride of formula XXXV to afford a 
compound of formula XXX; and [Step (2)] reacting the 
compound of formula XXX with an secondary amine of 
the formula 

wherein RI and R" are independently hydrogen or C1-6 
alkyl, said C1_6 alkyl being optionally substituted with 
di(C1-6 alkyl)amino or hydroxy, or with a convention 
ally protected carboxy, phosphono or phosphonooxy 
group; or NR‘R" together represents a radical of the 
formula 

“All 

[I], 

[It], 
C1 

in which y is one to three and R’ is as de?ned above. An 
additional step [Step (3)] of removing conventional 
carboxy, phosphonooxy or phosphono protecting 
group(s) is required if either or both R’ and R" contain 
such protecting group(s). 
As used herein, conventional carboxy protecting 

groups which can be employed in the present invention 
to block or protect the carboxylic acid function are 
well-known to those skilled in the art and, preferably, 
said groups can be removed, if desired, by methods 
which do not result in any appreciable destruction of 
the remaining portion of the molecule. Examples of 
such readily removable carboxy-protecting groups in 
clude moieties such as C1-6 alkyl, diphenylmethyl (ben 
zyhydryl), 2-naphthylmethyl, 4-pyridylmethyl, phena 
cyl, acetonyl, 2,2,2-trichloroethyl, silyl such as trimeth 
ylsilyl and t-butyldimethylsilyl, phenyl, ring substituted 
phenyl, e.g., 4-chlorophenyl, tolyl, and t-butylphenyl, 
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phenyl C145 alkyl, ring substituted phenyl C1.6 alkyl, 
e.g., benzyl, 4_methoxybenzyl, 4-nitrobenzyl (p-nitro 
benzyl), 2-nitrobenzyl (o-nitrobenzyl), and triphenyl 
methyl (trityl), methoxymethyl, 2,2,2-trichloroethox 
ycarbonyl, benzyloxymethyl, CH; alkanoyloxy C1-6 
alkyl such as acetoxymethyl, propionyloxymethyl, C2.6 
alkenyl such as vinyl and allyl. Other suitable carboxy 
protecting groups well known in the art which have not 
been disclosed above can be found in “Protective 
Groups in Organic Synthesis”, Theodora W. Greene 
and Peter G. M. Wuts, John Wiley & Sons, 2nd Edition, 
1991, Chapter 5. Particularly advantageous carboxy 
protecting groups are benzyl, p-nitrobenzyl, o-nitroben 
zyl, 2,4-dimethoxybenzyl, 4-methoxybenzyl, allyl, sub 
stituted allyl, t-butyl or diphenylmethyl (DPM). 
A conventional phosphono or phosphonooxy pro 

tecting group can be CH5 alkyl, benzyl, allyl or 2,2,2~tri 
chloroethyl, with a preferred phosphono protecting 
group being ethyl and a preferred phosphonooxy pro 
tecting group being benzyl, allyl or 2,2,2-trichloroethyl. 

Step (1) of Scheme I is normally conducted in the 
presence of a strong base, such as LDA (lithium diiso 
propylamide), and in an inert solvent such as 1,4-diox 
ane, THF, DMF, diglyme, methylene chloride, or in the 
like solvent under reduced temperature. Moreover, all 
three methods (Methods A-C) in Example 28 may be 
adapted to make any of the positional isomers of a com 
pound of formula XXX. The methods for making repre 
sentative 2’-[(N-substituted-4-aminomethyl)benzoate] 
taxols in Example 29 may be adapted to make other 
2’-[(N-substituted-aminomethyl)benzoate]taxol deriva 
tives. 
As another example, when a compound of formula I 

in which R‘1 and/or Rb radical(s) contain(s) hydroxy 
group(s), the hydroxy group(s) may be reacted with 
(2,2,2-trichloroethyl)phosphorochloridate, and from 
the resulting product, 2,2,2-trichloroethyl group(s) may 
be removed to afford a compound of formula I which 
now contains phosphonooxy group(s). See Examples 31 
and 32. 

SCHEMEI 

Taxol Ste 1 

0 
|| 

01 O 

2 

XXXV 

O 

/n\ 
C6H5 1:11‘! i‘) 

C6115 E 0.... 

O§ O 

C] Sta g2), HNR'R" ; 
Step (3), removal of 
protecting group(s) 
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A method of making a compound of formula 12, 
which is further within the scope of formula I com 
pounds, is depicted in Scheme II. In Step (1), a com 
pound of formula XXX is reacted with an secondary 
amine of formula 

wherein R“' and R1" are independently hydrogen or C14; 
alkyl, said 01-6 alkyl being optionally substituted with a 
conventionally protected carboxy, hydroxy, phos 
phonooxy, or phosphono group, or with a di(C1_6 alkyl 
)amino group; or NRa'Rb' together represents a radical 
of the formula 

[:1 
R 

l 
N 

o 

l . 

K N j 
S 

in which y is one to three and R4’ is as de?ned above, to 
afford a compound of formula XXXI. Step (1) of 
Scheme II can be conducted in the same or substantially 
same manner as Step (2) of Scheme I. The 7-hydroxy of 
a compound of formula XXXI is subsquently acylated 
with an acid of formula IX or XXV 
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(an acid of formula IX or XXV is esteri?ed with the 
7-hydroxy group of a compound of formula XXXI) to 
afford a compound of formula XXXII. In formula IX or 
XXV, R5’ is —-OC(=O)R, —-OP:O(OR1° )2 or —CH~ 
2OP=O(OR1°)2; R5’, R7’, R8’ and R9’ are independently 
halogen, C14; alkyl, C1.5 alkoxy or hydrogen, but when 
R5’ is —OC(:O)R, one of R6'R7', R3’ or R9' is —OP 
:O(OR1°)2; n is O, and In is 1 or 0 when R5’ is —CH 
2OP:O(OR10)2; n is 1 or 0, and In is 1 when R5’ is 
—OC(=O)R or —OP::O(OR1°)2; Q, R, R3 and R4 are 
as previously de?ned; and R10 is a conventional phos 
phonooxy protecting group. In formula XXXII, Rd is a 
radical of the formula 

OR 

0 
u 0 

Subsequent removal of all protecting groups from a 
compound of formula XXXII in Step (3) affords a com 
pound of formula 12. When Rlo group is benzyl, it can 
be removed by catalytic hydrogenolysis. 
As used herein, conventional hydroxy protecting 

groups are moieties which can be employed to block or 
protect the hydroxy function and they are well-known 
to those skilled in the art. Preferably, said groups are 
those which can be removed by methods resulting in no 
appreciable destruction to the remaining portion of the 
molecule. Examples of such readily removable hydroxy 
protecting groups include chloroacetyl, methox 
ymethyl, 2,2,2-trichloroethyloxymethyl, 2,2,2-tri 
chloroethyloxycarbonyl, tetrahydropyranyl, tetrahy 
drofuranyl, t-butyl, benzyl, p-nitrobenzyl, p-methoxy 
benzyl, diphenylmethyl, trialkylsilyl, triphenylsilyl, and 
the like. A particularly advantageous protecting group 
for the 2'-hydroxy group of taxol is benzyloxycarbonyl, 
which can be removed conveniently by catalytic hydro 
genolysis. Other suitable protecting groups which may 
be used are found in Chapter 2 of “Protecting Groups in 
Organic Synthesis”, Second Ed., by Theodora W. 
Greene and Peter G. M. Wuts (1991, John Wiley & 
Sons). 
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The art of acylating a hydroxy group with a carbox 

ylic acid is well known in the art. Particularly useful to 

the present invention are those which employ dehydrat 

ing agents such as dicyclohexylcarbodiimide (DCC), 
alkyl chloroformate and triethylamine, pyridinium 
salts-Bu3N, phenyl dichlorophosphate, DCC and an 

aminopyridine, 2~chloro-1,3,5-trinitrobenzene and pyri 
dine, polyphosphate ester, chlorosulfonyl isocyanate, 
chlorosilanes, MeSOQCl-triethylamine, Ph3P-CCl4-trie 
thylamine, or N,N'-carbonyldiimidazole, to name a few. 

References to these reagents can be found in “Ad 

vanced Organic Chemistry”, 3rd Ed., by Jerry March, 
pp 348-351 (1985, John Wiley & Sons). More particu 
larly advantageous dehydrating system is comprised of 
DCC and 4-din1ethylaminopyridine (4-DMAP). 
A compound of formula 13, which is within the scope 

of compounds of formula I, may be made by acylating 
the 2’~hydroxy group of taxol with an acid of formula 

XXXIV [Step (1), Scheme III]. Subsequent acylation of 
the 7-hydroxy group with an acid of formula XXV or 

IX in Step (2) generates a compound of formula 
XXXIII. Removal of all protecting groups from a com 

pound of formula XXXIII affords a compound of for 

mula I4, which is further within the scope of formula I 

compounds. ' 

SCHEME II 

OAc 

C1 
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-continued 
SCHEME II 

OAc O 

CSHS 1:11‘! h) 
C6115 E 

O% O 

Step0), 
Ra’Rb'N removal of ; 

protecting groups 
XXXII 

OAc O 
O 

/"\ 
C6Hs NH fl) 

Cal-Is E 

O§ O 

RakbN 

Any person skilled in the art would appreciate that 
when the removal of a conventional phosphonooxy 35 
protecting group R1° or a conventional phosphono pro 
tecting group in the above reaction Schemes (I-III) is 
conducted in the presence of an appropriate amount of 
base, the corresponding salt of the phosphonooxy or 
phosphono group can be obtained. For example, the 4'0 
presence of sodium bicarbonate during the removal 
affords the sodium salt. 
The synthesis of acids of formula IX can be made by 

a wide variety of methods. For example, as a matter of 45 
illustration, synthesis of an acid of formula IX’, which is 
within the scope of the acids of formula IX, may be 
made by the sequence of steps as shown in Scheme A. 
In the Scheme, R6’, R7’, R3’, and R9’ preferably are 
independently hydrogen or C1-6 alkyl; R, R3 and R4 are 50 
as previously de?ned. 
The methods described by Amsberry et al., Journal of 

Organic Chemistry, 55, pp 5867-5877 (1990), for making 
certain compounds of formula III and IV in which 55 
R6'and R8’ are hydrogen, R7’ is methyl or hydrogen, and 
R9' is methyl may be adapted to make additional com 
pounds of formula III and IV. More speci?cally, Step 
(a) involves acid promoted transesteri?cation of an 
acrylic acid ester with a phenol derivative of formula II 60 
and subsequent ring cyclization to afford a compound 
of formula III. The reaction is usually conducted in an 
inert organic solvent such as benzene, toluene or xylene, 
and the preferred catalyst is concentrated sulfuric acid. 65 
The reaction is normally conducted at an elevated tem 
perature, preferably at or above the boiling point of 
benzene. 

12 

SCHEME III 

Taxol Ste 1 
O 

// 

RPR'N 0“ 

0 

/ll\ 
C6H5 11TH 

C6HS E 

O% O 

Step0), 

1Xor—XXv9 RPR'N 

I3 

0 

'A' 
C6HS 12TH 

W5 5 

0§ 0 

Step (3), 
RPR’N XXXIH M9 protecting groups 

OAc 
O 

/"\ 
C5H5 1:111 fl) 

C6H5 E 

O% O 

RPR'N 1‘ 

In Step (b), a lactone of formula III is being reduced. 
The reduction is normally conducted in an inert solvent 
such as 1,4-dioxane, diglyme, tetrahydrofuran (THF) or 
diethyl ether. A suitable reducing agent is lithium alu 
minum hydride. Other metal aluminum hydrides known 
to reduce lactones to alcohols may be employed as well. 

Step (c) involves the protection of the free alkylhy 
droxy group in a compound of formula IV to afford a 
compound of formula V in which R12 is a conventional 
hydroxy protecting group. Some examples of conven 
tional hydroxy protecting groups are cited above. Here, 
a more desirable group for R12 is t-butyldimethylsilyl. 
The attachment of t-butyldimethylsilyl group on a hy 
droxy group can be accomplished by reacting the hy 
droxy group with t-butyldimethylsilyl chloride in an 
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inert solvent such as diethyl ether, 1,4-dioxane, di 
glyme, chloroform, DMF, THF, or methylene chlo 
ride, and also in the presence of an amine base such as 
imidazole, 4-dimethylaminopyridine, or triethylamine, 
N,N-diisopropylethylamine, or any other tri(C1.6)al 
kylamines. 

In Step (d), the phenolic hydroxy group of a com 
pound of formula V is phosphorylated with a com 
pound of formula XXIV to afford a compound of for 
mula VI in which R10 is a phosphonooxy protecting 
group de?ned above. Here, a preferred R10 radical is 
benzyl. As an example, the addition of dibenzylphos 
phono group is effected by reacting a phenolic salt of a 
compound of formula V with tetrabenzylpyrophos 
phate that in turn can be made from dibenzylphosphate 
and at least 0.5 equivalent of DCC. Step (d) is normally 
conducted in an inert aprotic solvent, such as 1,4-diox 
ane, diglyme, DMF or THF. The cation of the phenolic 
salt of a compound of formula V can be sodium, potas 
sium, lithium, calcium, benzyltriethylammonium or 
tetraethylammonium, tetrabutylammonium or any 
other tetra(C1x)a1kylammonium. The formation of the 
phenolic salt can be effected by removing the phenolic 
proton by a base such as potassium carbonate, potas 
sium hydroxide, potassium hydride, sodium hydride, 
sodium hydroxide, sodium carbonate, or a quaternary 
ammonium hydroxide such as tetrabutylammonium 
hydroxide or benzyltriethylammonium hydroxide. 

In Step (e), the hydroxy protecting group R12 is re 
moved. When Rlzis t-butyldimethylsilyl, ?uoride ion or 
mineral acid in alcohol may be used for its removal. The 
source of the ?uoride ion can be from tetrabutylam 
monium fluoride. The removal with ?uoride is con 
ducted in an inert solvent such as THF, methylene 
chloride, 1,4-dioxane, DMF, chloroform, or in the like 
inert solvent; and preferably the reaction medium is 
buffered by a weak acid such as acetic acid. An example 
of mineral acid in alcohol is hydrochloric acid in isopro 
panol. 

Step (t) entails the oxidation of the hydroxy group to 
the aldehyde group. A wide array of reagents are avail 
able for oxidizing a primary alcohol to an aldehyde, 
which may also be used to effect Step (f). Some exam 
ples include: dipyridine Cr(V I) oxide (Collin’s reagent), 
pyridinium chlorochromate (PCC), pyridinium dichro 
mate (PDC), ceric ammonium nitrate (CAN), N212C 
r2O7 in water, N-iodosuccinimide and Bu4N+I—, Agz 
CO3-on-celite, N-methylmorpholine-n-oxide, a Ru 
complex, etc. References to the aforementioned rea 
gents and to some other reagents for the oxidation can 
be found in such text as “Advanced Organic Chemis 
try”, 3rd Ed., by Jerry March, pp 1057-1060 and 
1081-1082 (1985, John Wiley & Sons). A preferable 
reagent for Step (f) is pyridinium chlorochromate 
(PCC) in methylene chloride. Step (g) involves a fur 
ther oxidation of an aldehyde of formula VIII into an 
acid of formula IX’. Many reagents are known to con 
vert an aldehyde to an acid. Some examples include: 
potassium permanganate, AgZO-Water, m-chloroper 
benzoic acid, Jones reagent (chromic and sulfuric acid 
in water), etc. The oxidation in Step (g) is preferably 
done by using the Jones reagent in acetone. 

In a more preferred embodiment, a compound of 
formula IV can be directly converted to a compound of 
formula VII by employing the method speci?ed above 
for Step (d). Furthermore, a compound of formula VII 
can be directly converted to a compound of formula IX’ 
with the Jones reagent. 
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As another example, the synthesis of acids of formula 

IX", within the scope of formula IX compounds, can be 
made by a series of steps as shown in Scheme B. In the 
Scheme, R6’, R7’, and R9' preferably are independently 
hydrogen or C1.(, alkyl; R, R3 and R4 are as de?ned 
previously. In Step (a), a quinone of formula X is re 
duced to a hydroquinone of formula XI by a standard 
quinone reduction method such as by employing so 
dium hydrosul?te. The annulation in Step (b) can be 
effected using the same or substantially the same condi 
tion described for Step (a) of Scheme A. The phenolic 
hydroxy group in a compound of formula XII is pro 
tected in Step (c) to afford a compound of formula XIII. 
A suitable phenol protecting group R11 for the purpose 
of Step (c) is benzyl. Other well-known phenol protect 
ing groups, such as those enumerated in pp. 144-170 of 
“Protecting Groups in Organic Synthesis”, Second Ed., 
by Theodora W. Greene and Peter G. M. .Wuts (1991, 
John Wiley & Sons), may also be used. The reduction in 
Step (d) can be conducted in the same or substantially 
the same manner as described for Step (b) of Scheme A. 
The protection of the alkyl hydroxy group in a com 
pound of formula XIV with R12 which has the meaning 
de?ned earlier, is conducted in the same or substantially 
the same way as described for Step (0) in Scheme A. 
The phenolic hydroxy group in a compound of formula 
XV is subsequently acylated in Step (f). The acylation 
methodologies which may be useful to the instant in 
vention have been described hereinabove. In addition, 
acylation using a carboxylic anhydride of the formula 
(RC_—_O)2O can also be particularly useful for Step (f). 
In Step (g), the phenolic hydroxy protecting group R11 
is removed. When Ruis benzyl it can be removed by 
catalytic hydrogenolysis. In Step (h), the conversion of 
a compound of formula XVII to a compound of formula 
XVIII can be effected in the same or substantially the 
same way as described for Step (d) of Scheme A. A 
preferred R10 radical is again benzyl. The removal of 
R12 hydroxy protecting group from a compound of 
formula XVIII can be carried out in the same or sub 
stantially same manner as described for Step (e) of 
Scheme A. The oxidation of the alcohol group to the 
carboxylic group in Step G) can be done with the Jones 
reagent. 
As a further example, the synthesis of acids of for 

mula IX'” within the scope of formula IX compounds, 
can be made by a series of steps as shown in Scheme C. 
In the Scheme, R6', R7’, R3’, and R9’ preferably are 
independently hydrogen or C1.6 alkyl. The same or 
substantially the same reaction conditions described for 
Steps (0) and (e) of Scheme A can be employed to effect 
Steps (a) and (0), respectively, of Scheme C. For mak 
ing a compound formula XXII in which R10 is allyl or 
benzyl, a compound of formula XXI may be reacted 
with bis(allyloxy)(diisopropylamino)phosphine or 
dibenzyloxy(diisopropylamino)phosphine in the pres 
ence of a base, such as lH-tetrazole; and the resulting 
addition product is subsequently oxidized, for example 
by m-chloroperbenzoic acid. The oxidation of Step (d) 
can be accomplished with the Jones reagent. 
The synthesis of acids of formula XXV can be 

achieved by a wide array of methods. For example, as a 
matter of illustration, a series of steps in Scheme D can 
be used to make a compound of formula XXV’ in which 
q equals 2 to 6, which are within the scope of formula 
XXV compounds. In the Scheme, one hydroxy group 
of a diol of formula XXVI is protected with the earlier 
de?ned R12 radical to afford a compound of formula 
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XXV II. A phosphonooxy group protected with R10 
radicals can be introduced by the same or substantially 

the same method that was described for Step (b) of 

Scheme C. The same or substantially the same method 

of Step (e) of Scheme A can be used to remove R12 from 

a compound of formula XXV III. Oxidation of a com 

pound of formula XXIX using the Jones reagent affords 
a formula XXV’ compound. 

The structural formulae as drawn herein are believed 

to best represent the structures of compounds of the 

present invention. However, some compounds within 
the scope of the invention may exist as other tautomeric 

forms, in which hydrogen atoms are transposed to other 

parts of the molecules and the chemical bonds between 

the atoms of the molecules are consequently rear 

ranged. It should be understood that the structural for 

mulae represent all tautomeric forms, insofar as they 
may exist. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 

The speci?c examples which follow illustrate the 
synthesis of representative compounds of the instant 
invention and are not to be construed as limiting the 
invention in sphere or scope. The methods may be 
adapted to variations in order to produce compounds 

65 
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embraced by this invention but not speci?cally dis 
closed. Further, variations of the methods to produce 
the same compounds in somewhat different fashion will 
also be evident to one skilled in the art. 

All temperatures are understood to be in Centigrade 
(C) when not speci?ed. The nuclear magnetic reso 
nance (NMR) spectral characteristics refer to chemical 
shifts (8) expressed in parts per million (ppm) versus 
tetramethylsilane (TMS) as reference standard. The 
relative area reported for the various shifts in the proton 
NMR spectral data corresponds to the number of hy 
drogen atoms of a particular functional type in the mol 
ecule. The nature of the shifts as to multiplicity is re 
ported as broad singlet (bs), broad doublet (bd), broad 
triplet (bt), broad quartet (bq), singlet (s), multiplet (m), 
doublet (d), quartet (q), triplet (t), doublet of doublet 
(dd), doublet of triplet (dt), and doublet of quartet (dq). 
The solvents employed for taking NMR spectra are 
DMSO-d6 (perdeuterodimethylsulfoxide), D20 (deuter 
ated water), CDCl3 (deuterochloroform) and other 
conventional deuterated solvents. The infrared (IR) 
spectral description include only absorption wave num 
bers (cm-1) having functional group identi?cation 
value. 

Celite is a registered trademark of the Johns-Manville 
Products Corporation for diatomaceous earth. 
The abbreviations used herein are conventional ab 

breviations widely employed in the art. Some of which 
are: 

MS Mass spectrometry 
HRMS High resolution mass spectrometry 
DMF Dirnethylforrnamide 
Ac Acetyl 
DMSO dimethyl sulfoxide 
Ph phenyl 
Ar aryl 
DCI desorption chemical ionization 
Y yield 
v/v volume/volume 
FAB fast atom bombardment 
NOBA m-nitrobenzylalcohol 
Rt retention time 
min minute(s) 
h hour(s) 
tlc thin layer chromatography 
tBu tertiarybutyl 
i-PrOI-l isopropylalcohol 
Cbz Benzyloxycarbonyl 
Bz (when used with a Benzoyl 
taxol structure) 

In the examples that follow, hexane and hexanes may 
be used interchangeably. 

EXAMPLE 1 

4,4,5,7-Tetramethyl-3,4-dihydrocoumarin (IIIa) 

OH 

£1 + a 
Ila 
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-continued 

Illa 

3,5-Dimethylphenol (Ila) (3.2 g, 26.2 mmol), ethyl 3,3 
dimethylacrylate (5 mL, 36 mmol, 1.4eq.) and concen 
trated sulfuric acid (1.5 mL) were dissolved in anhy 
drous benzene (30 mL), and the reaction mixture was 
heated to re?ux for 2 h. The reaction mixture was 
cooled to room temperature and washed successively 
with water (2X40 mL), 5% aqueous NaHCOg solution 
(2X20 mL), brine (2X20 mL) and dried over anhy 
drous sodium sulfate. After ?ltering off the desiccant, 
the solvent was removed under vacuum to obtain dark 
brown gummy material. To this gummy material was 
added anhydrous ether (5 mL) and boiled for 2 min on 
a steam bath. The title compound, IIIa, (3.34 g, 16.4 
mmol, Y: 62.4%) was crystallized out from the mixture 
upon cooling in an ice bath: mp, 95.8°—96.3° C.; 1H 
NMR (300 MHz, acetone-d5) 6 ppm: 1.41 (6H, s, 4,4 
M82), 2.24 (3H, s, S-Me), 2.46 (3H, s, 7-Me), 2.61 (2H, s, 
3 -H2), 6.68 (1H, s, Ar-H), 6.76 (1H, s, Ar-H ); MS 
(Isobutane-DCI):m/e 205 (M+H)+; IR (KBr) v max: 
1770, 1250, 1190, 870 cm-1. 
Anal. calcd for C13H16O2O: C, 76.45; H, 7.90. 
Found: C, 76.63; H, 7.83. 

EXAMPLE 2 

3-(2’-Hydroxy-4’,6'-dimethylphenyl)-3,3-dimethyl 
propanol (IV a) 

0 
ll 

0 on 

OH 

Illa War 

A solution of compound IlIa (27 g, 132.2 mmol) in dry 
tetrahydrofuran (TI-IF, 100 mL) was added dropwise to 
a stirred suspension of 95% lithium aluminum hydride 
(LAH, 5.3 g, 132.5 mmol) in dry THF (250 mL) in 30 
min period, so that the temperature did not rise for the 
suspension to re?ux. The reaction mixture was stirred 
vigorously using a mechanical stirrer for 30 min. The 
excess of LAH was quenched with 10% aqueous HCl 
solution (15 mL). The insoluble material was ?ltered off 
and washed with EtOAc. The solvent was evaporated 
in vacuo from the combined ?ltrate and EtOAc wash 
ing. The residue, thus obtained, was taken into EtOAc 
(150 mL). The ethyl acetate layer was washed with 
brine (2X50 mL) and dried over anhydrous sodium 
sulfate. The desiccant was ?ltered off and the ?ltrate 
was concentrated in vacuo to obtain a gummy material. 
To this gummy material was added hexane/acetone (20 
mL, 9:1, v/v) and boiled for 2 min on a steam bath. The 
title compound, IVa, (23.3 g, 111.9 mmol, Y:84.6%) 
crystallized out from the mixture upon cooling in an ice 
bath: mp, ll6°-l17° C.; 1H-NMR (300 MHz, acetone 
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d6) 6 ppm: 1.52 (6H, s, 3,3-Me2), 2.1 (3H, s, 6'-Me), 2.17 
(2H, t, J =7.7 Hz, 2-H2), 2.43 (3H, s, 4'-Me), 3.14 (1H, t, 
J :52 Hz, l-OH, exchanged with D20), 3.39-3.45 (2H, 
m, l-Hz), 6.37 (1H, s, Ar-H), 6.49 (1H, s, Ar-H), 7.98 
(1H, s, 2’-OH, exchanged D20); MS (Isobutane-DCI): 
m/e 209 (M+H)+; IR (KBr) v max: 3510, 3230, 1310, 
850 cm_1. 

Anal. calcd for: C13H20O2: C, 74.97; H, 9.68. 
Found: C, 75.35; H, 9.92. 

EXAMPLE 3 
1-O-t‘Butyldimethylsilyl-3-(2’-hydroxy-4',6’-dimethy1 

phenyl)-3,3-dimethylpropanol (Va) 

OH 

OH 

——> 

IVa 

OH 

1 OSi+ I 

Va 

A mixture of compound IVa (6 g, 28.8 mmol), t 
butyldimethylsilyl chloride (5.2 g, 34.5 mmol, 1.2 eq.), 
and imidazole (4.9 g, 71.97 mmol, 2.5 eq.) in anhydrous 
DMF (30 mL) was stirred overnight at room tempera 
ture. The reaction mixture was diluted with EtOAc (50 
mL), washed with brine (5X40 mL) and dried over 
anhydrous sodium sulfate. The desiccant was ?ltered 
off and the ?ltrate was concentrated in vacuo to obtain 
a white solid which was recrystallized from hexane 
giving 8.9 g (27.59 mmol, Y: 96%) of the title com 
pound, Va, as white crystalline material: top, ll7°—1 18° 
C.; 1H-NMR (300 MHz, acetone-d5) 8 ppm: -0. l5 (6H, s, 
Si-Meg), 0.83 (9H, s, tBu), 1.53 (6H, s, 3,3-Me2), 2.10 
(3H, s, 6'-Me), 2.19 (2H, t, J=7.5 Hz, 2-H;), 2.43 (3H, s, 
4’-Me), 3.51 (2H, t, J=7.5 Hz, l-Hz), 6.37 (1H, s, Ar-H), 
6.50 (1H, s, Ar-H), 8.0 (1H, s, 2'-OH, exchanged with 
D20); MS (Isobutane-DCI): m/ e 323 (M+H)+; IR 
(KBr) 11 max: 3308 (OH), 2856, 1614, 1390, 1260 cmrl; 
UV (MeOHzHgO, 1:1) 2» max: 196 (6 33x10‘), 284 nm 
(e 1.9X 102). 

Anal. calcd for C19H34OZSi: C, 70.75; H, 10.63. 
Found: C, 70.52; H, 10.83. 

EXAMPLE 4 

1-O-t-Butyldimethylsilyl-3-[2'-(dibenzylphos 
phono)oxy-4’,6'-dimethylphenyl]-3,3-dimethylpropanol 

(V18) 

OH 
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-continued 

|| 
[(C6HsCH20hPh0 % 

XXIVa 

VIa 

Sodium hydride (60% in mineral oil, 860 mg, 21.5 
mmol, 1.2 eq. ) was washed with hexanes, dried under 
nitrogen and suspended in anhydrous DMF (70mL). To 
this suspension was added compound Va (5.8 g, 18 
mmol), and the mixture was stirred in an oil bath at 65° 
C. for 5 min. To this warm reaction mixture was added 
tetrabenzylpyrophosphate (XXIVa) (14.5 g, 26.93 
mmol, 1.5 eq.; pyrophosphate XXIVa was prepared 
from dibenzylphosphate and DCC) all at once. The 
reaction mixture was continued to be stirred at 65° C. 
for 10 min. Subsequently, it was diluted with EtOAc 
(300 mL), washed with brine (4X 100 mL), and dried 
over anhydrous sodium sulfate. It was ?ltered and the 
?ltrate was concentrated in vacuo to obtain compound 
VIa as a crude product which was puri?ed on a silica 
gel column. The column was eluted with 10% EtOAc 
in hexanes to yield 10 g (17.16 mmol, Y:95%) of the title 
compound, VIa, as a gummy material: 1H-NMR (300 
MHz, acetone-d6) 8 ppm: -0.57 (6H, s, Si-MeZ), 0.82 
(9H, s, tBu), 1.52 (6H, s, 3,3-Me2), 2.11 (2H, t, J =7.3 Hz, 
2-H2), 2.14 (3H, s, 6’-Me), 2.5 (3H, s, 4’-Me), 3.51 (2H, t, 
J =7.3 Hz, 1-H2), 5.13-5.21 (4H, 2 ABq, CHZPh), 6.75 
(1H, Ar-H), 7.12 (1H, s, Ar-H), 7.33—7.4 (10H, 111); MS 
(Isobutane-DCI): m/e 583 (M+H)+; IR (NaC1 ?lm) v 
max: 1280 (P=O), 1260, 1018 (P-O) cm-; UV (MeOH: 
H2O, 1:1) 7» max: 196 nm (e 3.95>< 103). 

Anal. calcd for C33H47O5PSi: C, 68.02; H, 8.13 
Found: C, 68.19; H, 7.94. 

EXAMPLE 5 

3-[2'-(Dibenzylphosphono)oxy-4’,6'-dimethylphenyl] 
3,3-dimethylpropanol (VIIa) 
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To a solution of compound VIa (10 g, 17.2 mmol) in dry 
THF (250 mL) was added successively AcOH (6.2 mL, 
108.3 mmol, 6.3 eq.) and tetrabutylammonium ?uoride 
(T BAF) hydrate (13.5 g) at room temperature. The 
reaction mixture was stirred at room temperature for 3 
days. The solvent was pumped off from the reaction 
mixture and the gummy residue was taken into EtOAc 
(300 mL), washed with brine (4X100 mL) and dried 
over anhydrous sodium sulfate. The desiccant was ?l 
tered off and the ?ltrate was concentrated in vacuo to 
obtain a crude product which was puri?ed by silica gel 
column. The column was eluted with EtOAc/hexanes 
(1:1, v/v) to obtain 5.8 g (12.38 mmol, Y:72%) of the 
title compound, VIIa, as a gummy material: 1H-NMR 
(300 MHz, acetone-d6) 8 ppm: 1.51 (6H, s, 3,3-Me2), 1.2 
(2H, t, J=7.5 Hz, 2-H2), 2.13 (3H, s, 6’-Me), 2.49 (3H, s, 
4'-Me), 3.31 (1H, t, J=5.15 Hz, l-OH, exchanged with 
D20), 3.39-3.46 (2H, m, l-Hz), 5.17 (4H, ASq, CH2 Ph), 
6.74 (1H, s, Ar-H), 7.1 (1H, s, Ar-H), 7.3-7.42 (10H, m); 
MS (Isobutane-DCI): m/e 469 (M+H)+; IR (NaCl 
?lm) v max: 3442 (OH), 1275 (P=O), 1260, 1018 (P-O) 
cm-l. 

Anal. calcd for C27H31O5P: C, 69.21; H,7.10. 
Found: C, 68.94; H, 7.06. 

EXAMPLE 6 

3-[2’-(Dibenzylphosphono)oxy-4’,6’-dimethylphenyl] 
3,3-dimethylpropionaldehyde (V IIIa) 

To a solution of compound VIIa (3.5 g, 7.5 mmol) in 
anhydrous CH2C12 (100 mL) was added pyridinium 
chlorochromate (PCC, 3.24 g, 15.03 mmol, 2 eq.) all at 
once at room temperature. The reaction mixture was 
allowed to be stirred at room temperature for 1 h. The 
volume of the reaction mixture was reduced to 10 mL 
by evaporating the solvent in vacuo. The resultant 
crude reaction product was puri?ed on a silica gel col 
umn, being eluted with 40% EtOAc in hexanes to ob 
tain 2.74 g (5.87 mmol, Y:78%) of the title compound, 
VIIIa, as a yellow viscous oil: lH-NMR (300 MHz, 
acetone-d6) 8 ppm: 1.57 (6H, s, 3,3-Me2), 2.14 (3H, s, 
6'-Me), 2.51 (3H, s, 4’-Me), 2.91 (2H, d, J :23 Hz, 
2-H2), 5.11-5.23 (4H, 2 ABq, CHzPh), 6.78 (1H, s, 
At-H), 7.12 (1H, s, Ar-H), 7.35-7.39 (10H, m), 9.49 (1H, 
t, J=2.3 Hz, CHO); MS (Isobutane-DCI): m/e 467 
(M+H)+; IR (NaCl ?lm ) v max: 1740 (C=O), 1280 
(P=O), 1020 (P-O) cm-l; UV (MCOH:H20, 1:1) )\ 
max:200 (e 3.7X 104), 264 nm (e 3.6x 102). 

Anal. calcd for C27H31O5P: C, 69.51; H, 6.70. 
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Found: C, 69.76; H, 6.73. 

EXAMPLE 7 

3-[2’-(Dibenzylphosphono)oxy-4’,6'-dimethylphenyl] 
3,3-dimethylpropionic acid (IXa) 

To a solution of compound VIIIa (1.46 g, 3.13 mmol) 
in acetone (40 mL) was added Jones reagent* (3 mL) at 
room temperature. The reaction mixture was stirred at 
room temperature for 20 min. The insoluble material 
was ?ltered off and the ?ltrate was concentrated in 
vacuo. The residue thus obtained was taken into EtOAc 
and puri?ed on silica gel column, being eluted with 
EtOAC/CHZCIZ (1:1, v/v) to obtain 1.0 g (2.07 mmol, 
Y:66%) of the title compound, IXa, as a gummy mate 
rial: 1H-NMR (300 MHz, acetone-d6) 8 ppm: 1.6 (6H, s, 
3,3-Me2), 2.12 (3H, s, 6’-Me), 2.52 (3H, s, 4'-Me), 2.93 
(2H, s, 2-H2) 5.15-5.18 (4H, 2ABq, CH2Ph), 6.72 (1H, s, 
Ar-H), 7.08 (1H, s, Ar-H), 7.33-7.4 (10H, in); MS 
(Isobutane-DCI: m/e 483 (M+H)+; IR (NaCl ?lm) v 
max: 1715 (C=O), 1260 (P20), 1020 (P-O) cm—1; UV 
(MeOH: HO, 1: l ) A max: 202 (e 4.2x 104), 258 nm (e 
8.3 x 102). 

Anal. calcd for C27H31O6P: C, 67.21; H, 6.48. 
Found: C, 66.75; H, 6.29. 

*Note: The Jones reagent was prepared by dissolving 
C1‘O3 (26.72 g) in “concentrated sulfuric acid (23 mL) 
and diluted with water to a volume of 100 mL” (see 
Fieser and Fieser “Reagents for Organic Synthesis” Vol 
1, p 142, John Wiley, New York, 1967). 

EXAMPLE 8 

3-[2’-(Dibenzylphosphono)oxy~4',6’~dimethylphenyl]~ 
3,3-dimethylpropanol (V Ila) 

Sodium hydride (NaH, 1.20 g, 30 mmol; 60% in min 
eral oil, Aldrich) was washed with anhydrous hexanes, 
dried under dry nitrogen and suspended in anhydrous 
DMF (100 mL; Aldrich Sure Seal). To this suspension 
was added compound IVa (5.20 g, 25.0 mmol) and the 
mixture was heated at 65° C. for 5 min. To this warm 
mixture was added tetrabenzyl pyrophosphate (XXIVa) 
(20.2 g, 37.5 mmol) all at once. The reaction mixture 
was heated at 65° C. for 1% h. The cooled reaction mix 
ture was diluted with EtOAc (450 mL), washed with 
H20 (150 mL><3) and then with brine (150 mL). The 
organic phase was dried (Na2SO4) and concentrated. 
The residue was puri?ed by silica column chromatogra 
phy being eluted with 35% EtOAc in hexanes to obtain 
4.70 g (10 mmol, Y: 40.1%) of the title compound, VIIa, 
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as a gummy oil. This material was identical to the prod 
uct obtained in Example 5 as determined by 1H-NMR 
(300 MHz, acetone-d6). 

EXAMPLE 9 

3-[2’-(Dibenzylphosphono)oxy-4’,6’-dimethylphenyl] 
3,3-dimethylpropionic acid (IXa) 

To a solution of the alcohol VIIa (4.90 g, 10.5 mmol) 
in acetone (75 mL) was added Jones reagent ( 10 mL) at 
room temperature. The reaction mixture was stirred at 
room temperature for 20 min. The insoluble material 
was ?ltered and the ?ltrate concentrated in vacuo. The 
residue was taken into EtOAc and puri?ed by silica gel 
column chromatography, being eluted with 50% 
EtOAc in CH2C2 to obtain 3.20 g (6.64 mmol, Y: 
63.5%) of the title compound, IXa as a yellowish oily 
solid: Rf 0.44 (50% EtOAc/hexane); 1H-NMR (300 
MHz, acetone-d6 indicated that this material was identi 
cal to the product obtained in Example 7. 

EXAMPLE 10 

l,4~Dihydroxy-2,G-dimethylbenzene (Xla) 

O OH 
II 

-—> 

ll 
0 OH 

Xa Xla 

A solution of 2,6-dimethyl-l,4-benzoquinone (Xa) 
(5.66g, 42 mmol, Aldrich) in EtzO (200 mL) was shaken 
vigorously in a separatory funnel with two 200 mL 
portions of aqueous sodium hydrosul?te solution (so 
dium dithionite, Na2S2O4, 14.5 g, 83.3 mmol) until the 
EtgO layer turned bright yellow. The ether layer was 
washed with brine (200 mLXZ), dried (MgSO4) and 
concentrated in vacuo to obtain 4.865g (35.3 mmol, Y: 
83.9%) of the title compound as a white solid: mp, 
148°-150° C. (acetone-hexane) [mp reported by L. A. 
Carpino, S. A. Triolo, and R. A. Berglund in J. Org. 
Chem, 54, 3303 (1989): 145°-148° C.]; Rf 0.47 (10% 
EtOAc in CHgClz); IR(KBr) 3312 cut-1 (OH); 1H 
NMR (300 MHz, acetone-d6) 8 ppm: 2.15 (6H, s, Me), 
6.45 (2H, s, Ar-H), 6.58 (1H, s, OH), 7.47 (1H, s, OH); 
1:"C-NMR (75 MHZ, acetone-d6) 8 ppm: 16.84, 116.00, 
126.45, 147.46, 151.54; MS (isobutane-DCI) m/e 139 
(MPH) 

EXAMPLE 1 1 

6-Hydroxy-4,4,5,7-tetramethylhydrocoumarin (XIla) 

0 
II 

OH 0 

—-—> 

OH OH 

XIa XIIa 
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A mixture of 1,4-dihydroxy-2,6-dimethylbenzene 
(XIa) (4.83 g, 35 mmol), ethyl B,B-dimethylacrylate 
(5.38g, 42 mmol; Aldrich) and concentrated sulfuric 
acid (2 mL) in toluene (200 mL) was heated at re?ux for 
3.5 h. After the mixture had cooled, it was washed 
successively with H20 (200 mL><2), 5% aqueous NaH 
CO3 solution (200 mL><2), and then with brine (200 
mL). The toluene solution was dried (MgSO4) and con 
centrated in vacuo. The residual solid was crystallized 
from toluene to obtain 4,637 g (21.1 mmol, Y: 60.2%) of 
the title compound as off-white solid: mp, l41°-142° 
[mp reported by K. L. Amsberry and R. T. Borchardt in 
Pharmaceutical Res, 8, 323 (1991): 140°—142° C.]; Rf 
0.67 (10% EtOAc in CHgClg); IR(KBr) 3418(OH), 1742 
cm-1 (lactone); 1H-NMR (300MHz, acetone-d6) 8 ppm: 
1.43 (6H, s, gem-Me), 2.22 (3H, s, Ar-Me), 2.38 (3H, s, 
Ar-Me), 2.56 (2H, s, CH2), 6.66 (1H, s, At-H), 7.19 (1H, 
s, OH); 13C-NMR (75 MHz, acetone-d6) 8 ppm: 15.12, 
16.64, 27.94, 36.15, 46.56, 117.56, 124.49, 125.26, 129.79, 
146.16, 151.45, 169.15; MS (isobutane-DCl) m/e 221 
(MH+) 

Anal. calcd for C13H16O3: C, 70.89; H, 7.33. 
Found: C, 71.21; H, 7.43. 

EXAMPLE 12 

6-Benzy1oxy-4,4,5,7-tetramethylhydrocoumarin (XIIIa) 

0 
II I 

O O 

—-> 

OH OCHZPh 

XIIa XIIIa 

A mixture of hydroxyhydrocoumarin XIIa (1.10 g, 5 
mmol), benzyl bromide (1.28 g, 7.5 mmol; Aldrich) and 
anhydrous potassium carbonate (1.38 g, 10 mmol) in 
anhydrous DMF (10 mL; Aldrich Sure Seal) was stirred 
under dry nitrogen atmosphere for 3 days. The mixture, 
diluted with EtOAc (30 mL) and H20 (10 mL), was 
washed successively with 2N hydrochloric acid (14 
mL), H20 (10 mL), 5% aqueous NaHCOg, solution (10 
mL), and then with brine (15 mL). The EtOAc layer 
was dried (Na2SO4) and concentrated in vacuo to dry 
ness. The resulting solid was triturated with hexane to 
obtain 1.359 g (4.38 mmol, Y: 87.7%) of the title com 
pound as off-white solid: mp, 94°—96° C. (recrystallized 
from isopropyl alcohol); Rf 0.57 (30% EtOAc in hex 
ane); IR(KBr) 1768 cm"1 (lactone); 1H-NMR (300 
MHz, CDC13) 8 ppm: 1.43 (6H, s, gem-Me), 2.26 (3H, s, 
Ar-Me), 2.40 (3H, s, Ar-Me), 2.56 (2H, s, CH2), 4.73 
(2H, s, OCHZ), 6.76 (1H, s, At-H), 7.3—7.5 (5H, in, Ar 
Hs); l3C-NMR (75 MHz, CDC13) 8 ppm: 15.15, 16.54, 
27.87, 35.78, 46.15, 74.85, 118.00, 128.38, 128.72, 129.12, 
129.17, 130.31, 131.55, 137.88, 148.02, 153.44, 169.15; 
MS (isobutane-DCI) m/e 311 (MH+), 91. 

Anal. calcd for C20H22O3: C, 77.40; H, 7.15. 
Found: C, 77.37; H, 7.13. 
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EXAMPLE 13 

3-(2’-Hydroxy-5’-benzyloxy-4',6’-dimethylphenyl)-3,3 
dimethyl-l-propanol (XIVa) 

0 
ll 

0 on 

OK 

% 

OCHZPh OCHgPh 
XIIIa XIVa 

A solution of benzyloxyhydrocoumarin XIIIa (1.147 
g, 3.70 mmol) in anhydrous THF (7 mL) was carefully 
added to a stirred suspension of LiA1H4 (281 mg, 7.4 
mmol) in anhydrous THF (15 mL). The mixture was 
stirred at room temperature under dry nitrogen atmo 
sphere for 20 min and then heated at re?ux for 30 min 
by which time the tlc (30% EtOAc in hexane) indicated 
that the reaction was complete. The mixture was cooled 
in an ice-bath and to this mixture was added carefully 
and successively EtOAc (15 mL), 6N hydrochloric acid 
(5 mL), and H20 (15 mL). The EtOAc layer was col 
lected and the aqueous layer was extracted with EtOAc 
(25 mL). Both EtOAc layers were combined and 
washed successively with in hydrochloric acid (25 mL), 
saturated aqueous NaHCO3 solution (25 mL), and brine. 
The EtOAc layer was dried (Na2SO4) and concentrated 
in vacuo to dryness to obtain 1.10 g (3.35 mmol, Y: 
90.6%) of the title compound as white solid: top, 
90°—91° C.; Rf 0.15 (30% EtOAc in hexane); IR(KBr) 
3462, 3262, 1606 cm"1; 1H-NMR (300 MHz, acetone 
d6) 8 ppm: 1.58 (6H, s, gem-Me), 2.16 (3H, s, Ar-Me), 
2.21 (2H, t, J=7.8 Hz, CH2), 2.46 (3H, s, Ar-Me), 3.17 
(1H, t, J =5 Hz, OH), 3.45-3.52 (2H, m, CHZO), 4.69 
(2H, s, OCHgPh), 6.55 (1H, s, Ar-H), 7.3-7.55 (5H, m, 
Ph-Hs), 7.85 (1H, s, Ar-OH); 13C-NMR (75 MHz, ace 
tone-d6) 8 ppm: 16.47, 32.73, 41.00, 46.39, 61.15, 75.02, 
118.03, 127.90, 129.01, 129.11, 129.46, 129.68, 131.86, 
132.40, 139.68, 150.92, 153.88; MS(FAB/NOBA+ 
NaI+KI) m/e 353 (MK-1'), 337 (MNa-t), 314 (M+), 
229, 223. 

Anal. calcd for C20H26O3: C, 76.41; H, 8.34. 
Found: C, 76.28; H, 8.25. 

EXAMPLE l4 

1-O-t-Butyldimethylsilyl-3-(5'-benzyloxy-4’,6'-dimeth 
yl-2'-hydroxyphenyl)-3,3-dimethylpropanol (XV a) 

OH 

OH 

OCHZPh 
XIVa 
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-continued 
OH 

OSitBuMeg 

OCHZPh 
XV a 

A mixture of diol XIVa (1.017 g, 3.10 mmol), t-butyl 
dimethylsilyl chloride (561 mg, 3.72 mmol; Aldrich) 
and imidazole (527mg, 7.75 mmol) in DMF (5 mL; 
Aldrich, Sure Seal) was stirred at room temperature 
under nitrogen atmosphere for 18 h. This mixture was 
diluted with EtOAc (20 mL) and successively washed 
with H20 (15 mL>< 3) and brine (15 mL). The EtOAc 
phase was dried (Na2SO4) and concentrated in vacuo to 
give 1.38 g (3.16 mmol, Y: €IOO%) of the title com 
pound as a crude oil: Rf 0.72 (30% EtQAc in hexane); 
IR (?lm) 3380 cm—1(OH); 1H-NMR (300 MHZ, ace 
tone-d6) 8 ppm: -0.03 (6H, s, SiMeg), 0.84 (9H, s, SitBu), 
1.56 (6H, s, gem-Me), 2.15 (3H, s, Ar-Me), 2.20 (2H, t, 
J =7.5 Hz, CH2), 2.45 (3H, s, Ar~Me), 3.56 (2H, t, J=7.5 
Hz, CHZOSi), 4.67 (2H, s, OCHZPh), 6.54 (1H, s, Ar-H), 
7.3-7.5 (5H, m, Ph-Hs), 7.88 (1H, s, Ar-OH); MS (isobu 
tane-DCI) m/e 429 (MH't), 337, 297, 201. 

EXAMPLE l5 

1-O-t-Butyldimethy1silyl-3-(2’-acetoxy-5’-benzyloxy 
4',6'-dimethylphenyl)-3,3-dimethylpropanol (XV Ia) 

> OH 

OSitBuMez 
—> 

OCHzPh 
XVa 

OAc 

OSitBuMeg 

OCHZPh 
XVIa 

To a solution of phenol XV a (1.38 g, 3.10 mmol; 
crude) in pyridine (2 mL; dried over NaOH) was added 
acetic anhydride (1 mL, 10.6 mmol) and the solution 
was stirred at room temperature for 15 h. The volatiles 
were evaporated in vacuo and the residue, diluted with 
CHgClz (20 mL), was successively washed with H20 
(15 mL X2) and brine (15 mL). The CH2C12 phase was 
dried (Na2SO4) and concentrated in vacuo. The residue 
was puri?ed by column chromatography (S102, 100 g), 
being eluted with 12% EtOAc in hexane to obtain 1.24 
g (2.64 mmol, Y: 85.2%) of the title compound as a clear 
oil: Rf 0.23 (10% EtOAc in hexane); IR (?lm): 1760 
cm-1 (OAc); 1H-NMR (300 MHz, CDC13) 8 ppm: -0.03 
(6H, s, SiMe2), 0.83 (9H, s, SitBu), 1.47 (3H, s, Ar-Me), 
2.05 (2H, t, J :75 Hz, CH2), 2.23 (3H, s, Ar-Me), 2.25 
(3H, s, OAc), 2.47 (3H, s, Ar-Me), 3.50 (2H, t, J=7.5 
Hz, CHgOSi), 4.72 (2H, s, OCHZPh), 6.58 (1H, s, Ar-H), 

30 
7.2-7.5 (5H, m, Ph-Hs); MS (isobutane-DCI) m/e 471 
(MH'l'), 413 , 385 , 201. 

Anal. calcd for C23H42Si: C, 71.45, H, 9.00. 
5 Found: 71.47; H, 9.21. 

EXAMPLE 16 

l-O-t-Butyldimethylsily]-3-(2'-acetoxy-4’,6'-dimethyl 
10 5'-hydroxyphenyl)-3,3~dimethylpropano1(XVIIa). 

OAc 

OSitBuMeg 

15 ; 

OCH2Ph 
XVIa 

20 
OAc 

OSitBuMeg 

25 

OH 

XVlIa 

To a solution of benzyl ether XVIa (1.19 g, 2.53 
mmol) in absolute EtOH (100 mL) was added 10% 
Pd-C (400 mg, Aldrich), and the mixture was stirred in 
a Parr apparatus under'hydrogen atmosphere (30 psi) at 
room temperature for 2 h. The catalyst was removed by 
?ltration through Celite and the ?ltrate was concen 
trated. The residue was puri?ed by column chromatog 
raphy (810;, 15 g), being eluted with 20% EtOAc in 
hexane to obtain 863 mg (2.27 mmol, Y: 97.1%) of the 
title compound as white solid: mp, 87°-88° C. (recrys 
tallized from EtOAc/hexane); Rf 0.34 (20% EtOAc in 
hexane); IR(KBr) 3490 (OH), 1734, 1232 cm-1 (OAc); 
1H-NMR (300 MHz, acetone-d6); 8 ppm: -0.03 (6H, s, 
SiMeg), 0.84 (9H, s, tBu), 1.46 (6H, s, gem-Me), 2.05 
(2H, t, J =7.5 Hz, CI-IgO), 2.16 (3H, s, Ar-Me), 2.19 (3H, 
s, OAc), 2.40(3H, Ar-Me), 3.53 (2H, t, J :75 Hz, 
CHZO), 6.50 (1H, s, Ar-H), 7.10 (1H, s, Ar-OH); MS 
(isobutane-DCI) m/e 381 (MH-F), 323, 295, 201, 145. 

Anal. calcd for C21H36O4Si: C, 66.28; H, 9.54. 
Found: C, 66.28; H, 9.83. 
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EXAMPLE 17 

1—0-t-Butyldimethylsilyl-3-(2’-acetoxy-5’-dibenzylphos 
phonooxy-4’,6’-dimethy1pheny1)-3,3dimethylpropanol 

55 

(XVIIIa) 

60 OAc 

OSitBuMeg 
——> 

65 
OH 

XVlla 
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-continued 
OAc 

OSitBuMeZ 

OPO(OCHzPh)Z 
XVIIIa 

NaH (120 mg, 3.0 mmol; 60% dispersion, Aldrich) 
was washed with anhydrous hexane to remove the oil. 
To a suspension of the residue in anhydrous DMF (10 
mL; Aldrich Sure Seal) was added a solution of phenol 
XVIIa (760 mg, 2.0 mmol) in DMF (5 mL). The mixture 15 
was heated at 60°-70° C. under dry nitrogen atmo 
sphere for 15 min and to this was added tetrabenzyl 
pyrophosphate (XXIVa) (1.61 g, 3.0 mmol). The mix 
ture was continued to be heated at 60°-70° C. for 30 
min. The mixture was subsequently cooled, diluted with 
EtOAc (30 mL), and successively washed with H20 (20 
mLX 3) and brine (20 mL). The organic phase was 
dried (Na2SO4) and concentrated. The residue was 
puri?ed by column chromatography (S102, 100 g), 
being eluted with 20% EtOAc in hexane to obtain 1.04 
g (1.63 mmol, Y: 81.6%) of the title compound as an oil: 
Rf 0.23 (20% EtOAc in hexane); IR (?lm) 1760 cm‘1 
(OAc); 1H-NMR (300 MHz, CDCl3) 6 ppm: —0.04 (6H, 
s, SiMeZ), 0.83 (9H, s, tBu), 1.42 (6H, s, gem-Me), 2.00 
(2H, t, J=7.5 Hz , CH2), 2.24 (3H, s, Ar-Me), 2.25 (3H, 
s, OAc), 2.43 (3H., s, Ar-Me), 3.54 (2H, t, J =7.5 Hz, 
CHgOSl), 5.03 (2H, s, OCHzPh), 5.06 (2H, s, OCHZPh), 
6.55 (1H, s, Ar-H), 7.2-7.4 (10H, m, Ph-Hs); MS (isobu 
tane-DCI) m/e 641 (MH'l'), 583,441. 

Anal. calcd for C35H49O7PSi: C, 65.61; H, 7.71. 
Found: C, 65.68; H, 7.64. 

EXAMPLE l8 

3-(2’-Acetoxy-5-dibenzylphosphonooxy-4, 
6'-dimethylphenyl)-3,3-dimethylpropanol (XIXa) 

OAc 

OSitBuMez 
-+ 

OPO(OCH2Ph)2 
XVIIIa 

OAc 

OH 

OPO(OCH2Ph)2 
XIXa 

To a solution of silylether XVIIIa (960 mg, 1.5 mmol) in 
anhydrous THF (30 mL; distilled from benzophenone 
ketyl) was added HOAc (0.6 mL, 10.5 mmol; glacial) 
followed by tetrabutylammonium ?uoride hydrate (1.59 
g; Aldrich). The resultant mixture was stirred at room 
temperature for 1.5 h. The mixture was diluted with 
EtOAc (50 mL) and was successively washed with H2O 
(X2) and brine. The organic phase was dried (Na2SO4) 
and concentrated. The residue was puri?ed by column 
chromatography (SiO2, 90 g), being eluted with 30% 
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EtOAc in hexane to obtain 255 mg (0.398 mmol, Y: 
26.5%) of the starting silylether XVIIIa and 254 mg 
(0.483 mmol, Y: 32.2%) of the title compound, XIXa, as 
an oil: Rf 0.23 (50% EtOAc in hexane); IR (?lm) 3440 
(OH), 1758 cm1 (OAc); 1H-NMR (300 MHz, acetone 
d6) 8 ppm: 1.46 (6H, s, gem-Me), 2.24 (3H, s, OAc), 2.25 
(3H, s, Ar-Me), 2.48 (3H, s, Ar-Me), 3.28 (2H, t, J=5.2 
Hz, OH), 3.44 (2H, m, CHZOH), 5.12 (2H, s, OCHZPh), 
5.15 (2H, s, OCHZPh), 6.66 (1H, s, Ar-H), 7.36 (10H, s, 
Ph-Hs); MS (isobutane-DCI) m/e 527 (MH+). 

EXAMPLE l9 

3-(2’-Acetoxy-5’-dibenzylphosphonooxy-4’6'-dime 
thyl)phenyl-3,3-dimethylpropionic acid (IXb) 

OAc 

0H 

% 

OPO(OCH2Ph)-2 
XIXa 

OAc 

COZH 

OPO(OCI-IzPh)2 
IXb 

To a solution of alcohol XIXa (250 mg, 0.47 mmol) in 
acetone (5 mL) was added at 0°—5° C. (ice-bath) Jones 
reagent (0.4 mL). The mixture was stirred for 30 min 
and the reaction was quenched by addition of isopropyl 
alcohol. To this green mixture was added EtOAc and 
H20. The aqueous phase was extracted with EtOAc (15 
mLX 3). The EtOAc extracts were combined, succes 
sively washed with H10 (15 mL) and brine (15 mL), 
dried (Na2SO4), and concentrated to obtain 226 mg 
(0.419 mmol, crude yield 89%) of the title compound as 
a crude oil. A portion of this oil (53 mg) was puri?ed by 
column chromatography (SiO;, 8 g), being eluted with 
50% EtOAc in CHgClg to obtain 24 mg (0.044 mmol, Y: 
40%) of the title compound, IXb, as an oil: Rf0.l7 (20% 
EtOAc in CHZCIZ); IR (?lm) ~3000 (broad), 1758 
(OAc) , '1728 cm-1 (CO2H); 1H-NMR (300 MHz, 
CDCl3) 6 ppm: 1.54 (6H, s, gem-Me), 2.23 (3H, s, Ar 
Me), 2.27 (3H, 5, OAc), 2.45 (3H, s, Ar-Me), 2.79 (2H, s, 
CH2), 5.03 (2H, s, OCHzPh) , 5.06 ( 2H, s, OCH2Ph) , 
6.57 ( 1H, s, Ar-H), 7.25-7.33 (10H, m, Ph-Hs); MS 
(isobutane-DCI) m/e 541 (MH+), 481 (MH-HOAc). 

EXAMPLE 2O 

l-t-Butyldimethylsilyloxymethyl-2-hydroxymethylben 
zene (XXIa) 

OH 

OH 

—+ 

XXa 

OSitBuMez 

deli 
X'Xla 
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The following silylation was performed using the con 
dition reported by Corey and Venkateswarlu. J. Am. 
Chem. Soc, 94, 6190 (1972). A mixture of the diol (1.38 
g, 10 mmol; Aldrich), t-butyldimethyl silyl chloride 
(1.81 g, 12 mmol; Aldrich) and imidazole (1.7 g, 25 
mmol) in anhydrous DMF (10 mg; Aldrich Sure Seal) 
was stirred at room temperature for 18 h. To the mix 
ture was added EtOAc (15 mL) and H20 (15 mL). The 
EtOAc phase was washed with H20 (15 mLXZ) and 
then with brine, dried (Na2SO4), and concentrated in 
vacuo. The crude residue was puri?ed by column chro 
matography (SiO2, 100 g) , being eluted with 20% 
EtOAc in hexanes to obtain 1.018g (4.04 mmol, Y: 
40.4%) of the title compound as a clear oil: Rf 0.53 
(30% EtOAc in hexane); IR (?lm) 3380 cm“1 (OH); 
1H-NMR (300 MHz, acetone-d6) 8 ppm: 0.10 (6H, s, 
SiMeg), 0.92 (9H, s, SitBu), 4.05 (1H, t, J=5.7 Hz, OH), 
4.67 (2H, d, J=5.5 Hz, CHZOH, 4.84 (2H, s, CHZOSi), 
7.24 (2H, m, ArI-Is), 7.42 (2H, m, ArHs); MS (isobutane 
DCI) m/e 253 (MH't), 235, 121. 

Anal. calcd for C14H23O2Si: C, 66.88; H, 9.22. 
Found: C, 66.59; H, 9.58. 

EXAMPLE 21 

1-(Bisallylphosphonooxy)methy1-2-(t-butyldimethyl 
si1yloxy)methylbenzene (XXIIa) 

OSitBuMez 

OH 

XXIa 

OSitBuMez 

XXIIa 

To a solution of the siloxymethylbenzylalcohol XXIa 
(252 mg, 1 retool) in CHZCIZ (10 mL; Aldrich Sure Seal) 
was added lH-tetrazole (210 mg, 3 mmol; Aldrich) and 
then bis(allyloxy)(diisopropylamino)phosphine (520 
mg, 1.5 mmol; prepared by the method of Bannwarth, 
Tet. Lett, 30, 42 19 ( 1989)) at room temperature. The 
mixture was stirred under nitrogen atmosphere at room 
temperature for 4 h. The mixture was cooled to —40° C. 
and to this mixture was added at —40° C. a solution of 
m-chloroperbenzoic acid (240 mg, 1.11 mmol; Aldrich, 
80-85%) in CH2C12 (3 mL). The resulting mixture was 
stirred at 0-5" C. for 1 h and washed successively with 
aqueous NaHSOg, saturated NaHCOg and brine, dried 
(Na2SO4), and concentrated. The residue was puri?ed 
by column chromatography (SiOz, 40 g), being eluted 
with 30% EtOAc in hexanes to obtain 269 mg (0.655 
mmol, Y: 65.5%) of the title compound as a colorless 
oil: Rf 0.35 (30% EtOAc in hexane); lH-NMR (300 
MHz, acetoned6) 5 ppm: 0.126 (6H, s, SiMeg), 0.957 
(9H, s, tBu), 4.53 (4H, m, OCH1C=), 5.16 (2H, s, 
CHgOSi), 5.2 (4H, m, :CH; and CHZOP), 5.36 (2H, bd, 
J: 17 Hz, :CHg), 5.95 (2H, m, CH=), 7.3-7.5 (4H, m, 
Ar-Hs); MS (isobutane-DCI) m/e 413 (MH-t). 
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Anal. calcd for CZ0H33OSPSi: c, 58.23; H, 8.06; P, 

7.51. 
Found: c, 58.03; H, 8.05; P, 7.50. 

EXAMPLE 22 

2-[(Bisallylphosphonooxy)methyl]benzyl alcohol 
(XXIIIa) 

OSitBuMeg 

oPo(ocH2cH=cHZ)2 ——> 

XXIIa 

OH 

XXIIIa 

To a solution of the silylether XXlIa (2.06 g, 5.00 mmol) 
in isopropanol (30 mL) was added 6N HCl (2.0 mL, 12 
mmol) and the mixture stirred at room temperature for 
3 h. The solvent was evaporated in vacuo without heat 
and the residue was diluted with EtOAc. This mixture 
was washed with H2O (X2), brine and dried (Na2SO4). 
Evaporation of the solvent gave a crude oil which was 
puri?ed by column chromatography (S102, 100 g), 
being eluted with 50% EtOAc in CHzClg to obtain 1.33 
g (4.46 mmol, Y: 89.2%) of the title compound as a 
colorless oil: Rf0.3 (50% EtOAc in CHgClg); IR (?lm) 
3406 (OH), 1264 cm—1; 1H-NMR (300 MHz, acetone 
d6) 8 ppm 4.26 (1H, t, J=5.5 Hz, OH), 4.51 (4H, m, 
OCHZ), 4.74 (2H, d, J =5.2 Hz, CHZOH), 5.15-5.22 (4H, 
m, CHZOP and :CHg) , 5.32 (2H, qd, J=1.5, 17.2 Hz, 
:CHg), 5.85-6.01 (2H, m, CH:), 7.29-7.48 (4H, m, 
ArHs); MS (isobutane-DCI) m/e 299 (MH+), 281, 179. 

Anal. calcd for C14H19OSP: C, 56.38; H, 6.43. 
Found: C, 56.21; H, 6.44. 

EXAMPLE 23 

2-{(BisallylphQsphonooxy)methyl]benzoic acid (1X0) 

on 

OPO(OCH2CH=CH2)2 —-—> 

XXIIIa 

cozn 

OPO(OCH2CH=CH2)2 

IXe 

To a solution of the benzylalcohol XXIIIa (1.31 g, 4.40 
retool) in acetone (30 mL) was added at room tempera 
ture Jones reagent (3 mL). The mixture was stirred at 


















